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deflection amplifiers, through a coupling capaciter, in a
pustrpull arrangement. Thus the CRT is balanced for de,
for ac, and for any stray capacitance to ground. Since the
isolating resistors {R2, R5, R and R3) are always of o
very large value, the deflecting plates may be connected
into any circuit without danger to the operator (it takes a
current of only a few microampetes to drop the positioning
voltage to zero).

Pawer Sepply. 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-
.cuits other than the CRT and a negative high voltage for the
CRT. The lower-voltage supply is a conventional full-wave
rectifier circuit with the center-tap grounded, and Bt is
taken from the cathode end applied to a single pi-type C-L
filter (C1, L1, and C2). The neqative high voltage supply
uses the other full-wave rectifier tube (V2), with the plates
paraliel-cannected as a half-wave rectifier, and a low volt-
age center tap used as a common ground. Because the
small amount of current taken by the CRT, the simple R-C
filter offered by the bleeder resistor Rl and capocitor C3
is sufficient {or hum elimination. The filament windings
for the CRT, as well us other tubes, are also included on
the same transformer, providing a compact and economical
power supply.

Horizontal {Sweep} Channel. There are two types of
sync signol input available at the input of the horizental
channel. A positive pulse derived from the signal input
may be taken from the coupling amplifier, or some extemal
sync may be applied from on external source.

With the sync switch in the int. sync position, a
positive pulse (token from the coupling amplifier) is op-
plied to the sync pulse amplifier, where it is inverted,
amplified, and formed into a sharp spike. The circuit used
to develop this spike is shown in the accompanying illus-
tration.  The positive pulse is applied throush capacitor
Clto triede V1, where it is inverted and amplified at the
plate. The variable potentiometer R determines the
amourt of amplification of the signal. The sync pulse is
coupled through capacitor C2 and resistor R3, which de-
velops q differentiated form of the negative rectangular
pulse. The output is taken from across B3 in the form of a
negative spike occurring at the pulse input frequency.

The typical sweepqenerator is a start-stop multi-
vibrator, shown in the accompanying illustration. This
circuit is a cathode coupled type of stort-stop multi-
vibrator, with the grid of V1 at a high positive potential
and the grid of V2 at a high neqative bias value, so that
V11s normally conducting heavily and V2 is normally
cutoff. With the application of the negative input pulse,
V1 is cut off and V2 is brought to maximum conduction tor
a period of time determined by the time constant of the
circuit. This time constant is dependent on the values of
R2, Cland R4, C2Z The resulting output, taken from the
plate of V1, is a positive rectanqular pulse obtained during
the time that V1 is not conducting. Besides using the
rectanqular output for unblanking the CRT during the peried
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that the input signdl is to be viewed, the rectanqular out-
put pulse is applied to an RC circuit (RS and C3) where
it is inteqrated. A sawtooth output is then obtained from
C3, which has the same duration as the unblanking pulse.
This sawtooth is upplied ta drive the output sweep ampli-
fier shown in the accompanying llustration, The output
sweep amplifier is a paraphase push-pull type of amplifier
which produces a sawtooth waveform tromeach output,
equal in amplitude but of opposite polarity. The single
input (driving) sawtooth is applied through C1l to the arid
of V] where it is amplified and inverted. The output of
V1is applied to the qrid of V3 and across voltage divider
R5and RE, connected from output to qround. The voltoge
dropped across R5is applied to the arid of V2 Bince the
input of V21is 180° out of phase with the input of V1,

the outputs of V1and V2 are likewise 180° out of phase.
The outputs of V1 and V2 are applied to V3 and V4, re-
spectively, where these outputs are amplified and supplied
to opposite horizontal-deflection plates in the CRT to
produce a balanced deflection of the electron beam (de-
tailed description of the aperation of paraphose amplifiers
can be found in section 6 of this Handbook}.

Verticol Chonnel. The signal input is applied to the
vertical channel through on input impedance selector
circuit, which is used to motch the output impedance of
the signal source to the input impedance of the coupling
amplifier. A typical, simplified, input impedance selector
circuit is shown in the accompanying illustration.

This circuit uses a typical tetrode input amplifier,
with the input signc! being coupled to the control grid of
V1 gcross an input voltage divider consisting of variable
resistor R1 and fixed resistor RZ The variahle resistor
provides both @ means of attenuating the input signal, ond
a method of supplying a variable input impedance for the
synchroscope; while fixed resistor R2 detemines the mini-
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mum input impedance to V1 Together this resistive input
arrangement factlitates matching the input impedance of
V1, to the impedance of the signal source. Resistors B3,
R4, ond RS are different values of cathode bias resistors.
These different velues are selected by a switch to provide
a large range of attenuation for the input signal by chang-
ing the input bias, Capacitors Cl, C2, and C3 are con-
ventional cathode bypass capacitors associated with these
cathede resistors. Besides providing a variatle input im-
pedance, and a Iarqe attenuation tange, the input selector
circult provides high emplification with undesired inversion
of the input signal at the plate of V1. Therefore, another
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with vertical 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.

+Epp
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O—
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o—

Coupling Amplifier
One function is to supply a pulse tc the synchranizing

pulse amplifier when internal sync is used. This sync
pulse, which is the inverted and amplified input to the
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coupling amplifier, is obtained at the plate of V1, and
is coupled through an Int—Ext. sync switch to the sync
{pulse) amplifier. The pulse then serves as a triqger for
the start-stop sweep generator.

The second function of the coupling amplifier is to
act as a cathode follower, providing an impedance match
for the [ow-impedance input of the delay network. This
input is the uninverted signal pulse obtained at the
cathode of V1 without amplification. A potentiometer is
used for RZ instead of o fixed cathode resistor, The po-
tentiometer setting determines the amplitude of the pulse
obtained at the cathode of V1. This potentiometer functions
as a vertical imoge size control.

The pulse obtained at the cathode of the coupling
amplifier is applied to a delay network, which prevents
the pulse from cousing @ verticat deflection of the electron
beam until shortly after the sweep has sterted. {A typical
delay time is 1/2 g sec.). An accompanying illustration
shows a delay network which may be used. It is composed
of series inductors and shunt capacitances terminating in a
resistor having an ochmmic value equal to the total imped-
ance value of the foregoing inductors and capecitors. The
delay effect is due to the fact that each capacitor retards
the voltage from appearing across it, and each inductor re-
tords the current from flowing through it. The terminating
resistor minimizes reflections of standing waves. (Stand-
ing waves upset the normal function of the delay line and
introduce emar).

DELAY NETWORK

Delay Netwerk

The delayed siqnal is coupled through a siqnal at-
tenuator, which is a topped voltage divider, to the vertical
amplifier. A typiccl attenuator is shown in the accompe
nying illustration,

This attenuator is frequency compensoted to reduce the
distributed and stray capacitance of this circuit and the
following circuit. Frequency-compensated attenuators
further provide the voltage division ratio {resistive and
reactive) of the input signal, so that the loss in signal
level at the higher frequencies can be compensated for in
the following omplifiers. Attenuator compensation is
usuolly effective over the entire useful frequency range of
the scope. When o potentiometer type of attenuator is used,
the attenauator potentiometer is frequency-sensitive be-
cause of the distributed and stray capacitance from the
maoving arm of the potentiometer, the wiring and circuit
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elements, and the electron tube input capacitance to ground.
While the resistance of the potentiometer must be as high
as possible to maintain moximum input impedance, the
greater the resistance, the qreater the effect of the stray
capacitance. Since there is only one setting of the ottenu-
atar arm where the resistance division ond the capacitance
division are the some ratio, shunt capacitors Ciand C2 are
added to the attenuator, as shown in the illustration to pro-
vide frequency compensation, When the attenuator (S1) is
in position 2, the input tothe amplifier is reduced to one-
tenth of the total signal across the voltage divider, RZis
then one-tenth of R1 plus B2, The ratio of the capacitive
recctance is then chosen to be of the same order. That

i, the reactance of C2 and the stray copacitive reactance
is, the reactance of C2 and the strayc apacitive reactance
of C3 ismade to be one-tenth of the total recctance of Cl
in series with the parallel combination of C2 and C3,
Normally, because of the difficulty in measuring the stray
capacitonce indicated by G3, Clis made variable and is
adjusted during operation to produce the best compensation
effects, using o square-wave input (this ismade initially
and once calibrated requires only an cccasional check).

Since most attenuaters and amplifiers have reduced
high-frequercy response because of the shunting effect
of stray copacitance, a parallel B-C circuit in series with
the input lead is usually inserted toboost the relative
response of the attenuator at high frequencies.

A typical three-stage vertical amplifier is shown in
the accompanying illustration; it drives a push-pull
paraphase deflection output omplifier, similar to the one
used as the horizontal sweep amplifier.

Although V1 has its cathode connected to a neqative
high voltage supply, the plate current flow through R1and
R2 is sufficient to bias the cathode positive with respect
to ground. The output of cathode follower V1 is taken
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from the cathode through C2, which is a large value capaci-
tor, and applied to an input gain potentiometer B3, Capaci=
tor C3 is a conventional filter capacitor used to bypass

the negative supply. Vertical gqaincontrol B3 controls the
amplitude of the input signal to the two-stage, high-gain
compensated video amplifier consisting of ¥2 and V3. Both
high- and low-frequency compensationare empleyed in

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

RE, C6 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 pedking ootls L1
and L.2, which compensate for the shunting effect of tube
ond wiring copacitance, providing a reactance which in-
creases with frequency. To help improve the high-
frequency response, plate load resistors B4 and R7 are
made low in value to reduce the shunting effect of stray
capacitance. To improve the low-frequency respaonse, the
time constants of B-C coupling netwarks C7, RB and C8B,
Ri2 are long, Amplifier V3 is {ixed-biased by connecting
the cathode to the junction of R10 and K11, which are
connected as a voltage divider in series between the plate
supply and ground. Cathede resistor Rl is also unbypassed
so 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 a fixed cathode bias sets the oper-
ating point of V3 and helps stabilize the stage. The cutpw
of V3is fed to cathode follower output stage V4, which is
biased positive with respect to ground by plate current
flow, even though the cathode is returned to the minus sup-
ply. Variable potentiometer R13 serves as an output and
positioning control for the following paraphase amplifier.

FAJLURE ANALYSIS.

Beom-Positioning Circuits. Usually, a control circuit
failure is indicated by loss of a specific control function,
and can be quickly verified by a resistance or voltage
check, It must be understood that all controls affect the
electron beam in some mannet, and that the controls are
Interacting. Forexample, increasing the intensity of the
beam will also thicken the beam and require a readiustment
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 maximum intensity
available. Where high humidity and excessive moisture
prevail, control failures from insulation tregkdown are
usually more prevalent because of the high potential in-
volved, which causes a short circuit toground.

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

A voltage check is usually sufficient torevea the location
of the trouble.

Horizontol (Sweep) Channel. A failure in the horis
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zontal channel can be due to a failure of any of the indi-
vidual circuits comprising the channel as well as two
circults 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;
the vertical deflection will also be defective as well as the
sweep. If this is the case, voltoge and waveform checks,
mode by a voltmeter and an oscilloscope will reveal the
location of the foulty 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. Beginning with the sweep
amplifier, the inputs should be checked with a veltmeter and
an oscilloscope, 1f the proper input exists the trouble is
within this circuit. If an improper input exists check the
input of the start-stop sweep generator with an oscilloscope.
If 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) amplifier. Voltoge and waveform checks
with a voltmeter and oscilloscope will revedl the foulty
component.

Yerttcal Channel. A failure in the vertical channel
is characterized by improper amplitude of the presento-
tton of the pulse on the synchroscope screen, There are
six circuits which could result in the vertical channel
failure. Two of these, the input impedance selector, and
the coupling amplifier, produce sweep failure. The trouble
shooting of these circuits has alrecdy been mentioned.
The other four circuits of the vertical channel, the push-
pull paraphase amplifier, the vertical amplifier, the signal
attenuatar, and the delay network, affect only the vertical
display of the scope. If the failure exists in the delay
network, the vertical deflection will not occur ot the
proper time interval with respect to the sweep. If this
effect is gpporent on the display, check the delay network
with on oscilloscope to determine where the improper wave-
forms or voltages exist. I the failure exists in the push-
pull paraphase amplifier the vertical position of the display
on the CRT screen is improper. If this is opparent on the
display check the voltages and waveforms of the push-pull
paraphase amplifier with an oscilloscope to determine
where the faulty component is located. If these circuits of
the vertical channel have been checked and found to be
operating properly, and trouble still exists in the vertical
display, the trouble must exist inthe signal attenuator or
the verticol amplifier. To determine where the trouble
exists check the gppropriate voltages and waveforms with
an oscilloscope.

CRT DISPLAY CIRCUITS.

The CRT displaysupplies a visual indication of any
siqnals which are applied to the CRT. One of the most
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{mportant uses to which cathode-ray-tube displays and
their associated circuitry are applied is the location of
objects or targets in space. This is the prime purpose of
radar. Generally speaking, there are two types of rador
systems; the pulsed radar system, and the continuous
wave radar system. Since continuous wave todar systems
are very rarely used, the discussion in this section is
limited to displays associated with pulsed radar systems,
The display units used in pulsed radar are either de-
flection modulated or intensity madulated. These terms
describe the method by which the echo signal affects the
trace on CRT. In deflection modulated displays, the input
signal, after being detected and amplified, is applied to the
deflection system of the CRT, and shows up as a pulse or
pip on a circular or single horizontal sweep line. Typical
radar displays of this type are the A-scope and the J-scape.
In intensity-modulated systems, the echo is fed to an
intensifying circuit, which changes the bias on the contral
qrid of the CRT. The control grid is nomally hiased at
cut-off. When the siqnal is received, it causes the hias on
the contro! grid of the CRT to become less neqative,
theteby increasing the density of the electron beam and the
intensity of the trace. Typical radar displays of this type
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 {range and bearing) of a target with
respect to 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 rectanqular
field displays.

B-Scope and C-Scope displays show two components of
location (usually direction and ranqe)

A-scope, J-scope, C-scope and D-scope displays are
usually designed to use electrostatic deflection systems.

CIRCUIT ARALYSIS.

General. The A-, B-, C-, and J-Scope displays con-
stitute the most commonly encountered types of radar
displays employing electrostatic type cathode ray tubes.
They respord to the reception of echoes of siqnal pulses
striking specific targets, and present these echoes as pips
or illuminated targets on the 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 occompanying
illustration. It consists of a single horizontal line with a
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transmitted pulse identication, representing the beginning
of the sweep, and echo pulse indications, representing
tatgets. The transmitted pulse indication has an ampli-
tude greater than any of the other ezho pulse indications.

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

TRANSMITTED &0
PULSE PULSE  SECOND

-

MARKERS

CRT SCREEN

SIGNAL AMPLITUDE

RANGE
AScope

A typical J-Scan is shown in the accompanyina illus-
tration. [t consists of a single circular trace line, which
remains at a relatively constant distance from the center
of the CRT foce. A main pulse indication on the circuler
trace indicates the beqinning of the sweep, and the echo
pulses are located somewhere along the circumference of
this circle, The distance between the echo pulse and the
main-pulse along the circumierence of the circle, indicates
the ranqge of the target. A calibrated renge ring is used to
measure the distance along the circular trace.

The J-Scope is used in radar for extremely accurate
range determination of a particular tarqet. In the labore-
tory, the J-Scope is applied to the measurement of very
short time intervals.

A typical B-3can is shown in the accompanying illus-
tration. It consists of a rectanaularly scanned field made
up of parallel vertical trace lines, with the center line of
the field representing zere azimuth {dead chead) position.
The radar location is at zero azimuth position on the hori-
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zontal base line. Any targets 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, ot the vertical distance
shown.

The B-Scope is used in radar systems for continuous
scan of an assigned areq, chiefly for qround (or sea)
targets in a limited sector.
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A typical C-8can is shown in the accompanying illus-
tration. It consists of a rectanqularly scanned field made
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up of a number of parallel horizontal lines; the center
vertical line which bisects the horizontal lenqth of the
field represents zero azimuth position, while the center
horizental line which bisects the vertical lenath of the
field represents zero elevation position, All vertical
pasitions above the zero elevation position reptesent a
positive elevation, and all vertical positions below the
zero elevation represent a neqative elevation.

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

Citcuit Operation. The A-and J-Scopes are similar
in that the signal is obtained from the radar receiver and
applied through vertical amplifiers to the vertical deflection
elements of the CRT. The manner in which each type of
scon accomplishes the sweep,; however, is different.

A typical A-Scope arrangement is shown in the accom-
panying block diagram.

In the A-Scope arrangement u trigger sional is fed to
the trigger amplifier stage, simultaneously, the received
echo signadl is applied from the rodar receiver through the
vertical (video) amplifier to the CRT. The trigger for
starting the sweep may come from either the timer within
the indicator or from the transmitter. The tringer amplifier
both amplifies and sharpens the trigger pulse, which is
then applied to the triggered sweep qenerator where a
sawtooth voltage isproduced and opplied tothe horizontal
deflection plates. The resultant sweep produces a straight

. horizontal trace line on the CRT. With the application of
the received echo signal, a vertical deflection in the form
of a pip appears located somewhere along the horizontal
trace. The distance between the redar antenna end the
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target is indicated by the linear position of the pip on the
trace. Some of the pulse voltage of the transmitter is im-
pressed directly upon the receiver, and produces a large
pulse onthe extreme left of the CRT trace. All distances
are mecsured relative to this pulse. To facilitate the
measurement of the distance of the echo pip from the zero
reference point {transmitter pulse), calibrated markers
generated by the marker generctor stage ate also applied
to the CAT. Thus hy counting the number of markets be-
tween the transmitted signal and the received echo, target
distance is quickly determined.

A typical J-8cope is shown in the corresponding block
diogram. A crystal oscillator and a phase-shifting network
furnishes two sine-wave voltages, 90° out of phase, to
both sets of CRT deflection plates to produce a circular
trace. The trigaer and sweep circuits blank out the tube,
intensifying the electron beam only during the active
sweep time. The J-Scope display is the same as the A-
Scope display, except that the J-Scope uses o circular
sweep 1ather then a linear sweep. Time and range mecsure-
ments on the J-Scope are more accurate than those of the
A-Scope since the J-Scope scan is longer. The target
echoes are indicated as radial pips or pulses pointing away
from the center of the CRT. To produce these pips another
CRT electrode is introduced. This electrode is a thin
metallic rod inserted through the face of the tube, almost
reaching the deflection plates. The echo signals then are
applied to this center electrode from the vertical amplifier.

The B-Scape and the C-Scope, like the A- and J-Scopes
are mostly similar in their mode of operation. The B-Scope
and the C-Scope both use intensity modulated displays,
that is the echo signals oppear as bright pa‘ches cgainst @
dark background. Intensity modulation is produced by op-
plying the amplified echo signals to either the control qrid
or the cathode of the CRT. In both the B-Scope and the
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C-Scope, the sweep scans a rectaqulor area on the screen The hatizontal-deflecticn circuits of the B-Scope and
of the CRT. Alsc, in both the B-Scope and C-Scope, the C-Scope are the same type of circuits as those used for
horizontal axis always represents azimuth. On the other the vertical-deflection system cof the C-Scope. The hori-
hand, the vertical exis on the B-Scope represents range zontal motion of the antenna is translated into a reqularly
while the vertical axis on the C-Scope represents elevation. varying {sweep) voltage which produces the horizontal
The block diaqram of a typical B-Scope and a typicel sweep for the cathode-ray tubes.
C-Scope arrangement is shown in the corresponding block The electrostatically deflected CRT common to the

digqram. The only difference in the circuitry between them
is the omission of the vertical sweep qenerator in the C-
Scope. The vertical deflection circuits of the B-Scope are
driven by a linear timebase signal from a sweep generator.
This sweep is initiated by a sync sianal from the central
timing circuits of the redar. The vertical deflection cir-
cuits of the C-Scope are driven by a sweep voltage from a
variable potentiometer connected the radar antenna.

A-,B-,C-, and J-Scopes is shown in the following illustre-
tion with its accompanying control circuitry, The rod
shaped dotted lines, extending from the face of CRT almost
to the deflection plates represents the electrode used anly
in the J-Scope to which neqative video (echo) signals are
coupled. This electrede causes the electron beam to be
deflected radially cutward in accotdance with the incoming
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It is evident from the schematic that resisters RS,

R1Q, R11, Ri2, R13, R4, R15, Rls, R17 form a voltage
divider network. The cathode of the CRT is connected

ot a less negative point on the divider then the arid, the
qrid is neqative with respect tothe cathode, and is adjuste
ble by means of potentiometer R13. R13 then, as in con-
venticnal circuits, permits the tube to conduct more or

less heavily. This is the intensity control. Anode no, 1
is connected to a much lower point on the divider through
potentiometer R15; thus it is effectively less neqgative

than the cathode and qrid, and attracts electrons from the
cathode. This is the focus control. By varying the d-c
potential on this control, the electron beam from the cathode
is directed sc that it converges at a point on the face

of the CRT. Anode no. 2 is at a positive potential and as
anode no. 1 attracts electrons from the cathode. It provides
the function of octing as an auxiliary focus control and an
accelerating anode. As the beam passes from the acceler-
ating anode to the face af the tube, it passes between two
sets of deflecting plates. The horizontally positioned
plates deflect the beam vertically and the vertically
positioned plates deflect the beam horizontally.

A balanced deflection system is used far this cathode-
ray tube. Each deflecting plate (D1, B2, 03, and D4 is
controlled by separate dual potentiometers (R2, B3, R6
and R7, respectively), and the plates are isolated and
balanced equally by being connected ta the positioning
controls through equal resistors R1, R4, R5, and R8. A-C
balance is provided by copacitors Cl, C2, C3, and C4.
Since the isalating resistors R1, B4, RS and R8 are al-
ways a very large value, the deflecting plates may be con-
nected into any circuit without danger to the operatar.

FAILURE ANALYSIS.

Cathode-Ray Tube. Usually, a control circuit failure
in the CRT is indicated by loss of a specific control
functien, and can be quickly verified by a resistance ar
voltage 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 also thicken the beam, and re-
quire readjustment of the focus contro! for the thinnest
line at that intensity. Likewise, a change in the dccel-
erating anode potential will cause a change in spot dia-
meter and the maximum intensity qvailable. Where hich
humidity and excess moisture prevail, control failures
from insulation breakdawn are usually more prevelent be-
cause of the high potential involved, which causes a short
circuit to ground.
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It it is found thot all of the voltages on the CRT
electrodes are proper the CRT must be the defective
companent. If, however, the voltages an the CRT
electrodes are not proper, and the associated cantrol cir-
cuitty 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 improper volt-
aqe on it. It is also possible to determine the area of the
fault by the CRT indicatians.

In the A-Scope, if the improper veltage ar wavefarm
exists on the herizontal deflection plates and the CRT
indication shows that there is an improper or no horizontal
sweep, check the input of the triggered sweep generatar
with an ascilloscope. If it is comrect the foult lies in this
circuit. If the woltage is incomect, check the input of the
trigger amplifier with an oscilloscope. [f the trigger ampli-
fler input is correct the foulty component is in this stoge.
If the input is incorrect and an extemnal trigger is used the
fault is in this external source. If, however, the input of the
rigger amplifier is incorrect and the triqqer is abtained
from the internal trigqer generator, check the input to the
intemal trigger generator with an osdlloscope. If the volt-
age or waveform applied to the intemnal trigaer generator is
improper the fault should be in the timer. If the CRT dis-
play indicates that only the ranqe markers are missing the
trouble must be in the marker generator.

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

In the J-Scope, if circular trace is improper and im-
proper voltages or waveforms exist on the vertical and
horizantal deflection plates, check the input of the phase
shifting network with an oscilloscope. If the input is
proper the fault is in this circuit, If, however, the input
is improper the fault is the the crystal oscillator, If 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-
cuits. If the input is improper the fault must be in the trig-
ger circuits. If the improper signal exists onthe center
electrode of the CRT and if the video siqnal on the display
is incorrect, check the input of the video amplifier with an
ascilloscope. If the input is proper the fqult is within the
video amplifier. If the input is improper the fault must be
in the radar receiver.
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In the B- or C-Scope, if the voltages or waveforms
on the hotizontal plates are improper, or if the horizontal
trace is improper check the input to the hotizontal position-
ing circuits with an oscilloscope. If the input is correct
the failure is inthe horizontal positioning circuits. If the
input is improper, the failure is in the antenna azimuth
sweep voltage. If the voltages or waveforms on the verti-
cal plates of the B-Scope are improper, or if the vertical
trace is improper check the input of the vertical sweep
generator with an oscilloscope, 1f the input is proper the
failure is in the vertical sweep generator. If the input is
incorrect the failure is in the trigger source, If the voltages
or waveforms on the vertical plates of the C-Scope are im-
proper, or if the vertical trace is improper, the antenna
voltage must be incorrect. If the target echo signals are
not present on the control grid of the CRT, check the input
to the video 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 redar receiver.

ELECTROMAGNETIC CATHODE-RAY TUBE,

A cathode-ray tube is an electron tube in which the
electrons trajecting from the cathode toward an anode
are focused into 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 electromagnetic cathode ray tube utilizes
magretic fields to provide a medans of focusing and de-
flecting the electron beam.

Electromaqnetic cathode-ray tube circuits are pre-
ferred where the cathode ray tube (commonly) referred to
as CRT) is to have a large screen diameter, The electro-
magnetic CRT has severol advantages over the electro-
static tube. Some of these advantages are that: 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 great o reduction
in the deflection sensitivity of the tube; the structure of the
electron qun is simpler and more rugged; and the over-all
length of the envelope is shorter.

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

The electromaanetic CRT uses a tricde type qun. It
consists of an indirectly heated cylindrical cathode closed
off at one end by @ small plate, which is coated with
barium and strontium oxides. The oxides emit a large
number of electrons. A twisted heater element is contained
within the cylindrical cathode to bring the cathode to the
operating temperature. The control grid is also a cylinder,
which surrounds the cathode cylinder. If contains a bafile
with a tiny aperature of smaller diameter than the emitting
surface of the cathode, which is located very close to the
cperature. Beyond the control qrid is a hollow cylinder
which contains several baffles and which has its circum-
ference around the some axis as the control qrid, This
cylinder is the accelerating anode which is connected to a
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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. Thete is no second ancde for focusing as
there is in the electrostatic CRT. Instead, anexternal
focusing coil encircles the neck of the tube and moqneti-
cally focuses the electron beam. The complete focusing
system is compcsed 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 at a point some distance before the mag-
netic field of the focusin q coil which acts as the secend
lens. After the electrons travel beyond the convergent
point they again begin spreading until they enter the mag
netic field of the focusing coil, where the reaction causes
the electrons to loter converge at the phosphorescent
screen, if the position of and the current through the coil
are correct.  The position of this extemat focusing coil is
not cnly capable of being varied along the neck of the
tube, but the physical construction of the coil also permits
one side of it to 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 method of accomplishing horizontal and vertical
deflection also relies on an extemal electromaanetic
force. This electromagnetic ferce is provided by a set of
coils, which encircles the neck of the CRT and is located
after the focus coil. Usually four deflection moils are used.
Two of these are wired in series and are mounted in such
a way as to produce a maqnetic field whose lines of force
run vertically through the neck of the tube. This vertical
magnetic field causes horizontal deflection of the electron
stteam. The other pair of coils is wited in series and
mounted in such a way as to produce a maqnetic field whose
Unes of force run horizontally through the neck of the tube.
This horizontal magnetic field couses a vertical deflection
of the electron stream. A current is used to activate the
coils and produce the manetic fields at right angles to the
electron movement. The amount of deflection that may be
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obtained is dependant upon: accelerating anode veltage,
distance between the screen and the deflection coils, length
of the magnetic field, and the strenath of the magnetic

field. These deflection coils are contained in a mounting
and called the deflection yoke. The position of the deflec-
tion yoke, like the position of the focus coil, can be shifted
clong the neck of the tube to vary the amount of deflection,
The deflection yoke can dso be rotated about the neck of
the tube. This property permits the visudl pattern or

raster to be centered squarely on the screen.

Another element used on an electromagnetic CRT is
called the ion trap. It removes a problem that is specifically
peculiar to the electromagnetic CRT. Negative ions exist
in the CRT as a result of the hombardment of the residual
gas or tube electrodes by the emitted electrons. This con-
dition is of no consequence in an electrostatic CRT since
electrostatic focusing networks canfocus the ions along
with the electrons. In the electromagnetic CRT, however,
the greater mass of the ion prevents proper focusing and
deflection of these ions. The result is a constant bombard-
ment of the screen at one particular spot, causing the
gradual deterioration of the phosphorescent material at this
point and a dark spot on the screen. There are several
types of ion traps that may be used. One type consists of
a modified electron qun arrangement and a permanent bor
maqnetic unit which is slipped around the neck of the tubs
close to the electron qun. Although it is not shown in the
illustration, the qun is made to produce a bent electrostatic
field that carries both ions and electrons toward the ac-
celerating ancde. The ion-trap mannet affects only the
electrons in this combined beam in such a way that they
change their direction of motion and return taward 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 circuits used with the electro-
magnetic CRT are described in following parographs in
this section.

PL AN POSITION INDICATOR.

APPLICATION.

The plan position indicator {or PPI) type of radar
display isused when it is desired to track objects on a
360° polar map qiving range and azimuth. This map can
easily be correlated with stondard maps, since, not only
the target but also physical fedtures of the area are made
apparent.

CHARACTERISTICS.
Uses electromagnetic CRT.
May use rotating or stationary deflection yoke.
PPI CRT uses high persistence phospher.
PPl utilizes intensity modulation.
Antenna and sweep trace are synchronized,
Center of sweep represents radar location.
Sweep starts at the center and moves rodially outward.
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Angle of targetfrom heading represents bearing of
target.
Distance of target from center of sweep 1epresents
range of target,

CIRCUIT ANALYSIS.

General. The plan position indicator is a type of
radar display which utilizes an electromaqnetic CRT.
A high persistence phosphorescent material is used on
the face of the CRT, which permits the glow produced
by the electron bombardment to remain for a relatively
long period of time. Signals reflected from targets are
taken from the radar receiver and applied to the control
qrid of the CRT, via limiting and emplifying circuits,
during the sweep time of the beamn. Intensity modulation
of the electron beam occurs in accordonce with the ampli-
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 zero deqgree radius of the sweep
constitutes the bearing (or azimuth) of the target. This type
of display also permits an operator to locate a target 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 a magnetic deflection field rotating
in synchronization with the radar antenna. This may be
accomplished by a mechanical azimuth sweep (rotating de-
flection yoke) or electrical azimuth sweep (stationary
deflection yoke).

A pictorial representaticn of a typical PPI display is
shown in the following illustration.
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Simple PPl-Scon Block Diogram

Circuit Operation, The circuits used in the discussion
of circuit operation are typical circuits used in PPI dis-
play 1, but do not represent every circuit that could be
used in PPl displays. A block diagram of a simple PPI
display is shown in the accompanying illustration with
carresponding waveforms. An anlysis will be made of the
operation of each representative circuit corresponding to
the block diagram.

The timer trigger is @ neqative pulse obtained from
the timing circuits, and used to actuate the start-stop
multivibrator. The multivibrator preduces neqative gate
signals which are applied to the sweep aenerator and the
marker generator, and a positive gate signal which is ap-
plied as an unblanking qate to the control grid of the CRT.
A typical start-stop multivibrator is shown in the accompo-
nying illustration. Resistors R1 and R2 are grid bias re-
sistors for triodes V1 and V2, respectively. Resistors R3
and B4 are the plate resistors for V1and V2, respectively.
Capacitor C1 couples the arid of V1 to the plate of V2
Capacitor C2 couples the qrid of V2 to the plate of V1.

Normally, triode V1 is conducting due to the positive
bias applied on the quid of ¥1. At the same time, triode
V2 is normally cut off due to the fixed neaative bias ap~
plied to the qrid ¢f V2. A negative pulse applied to the
grid of V1reduces the conduction of V1, causing the plate
voltage to increase. The positive plate voltage swing of
V1drives the grid of V2 into conductian, thereby decreasing
the plate voltage of VZ This decrease {Negative swina}
in the plate voltage of V2 is fed back to the grid of V1 and
drives V1into cutoff. The circuit now rests in the opposite
condition with V2 conducting heavily and V1 cut off.
During this period the flat portion of the cutput pulse is
generated. Since capacitor C1l is connected to the positive
supply through R1, it eventually develops a positive charge
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which is sufficient to bring the arid of V1 above cutoff, |
Once aqain V1 conducts and the neqative plate swing is
coupled to the qrid of V2 through CZ, driving V2 towards
cutoff and producing the trailing edqe of the square wave
as its plate voltage rises. Eventually, V1 isbrought to
the state of maximum conduction and V2 is brought to
cutoff, where the circuit stablizes due to the positive
biasing voltage on the qrid of V1 and the high neqative
bias voltage on the qrid of V2. Another negative pulse
must be applied to the qrid of V1in order to chance the
conduction states of V1 and V2.

From the description of the circuit operation of the
start-stop multivibrater it can be seen that with the appli-
cation of one neqative timer pulse to the input, one neqo-
tive rectanqular pulse is obtained at the plate of V2 This
neqative rectangular pulse is used to operate the sweep
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 qenerator, which receives the neca-
tive rectangular pulse from the start~-stop multivibrator, i
produces a trapezoidal sweep. The following schematic |
is that of a typical sweep generator circuit, The negative !
rectanqular pulse is applied to the arid of tricde V1, which
acts as a high speed switch, Resistor Rl is the plate
resistor of V1. Rlis also part of an rc network, which
determines the amplitude of the leading edge and the slopel
of the trapezoidal waveform, when V1 is cutoff. Resistor
RZis dlso part of the 1-c network when V1is cutoff. Its |
value also affects the amplitude of the leading edqe of the -
trapezodial waveform. Capacitor C ! is the capacitive part
of the r-c network. Its value affects the slope of the
trapezoidal waveform.
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Yhen no rectanqular pulse is applied to the input,
triode V1 is conducting and effectively shunting B2 and
Cl. As the neqgative rectanqular input pulse is applied to
the grid of V1, conduction of V1 ceases and the plate
voltage rises towards the supply value generating the lead-
ing edge of the trapezoidal sweep waveform. The cutting
off of V1 acts like opening a switch, and causes capacitor
Cl and resistor R2 to be brought into circuit action. An
equivalent circuit with corresponding waveforms is shown
in the accompanying illustration for ease of understanding.
Capacitor C1 charges up to towards the value of the plate
supply voltage through resistors Rl and RZ at a rate de-

CHANGE 2

0967-000-0120 CRT CIRCUITS
pendent on the producr of Cl times the sum of Rl and R2
The output is taken across capacitor Cl ond resistor R2
Thus, as cepacitor C1 charges, the veltage drop across Rl
appears at the output. The output voltage increases toward
the plate voltage supply ot the charging rate of capacitor
Cluntil the end of the neqative rectangular input pulse
occurs. At this time, the positive trailing edge drives V1
into conduction, removing capacitor Cl and resistor R2
from the circuit action by effectively closing the triode
switch shown in the illustration of the equivalent cireuit

of the sweep qenerator. The circuit remains in this state
until the next neqative rectonqular pulse is applied to the
input. The resultant output waveform is a trapezoidal
pulse for every neqative rectangular pulse applied to the
input.
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RI (Em*Eﬂz)\ A :
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Equivalent Trapezoidal Sweep Generator Circuit

The trapezoidal pulse is applied 1o a sweep ampli-
fier where it is amplified before being applied to the sweep
coil circuit. A typical sweep amplifier is shown in the
cccompanying illustration, Capacitor C1 is a coupling
capacitor and the qrid of V1 is returned to qround thraugh
qgrid resistor R1. Cathode hics is provided by resistor 52
and R2 is bypassed by capacitor C2 o prevent any de-
generative effect. Vacuum tube V1 is a beam power tube,
used becouse of its high power sensitivity. Power ampli-
fication is required to provide sufficient current ta the de-
flection coils. The coils may require from 50 to 100 milli-
amperes of current for maximum deflection. Inductance L1
and resistance R3 comprise the deflectioncoil and act as
the plate load for the sweep amplifier. The output wave-
form, at theplate of V1, is trapezoidal. As this waveform
is applied to the deflection coil, it becomes resolved to a
sawtooth waveform across the resistance of the coil, and a
square waveformecross the inductance. The square wave
actoss the inductance produces a sawtooth sweep current
due to current lagging voltage in an inductance. {For de-
tailed information on amplifier circuits refer to section 6,
of this Handbook).
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The PPI sweep starts ot the center of the CHT, 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 synchronization with antenna ro-
tation. This can be accomplished by any of several methods
in two general cateqories. The first cateqory uses a
mechanical azimuth sweep, which provides a means of
physically rotating the deflection yoke in synchronization
with the antenna. This may be accomplished by using
synchronous motors connected to the same power supply
which drives the antenna and the deflection yoke; or it
may be accamplished by using electromechanical repeaters
to provide proper synchronization. The accompanying fig-
ure illustrates how deflection is produced at the cathode
roy tube.

The second methad 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 maximum, corresponding to the
rotation of the antenna. Furthermore, there is a S0° phase
difference hetween the amplitude variations of the hori-
zontal and vertical sawtooth waveforms. The sinusoidal
variation is such that at maximum amplitude of the vertical
sawtooth signal, 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 direction of travel, the horizontal
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deflection sawtooth amplitude would be maximum and the
vertical deflection sawtooth amplitude would be minimum,
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-
yord Scuth, or 1800 from the ditection of travel, the hori-
zontal sawtooth amplitude becomes neqgative also. The
accomponying fiqure shows the deflection coil currents for
electrical azimuth sweep.
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Deflection Coil Cyrrents for Electrical
Azimuth Sweep

In order to obtain two sinuscidally varying sawtooth
waveforms, having o 90° phase difference, a rotary trans-
former is used. This transformer resembles a small electric
motor and has two secondary windings, which are mounted
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at right angles to each other in the statar housing. The
primary is mounted on the rotor,. which is driven by the ro-
tating antenna. A trapezoidal-wave generator is connected
to the primary winding by means of slip rings. As the rotor
1s turned, the voltage obtained from either secondary varies.
Maximum voltage is obtained from one secondary when

zero voltage is obtained from the other. The transformer

is so constructed that the amplitude of the output voltage
varies sinusoidally with the rotor angle. The amplitudes

of the trapezoidal output voltages, then, vary sinusoidally,
and are 90° apart in phase. The trapezoidal output voltages
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, and cause every sweep

to start at the same peint on the CRT.

It wos mentioned previously that the start-stop multi-
vibrator has an output applied to the control qrid of the
CRT and to the marker qenerator, as well as to the sweep
generator, A positive gate produced by the multivibrator
1s applied to the CRT control qrid. This positive pulse
incteases the electron flow between the cathode and 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 to be operated at the desired time.

The neqative rectanqular pulse applied to the marker
generator from the start-stop multiviteator is used to trio-
ger the production of range marks on the screen of the CRT.
These range marks provide a means of determining repre-
sentative distances of targets fromthe arigin, A typical
ronge marker generator is shown in the accompanying
illustration. It is comprised of four triodes, the first of
which (V1) acts as a switch for triodes V2 and V3, which
can only conduct when V1 is cutoff. Triodes V2 and V3
form o complete path for the series resenant circuit L1 C3,
or L2 C4, which determines the frequency of the range mark
pulses. Tronsformer T1 differentiates the output waveform
of V3 before being applied to V4, which serves as a cathade
follower output stage. Capacitor Cl is an input coupling
capacitor, and resistor Rl establishes contact bios for V1L
Resistor R2 is a plate voltage dropping resistor to provide
V1 with a lower potential than the plate voltage value of
V2 Resistor R4 is a common plate load resistor for
triedes V1 and V2. Resistor R3 places the cathode of V1
at a less positive potential than the cathode of V2. Re-
sistor RS holds the arid of V2 ot approximately zero hias.
Resistor RB serves as a retum o qround for the arid of V2,
and capacitor C2 places the grid of V2 ct an a-¢ gqround
potential. Resistor R7 places the cathode of V2 at some
less positive potential than the cathode of V3. Resistor
BB is part of a cathode bias voltage divider on the cathode
of V3. The divider consists of B3, R7 and R8 which places
different fixed bias on the cathodes of V1, V2, and V3 re-
spectively. The primary of T1 serves as a plate load for
triode V3. Capacitor C5 cauples the differentiated waveform
to the grid of the cathode follower, V4. Reslstors R11 and
R9 place the qgrid of V4 at some highly negative potential.
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Resistor R10 provides a d- return to around for triode V4
ond together with R11 forms a bias voltage divider between
the neqgative supply and ground. Resistor R12 is the cathode
resistor of V4 and serves to match the output of the cathode
follower.

Prior to the application of the sweep starting pulse
from the start-stop multivibrator, the triode V1is conduc-
ting, which keeps the plate voltage at a low value, This i
low voltage prevents the plate voltage of V2 from being
higher than the grid voltage of V2 This low plate voltage
af V1 also couses the potential at the grid of V3 to be
less positive than the cathode and of sufficient negative -
value to cutoff the tube, With V3 cutoff no output signal is
developed.

When the negative sweep start pulse is applied to
capacitor Cl, triede V11is cutoff, which causes the plate
voltage of V1 to increase, and the voltage on the plate of
V2 to increase, and at the same time causes the qrid volt-
age of V3 to increase. With the increased grid voltage,

V3 conducts completing the circuit containing triode V3,
the series resonant circuit of L1 C3 or L2 C4, triode V2,
and the primary of TL A pulse type waveform is produced
by this circuit with a frequency dependent on the value of
theresanant circuit, The waveform is applied to tronsformer
T-1, where it is differentiated by the inductance in conjunc-
tion with the resistance of the primary before being coup-
led to the secondary of T1. From the secondary of T1,

the differentiated pulses are applied to the qrid of cathode
follower (V4) throuqh capacitor CS, which blocks out any
d-c compenent, The cutput is obtained from cathode re-
sistor R12. This output is not only decreased in ampli-
tude and in phase with the applied pulses, but it is dlso
limited to positive pulses by the high negative hias on

the grid of V1 These positive pulses are then applied to
the control qrid of the CRT to increase the intensity of the
trace at the point where the range marker rings are to occur.

The video signal is applied to a bicsed video limiter,
where the signal is made to vary above ¢ specific level,
so that the signal will not become so neqative as to
cause blooming on the screen. A schematic of the video
limiter is shown in the accompanying llustration. The
limiter consists of only three components; resistor Ri,
used to drop the applied valtage when diode V1, the
second component, is conducting, and veltage source Eecc,
the third component, used to establish the limiting level.

With no signal applied there will be no signal output.
When a positive signal is applied, it will appear at the
output unaffected by the limiting diode and the voltage
source Ecc, since the nonconducting diode acts as an oper
circuit. Even as the signal beqins qoing neqative, the
signal will remain unaffected; since the neqative voltage
on theplate of V1is qreater than the applied negative sig-
nal, thereby maintaining V1 in the nonconducting state.
When the signal becomes as negative as Ece, V1 begins
conducting, and the output is now Ecc. Even when the
input becomes more neqative, the output still remains at
the value of the source voltage Ecc.  The output woltage
will vary as the input signal only when the input sional
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becomes more positive than Ecc.

The output voltoge of the video limiter is applied to
o video amplitier, or several video amplifiers, where the
voltage is increased in qain hefore being opplied to the
cathode of the CRT. A typical video amplifier is shown in
the accompanying illustration. Resistor K1 is the qrid leak
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resistor, and resistor R2 is the cathode bias resistor,
which, along with R1, establishes the total qrid bios. R2
is made variable to requlate the gain of the amplifier.
Capacitor C2 is the cathcde bypess capacitor, which by-
passes the a-¢ signal to ground ond 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 Rf; however, at high frequencies
the signal byposses Rb6 through capacitor C4, Capacitor
CSis the coupling capacitor to the following stage.

INPUT RI

Yideo Amplifier
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Up to this point, the components which were discussed
could form a common amplifier. The remaining components
add to the previously discussed components to form the
video amplifier. Inductance L1 is a series pecking coil,
which functions as a series filter for passing required
frequencies. It clso isolates circuits preceding it fram
circuits following it. Besistor B3 aids L1 by extending
the effects of L1 and broadening the Q characteristics.
Inductance L2 is a shunt peaking coil, which forms a
parallel resonant eircuit with the distributed capacitance
(C3) and provides a high impedance for the signal. Capaci-
tance C6 is the inter-electrode ond distributed capacities
of the following stage. Vacuum tube V1is o pentode.

The neqative signal coming from the video limiter is
applied directly to the grid of the tube Vi, decreasing the
canduction of V1 and varying it in accordance with the
signol variation, and ot the same time establishing a bias
level through resistors R1 and RZ The variation in con-
duction tate of V1 produces an oppositely vorying plate
output voltage, which is developed across resistors RS and
R6. The higher frequencies of the signal, which would
normally be lost or distorted by distributed copacitance
{C3) and the interelectrode copacity, are passed undis-
torted by means of the serles peaking {L1) and shunt
peaking coils {L2) inserted in the amplifier. These coils
form resanant 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 gqround. (For a more detailéd discussion of
video amplifiers refer to section 6 of this handbook.) One
or several video amplifiers may be used to provide the
desired amplitude of output signal.

FAILURE ANALY SIS,

Stort-Stop Multivibrotor.

Mo Outpus. Since the start-stop multivibrater is re-
sponsible for producing synchronized sweep, range markers,
and intensified trace during the time that infarmation is to
be presented, a defect In this circuit will affect each of
these crecs. 1 no output occurs it will be difficult to
localize the trouble, since no spot will appear onthe CRT.
This effect can also be caused by the sweep generator or
sweep amplifier having no output,

The no-output condition, in the start-stop multivibrator,

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

Check the signal with an oscilloscope at the input of the
multivibrator. Check the plate supply voltage with a volt-
meter. If the no-output condition exists and there is plate
supply voltage, the condition may be due to a combination
of faulty components. If resistors B3 and R4 were both
open, or if triodes V1 and V2 were both defective, the no-
output condition would cccur. Measure the resistors on @
chmmeter. I the condition still exists, triodes V1 and V2
are probably defective.

Law or Distorted Qutput. 1f a low or distorted output
occurs in the start-stop multivibrator, it becomes more
apperent that the trouble is in this stage, rather than the
sweep generator or the sweep amplifier, since each one of
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the three opplications of the multivibrator will show the
effect of the trouble.

The low or distorted output may be due to any of the
following component failures: Shorted or open plate load
resistor B3, shorted or open plate load resistor R4, shorted
or open bias resistor R1, shorted or open bias resistor R2,
shorted or open capocitors Cl or C2, improper plate supply
voltage, defective triode Vi, defective triode V2, or im-
proper input signal.

To determine which of these component failures is
responsible for the condition, make the following checks:
measwe the input signal with on oscilloscope; measure
the plate supply voltage with a voltmeter, and
adjust the supply for the proper voltage; measure the re-
siators with an chmmeter 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. If
these components have been checked and the condition
still exists, triodes V1 and V2 ore probably at fqult.

Trapezoidal Sweep Generator.

Na Output. If no output is obtoined 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 any of the following
circult failures: no plate supply voltage, open resistor Rl,
open capacitor Cl, or open resistor R2  To determine which
of these is responsible for the no-output condition, first
check the input signal with en oscilloscope. Check the
plate supply voltage with ¢ voltmeter, and adjust the supply
voltage to the proper voltoge value. Check resistors Rl
ad B2 with an ohmmeter, and check capacitor C1 with an
In-circuit capocitar checker.

‘Low or Distorted Qurput. If a low or distorted output
{s obtatned at the output terminals of the sweep generator,
and the proper input signal is applied, the fault may be due
to any of the sume component failures that occur in the
no-output condition, plus the possibility of a defective
trlode, V1. The some checks apply in the low or distorted
output condition as in the no-output condition. If these
checks do not locate the rouble, triode V1 is prebably
defective.

Sweep Amplifier.

No Output. If no output is obtained at the output
terminals of the sweep amplifier, na deflection will be
produced and the trace will be in the form of a single dot
at the origin of the sweep,

A no-cutput condition may be due to any of the fol-
lowing circuit failures: open capacitor Cl, no plate supply
voltage, no input signal, ot a defective triode, V1.

To determine which of these failures is responsible
for the no-output condition, use the following checks:
measure the input signal with an oscilloscope; measure
the plate supply voltage with a voltmeter, and adjust the
source if it is the couse of the condition; measure capacitor
Cl with an in-circuit capacitor checker. If these checks do
not locate the trouble, triode V1 is probably defective.
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Low or Distorted Qutput. A low or distorted output
may be due to any of the following circuit fatlures:
shorted capacitor Cl, shorted or open resistor R, shorted
or open resistor R2, a shorted or open capacitor 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:
measure capacitors Cl and €2 with an in-circuit capaci-
tor checker; measure the values of resistors Rl and R2 on
an ohmmeter; measure the plate supply voltage source with @
voltmeter, and adjust the source to the proper plate supply
voltage. lf these checks do not lead to the defective part,
triode V1 is probably defective.

Range Marker Generator,

No Qutput. A no-output condition in the ranae morker
generator will result in no ronge markers being produced
on theface of the CRT. This condition may be due to any
of the following circuit failures; no plate supply voitage,
defective triode V2, defective triode V3, open or shorted
transformer T ), open inductors Ll eor L2, open capacitors
C2 or C4, open capacitor C5, open or shorted resistor
R12, or defective triode V4

To determine which of these components is at fault,
make the following checks: measure for possible defec-
tive resistors with an ohmmeter; check the applicable
capacitors with an in-circuit capacitor checker; check the
ohmic values of inductors L1, .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, triodes V2, V3, ond V4, and probably defective,

Low or Distorted Qutput. Low or distorted cutput may
result in improperly situated range marks on the screen
of the CRT. This condition may be due to ony of the
following circuit failures, providing the proper input
signal is applied: improper plate supply voltage, shorted
capacitor Cl, shorted capacitor C2, shorted capacitors
C3 or C4, shorted capacitor C5, shorted inductors L1 or
[.2, shorted or open transformer T1, shorted or open re-
sistors R1, B2, R3, R4, BS, RE, K7, R8, RY, R10, or R11;
ot defective triodes V1, VZ, V3, or 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 ohmmeter; check in-
ductors and transformer windings with an chmmetet; 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 foreqoing failures, the tubes are
probably at fault,

Video Limiter.

Since the video limiter is compased of three compo-
nents the foilure analysis may be simplified.

Mo Output. In order to have a no-output cendition, an
open tesistor A1, an open bias supply woltage Ece, or a
defective diode V1 would have to exist. This no-output
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cemdition would tesult in no indication of the target as
well as no indication of the area being scanned,

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

Low or Distorted Output. A low or distorted output
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.

Mo Output. A no-output condition in the video ampli-
fier would result in no visual representation of the target
or scanned area. This condition may be due to absence of
signol, absence of plate supply voltage, open resistor RE,
open resistor RS, open inductor L2, shorted capacitor C4,
open capacitor C5, or a defective pentode V.4

To determine which of these components is defective
make the following checks: measure the input signal with
an osciltloscope; 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 R6
with an chmmeter; check inductor L2 with an chmmeter, an
check capacitors C5 and C4 with an in-circuit capacitor
checker. If the no-output condition still exists after these
checks and corrections have been made, pentode V1 is
probably at fault.

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

To determine which component is at fault, use the
followinqg procedures: check the input siqnal with an
oscilloscope, check the plate woltage supply with a volt-
meter dnd adjust the supply voltage to the correct value,
if it is not at the correct value. Check all resistors with
an chmmeter and check the chmic values of inductors L1
and 1.2 with an ohmmeter, Check capdcitors with an in~
circuit capacitor checker. If all of these checks do not
locate the defective component, pentode V1 is probably at
fault,

OTHER TYPES OF ELECTROMAGNETIC SCANS.

APPLICATION.

Cf the remaining types of electiomaognetic scans three
general types are probably encountered more often than
any others. These scans are the spiral, the RHI, and
TV scans. The spiral scan is usually used for range
measurements where it provides a much langer time hase
than is available for circular or linear scans. The RHI
scan is used where it is desired to determine the range an
target height as a special radar presentation, and the
television (TV) scen 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 scans, while a medium persistence CRT is
used with the TV scan te prevent blurring of the moving
images.

In the BHI scan the herizontal base line always indi-
cates range, while the height 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 and rotate spirally inward to the center, depending
upon design.

The TV scan uses a two field, odd-line interlaced
scan operating at 30 frames vertically per second, and
525 lines herizentally, {a sweep frequency of 15750 Hz),

Scanning begins at top left of the CRT and travels to
the right and down.

Eachframe consists of 525 individuel herizontal
scanning lines which move from top to bottom.

CIRCUIT ANALYSIS.

Genera!l. The spiral scan, the BHI scan, and the TV
scon are al! produced by means of an electromagnetic de-
flection system; however, each may he produced byan
electrostatic deflection system for special applicotions.
The spiral and the RHI scans are similar in circuitry and
in operation to previously mentioned CRT scans. The TV
scan is unigue in comparison to these scans, since, this
type of scan produces a detailed reproduction of a specific
scene of image.

An RHI scan is similar to an off-center PPI scan,
but has an elevation or height indication in place of what
would normally bethe azimuth or hearing indication, as
shown in the accompanying illystration.

MOVABLE
HEIGF}T
LIN

10MI.  20MI.

30M.

Range Height Indicoter Scan

The actua' representation of the trace on the CRT
originates at .he lower left side of the screen and extends
horizontally t3 the right, and vertically at the same time,
resulting in an angular type display. The horizontal dis-
tance represents the range and the vertical distance repre-
sents the height. The origin of the trace represents the

CHANGE 2

0961-000-0120 CRT CIRCUITS
radar location. There are equidistant vertical lines along
the angle of the display, which are range markers. A
movoble horizontal line appearing across the pattern is
used to determine the height of the target. Targets cppeor
das intensified portions of the trance on the CRT.

The spiral scan is used when linear and circular
traces do not have a sufficiently long time bases to record
certain data with the required accuracy. The spiral scan
{s evolved from the circular scan, as used in PPl and is
shown in the accompanying illustration.

TARGET INDICATION

RETRACE LINE

Spiral Scon

The range of the scan can be varied by changing the
number of turns in the spiral, The sweep 1otates at a
constant rate of speed, s0 that equal divisions clong the
spiral indicate equal range increments. The spiral scan
may start at the center of the trace, as it does in PPI,
but it rotates spirally from the center of the CRT and only
reaches the periphery of the tube by the end of the sweep,
1t is possible, too, that the spiral scan may stert at the
periphery of the tube and rotate spirally toward the center
of the CRT, only reaching the center of the CRT by the end
of the trace. The origin of the sweep represents the
position of the radar location. Targets arerepresented by
intensified portions of the trace.

The TV, or uniform linear scan, is based on a beam
that moves much as the human eye does in scanning a
written paqe. It moves from the top left to the right and
rapidly returns to the left, only slightly further down from
the top than the previcus line. It moves this way until
reaches the bottom of the sweep on the right side. This,
however, only constitutes half of a complete frame. To
complete the second half frame the aweep is rapidly 1e-
turned to the top center of the CRT. The first line in the
second half frame descends less than the first line in the
first half frame, since the second half frame starts at the
top center and has less horizontal distance to cover, and
less time for the line to descend than the first half frame.
In this way, the second half frame fills in scanning lines
between the lines that were scanned during the first half
frame,
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The TV scanning seguence when looking at the picture
tube is shown in the accompanying fiqure. The scanning
spot starts in the upper left hand corner and travels at a
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 c) to start new line cd. During this return interval the
spot is blanked out and so is not shown in the fiqure. As
the scanning spot moves back and forth across the tube,
the spot also moves downward at a 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
previous line. When the bottom of the picture is reached
{(point e in the figure), the spot quickly returns to point f at
thetop of the picture, while maintaining the back and forth
horizontal line motion uninterrupted, Since the time re-
quired to travel from e 1o f corresponds to the passage of
a numbet of lines, the spot traverses a path similar to that
shown in the retrace figure as it goes from e to {. This
return pattern is not seen by the eye, however, as the spot
is blonked out during the return.

The standard television picture takes 1/8) 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 762.5
lines are tronsmitted. Because each field contains a half
line, the next field lies between the lines of the first field
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as indicated by the dotted lines in the figure; thus succes-
sive fields are interlaced. The complete picture, called a
frame, therefore, consists af 525 lines and is transmitted
in 1/30 second. The original pattern showing the trece
lines is what is cbhserved on a television receiver in the
absence of a picture, and is termed the raster. Interlacing
makes it possible to avoid flicker while using the lowest
repetition frequency for the picture that will satisfactorily
portray motion. Thus, while a picture repetition rate of 30
times per second is adequate to give the illusion of con-
tinuous motion under nearly all circumstances, large bright
areas repeated 3 times per second will have a noticeable
ilicker. By interlacing, a flicker rate of 60 hentz is
achieved which is too high to be perceptible; at the same
time the picture is repeated only X times a second.

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

The first circuit to be considered is the gate circuit
stage. It produces positive and neqative qates 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 aate which is used
to gate the range marker circuit stage. The range sweep
generator is one of two stages required to produce two
linearly increesing, mutually perpendicular, maqnetic de-
flection fields. One magnetic field, causing horizontal
movement of the beam, is produced by current in the range
sweep deflection coil as a result of the voltage produced by
the range sweep generator. The rate of increcse of the
range magnetic field is propertional to the cosine of the
elevation angle of the antenna. The range sweep genetator
transforms a d-c reference voltage into the linearly in-
cteasing magnetic 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-¢ reference voltage.

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

The neqative gate from the qate circuit stage is ap-
plied to operate the intensifier and intensity compensation
circuit stage. This stage has two functions. One function
is to allow signadls to appear on the CRT only during the
sweeping periods. During the intesvals between sweeps
the CRT is blanked off. The other function is to keep the
intensity of the CRT signals constant with the changes in
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range, pulse vepetion rate, and the elevation angle. Intensi-
ty compensation is produced by mutematic variation of the
d=c voltage cn the cathode of the CRT.

The range marker generator circuit produces equally
spaced range markers, The range markers are applied to a
video omplif er where they are amplified, and then applied
to the qrid o the CRT. The nodding of the antenna causes
the markers to oppear as bright lines on the sweep.

line input signals, and mixes them with the video signal.
The emplified signals cre applied to the CRT control grid,

The sector guting circuit, which has its output connected
to the video amplifier stage, allows only those targets
present in a selected azimuth sector to appear on the CRT
foce. Tt also determines the angular width of the sector to
be viewed.

The servo amplifier stage supplies voltage to o motor

The vides amplifier stage amplifies the video target
signals received from the radar receiver, It also amplifies
the range markers, the height line pulses, and the range
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which drives a sector gating synchro rotor. The position of
the synchro rotor determines the bearing of the ezimuth
sector viewed on the RHI scope. The position of the sector
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gating synchro rotor dways corresponds with the setting of
the manual sector control.

The resulting BHI sweep appears on the CRT gs o
wedge. The vertex of the wedge, corresponding to the
origin of the trace, appears at the left lower portion of the
screen.  The horizontal distance of the trace corresponds
ta the range, and the vertical distance of the trace corre-
sponds to the height or elevation of the trace. The range
indicating marks are vertical lines, of intensified trace
widl anqular compensation, equidistant along ¢ horizontal
plane. The height line is a horizontal 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 on the display corresponding to the actual
location of the target from the radar location.

Spiral Scan Circuit Operation, A typical block diagram
cf the spiral 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 cperation will be limited to the effect of each stage
on the total system.

The primary controlling state is the start-stop multivi-
brater. It converts an external negative timing pulse into @
number of square wave pulse to the sweep generator stage,
results in o trapezoidal sweep pulse output with the same
duration as the square wave pulse applied to the input of
this circuit, and occurring at the same frequency and time
as the input pulse. This trapezoidal sweep cutput is ap-
plied to the sweep amplifier stage.
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The application of the neqative square wave pulse,
from the start-stop multivibrator stage, to the trapezoidal
generator stage also results in a trepezoidal cutput., This
trapezoidal output, unlike that of the sweep generator
stage, is not of the same durction as the tnput pulse, but
occurs for a longer period of time, This period of time
normally is an even multiple of the input pulse. The ratig
of the trapezoidal pulse to the neqative square input pulse
determines the number of turns in the spiral sweep on the
CRT. The trapezoidal output pulse, like the output of the
sweep generator stage, is also applied to the sweep ampli-
fier stage.

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

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

The trapezoida! sweep pulses produced by the sweep
generater stage and the varying amplitude trapezoidal
pulse from the tropezoidal generator stage are combined
in the sweep amplifier stage and amplified. The cddition
of the increasing trapezoidal pulse to the sweep pulses
produces a continually increasing sawtooth sweep of cur-
tent through the deflection coils while the yoke rotates.

TIMER
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TRIGGER

ROTATING
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Spiral Scan System Block Diagram
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Theresulting sweep on the CRT is similar to that of
the PPl sweep, with the exceptian that each pulse pro-
duced by the sweep generator stage does not produce a
sconning line which extends from the center of the sweep
to the periphery of the CRT. Instead, each sweep line ex-
tends a distance from the center of the CRT which corre-
sponds to the amount of sawtooth current occurring in the
deflection coil, at that time. Since the current in the de-
flection yoke continually increases in a sawtooth manner,
the distance that the sweep trace extends from the center
of the sweep increases in a linear manner, while rotating
about the sweep origin, until it reaches the periphery of
the CRT, forming a spiral sweep.

The video input is applied to a video limiter stage
where any portions of the siqnal extending beyond the
limiting voltage level are clipped off. The limited siqnal
is applied to a video amplifier stage. The video amplifier
stage amplifies the limited video signal. This amplified
and limited videc sigqnal is then applied to cathode of the
CRT, where it causes the intensity of the electron beam to
vary accordingly.

The resultant scan on the CRT appears os a spiral,
with the sweep originating at the center of the CRT and
gradually reaching the periphery of the CRT by the end of
the spiral, which may contain a number of turns. Egui-
distont intensified points on the spiral sweep correspond
to range indication marks. Any other intensified points or
sections of the spiral, or extra-intensified range merks
cofrespond to target indications.

Television Scan Circuit Operation. The typical block
diagram of a television scanning system is shown in the
accompanying illustration, the scanning system comprises
approximately ore third of the complete television receiver.
The synch (pulse) separate stage, which contains a limiter,
an integrator and a differentictor is net actually part of the
scanning system of the receiver, but is included in the
block diagram to give a more complete description of the
development of vertical and horizontal sweep pulses.

Actudlly the integrator and differentiator stoge consists
of only a resistor and capacitor combination. The clipper
circuit eliminates alk portions of the composite video signal
below the synch pulse level. The differentiator network
segreqates the horizontal pulse information from the com-
bined horizontal and vertical pulse waveform, and applies
the integrated waveiorm to the vertical sweep stage.

The differentiator waveform is used by the afe circuit
to maintain the horizontal oscillator output in phase with
the synchronizing pulses.

The frequency stabilized horizontal syrnchfonizing
pulses are applied to a free~running multivibrator to de-
velop 0 sawtcoth output waveform. This multivibrator, the
horizontal oscillator, operates at a frequency which is
slightly lower than the synchronizing pulse frequency. The
synchronizing pulses, then, trigger the multivibrator into
action at the synchronizing pulse frequency.

A portion of the output of the horizontal oscillator is
fed bock to the afc circuit to statlize the horizontal fre-
quency, ard the stabilized output is applied to a sweep
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amplifier, where it is amplified and eoupled to the hori-
zontal deflection coil through o transformer. A sawtooth
current is developed in the horizontal deflection coil which |
electromagnetically sweeps the CRT electron beam hori-
zontally. The horizontal output tremsformer is also used to
furnish the high voltage for the CRT ancde, and a damping
circuit is connected across the deflection coil and ocutput
transformer secondary to prevent continuous shock cscil-
lations from occuring in the horizontal deflection coil during
the retrace time of the sweep. The damper circuit is also
used to fumnish an additional d-¢ boost valtage for the
horizontal oscillator as shewn in the bleck diagram.

The integrated portion of the synchronized pulse wave-
form, when applied to the vertical oscillator, triggers
the vertical oscillater stage and a free-running multi-
vibrator when the value of the inteqrated waveform reaches
a certain amplitude. The inteqrated vertical waveform
reaches this triggering level at a specific, reqular rate,
which is much slower than the differentiated pulse rate.
The output of the vertical oscillator, is also a sowtooth
type waveform occurring at the triggering level tate of the
inteqrated waveform.

The output of the verticel oscillator is applied to the
sweep amplifier stage of the vertical sweep network. Here
the vertical sweep wavelorm is amplified and coupled to
the vertical deflection coils, cousing a sawtooth current to
be developed, which electromagnetically deflects the elec-
tron beam of the CRT in a vertical direction.

The resultant scan on the CRT is one in which the
horizontal sweep occurs at a frequency of 15,750 Hz
which is approximately 5000 times that of the vertical
frequency. A total of 262.5 horizontal lines is swept by
the time the horizontal scan has completed one top to
bottom (vertical) sweep on the CRT. This vertical sweep
occurs 60 times a second, however, this only constitutes
half of a complete picture frame. During the next vertical
sweep an additional 262.5 horizontal lines are sconned
from top to bottom of the CRT at the same rate of B0 times
a second. These lines interlace between those which were
scanned during the first half frame. A total of 525 hori-
zontal scanning lines are used to provide greater detail in
the picture. The reason for scanning only 262.5 horizontal
lines for only one vertical sweep rather than scanning the
full 525 lines for one vertical sweep, is that if the 525
lines were scanned at one time the complete picture would
only be repeated 30 times a second and cause the display to
flicker,

The TV scan moves much as human eves do in scan-
ning a written page. The scan starts ot the top left hand
side of the CRT screen tnd proceeds horizontally to the
right with a very slight downward movement at the same
time. The scan is rapidly retumed to the left side. After
completing the first horizontal scanning line the CRT is
blanked out so that it is incapable of producing o visible
line during this retrace pericd. Upon being returned to the
left side of the CRT, the next scan line is disploced slight-
ly further down than the starting point of the first scanning
line and the CRT is unblanked for the next line. Two
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hundred sixty two and one half lines are scanned in this
manner, until the scan reaches the hottom center of the
CRT. Upon reaching this point, the scan again is blanked
out during the vertical retrace and is rapidly brought back
to the top center of the CRT. The scme scanning procedure
as described for the first half-frame occurs for the second
half-frame, only this time the scanning lines are inter-
laced between those scanned during the first half-frame.
The result is that a complete picture appears on the CRT
screen 30 times a second, with half of this picture changing
60 times o second to eliminate flicker.

CHANGE 2

FAILURE ANALYSIS.

RHI Seon. In order for a no-output condition to exist,
which 1# sharacterized by no indication of any kind on the
CRT, a faulty power supply or a failure in each of the
clrcuits comprising the system would have to occur, It is
highly unlikely that every circuit in the system would fail,
50 the no-output condition would normally be limited to
power supply failure. Check the power supply with a
voltmeter to determine if the supply or a fuse is at fault.

There are several types of low or distorted outputs
associated with the RHI system. By locking at the trace
on the BHI indicator it is usually possible to determine
the probable location of the foiling circuit.
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1f thete is no indication on the CRT, it is not nec-

essarily true that a no-output condition exists. It only
means that either improper potentials are being applied to
the CRT electrodes, the unblanking circuit is defective, or
that 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 control with a high resistance voltmeter, and an

oscilloscope. 1f the proper voltages and waveforms are
present, the foult is in the CRT. If the proper volt-

" ages and waveforms do not exist, proceed from the electrode

showing voltage or waveform back towards the preceding
stoge to locate the defective component.

If, for example, the improper signal exists on the
cathode of the CRT, the trouble may be in the intensifier
and intensity compensation circuit stage, or in the qote
circuit stage, or the sweep circuit stage. If the input of
the intensifier or intensity compensation circuit stage is
carrect but the output is not, the trouble should be located
within this circuit.

If improper input voltage to the intensifier and intensity
compensation circuit stage exists the trouble preceeds
this stage. If the gate circuit stage input is faulty, the in-
tensity of the trace is not synchronized with the range
sweep. If it is the gate circuit staqe itself that is faulty
there will be no range or height sweep. If the trigger ampli-
fier and the qate multivibrator of this stage are functioning
properly there should at least be height and range sweep.
The trouble may then be in the count-dewn multivibrator of
this stage.

1f the range sweep generator stage is defective not
only is the intensity of the sweep affected, but the range
indicction is also incorrect. If this condition is indicated
by the trace onthe CRT, check the input of the range sweep
generator stage with oscilloscope to determine if the antenna
cosine reference input is incomect and if this is correct,
check the parts within the stage.

If the comect potential appears on the CRT cathede,
but not on the control grid, the video omplifier stage or
the preceding stages may be at foult. Check the severcl
inputs of the video amplifier with an oscilloscope. If atl
the inputs are found to be correct, but the output is foulty
the trouble must be inthe video amplifier stage. If the
video amplifier stage circuits are not faulty the preceding
stoges must be the cause of the trouble. The presentation
on the CRT usually indicates which preceding stage is the
cause of the specific fault in the CRT trace. If it is the
video signal, itself, that is improper the trouble exists
somewhere in the radar receiver, rather than in the RHI.

If the trouble is in the sector gating stage the CRT presen-
tation will indicate improper sector angle or improper selec-
tion of azimuth. If this indication is apparent check for

the proper antenna bearing synchro input with an oscillo-
scope, If the sector positioning input signal is not ap-
parent at the sector qating stage input the preceding
synchro or the servo amplifier stage may be ot feult, If

the synchro is functioning cortectly check the servo
amplifier.
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1f the CRT presentation indicates that there is no

height line available, the failure is either in the height

line generator stage, the range sweep generator stage,

the gate circuit stage, or the antenna sine reference input.

If any of these stages, other than the height line generator .

stage, are faulty, other CRT presentation failures will also

be indicated. H, however, it is the height line generator

stage, cnly the height line will be missing from the CRT

presentation.

If the CHT presentation indicates that there are no
range marks, the trouble must exist in the range mark
generator since any foulty stages preceding the range
marker gererator stoge would affect the presentation in
some other way.

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

Spiral Sean, Failure of the CRT high voltage supply
ot loss of the unhlarking pulse would cause the indicator
to be blank and produce a no-output condition, Check the
CRT anode voltage with o voltmeter, and check the start-
stop multivibrator for a positive unblanking pulse
using an oscilloscope. Usuelly cbhservation of the
indicator will indicate the stage or stages which might be
faulty. For example, if there are no range marks visible
on the spiral trace and the display otherwise appears
normal, the marker generator is most likely at fault, Check
the output of the marker stage with en oscilloscope and, if
no markers appear when an input pulse is applied, the
marker generator is defective. Likewise, if range markers
appear on the trace but no targets appear, there is probably
ro video signal applied to the cathode of the CRT. Check
the cathode voltage on the CRT with a voltmeter and use
an oscilloscope to check the video limiter input and the
video amplifier output. If no videa appears at the cutput
with video applied to the input, either the omplifier or
Umiter stages are at fault. Check the video limiter output
to determine if it is at fault. If there is either no video
input, ot improper video input at the limiter it is cbvious
that the trouble is not in the scanning system but somewhere
in the radar receiving system.

1t there is no sweep apparent on the CRT but a bright
spot exists ot the center of the CRT, check for proper
grid and cothode voltage with o voltmeter, If normal,
either the sweep amplifier, sweep generator, or trapezoidal
generator may be at fault. Check the output of the sweep
amplifier with an oscilloscope and bath inputs. If the in-
puts are normal but the output is improper the amplifier is
ot fqult. If either input is improper the stage supplying the
improper output is faulty. Also check the input to the
presumed faulty stoge to make certain the the proper input
gate is applied. Ii normal sweep outputs are obtained,
either the CRT is defective or the deflection yoke is open
or shorted. Check the resistance of the yoke coils with
an ohmmeter.
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TY Scon. Failure of the CRT high voltage supply, the
d-c boost supply or a defective picture tube will usually
pteduce a complete no-output condition with a blank CRT.
Use a high resistance voltmeter and high voltage 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 normal check the electrode voltages
of the CRT. Failure of the d=c boost supply can be
caused by a shorted filter capacitor, a defective damper
tube or circuit, Check the filter capacitor for a short with
an chmmeter and for proper value with an in-tircuit capaci-
tance checker. If the boost voltage is low, the damper
tube is bad. Usually failure of the damper circuit involving
sweep components, such as a shorted ocutput transformer or
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 ochmmeter. Usually
defects in the sweep will he found in the section at fault.
If the horizontal sweep is faulty check the horizontal sweep
stages from input t© output with an oscilloscope the point
at which the waveform disappears or is distorted will
usually indicate the circuit at fault. Likewise, for a
{aulty vertical sweep check the vertical sweep stages for
input and output waveforms in a similar manner.

For example, if there is no vertical deflection, or a
vertically rolling picture, or scme other apparent trouble
in the vertical sconning on the CRT, and the electrode and
coil potentials have been checked, the trouble must exist
in the vertical sweep stage or the integrator or clipper
sections of the synch {pulse} separator. TFirst check the
input waveform of the vertical sweep amplifier with an
oscilloscope. If the proper waveform is present but im-
propet output exists, the trouble must be in this stage. If
an improper input waveform is present check the input of
the vertical oscillator with an oscilloscope. If the input
waveform is proper, but the output waveform is improper, the
trouble is within the vertical oscillator stage. If the input
to the vertical oscillator is improper the trouble exists in
the integrator or clipper sections of the synch (pulse)
separator stage or in prior receiver stages. Also be certoin
to check that the vertical synch pulses appear in the input
signal to the receiver.

If the picture on the CRT is horizontally wlling or if
there are some other apparent horizantal scanning troubles,
and the electrode ard coil potentials have been checked and
found correct, the trouble must exist in the horizontal sweep
stage, the afc stage, or the differentiator or clipper sections
of the synch (pulse) separator stage. First check the input
of the horizontal sweep omplifier with an oscilloscope. 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-
lator 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

CHANGE 2

/\/ el ouTRUT  ~ v
o_| TO CRT

0967-000-0120 CRT CIRCUITS
the input feeding back from the horizontal oscillator is
improper, the trouble is in the feedback circuitry from the
horizontal oscillater to the afc stage. If the feedback input
is proper, but the input from the synch (pulse) separator
stage is incorrect the trouble must exist in the differentiator
or clipper of the synch {(pulse) separator, or in preceding
receiver stoge, or in the horizontal synch pulse contained
in the input signel to the receiver.

BLANKING CIRCUITS.
APPLICATION.

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

CHARACTERISTICS.

Blanking is dependent an the sweep signal.

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

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

Blanking circuit is a resistor-capacitor 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 circuit, which de-
velops a rectanqular type waveform during the sweep dis-
charge period. The rectanqular (blanking) waveform is
applied 1o either the control qrid or the cathode of the CRT,
depending on the polarity of the waveform. The rectanqular
waveform is usually connected in series with the CRT bias
s0 that it increases the CRT hias 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.

Circuls Operatisn. A typical RC blanking circuit is
shown in the accompanying illustration.

GRID -—— :kf — — —CUTOFF

GRID BIAS
SUPPLY

SAWTOOTH—
INPUT
Rl

+

j=:(22

Blanking Circuit
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Capacitar C 1 and resistor R 1 form a differentiating
circuit. Capacitor C2 is a large a-c bypass capaciter
which effectively places the lower end of Rl at ground
potential. The sawtooth sweep voltage is applied to C1
and the charging current is relatively constaont with the
linear increase of the sweep voltage. Thus, the current
flowing through R1 remains at a relatively constant and
low value for the duration of the sweep trace. The volt-
age drop ocress R, likewise, remains at a small but con-
stant value for the linear rise of the sawtooth sweep.

This small positive voltage drop is small enough, however,
so that it has little affect on the qrid bias which it opposes.
The intensity of the electron beam is, then, relatively
unaifected.

When the sawtooth sweep voltage quickly retraces, how-
even, the discharge current change is great and rapid. As
C1 discharges the high discharqe current through R1 pro-
duces a lage voltage drop across R1 which is opposite in
polarity to the drop produced across Rl during the sweep.
This retrace voltage series aids the normal neqgative arid
hios applied to the control orid of the CRT. Hence, the
hias voltage applied to the cantrel arid of the CRT is now
a large enough negative value to cut off the electron beam
of the CRT, cousing the CRT trace to disappear. The
electron beam remains cut off during the entire retrace
period, and for a short portion of the beginning of the trace
period. Greater linearity of the sweep voltage and shorter
retrace time of the sweep voltage causes the cutoff of the
electron heam to extend less into the trace period.

A similar circuit may be used with o neqgative saw-
tooth applied to the input copacitcr provided that the volt-
oqe across the resistor is applied to the cathode of the
CRT. In this case a positive increase in bias is produced
across R1, effectively driving the qrid more nevative and
producing the same biasing-off of the beem.

FAILURE ANALYSIS.

No Output. 1f capacitor C1 were open none of the
sweep voltage would be applied to the differentiating
circuit and thus no voltage would be produced acress R1
In this case, only the normal grid hies would be opplied to
the control qrid of the CRT and blanking would not occur.
To determine if Cl is defective, check it with an in-circuit
capacitor checker, 1f resistor R1 were open, not only
would no voltage drop across it, but no grid 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 ohmmeter. If capacitor C2 were open there would
be no ground retum, which would also cause no output to
result. In order to determine if capacitor C2 is open check
it with an in-circuit capacitor checker. If, after checking
these components, the no cutput condition still exists the
sawtooth sweep voltage must be faulty, or the grid bias
supply voitage must be faulty. By checking the sweep
voitage input with an oscilloscope and the arid voltage with
a voltmeter, the faulty voltage will be located.

Low or Distorted Output. If capacitor Cl becomes
shorted the full sawtooth sweep voltage will be ploced
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across R1, resulting in a sawtooth grid waveform with the
grid bias voltage opposing it, and the resultant voltage ap-
pearing at the control qrid of the CRT. To determine il
capazitor Cl is shorted measure the voltage between each
plate of Cl and qround, If they are equal the capacitor is
shorted, If resistor Bl is shorted no voltage can be de-
veloped across it. The voltage applied to the grid of the
CRT will then be distorted. To determine if R is shorted,
check R1 with an chmmeter. T capacitor C2 were shorted
the lower half of R1 would be ot d-c ground, and the grid
bias supply would be shorted to ground. A certain amount
of self grid bias would be generated by the flow of arid
current through R1 and any arid signal would probably be
distorted if it was large encugh to overcome the bias and
illuminate the CRT. To determine if C2 is shorted check
the voltage between each plate of C2 and qround, 1f the
voltages are equal the capacitor is shorted. If the low or
distorted output condition still exists the sawtooth sweep
voltage or the arid bias voltage must be faulty. Check the
sawtooth sweep voltage with an oscilloscope, and the grid
bias voltage with a voitmeter to determine which voltage is
at fault.

DC RESTORATION.

APPLICATION.

The d-c restoret is used in CRT display systems to
re-establish the d—c level of the composite-video signal,
which is lost when the video signa! is applied to the CRT
control qrid through a coupling capacitor from the preceding
video amplifier.

CHARACTERISTICS.

Maintains a constant bias level on the CRT control
grid,

Receives input from video amplifier load.

Basic components are a diode, a capacitor and re-
sistor.

Output signal waveform varies between the reference
level and some positive value, which is determined by
the peak-to-peck amplitude of the irput waveform.

CIRCUIT ANALYSIS.

General, The d-c restorer consists of a dicde con-
nected in parallel with the resistor of a conventional R-C
coupling network. The diode is connected so that when-
ever the wavelorm swings in a negative direction the diode
conducts and produces g short R-C time censtont; when-
ever the waveform swings in a positive direction the diode
does not conduct, and this tesults in a long R-C time
constant. Thus, two different time constants are produced—a
short time constant during the neqative half cycle of the
input waveform, and a long time constant during the posi-
tive half cycle. Tt is this difference in time constonts that
produces a clamped output voltage at the required d-¢
value, which is applied to the control arid of the CRT.
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This voltage restores the d-c component which was

| blocked by the capacitor coupling the video anplifier

| signal to the contral grid of the CRT.

\ Cirewit Operation. A typical d- restorer circuit is shown

i in the accompanying illustration within the dotted lines.

i The circuitry outside of the dotted lines is included in the

i illustration to clarify the explanation and function of the
d-c restorer.

Vi

J

DC Restorer

V1represents the plate circuit of the video amplifier.
L1end Rl are the series peaking components of the ampli-
fHer. L2 is the shunt peaking coil and B3 is the plate load
of the video amplifier. Cl couples the plate of V1to the
qrid of V2, the cathode ray tube. Resistors R4, R6, and the
d-c restorer resistor RS form o qrid leok biasing network
for the CRT. Resistor R2 and capacitor C2 couple the
video signal to the cathode of d-c restorer diode V3

As the neqative video output pulse eppears at the
plate of V1, it is copacitively coupled to the CRT qrid.
Since the coupling capecitor hlocks de, only the ac wave-
form appears on the grid. Without ony d—¢ restoration gr-
rangement the pulse would establish an average voltage on
the CRT grid which would change slightly with each dif-
ferent pulse. As aresult, the maximum and minimum levels
of the pulse would produce different intensities than they
momally would with o fixed bias level. By inserting q
d-c restoration circuit which in effect automatically con-
trols the bias 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 a negative output is applied through C1 to the —
CRT grid, a portion of this output is applied to the cathode
of d< restorer diode V3 through B2 and C2, causing the
diode to conduct., Current flow through RZ, meanwhile,
charges copacitor C2 in such a direction that the end of
RS closest to the CRT control grid becomes positive and
reduces the total CRT bias, When the video pulse goes posi-
tive (becomes less negative) dinde V3 ceases conducting.
Meanwhile, C2 discharqes during the positive portions of
the pulse but only very slightly, due to the long time con-
stant to ground offered C2 by RS and R6. When the video
pulse again goes negative, diode V3 conducts and restores
the charge on C2 back tc its former valve. Thus if the
average brightness is high, the negative swing from maxi-
mum positive to maximum negative value is greater, and
diode V3 conducts lenger ceusing a qreater peak current
flow and ¢ greater positive charge appeors across C2
Hence the CRT bias decreases further producing the aqreater
trilliance. Conversely, when the neqative swing applied
to V3is smaller, conduction of V3 occurs for a smaller
period and less voltage is developed across C2. Conse-
quently, the CRT reqative hias increases by the reduction
of charge voltage developed across C2 and a less brilliant
signal appears. Parts values are normally chosen so the
CRT bias is nomal with V3 aperating.

FAILURE ANALYSIS,

Mo Qutpur. Normally, failure of the d-c 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
foulty component exists. Check resistar RS for proper
volue with an chmmeter. With RS shorted the dc re-
storer will not operate. If R5 is open no bigs voltage
will appear on the CRT qrid when checked with o voltmeter.
Also check R2 with an chmmeter for proper volue. If ca-
pacitor C2 is open the restorer will not operate, check C2
for value with an in-circuit capacitance checker. If 02 is
shorted a positive bias will be placed on the grid of the
CRT, and in all probability the CRT will be constantly
illuminated. Do not neqlect to check the values of R4 and
RE with an okmmeter since they are a portion of a voltage
divider across which the d-c restorer operates, If either -
is open no output will occur, but a change in value will not
necessorily cause no output.

Improper Output, A defective V3 can cause a dark or
distorted presentation. A shorted C2 can cause constantly
illuminated display, check C2 with an in-circuit capacitonce
checker, It is important to remember that distortion or im-
proper waveforms can occur in circuits prior to the d-c
restorer,

Therefore, when in doubt check both sides of Cl to
ground with an oscilloscope. If the trouble exists on the
input side of C1the cause is not the d-c 1estorer. If the
trouble appears on both sides of Clit is still necessary to
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eliminate components other than the d-c restorer. In most
instances a simple resistance ond copacitance analysis
will quickly reveal if any porticn of the d-c restorer is
defective.

DAMPER AND FLYBACK CIRCUITS.

APPLICATION.

The flyback circuit uses the horizontal output trans-
former to supply sweep voltage to the horizontal deflection
coils, while the flyback {retrace) portion of the horizontal
sweep is used to develop the extremely high voltage neces-
sary for the CRT anode. The damper circuit is necessary
to eliminate any undesired oscillations accurring in the
autput circuit due to resonance in the horizontal deflection
circuit, and to supply an additional de low voltage boost.

CHARACTERISTICS.

Receives ils pewer from the horizontal output sweep
circuit, '

Uses a special flyback transformer and twe diodes to
furnish bath a high voltage and a low voltage from the same
source.

Flyback transformer secondary supplies both horizon-
tal sweep voltane to the deflection coils and high voltage
rectifier filament voltage,

Flyback transformer primory operates as on qutotrans-
former to furnish extremely high voltage developed at
the sweep frequency ta the high voltage rectifier.

Damper dicde prevents undesirable oscillation 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 high valiage for the second
mode of the CRT. This hign voltage is produced when
the sharp trailing edge of the sawtooth sweep voltage
{the flyback or retrace portion of the sweep) couses the
cument in the deflection coils to collapse and induce a
sharp reverse pulse in the primary of the transformer.

Here it is stepped up by auto-transformer action and applied
to the plate of the high voltage rectifier, where it is recti-
fied, filtered, and applied to the second anode of the CRT.

The damper circuit is essenticlly a dicde rectifier
connected between the top side of the secondary and the
bottom of the primary of the flyback transformer. This
diode prevents the eotlapsing current in the deflection yoke
during the steep trailing edge of the sawtooth sweep from
causing continuous oscillation in the deflection ceils. In
tectifying these oscillations it also provides cn additional
d=c voltage, for boasting the out-put of the low-voltage
d-c power supply.

Circuit Opecation. There are many circuit arranaements
which can produce flyback and damper cperation, There-
fore, circuit operation is devoted to an explonation of one
of themost commonly used fiyback and damper circuit
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combinations. This circuit arrangement is shown in the
accompanying illustration.
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In this circuit arrangement the plate of the horizontal
sweep output amplifier is tapped ccross part of the primary
of flyback transformer T1 {which operates as a high voltage
autotransformer). The secondary (output winding) of trans-
former T1 is connected across horizontal dellection cotls
[.3 and L4 and associated capacitors C3 and C& which are
used to balance out the distrihuted capacity of the circuit.
Inductence L1 is a width contel for the CRT display. Tt
is a smatl coil with a tunable core, and is shunted around
a portian of secondary winding of T1. Adjusting the vaue
of the width coil changes the toial inductance of the sec-
ondary. The larger the total inductance value, the greater is
the width. Diode V3 is the damper tube. Inductance L2
and capacitors C1 and C2 comprise a simple pi-filter net-
work for the damper low voltage boost supply. The top of
the primary of T1 is connected to the plate of high voltage
rectifier V2, while the small power needed to heat the
filament is supplied by o small single turn tertiory winding
on T, and is connected in series with protective surge
and load resistor Rl. Resistor R2 together with capaci-
tors Cd and C5 form a resistance type of pi-filter network
to eliminate any sweep frequency ripple appearing on the
high voliage applied 1o the second anode of the CRT.

A positive-going sawtcoth current applied to the pri-
mary of the flyback and domper transiormes develops a
positive going voltage in the secondary o T1. This pro-
duces a rising deflection current through horizontal sweep
coils L3 and L4. Diede V3 conducts during this pericd
hecouse of the positive potential present on the plate of
damper tube V3, During the rising sweep V3 acts os a
light resistive load and dissipates a very small amount 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
to produce the required sawtooth current for the deflecticn
cvils. This is provided initiclly by a small amount of
stored veltage in the coils.

The retrace of the sawtooth sweep causes the secondary
voltage of T 1to 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 and distributed capacity (the oscillation
frequency is in the vicinity of 75 KHz). The first alterna-
tion of the flyback oscillation is a sharp neqative pulse of
high potential and V3 does not conduct during this neqative
ransient. This negative spike, however, also appears
actoss the secondary of T1 and it is inductively coupled
inte the primary of TL. Here it is stepped up to a very
high positive voltaqe by the large number of turns of the
complete primary 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 and is
easily {iltered by the RC arrangement of copacitors Cd, and
C5, and series resistor R2, and is gpplied to the second
anode of the CRT.

When a positive transient appears on the plate of V3,
damper tube V3 corducts heavily. The oscillating tran-
sient is heavily damped by the load placed across the
deflection coils by the damper tube. Before the transient
oscillations are completely eliminated, however, the
sawtaoth sweep begins again. The combination of the
heavily damped oscillations and the increasing sawtooth
input produces a slight linear increase in the deflection coil
curmrent at the star! of the sweep.

Dhring the time that ¥3 is conducting, de voltage is
applied to the filter network consisting of copacitors C1
and CZ and inductance LZ This voltage is connected
in series with the voltage from the law=voltage power
supply and provides a small d-c voltage boost.

FAILURE ANALYSIS,
Note:

Although this type of circuit is desiqned 1o supply only
a small output current from the high voltage supply to pre-
vent lethal shock, be careful to observe standard high volt-
age sofety precautions. It is impartant to discharge beth
the CRT anode and the high voltage filter copaciters before
making voltage or resistance checks on the high voltage
pertions of this circuit.

Ne Output. Assuming that the input of this circuit,
which is the output from the horizontal sweep output ampli-
fier, is carrect, a no-output condition could occur if the
primary of T 1 were shorted or cpen. In either case no volt-
age would be coupled to the secondary of T1, and no wolt-
age would appear on the plate of the high voltage rectifier
V2 Thus there would be no sweep voltage produced by
the deilection coils, or high voltage on the second anode
af the CRT. To determine whether or not T1 is defective,

CHANGE 2

—

0967-000-0120 CRT CIRCUITS
measure the d-c resistance of the primary of T with an
ohmmeter. Likewise, if the secondary of Tl were open
or sherted, no voltage could be coupled to the deflection
coils, and no large neqative kickback pulse would be
developed for the production of the high voltage for the
second anode of the CRT, To determine if the secondary
of T1is shorted or open check the d-¢ resistance value of
the secandary with an chmmeter.

If horizontal deflection coils L3 and L4 were shorted
or open 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 iiluminated.
To determine if 1.3 und L4 are cpen or shorted measure
their de resistance value with an ohmmeter.

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

Low or Distorted Output. 1f the input of this circuit
is correct a low or distorted cutput 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 partially shorted, the
sweep voltage will be distorted and a distorted pattern
will appear on the CRT. While an improper kickback valt-
age value may be coupled to the plote of the nigh voltage
tectifier the distortion moy not create sufficient difference
in value to show on a voltage check. Measure the dc re-
sistance of L3 and [4 with an ohmmeter.

It capacitor C3 were shorted the same etfect 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 primary to the secondary of T1 would be
lower then nommal resulting in a smaller sweep and a lower
high voltage value. To detemmine if inductance L1 is
shorted or open check the dc 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 cathode of V2 will also be lower
than normal, and the boost voltage will also be low,

It filter compenents Cl, L2, or C2 were defective the
boost voltage would be lower thon normal. Ta determine
if any of these components are defective, check capacitors
Cl and C2 with an in-circuit copacitor cheek, ond check
the dc resistance of L2 with an chmmeter.

If diode V2 were shorted or open no high voltage
would appedt on the CRT and the presentation would not
appear. Check the voltage from the filament of V2 to
ground. If resistor R1 were open, V2 would not conduct
and no high voltage would be available at the second
anode of the CRT. Observe whether or not the filament
appears to be jlluminated, if not check R1, for value with
an chmmeter.

If capacitor C4 were shorted, the high voltage would
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be grounded ond none would be available at the second
aode of the CRT. Measure the voltage from Cd to
ground, if it is low or zero check C4 for proper value with
an in-circuit capacitor checker. If resistor R2 is open no
high voltage would be available at the secand anode of the
CRT. Measure the voltage of C4 and C5 to ground with o
voltmeter. If the voltage on C4 is normal but voltage ap-
pears across C5, check the resistance value of BZ with an
ohmmeter. If capacitor C5 were shorted the high voltage
would be shorted to ground, Check C5 with an in-circuit
capacitor checker.

CHANGE 2 22-3%
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operation is mostly used for the band-rejection type of fil-
ter, to be discussed later in this section,

In the m-derived filter, m is a design constant from
which the filter gets its name. This constant basically
represents a coupling foctor, and appears in all the design
formulas. It is some value less than 1, usually O.l6. Thus,
the frequency of infinite attenuation is; fee = £ T-m?, which
for acutof? frequency of 7000 kc endan m of 0.6 is, by sub-
stituting values, 7000 x~T90.36 = 7000 x 0.8, or 56000 kc.
The cutoff frequency for the m-derived high-pass filter is:
f,=1/ («NLC)

In this case the value of m determines the final values of
L and C. When the cutoff frequency and the frequency of
infinite attenuotion are known, m can be determined from
the formula:

1t the frequency values in the example above are substi-
tuted in this formula, it will be seen that m is 0.6, as
selected above. When m isequal to 1, the m-derived filter
ond the constant k filter are identical. Values ¢f m smaller
than 0.6 move feo closer to f, {sharpen the cutoff), and values
greater than 0.6 move fs farther from f, (broaden the cutoff}.

In the schematic illustrations of the filter sections shown
previously, various values of L and C are indicated. These
indicators merely show that the design values of L.and C
as chosen ore either that of the original value, or are mul-
tiplied by {ar divided by) 2 to produce the proper total
value for use in the confiquration illustrated, This change
of value is necessitated by the requirements for proper
motching, and for the connection of cascaded filter sec-
tions to produce the desired performance. For example,
when connectingtwo pi-sections together, the input and
output inductors parallel the outpui and input inducters,
tespectively, of the next or preceding section. Since in-
ductors in parallel have haif the value of the original in-
ductance, these networks normally use a value of 2L where
more than a single section is to be connected in a ludder-
type network. For further information, the interested reader
is referred 1o standard textbooks on filter design.

FAILURE ANALYSIS.

Generally speaking, either the {ilter performs as de-
signed or it does not. Any open or short-circuited condi-
tion of the individual ports can lead to one of three poss-
ibilities: the open part may couse a ng-output condition;
the short-circuited part may cause a ne-output or a reduced-
output condition; or the defective part may be located in a
position in the circuit that markedly affects the filter cut-
off frequency, pass band, or attenuation characteristics.
Usually, all three of these last mentioned conditions are
affected to some extent. Therefore, it becomes rather difi-
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icult to determine whether the filter is faulty and to spot
the defective part with simple servicing techniques. In most
instances, a check for continuity with an ohmmeter will
indicate any open-circuited parts. In the cose of the
capacitors in the network, they can be checked with an in-
circuit type of capacitance tester for the proper capaci=
tance. Any short-circuited capacitor should be found during
the resistance and continuity check. Where a low-frequency
inductor is under suspicion, the resistance may be used as
a quide; but when the resistance is so low that it is less
than an ohm {g¢s in high-frequency coils), the suspected coil
must be disconnected and checked in an inductance bridge.

If a filter is suspected cf operating improperly and the
cutoff frequency is known (if not, it can be calculated
approximately by using the formules referenced in the pre-
ceding discussion of circuit operation), a pass band check
can be mode with an oscilloscope {and an 1-f probe) and a
signal generator. With the signal generator modulated and
simulating the input signal, the output of the filter is ob-
served on the oscilloscope (use the vertical height of the
modulation supplied by the t-f probe as an indicaticn of
relative amplitude). For a high-pass fiiter, the height of the
pattemn should decrease rapidly as the cutoff frequency is
passed (while reducing frequency), and the pattern should
stay at approximately the same height for frequencies obave
cutoff, If such indications are obtained, the filter is probably
operative, and some other portion of the associated circuit
is at fault. If these indications are not obtained, the filter
is definitely at foult, ond each part must be individually
checked for the proper value. Where a spare filter is avail-
able, it is usually easier to make a quick substitution of
the entire {ilter to determine whether the performance changes;
a change indicates a defective filter.

LOW-PASS CIRCUITS.

APPLICATION,

Low-pass filters are used in circuits where it is desired
to pass only the lower frequencies and to attenuate any fre-
quencies above a selected cut-off frequency.

CHARACTERISTICS.

Resistance-capacitance (RC) type filters are qenerally
used for audio frequency applications, whereas inductance~
capacitance (LC) types of filters are used for both audic
and radic frequencies, particularly for wherever sharp cutoff
is required.

The lower the frequency below cut off, the lower is the
attenuation; above the cut-off frequency the attenuation
increases as the frequency increases.

May consist of half-sections, single sections, or multiple
sections, with the multiple-section type providing the
greatest attenuation and the sharpest cutoff.

May be of either the *constant k** or ''m-derived’’ form,
or any combination thereof.
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CIRCUIT ANALYSIS,

General, The low-pass filter circuit consists of resist-
ance or inductance together with capacitance combined and
connected in such a manner that they have a definite fre-
quency response characteristic. The low-pass filter is de-
signed to permit the passage of low frequency signals over a
desired range of frequencies, and to attenuate the higher
‘requencies above this range. The frequency range over
which the passage occurs is called the pass band, the ronge
cver which attenuation or poor transmission occurs is called
1€ ottenuation band. The frequency at which the attenua-
tion of a signal starts to increase rapidly is known as the
cutoff frequency. Thebasic configurations into which the
low-pass filter elements can be assembled or arranged are
the YL or half-section, the *'T* or full section, and the
Pi type.

The L-section filter consists of one series resistor ar

inductor, and one parallel component of either resistance or
capacitance. The T-ype iilter consists of two series in-
ductors and one shunt resistonce or capacitance. The Pi-
type consists of one series inductar and two resistive or capaci-
tive shunts, resembling the Greek letter 7 {pi) from whence
it tgkes its name. Several sections (or half sections) of
the same circuit configuration can be joined to improve the
attenuation or transmission characteristics of the filter,
When severol sections are cascaded together, they form a
ladder type of filter. When a filter is inserted into @ circuit
it is usually termincted (matched) by d resistance or im-
pedance of the same value at the input end. The value

of the terminating resistance or impedance is usually de-
termined by the circuit with which the filter is used and
the type of filter circuit employed.

The cutoff frequency of a filter is determined by the
circuit configuration, type of filter {constant k or m-derived),
and the values of the inductors and resistors {or capacitors)
in the filter circuft. When the cutoff frequency is known,
the value of the parts necessary to produce this response
and the desired attenuation may be calculated mathematically
by the use of the proper formulas. This Handbook will not
be concerned with design data, but will show the circuit
configuration, explain circuit action, and provide informa-
tion with which the technician can determine or recognize
the type of filter and determine the cutoff frequency, if
needed,

Circuit Operation. A typical half-section B-C low-pass
filter is shown in the cccompanying illustration.

A
O A A'A o
INPUT c CUTPUT
o o

Haolf-Section R-C Low Pass Filter
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Note that the output is taken across the capacitar and
the resistor is connected in series. The circuit is hasically
that of a veltage divider in which C forms the reactive part,
and R the resistivearm. If the values are selected so that
the capacitive reactance of C is equal to the resistance of

R at frequency fo, then the output voltage of the voltage
divider network will be attenuated approximately 3 db with
respect to that of the input voltage. This frequency is
called the theoretical cutoff frequency, and its value is
given by : fo = 1/2 # RC in Hertz. The values of B and

C are in ohms and farads (or in meqohms and microfarads),
and BC is the time constant in seconds. A similar half-
section low-pass filter arrangement using inductance and
resistance {R-L) is shown in the accompanying illustration.

L/g
O——"YTYTY TN -0
{NPUT 2R QUTPUT
O O

Half-Section R-L Low Pass Filter

Note that in this instance the output is taken across the
tesistor and that the reactance is camnected in series. The
circuit also is a voltoge divider in which L forms the reac-
tive arm, and R the resistive arm. If thevalues are selected
so that the inductive reactance of L is equal to the resis-
tance of R at i, then the cutput voltage of the voltage
divider will be attenuated approximately 3 db with respect
to the input voltage. The theoretical frequency in this in-
stance is found by the formula: fo = 2 7 BL, in Hertz,
with R and L in chms and farads, and RL is the time
constant in seconds.

Consider now a T-section filter us illustrated in the
accompenying fiqure.  This circuit arrangement forms a full
section which can be considered as two half-sections (L
sections) placed back to back.
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R/2 R/
O—AA— AAN—=O
INPUT ¢ OUTPUT
o— o

T-Section R-C Low-Pass Filter

Note that in this circuit arrangement the two resistors
are connected in series; cansequently the design value of B
is halved. Likewise, the design value of C ishalved, since
the two copacitors are paralieled thereby making the ef-
fective capecitance equal to the value of a single half sec-
tion. The T-arrangement provides a symmetrical input and
output with the sams time constant asthe single-section
L-type figure. A typical T network using RL comporents
is shown in the accompanying iHustration.

L/2 L/2

INPUT QUTPUT

—0

T-Section R-L Low-Poss Filter

In this instance, since the inductors are in series, only
half the inductonce is used in each and, since the resistors

are effectively in parallel, the half-section resistance value

is multiptied by 2. The T section supplies a symmetrical
input and output with a time constant equal to that of the
single half-secticon.

A typical pi=section filter network s shown in the ac-
companying diagram.

o— v AAA— -0

INPUT oUTPUT

TCIE c/2
o— & I —O

Pi-Section R-C Low Pass Filter
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In this full section arrangement the value of the resistive
arm is equa! to the value of two halisections, while the
value of the capaciter is hal the total value. Neote that in
any of the previously discussed filter arrangements the
actual time constant values ore identical. Therefore, the
responsearnd attenuation of each are clso identical. L-
sections are used where only a simple unhalanced input
and ocutput isneeded. The T-and Fisectios are used
where balanced arrangements are required, Multiple section
tilters are used to obtain greater phose shift and more at-
tenuation. Thus, a two-section filter using identical values
of parts will multiply the phase shift and attenuation by a
factor of two. For complete design data refer to u standord
text.

In any of the filter arrangements previcusly discussed
the attenuation is assumed to be zerc immediately below
the cutoff frequency, f,, andvery large for frequencies above
f,, as shown in the following response qraph.

I [ o
w [ PHASE .
2 4 -y o
e 45 | 50"
] 12o*
& D { DEG)
AMPLITUDE
o8 e e e i
~ [T
-16 =N
Iy
-20 \
-30
\\
-a0
10 40 100 400 1000  4KC IOKC  4OKC 100KC

Phase and Amplitude Response Characteristics
for Low Pass Filter {(£=1,000 Ha)

However, as can be seen from the chart, the attenuation
fior a single-section filter) becomes relatively constant at
12 db/cctave (20 db per decade) at frequencies considerably
above cutctf. The phase shift ranges from zerc at the lower
frequencies below cutoff to 45 degrees at fo. Above the
cutoff frequency the phase shift soon becomes constant at
90 degrees. The dotted line indicates how this typical
Rade plot is rounded cff to simulate practical conditions,
As a result, a 3 db difference exists between the actual
and thearetical response at the cutoff frequency.

The effect of a low-pass filter on the response of a rec-
tangular pulse is indicative of the action produced by this
type of filter. Since the output voltage is taken from across
the capaciter, which is in series with the resistor and the
the input circuit, it is evident before the pulse is applied,
there is no charge in the capacitor and no current in the cir-
cuit. Therefore, no voltage output is obtained, Upon ap-
plication of the rectangular pulse the initial current is
equal to E/R. Sirce thecapacitor cannot change its charge
instantly, the high charging current drops the voltage across
the resistance and the output voltage tises exponentially
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as the capacitor charges. Thus, as the capacitor charges
the current through the resistor decreases, while the voli-
age across the capacitar increases carespondingly. Even-
tually the capacitor charges to the full input voltage and
the output voltage is at a maximum, The output voltage
stays ot this value for the remainder of the pulse. At the
end of the pulse the copaciter discharges, also exponentially,
and the cutput voltage eventually decreases to zero.

The following fiqure shows the overal! respanse of a
low-pass filter to o rectanqular pulse of 15 microseconds
duration with different time constant values {R times C).
From the previous explanation, it is clear that both the
rise and fall times of the pulse are qreatly affected. The
effect is least far a small time constant. For example,
consider the response of an BC circuit with a time constent
of 1 micrasecond to a rectenqular pulse of 15 micreseconds
duration,

TIME —=

Typical Pelse Respouse Variation with Time -
Constant or Pulse Width Changes

Since the rise time is taken between the 10% and 90%
amplitude limits of the pulse, we see from o universal time
constant table that the leading edge reaches its maximum
of 80% amplitude in 2.2 microseconds and remains approx-
imately at this value for thetemaining 12.7 microseconds (7
time constants are required to reach full anplitude). When
the pulse ends, the decay time bllows the same curve and
the capacitor is 90% discharged in 2.2 microseconds, and
completely discharged before the beqinning of the next
pulse., Consider now the respmse curve for @ 5 microsecond
time constant. In this case the leading edge of the pulse
rises to 90% of maximum in two time constants, the pulse
Is terminated and decays to zera in the next two time con-
stants. Because of the increase of time constant the capac-
itar charges to only 90% of the maximum and the output
veltage is 10% less than for the | microsecend condition.
Far the extremely long time constent of 10 microseconds
it takes the entire pulse duration of 15 micrcseconds for
the pulse to reach appraximately 78% amplitude. Thus the
longer the time canstant the lower is the output amplitude
and the more distorted is the pulse.
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Since RC filters respond to the time constant of the
clreuit, it is evident that while filters of many sections
can be used, the simple equivalent time constant of the
circuit basically determines the filter characteristics, and
that really sharp cutoff cannct be chtained. With the use of
LC tilter circuits however, it is possible to produce the
desired pass band with much sharper cutoff and attenuation
characteristics. Since bath inductance and capacitance are
used, a single-section L filter is capable of q 150 degree
phase shift.

Low pass filter circuits using inductance and oapaci-
tance follow the same type of circuit confiquration as do
R filters as shown in the cccompanying fiqure.

Lse Lse

INPUT I c OUTPUT
o )

T=-SECTION

L/ L
| OUTPUT | | oUTPUT
INPUT cre cre cre
| INPUT

HALF —SECTION P1—SECTION

Low-Pass L-C Filter Circuits

In the L-type low-pass filter using L-C components
the high frequencies appliedto the input are offered a
relatively high inductive reactance by series inductor L,
and a low capacitive reactance through the shunt path to
ground provided by capacitar C. Therefore, the high fre-
quency siqnals are attenuated by 1. and effectively shunted
to ground by C if they poss the inductar. On the other
hand, the low frequencies are offered little opposition by L
and high opposition by C. Therefcre, the lower frequencies
pass from input to output with little attenvation. The T-
type filter operates identically with the half section filter,
but provides a symmetrical input and output confiquration
with the same time constant as a singlesection L-type filter.
The pi-type filter is actually formed fram two inverted L-type
filters and provides slightly better cutoff and attenuation.
In this case the high frequencies are first offered a low
Impedance path to ground by the first filter capacita with
high attenuation offered by the series inducter. Any re-
maining high frequency signalsare then effectively shunted
to ground by the low impedance of the second (output)
capacltar. The basic L-type filter is used where only
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@ simple unbalanced input and output are required. The

T- and Pitypes of £ilter are used where balanced arrange-
ments are Necessary.

Basic filter theory stipulates that where reactances of
the same sign {eitheral! capacitance a all inductance) ore
used, the charccteristic filter impedance presented by the
filter to the input or the output circuit is a reac-
tance, On the other hand, where reactances of opposlte
slgn are used (such as capacitance and inductance), the
characteristic impedance becomes resistive over one range
and reactive over another range. Thus the design and match-
ing of filters becomes an engineering problem, and is
tretted on an ideal theoretical basis. This means that
while a filter may be considered to have infinite rejection
beyond a particuiar cutoff frequency, in practice the result
may not be great as predicted. Likewise, the critical cut-
aff frequency may not be as sharp or as critical as the de-
sign figures indicate.

All the previously discussed filter arrangements are of
the constant k type, which has a gradua] rather than a sharp
cutoff frequency. In this simple type of filter the series
filter arm impedance, Z1 and the shunt filter arm impedance,
72, are so related that their product is a constant at all
frequencies (71 x Z2 = k*). Therefore, it derives its name
from this retationship.  This constant, in turn, is also
equal to R?, since Z1 and 72 are reciprocal reactances
(XL and Xe, respectively), and B* = L/C. Thus the formula
for determining the cutoff frequency becomes:
f,=1/ 7 LC, where L and C are in henrys and farads,
respectively.

A mere complex form of low-pass filter circuit is the
m-derlved type, In this type of filter the cutoff frequency
is sharper, and the total attenuation of the unwanted fre-
quencies is greater. Typical circuits of the seriescon-
nected m-derived type are shown in the accompanying
illustration.

L2 L2

INPUT Le OUTPUT
c2
O T ol
T=-SECGTION
Lis2 LI
L2 Le L2
INPUT
INPUT QUTPUT OUTPUT
ce ce I ce I

HALF-SECTION PIL—SECTION

Series m-Derived Low-Pass Filters
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As can be seen from the illustraticn, g series-connected
LC network (L2C2) is placed across the cutput or across
the midtermination of the filter network. As desianed, this
network is made seriesesonant Gt a frequency above the
usual cutoff frequency. For the low-pass fister this reso-
nant frequency, called the frequency of infinite artenvation
(i) 18 selected at a value of about 1,25 fo. Since foo
is rescnant and is series connected across the input or the
output it represents a short circuit across the filter for the
rescnant frequency (with a pass band determined by the Q
and resistance of the circuits). Therefare, the normally
sloping attenuation cheracteristic which approximates 12
db/ octave for the constant k filter is 'notched’’ off. In
effect, the m-derived filter is sharply separated from the
frequencies above fw and therefore, provides sharper and
better cutoff of the higher frequencies. The action des-
cribed can be visualized more clearly when the attenuation
(response) characteristics for the two types of filters are
compated s shown in the following iigure.
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Comparison of Filter Attenuation Characteristics

While o constant attenuation is shown for the constant
k type, with a reduced value of attenuation below fee for
the m-derived type, the sharpness of m-derivad cutoff ot
fee (assuming zero circuit resistance at resonance) pro-
vides better low-pass petformance, as illustrated below.
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Cemporison of Transmission Cheracteristics

The shunt-connected type of m-derived filter is shown
in the following figure.
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L Lt
¢l ci
INPUT Tcz OQUTPUT
O o O
T-SECTION
Ll Ll
;m |ou-rpu'r | G:j OUTPUT
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HALF-SECTION PI-SECTION

Shunt m-Derived High Pass Filters

In the shunt-type filter the low-pass action occurs by the
shunting of the high frequencies to qround via capacitor
C2 for those frequencies above f=, and by attenuation
of the signal due to the action of the paralle! resonant cir-
cuit of L1-C1 at the infinite attenuation frequency feo,

Since the capacitive reactance of C2 decreases with fre-
quency the higher frequencies above f, cre shunted to
ground and lest. Since the parallel4esonant circuit of

L1C1 represents a high impedance at resonance, frequencies
arcund foe {depending upon the circuit Q) are greatly at-
tenuated and are prevented from passing through the filter.
This type of action is mostly used for the band rejection
type of filter to be discussed later in this section.

In the mderived filter, m is a design constant from which
the filter gets its name. This constant basically represents
a coupling factor, and appears in all the design formulas.

It is some value less than 1, usually 0.6, Thus the fre-
quency of attenuatian if fee = fo / V 1-m?, which for a
cutoff frequency of 1000 cycles and an m of 0.5, is by
substituting values, 1000/ V1-0.36 = 1000/.8, or 1250
cycles per second. The cutoff frequency for the m-derived
filter is f,= 1/ {= VLC).

If the frequency values in the example abave are sub-
stituted in this formula, it will be seen that m is equal to
0.6 as selected above. When m is equal to 1, both the
constant k and the m-derived filters are identical. Values
of m smaller than 0.6 mave f closer to f, (sharpen the
cutoff), while values greater than 0.6 move feo farther from
i, (broaden the cutoff).

It the schematic illustrations of the {ilters shown pre-
viously, various values of [ and C are indicated. These
indicators merely show that the design values of Land C
are shown to be multiplied or divided by 2 to produce the
propet value for the configuration illustrated. This change
of value is necessitated by the requirements for proper
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matching, and for the connection of cascaded filter sections
to produce the desired performance. For exomple, when
connecting two pi-=sections together the input and output
capaciters parallel the input and output capacitors, respec-
tively of the next or preceding section. Since capacitces

in parallel have twice the value of the criginal capacitance,
these networks normally use a value of C/2 where more than
a single section is to be connected in a ladder type netwerk.
For further infarmation, the interested reader is referred to
standard textbooks on filter design.

FAILURE ANALYSIS,

Generally speaking, either the filter performs as designen
or it does not. Any open o short circuited condition of
the individual parts can lead to one of three possibilities:
the open part may cause a no-output condition: the short-
circuited part may cause either a no-output or a reduced-
output condition; or the part may be located in a portion of
the circuit that markedly cffectsthe filter cutoff frequency,
puss band, or attenuation characteristics, Usually all
three of these last mentioned conditions are affectad to
some extent. Therefore, it becomes rather difficult to de-
termine whether the filter is faulty and to spot the defective
part with simple servicing techniques. [n mostinstances,

a check for continuity with an ochmmeter will indicate any
open~circuited parts. In the case of the capacitors in the
netwerk, they can be checked with an in-circuit type of
capacitance tester for the proper capacitance. Any short-
circuited capacitar sheuld be found during the resistance
and continuity check. Where a low frequency inductor

is under suspicion, the d- resistance may be used gs a
guide; but where the resistance is so low that it is less
than one ohm (as in high frequency coils) the suspected
coil must be disconnected and checked with on inductance
bridge.

If a filter is suspected of operating improperly and the
the cutoff frequency is known (if not, it can be calculated
approximately by using the f ormulas referenced in the
preceding discussion of circuit operation), and a pass-hand
check can be made with an oscilloscope and a signal gen-
erator. With the signal qenerator modulated and simulating
the input signal, the output of the filter is abserved on the
oscilloscope. For o low pass filter the height of the pattern
should dectease rapidly as the cutoff frequency is passed
{while increasing the frequency), and the pattern should
stay at appraximately the same height for frequencies below
cutoff. If such indications are obtained the filter is most
probably operative, and some other portion of the associated
circuit is at fault. If these indications are not obtained,
the filter isdefinitely at fault, and each part must be
checked individually for proper value.

BAND-PASS CIRCUITS.
APPLICATION.

Band-pass filter circuits are used to allow frequencies
within a certain frequency band to be passed or transmitted
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with minimum attenuation and to block all frequencies above
and below this frequency band.

CHARACTERISTICS.

Uses L-C type filters,

Frequencies between lower and upper cutoff frequencies
are passed with little attenuation; frequencies above and
below these values are attenuated.

Series and parallel resonant circuits combined with a
series or shunting inductance or capacitor are used to de-
velop each configuratian.

Attenuation and cutoff varies with the number of elements
used {the greater the number of elements, the greater is the
attenuation and the sherper the cutolf).

CIRCUIT ANALYSIS.

General. The band-pass filter circuit consists of induc-
tive and capacitive components combined and connected in
such o manner that they have definite frequency response
characteristics. The band-puss filter is designed to permit
the passage of frequencies within a desired range or band
width, and to attenuate any frequencies not in this range.
The range of frequencies which is capable of being passed
is referred 1o as the poss-bond, the range of frequencies
above and below the pass band, where attenuation or poar
transmission occurs is calied the ottenvation band. The
frequency at which the attenuation of a signal starts to
increase rapidly is known as the cutoff frequency. The basic
configurations into which the band-pass filter elements can
be assembled or arranged are the **L** or half-section, the
T or full-section, and the pi section.

The L-section filter consists of one inductive component,
capacitive component, or one combination of inductive and
capacitive components in series with the input and output,
together with one inductive component, capacitive com-
ponents, or combination of inductive and capacitive com-
ponents shunting the input and output. The T-type filter
consists of two series (inductive and/or cupacitive) com-
ponent groups separated by one component graup shunting
the input and cutput. The pi-type consists of one series
component group between two component groups shunting the
input and output. Serveral sections or half-sections can be
joined to improve the ottenuation or transmission character-
istics of the filter. When several sections are cascaded
together, they form a lodder type of filter. When a filter is
inserted into a circuit it is usually terminated (matched)
by a resistance or impedance of the same value at the input
end. The walue of the terminating resistance or impedance
is usually determined by the circuit with which the filter is
used and the type of filter circuit employed.

The cutoff frequency of a filter is determined by the cir-
cuit configuration, type of filter (constant k ar m derived),
and the values of the inductors and capacitors in the filter
circuit. When the cutoff frequency is known, the value of the
paits necessary to produce this response and the desired
attenuation may be calculated mathematically by the use of
the proper fomulas. This Handbook witl not be concemed
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with design data, but will show the circuit confiquration,
explain circuit action, and provide information with which
the technician con determine or recognize the type of filter
and in most cases, detemine the cutoff frequencies if
needed.

Circuit Operation. A typical half-section band-pass
filter is shown in the accompanying illustration. This isa
constont k type band-pass filter. The pass-band of {re-
quencies is otfered a low impedunce by the series resonant
circuit, and a high impedance by the parallel resonant cir-
cuit which shunts the input and output. The rescnant cir-
cuits are tuned to frequencies within the pass-band. All
frequencies on either side of the pass-band are offered o
higher impedance by the series resonant circuit and a de-
creased impedance by the shunting resonant circuit; there-
fore, the frequencies outside of the pass-band are attenuated
and the frequencies within the pass-band are transferred
with little or no attenuation. The T-type filter operates
identically to the half-section or L-section {ilter, but pro-
vides a symmetrical input and output configuration. The
pi-type filter is actually formed from two series connected
inverted L-type half-section filters and movides slightly
better cutoff and attenuation than the single half-section.

In this case, the attenuation-band of frequencies is offered
a low impedance path to ground by the first shunting paratlel
resonant circuit and a high impedance by the series resonant
circuit. Any remaining attenuation-bond frequency siagnals
dare shunted to ground by the low impedace of the second
parallel resonant circuit. The basic L half-section filter is
used where only a simple unbalanced input and output are
tequired. The T- and pi-secticn filters are used where bal-
anced arrangements are necessary.

The design and matching of {ilters becomes an engineer-
ing problem, and is treated on an ideal theoretical basis.
This means that while a filter may be considered to have
infinite rejection beyond a particular cutoff frequency, in
practice the result may not be as great as predicted, Like-
wise, the critical cutoff frequency may not be as sham ar
as critical as the design fiqures indicote.

All of the previously discussed filter arrangements are
of the constent k type, which has feirly sharp cutoff fre-
guencies, even in its simplest form. In censtont k type
filters the product of the impedmnce in series with the in-
put and output, and the impedance shunting the in-
put and output is constant regardless of the frequency
(Z series - Z shunt = k?). Therefore, it derives its
name from this relationship. This constant, in turn, is dlso
eque! to R? (R is the value of the terminating resistance).
To determine the bandwidth of the pass-band {f, -1, of
an L-section k type filter, the formula {, - {, = R/L., may be
used. To determine the value of the center frequency of
the pass-band (fc), the formula fe = C,R*/L, moy be used.

A more complex formof band-pass filter circuit is the
m-derived type. An m-derived type of filter may be com-
posed of various numbers of inductive and capacitive com-
ponents in series or parallel connection within a section of
of the filter. An L-section m-derived filter for example, may
contain three, four, five, or six elements within two possible
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series configurations and two possible shunt confiqurations.
In order to obtain the same deqree of sharpness in attenua-
tion at both upper and lower cuteff frequencies as is ob-
tained in a constont k type filter an m-derived filter of ot
least 5 elements would be required. Typical circuits of one
series connected m-derived type S-element, band-pass fil-
ter are shown in the accompanying illustration.

These m-derived type of filters affer low series imped-
ance, and high shunt impedance to the pass-band frequen-
cies, since the series and shunt resenant circuits are funed
to the frequencies within the pass-band. All frequencies
on either side of the pass-band are offered a qreater
impedance by the series resonant circuit and a decreased
impedance hy the shunting resonant circuit, Capacitor C3
is of such a valuc that frequencies below the pass-band are
attenuated to o greater degree. Thus frequencies outside
the pass-band are attenuated and the frequencies within
the pass-band are not attenuated.

In the band-pass filter fiso represents the lower
frequency of infinite attenuvation and f2e represents the
higher frequency of infinite attenuation. At fl and {2 the
filter effectively appears as a short circuit across the out-
put. The 5 element series arrangement of m-derived filter
(the Sth element is a capacitor) has o low frequency minimum
response notch at fles, and therefore, provides sharper
and better cutoff of the lower frequencies. The action de-
scribed can be visualized more clearly when attenuation
(response) curves for the constant k and the m-derived fil-
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ters are campared as shown in the cceompanying diagrams,
The response of the 5 element shunt arrangement m-derived
filter is the same as the 5 element series arrangement
m-derived filter if the fifth element of the shunt arrangement
is an inductance and the fifth element of the series arrange-
ment is a capacitor,

ATTENUATION @
ATTENUATION ®
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Comparison of Filter Attenuation Characteristics
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The conatant k type filter shows equal attenuation above
£ and below {1 (the cutoff frequencies). A steep increase
in attenuation is cpparent between frequencies {2 to f2+
and o {1 —, however once frequencies f2 + and {1 —
are reached, the attenuation curve becomes more
qradual until fles and {2 are reached. In this case fre-
quencies fles and {2 exist at the lowest passible and
highest possible frequencies. A similar attenuation slope
accurs between £2 and higher frequencies of the five element,
m-derived, band-pass filter. A different slope, with a
sharp minimum notch however, exists between frequency
{1 and the lower frequencies in the m-derived filter. Fre-
quency fles does not occur at the lowest possible fre-
quency, but at some intermediate frequency above zero.
Thus, the slope between £l and fie produces a much
steeper attenuaticn curve thon the constant k filter for the
lower frequencies, even though there is still g gradual
widening of the slope between {1- and fles, Between
flee and the lowest possible frequency the attenuation de-
creases slightly.

The shunt-connected type of five element m-derived
bend-pass fifter is shown in the accompanying illustration.
This shunt connected filter uses three capdcitors and two
inductors to comprise the five necessory compenents as
does the series-connected m-derived fiiter just described.

LI Cl LI €l
c3 c3
c2 L2 cz L2 cz L2

HALF-SECTION PI-SECTION

Ll Cl Ll cl

c2 L2

T=SECTION

Shunt m-Derived Band-Pass Filter
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Tn this 5 element shunt m-derived band-pass filter
L1land Ci form o series resonant circuit at the pass-band
frequencies and L2-C2 form a parallel resonant circuit.
The series resonant circuit is aided by capacitor C3 in
offering a low series impedance to the pass-band, and the
pazallel resonant circuit offers a high impedance to the
pass-band. This shunt arrangement has an ottenuation
curve just opposite to that of the series arrangement pre-
viously discussed, where {2 is a frequency less than
o maximum frequency and fles is at the lowest possible
frequency. By using a series arrangement with three in-
ductive components and two capacitive components the
same cttenuation curve is obtained.

In the m-derived filter, m is a desiqn constant from
which the filter qets its name. This constont basically
represents a coupling factor, and appears in all of the
design formulas, In the case of the band-pass filter there
are two m factors. These m factors have a value of 1, or
less and are assigned designations m1 and mZ The values
of ml and m2 can be computed by complex formulas based
on the quantities of the lower cutoff angular frequency
(£1), the upper cutoff anqular frequency {f2), and the upper
and lower frequencies of peak attenuation ({2 and flw).
These design formulas are beyend the scope of this book.

FAILURE ANALYSIS.

Any open or short-circuited condition of the individ-
ual parts can lead to one of three possibilities: the open
part may couse a no-output condition; the short-circuited
part may cause either a no-output or a reduced-output corn-
dition; or the part may be located in a portion of the circuit
that markedly affects the filter cutoff frequency, pass
band, or attenuation charactesistics. Usudlly all three of
these last mentioned conditions are atfected to some ex-
tent. Therefore, it becomes tather difficult to determine
whether the filter is foulty and to locate the defective
component with simple servicing techniques. Capacitors
can be checked with an in-circuit copacitance checker for
the proper capacitance. Short-circuited capacitors usually
can be detected by checking the capacitors with an chm-
meter. The d-c resistance of the inductors is checked with
an ohmmeter to determine if they are the proper value; but
where the resistance is so low that it is less than one ohm
(as in high frequency coils) the suspected coil must be
disconnected and checked with an inductance bridge.

1f the cutoff frequencies of a filter suspected of oper-
ating improperly are known a pass-band check can be made
with an oscilloscope and a signal generator. With the sig-
nal generator modulated and simulaiing the input signal,
the output is observed on the oscilloscope. For a band-
pass filter the height of the pattern should increase rapidly
as the beginning of the pass-band is reached, and the
height of the pattern should decrease rapidly at the end of
the pass-band as the second cutoff frequency is passed.
The pattern should remain at relatively the same amplitude
for the complete pass-band, If such indications are ob~
tained the filter is most probably operative, and some other
porticn of the associated circuit is at fault. If these indi-
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cations are nct obtained, the filter is definitely at fault,
and each pert must be checked individually for proper
value.

BAND-REJECTION CIRCUITS.
APPLICATION.

Band-rejection, or band-stop, filters are used in circuits
where it is desired te reject or block @ hand of frequencies
from being pessed, and to allow all frequencies above and
below this band to be passed with little or no attenuation,

CHARACTERISTICS.

Uses L-C type filters for sharp cutof!.

Frequencies between lower and upper cutoff frequencies
are attenuated; frequencies lower and greater than these
values are passed with little attenugtion,

May be either constant k or m-derived types.

Attenuation ond cutoff varies with the number of
elements used (the areater the number of elements, the
qredater is the attenuation and the sharper the cutofi).

CIRCUIT ANALYSIS,

General. The band-stap filter circuit consists of
inductive and capacitive networks combined and connected
in such a manner that they have a definite frequency re-
sponse characteristic, The band-stop filter is designed to
attenuate a specific frequency band and permit the passage
of all frequencies not within this specific band. The fte-
quency range over which attenuation or poor transmission
occurs is called the artenuation band; the frequency range
over which the passaqge of signal readily occurs is called
the poss-band. The lowest frequency ot which the attenu-
ation of a siqnal starts to increase rapidly is known as the
lower cutoff frequency ([1); and the highest frequency at
which the attenuation of a signal starts to increase rapidly
is known as the upper cutoff frequency (f2). The basic
configurations into which the band-elimination filter ele-
ments con be arranged or assembled are the L or half-
section, the T-section, and the Pi-section.

The L-section filter consists of one parallel combi-
nation of inductance and capocitance in series with the
input and gne series combination of inductance and capaci-
tance shunting the input. The T-type filter consists of
twa parallel combinations of inductance and capacitonce
in series with the input separated by one shunting combi-
nation of inductance and capacitance. The P-type filter
cansists of two series combkinations of inductance and
capacitance shunting the input and output separated by one
parallel combination of inductance and capacitence con-
nected in series with the input. Several sections {or half
sections) of the same circuit confiquration can be joined
1o improve the attenuaticn or trensmission characteristics
of the filter. When several sections are cascaded together,
they form ¢ ladder type of filter. When o filter is inserted
into a circuit it is usually terminated {matched) by a re-
sistance or impedance of the same value ot the input end.
The value of the terminating resistance or impedance is
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usually determined by the circuit with which the filter is
used and the type of filter circuit employed.

The cutotf frequencies of o filter are determined by the —_
circuit confiquration, type of filter {constant k or m-
derived), and the values of the inductors and capacitors in
the filter circuit. When the cutoff frequencies are known,
the value of the parts necessary to produce this response
and desired attenuaticn may be calculated mathematically
by the use of the proper formulas., This Handbook will not
be concerned with design date, but will show the circuit
configuration, explain circuit action, and provide information
with which the technician can determine or recognize the
type of filter and determine the cutoff frequencies, if
needed.

Circuit Operation. Band-elimination filter circuits are
shown in the accompanying illustration in L-section, T
section, and Pi-section qrangements.

L-SECTION PI-SECTION

T-SECTION ——

Band-Rejection k-Type Filter

In the L-section band-rejection filter any frequencies
not within o selected band are offered low series impedance
by L1 and Cl and offered a high shunting impedance by
L2 and C2, For this reason those frequencies not within
the band are easily passed from input to output with little
or no attenuation, Those frequencies within the selected
band are those frequencies to which L.1 and C1 are
resonant and L2 and C2 are rescnant. The parallel
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resonant circuit of L1 and Cl offers a large series
impedance to the frequencies within the rejection band and
thus tends to block possaae of these frequencies through
the filter. The series resonant circuit of L2 and C2 cffers
almost ne impedance to the frequencies within the rejection
band, thus any signals in the rejection-band which may

have passed through L1 and C1 are shunted across the output.

Therefote, those frequencies within this band are areatly
atterated.  The T-section series resonant circuits offer
minimwn impedance because at resonance the,inductive
reactance (XL) equuls the copacitive reactance (XC); andina
series circuit the impedance (Z} is equal to the formula

VE® + (XL - XC). The impedance then, is simply

equal to VR or R, the d< resistance of the coil. A
perallel circuit offers maximum impedance at resonance,
The impedance in a porallel resonant circuit can be ex-
pressed as 2= XCWR = XL*/R, (XC being equal to XL
at resonance). By using Z = XL¥/Rthe formula Z= X[LQ
can be derived, since Q = XL/R. The Q of any circuit is
maximun at resonance; therefore, the impedance of a
parallel resonant circuit is maximum at resonance. The
T-section filter operates identically to the L-section filter,
but provides a symmetrical input and cutput confiquration
with approximately the some cut off und attenugtion as a
single L-section filter. The pi-section filter is actually
formed from two inverted L-section filters and provides
slightly better cutoff and attenuation. In this case,
frequencies within the rejection-band are first offered a low
impedance by the first series resonant circuit shunting the
input. Any remaining siqnal within the rejecticn-band that
is not shunted across the input is then attenuated by
the remainder of the filter in the same manner that an
Lesection filter attenuates the undesired frequency band.
The basic L-section filter is used where only a simple
unbalanced input and cutput are required. The T- and Pi-
sections are used whete balanced arrangements are neces-
sary.

All thepreviously discussed filter arrangements are
of the constant k type. In this simple type of filter the
series impedance arm, Z 1, and the shunt filter arm imped-
ance, Z2, are so related that their product is a constant at
all frequencies (Z1 X Z2 = k?), Therefore, it derives its
name from this relationship. This constant, in turn, is also
equal to F? the squared value of the terminating resistance.
In these series constant k type band-rejection ftlters the
center {requency, fc, is equal to 1/ VL.C,. Once the
center frequency is obtained the bondwidth can be computed
by the formula 1241 = fc/Q, where ( represents the amount
of selectivity of a circuit. This value of Q equals the
inductive reactance of L1 divided by the value of the d-c
resistance of the inductor (Q = XL /R

A more complex form of band-rejection filter circuit
is the m-derived type. In this type of filter the cutoff
frequencies (f1 and {2) are much sharper, and the total
attenugtion of the unwanted frequencies is qreater. Typical
circuits of the series-connected m-derived filters are shown
in the nccompanying illustration.
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These m-derived type of filters offer high series im-
pedance, and low shunt impedance to the tejection-band
frequencies, since the series and shunt resonant circuits
are tuned to the frequencies within this band. All frequen-
cles on either side of the rejection band are offered less
impedance by the prallel aircuit (L1 and Cl) in series
with the input and output nd greater impedance by the
series circuit shunting the input and output. Inductance L2
and eapacitance C2 form a parallel circuit, which is in
series with L3 and C3. The values of L2 and C2 ae
chosen such that at some frequency, which corresponds to
the lower frequency of infinite attenuation (floa}, their
combined reactance will form a series resonant circuit
with the reactances of L3 and C3, Another series resonant
circuit will be formed from these same components at the
highet frequency of infinite attenuation ({2ea}. At the
frequencies where these resonant points occur the attenu-
ation curve indicates sharp peaks or notches. These
resonant points are not os broad as the band-width to which
L1 and Clare tuned to resonance. Therefore, the frequen-
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cies between floo and f2e0, although being attenuated,

are attenuated less than {lec and {22, The action de-
scribed can be visualized more clearly when attenuation
(response) curves for the constant k and m-derived filters

_are compared as shown in the accompanying illustration.
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Comparison of Filter Attenvation Characteristics

The constant-k attenuation curve shows gradual atten-
uation of signal from frequencies f1 and {2 to the center
frequency fc. The attenuation on both sides is equal,
causing the resulting attenuation curve to look like an in-
verted cone. The frequencies of infinite attenuation
intersect at fc, and thus oceur at a single frequency.

The m-derived attenuction curve shows a much steeper
and sharper attenuation at frequencies {1 and f2. Further-
mote, the attenuation slopes from £1 and {2 do not inter-
sect at the center frequency, but reach frequencies of
infinite attenuation on both sides of the center frequency
represented by fles and f2e=. From these frequencies
of infinite attenuation the ottenuation decregses non-
linearly toward the center frequency. This m-derived
attenuation curve is representative of both series m-derived
and shunt m-derived band-rejection filters.

The shunt m-detived band-rejection filter is shown in
the accompanying illustration. It is composed of a parallel -
series network in series with the input and output, and a
series network shunting the input and output.

In the shunt m-derived band-stop filter inductor .2 and
capocitor C2 are added to a constant-k confiquration
band-stop filter. L2 and CZ are of such a value that they
in conjunction with .1 and C form a parallel rescnant
circuit at frequencies fle and f2e, This causes the
attenuction to increase abhove the normal ottenuation be-
tween the cutoff frequencies {1 and 12 caused by the paral-
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lel resonant circuit of L1 and C1 and the series resonant
circuit C3 end L3, After fl= and f2ee the attenuation
decreases toward the center frequency, since L7 and C2
in conjunction with L1 and Cl are tuned very sharply to
and the two frequencies {loo ond 2.

In the m-derived filter, m is a design constant from
which the filter gets its name, This constant basically
reptesents a coupling factor, and appears in oll desimn
formulas. The m factor hes o value of 1 or less. The

value of m con be found by the following formule:
m="1 - ({2 - fl=a)® /{12112

FAILURE ANALYSIS.

Any open or short circuited condition of the individ-
ual parts can lead to one of three possibilities: the open
part may cause a no-output or a reduced output condition;
the short-circuited part may cause either a no-output or a
reduced output condition; or the part may be located in a
portion of the circuit that markedly affects the filter cutoff
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frequencies, attenuation band, or ottenuation characteristics.
Usuolly cll three of these !ast mentioned conditions are
aHected to some extent. Therefore, it becomes rather dif-
ficult to determine whether the filter is faulty and to locate
the defective component with simple servicing techniques.
Capacitars can be checked with an in-circuit capacitance
checker for the proper capacitance. Shart circuited capaci-
tors usually can he detected by checking the capacitors
with an ohmmeter. The d-c resistance of the inductors is
checked with an ohmmeter to determine if they are the
proper value; but where the resistance is s0 low that it is
less than one ohm (as in high frequency coils) the sus-
pected coil must be disconnected and checked with an in-
ductance bridge.

Tf the cutoff frequencies of a filter suspected of oper-
ating improperly are known, a rejection-band check can be
made with an oscilloscope and a signal generator. With
the signal generator modulated and simulating the input
signal, the output is observed on the oscilloscope. For a
band-elimination filter the height of the pattern should
decrease rapidly as the beginning of the rejection-bond is
reached, and the height of the pattern should increase
rapidly at the end of the rejection-band as the second
cutoff frequency is passed, in the case of the m-derived
filter, or beqgin increasing immediately ofter the center
frequency is possed in the case of the constatk filter. If
such indications are obtained the filter is operative, and
some other portion of the associated circuit is at foult. If
these indications ore not obtained, the filter is at fault,
and each part must be checked individually for propet
value,
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