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deflection amplifiers, throuqh a couplinq capacitor, in a 
push-pull arranqement. Thus the CRT is balanced for dc, 
for oc, and for any stray capacitance to qround. Since the 
isolating resistors (R2, R5, R6 and R9) are always of a 
very large value, the deflectinq plates may be connected 
into any circuit without danqer to the operator (it takes a 
current of only a few microamperes to drop the positioninQ 
...,ltage to zero). 

Power Supply. A typical power supply for an ele­
mentary synchroscope is shown in the accomp::Inying 
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-voltaqe supply is a conventional full-wave 
rectifier circuit with the center-tap grounded, and B+ -is 
taken from the cathode and applied to a sinqle pi-type C-L 
filter (Cl, Ll, and e2). The neqative hiqh voltaqe supply 
uses the other full-wave rectifier tube (V2), with the plates 
parallel-connected as a half-wave rectifier, and a low volt­
age center tap used as a common qround. Because the 
small amount of current taken by the CRT, the simple R-C 
filter offered by the bleeder resistor RJ and capacitor C3 
is sufficient for hum elimination. The filament windinqs 
for the CRT, as well as other tubes, are also included on 
the same transformer, providinq a compact and economical 
power supply. 

Horizontal (Sweep) Channel. There are two types of 
sync Signal input available at the input of the horizontal 
channel. A positive pulse derived from the siqnal input 
may be taken from the coupling amplifier, or some external 
sync may be applied from on external source. 

With the sync switch in the into sync position, a 
positive pulse (taken from the couplinq omplifier)js ap­

plied to the sync pulse amplifier, where it is inverted, 
amplified, and fanned into a sharp spike. The circuit used 
to develop this spike is shown in the accompanyinq illus­
tration. The positive pulse is applied throuqh capacitor 
C1 to triode V 1, where it is inverted and amplified at the 
plate. The variable potentiometer R J determines the 
amOunt of amplification of the signal. The sync pulse is 
coupled throuqh capacitor C2 and resistor R3, which de­
velops a differentiated form of the negative rectanqular 
pulse. The output is taken from ocross R3 in the form of a 
negative spike occurrinq at the pulse input frequency. 

The typical sweepqenerator is a start·stop multi­
vibrator, shown in the occompanyinq illustration. This 
circuit is a cathode coupled type of start-stop multi­
vibrator, with the grid of Vl at a high positive potential 
and the grid of V2 at a high neqative bias value, so that 
V 1 is normally conductinq heavily and V2 is normally 
cutoff. With the application of the negative input pulse, 
VI is cut off and V2 is brought to maximum crnduction for 
a period of time determined by the time constant of the 
circuit. This time constant is dependent on the values of 
R2, Cl and R4, C2. The resultinq output, taken from the 
plate of V I, is a positive rectanqular pulse obtained durinq 
the time that V 1 is not conductinq. Besides usinq the 
rectangular output for unblankinq the CRT durinq the period 
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that the input signal is to be viewed, the rectanqular aut· 
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 samedurotion as the unblanking pulse. 
This sawtooth is applied to drive the output sweep ampli­
fier shown in the accompanying illustration. The output 
sweep amplifier is a pararhase PJsh·PJU type of amplifier 
which produces a sawtooth waveform from each output. 
equal in amplitude but of oPP:>site polarity. The sinqle 
input (drivinq) sawtooth is applied throuqh C1 to the qrid 
of V 1 where it is amplified and inverted. The output of 
V 1 is applied to the qrid of V3 and across voltaqe divider 
R5 and R6, connected from output to qround. The voltoqe 
dropped across R5 is applied to the qrid of V2 Since the 
input of V2 is 1800 out of phase with the input of V J, 
the outputs of V 1 and V2 are likewise 1800 out of phase. 
The outputs of V 1 and V2 are applied to V3 and V 4. re­
spectively, where these outputs are amplified and supplied 
to opposite horizontal-deflection plates in the CRT to 
produce a l:x:Ilanced deflection of the electron beam (de­
tailed description of the operation of paraphase amplifiers 
can be found in section 6 of this Handoook). 

Vertical Channel. The siqnal input is applied to the 
vertical channel throuqh an input impedance selector 
Circuit, which is used to match the output impedance of 
the signal source to the input impedance of the couplinq 
amplifier. A typical, simplified, input impedance selector 
circuit is shown in the accompanyinq illustration. 

This circuit uses a typical tetrode input amplifier, 
with the input siqnal beinq coupled to the control qrid of 
VI across an input voltoqe divider consistinq of variable 
resistor R 1 and fixed resistor R2. The variable resistor 
provides roth a means of attenuatinq the input siqnal, and 
a method of supplying a variable input impedance for the 
synchroscope; while fixed resistor R2 determines the mini-
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mum input impedance to V 1. Toqether this resistive input 
arrangement facilitates matchinq the input impedance of 
V I, to the impedance of the siqnal source. Resistors R3, 
R4, and RS are different values of cathode bias resistors. 
These different values ore selected by a switch to provide 
a larQe ranqe of attenuation for the input siqnal by chana­
ing the input bias. Capacitors CJ, C2, and C3 ore con­
ventional cathode bypass capacitors associated with these 
cathode resistors. Besides providinq a variable input im­
pedance, and a larqe ottenuation ranqe, the input selector 
circuit provides high amplification with undesired inversion 
of the in put signal at the plate of V 1. Therefore, another 
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with vertical input siqnal. The output of the input imped. 
once selector circuit is applied to a couplinq cnnplifier. 

The couplinq amplifier, shown in the accompanyinQ 
illustration, has two functions. 
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One function is to supply a pulse to the synchronizinq 
pulse amplifier when internal sync is used. This sync 
pulse, which is the inverted and amplified input to the 
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couplinq cnnplifier, is obtained at the plate of V 1, and 
is coupled throuqh an Int-Ext. sync switch to the sync 
(pulse) amplifier. The pulse then serves as a triqqer for 
the start-stop sweep generator. 

The second function of the couplinq amplifier is to 
act as a catho:le follower I providinq an impedance match 
for the low-impedance input of the delay network. This 
input is the uninverted siqnal pulse obtained at the 
cathode of V.l without amplification. A p:>tentiometer is 
used for R2 instead of a fixed cathode resistor. The po­
tentiometer settinq detennines the amplitude of the pulse 
obtained at the cathode of V 1 This potentiometer functions 
os a vertical image size control. 

The pulse obtained at the cathode of the couplinq 
cnnplifier is applied to a delay network, which prevents 
the pulse from cousinq a vertical deflection of the electron 
beam until shortly after the sweep has started. (A typical 
delay time is 112 /l sec.). An accompanying illustration 
shows a delay network which may be used. It is composed 
of series inductors and shunt capacitances tenninatinq in a 
resistor havinq an ohmmic value equal to the total imped­
ance value of the foregoing inductors and capacitors. The 
delay effect is due to the fact that each capacitor retards 
the voltage from appearing across it, and each inductor re­
tards 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 emx). 
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The delayed siqnal is coupled throuqh a sianal at­
tenuator, which is a tapped voltaqe divider, to the vertical 
amplifier. A typical attenuator is shown in the accompcr 
nyinq illustration. 

This attenuator is frequency compensated to reduce the 
distributed and stray capacitance of this circuit and the 
followinq circuit. Frequency-compensated attenuators 
further provide the voltaqe division ratio (resistive and 
reactive) of the input siqnal, so that the loss in siqnal 
level at the hiqher frequencies can be compensated for in 
the following amplifiers. Attenuator compensation is 
usually effective over the entire useful frequency ranqe of 
the scope. When a potentiometer type of attenuator is used, 
the attenauator potentiometer is frequency-sensitive be-­
cause of the distributed and stray ca!Xlcitance from the 
moving arm of the potentiometer, the wirinq and circuit 
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elements, and the electron tube input capacitance to qround. 
While the resistance of the potentiometer must be as hiqh 
as possible to maintain maximum inp.1t impedance, the 
greater the resistance, the greater the effect of the stray 
capacitance. Since there is only one settinq of the attenu­
ator ann where the resistance division and the capacitance 
division are the same ratio, shunt capacitors C1 and C2 are 
added to the attenuatar, as shown in the illustration to pro­
vide frequency compensation. When the attenuator (S 1) is 
in position 2, the input tathe amplifier is reduced to one­
tenth of the total signal across the voltaqe divider. R2 is 
then one-tenth of Rl plus R2. The ratio of the capacitive 
reactance is then chosen to be of the some order. That 
is., the reactance of C2 and the stray capacitive reactance 
is, the reactance of C2 and the straycapacitive reactance 
of C3 is made to be one-tenth of the total reactance of C 1 
in series with the parallel combination of C2 and C3. 
Normally, because of the difficulty in measurinq the stray 
capacitance indicated by C3, C 1 is made variable and is 
adjusted during operation to produce the best compensation 
effects, using a square-wave input (this ismade initially 
and once calibrated requires only an occasional check). 

Since most attenuators and amplifiers have reduced 
high-frequeocy response because of the shuntinq effect 
of stray cOp:1citonce, a p:nallel R-C circuit in series with 
the input lead is usually inserted to boost the relative 
response of the attenuator at hiqh frequencies. 

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

Althouqh VI has its cathode connected to a neqative 
high voltaqe supply, the plate current flow throuqh RJ and 
R2 is sufficient to bias the cathcxle positive with respect 
to ground. The output of cathode follower V 1 is taken 
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from the cathode throuqh C2, which is a larQe value capoci· 
tor, and applied to an input qain potentiometer Rl Capaci· 
tor C3 is a oonventional filter capacitor used to bypass 
the negative supply. Verticalqaincontrol R3controls the 
amplitude of the input siqnal to the two·staqe, hiqh-qain 
compensated video amplifier consisting of V2 and V3. Both 
high- and low-frequency compensation are employed in 
each staqe. The cathode of V2 is bypassed by a small 
capacitor, which makes it deqenerative for low frequencies, 
thus reducinq the response and flatteninq out the low­
frequency response. Low-pass R-C filters RS, C5, and 
R6, C6 offer a hiqh impedance to the low frequen des and 
a shunt p:lth to the high frequencies in the plate circuits 
of the crnplifier. 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 r~sponse is increased by peakinq coils Ll 
and L2, which compensate for the shuntinq effect of tube 
and wirinq capacitance, providinq a reactance which in~ 
creases with frequency. To help improve the hiqh-
frequency response, plate load resistors R4 and R7 are 
made low in value to reduce the shuntinq effect of stray 
capacitance. 1'0 improve the low-frequency response, the 
time constants of R-C couplinq networks C7, R8 and CS, 
Rl2 are lonq. Amplifier V3 is fixed-biased by connectinq 
the cathode to the junction of RIO and R 11, which ore 
connected as a voltaqe divider in series between the plate 
supply and qround. Cathode resistor R 11 is also unbypassed 
so that the circuit is completely deqenerative for hiqh ar¥! 
low frequencies, further improving the over.-aU frequency 
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response. The use of a fixed cathode bias sets the aper­
atinq point of V3 and helps stabilize the staqe. The outpUl 
af V3 is fed to cathode follower output staqe V 4, which is 
biased positive with respect to qround by plate current 
flow, even thouqh the cathode is returned to the minus sup­
ply. Variable JXltentiometer R13 serves as an output and 
positioninq oontrol for the following paraphase amplifier. 

FAILURE ANALYSIS. 
Beam. Positioning Circuit5. 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 oontroi5 affect the 
electron beam in some manner, and that the controls are 
interacting. Forexample, increasing the intensity of the 
beam will also thicken the beam and require a readju5tmen1 
of the focus cootrol for the thinnest line at that intensity. 
Ukewise, a chanqe in acceleratinq anode potential will 
cause a chanqe in spot diameter and the maximwn intensitv 
available. Where hiqh humidity and excessive moisture 
prevail, control failures from insulation breakdown are 
usually more prevalent because of the hiqh potential i~ 
volved, which causes a short circuit tOQrOund. 

Power Supply Circuits. Because of the hiqh neQative 
potential used for operatian of the CRT electron qun, 
the synchroscope power supply is particularly suscep­
tible to flash over, particulmly in damp humid locations. 
A voltage check is usually sufficient toreveal the location 
of the trouble. 

Horizontal (Sweep) Channel. A failure in the hori~ 
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wntal channel can be due to a failure of any of the indi­
vidual circuits comprisinq the channel as well as two 
circuits within the vertical channel. If the input impedance 
selector and the coupling amplifier, the two circuits wi thin 
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, voltaqe and wavefonn checks, 
mode by a voltmeter and an oscilloscope will reveal the 
location of the faulty component within the two circuits. If, 
oowever, there isno trouble with the vertical deflection and 
faulty sweep exists, the trouble exists within the three 
horizontal chcmnel circuits. Eeqinninq with the sweep 
amplifier, the inputs should be checked with a voltmeter and 
an oscilloscope. If the proper input eKists the trouble is 
within this circuit. If an improper input exists check the 
input of the start-stop sweep generator with an oscilloscope. 
H the input is pro~r the trouble must exist in the start-stop 
sweep generator. Voltaqe 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 functioninq properly, the trouble should be within 
the sync (pulse) amplifier. Voltaqe and waveform checks 
with a voltmeter and oscilloscope will reveal the faulty 
component. 

Vertical Channel. A failure in the vertical channel 
Is characterized by improper amplitude of the presenta-
tion of the pulse on the synchroscope screen. There are 
six circuits which could result in the vertical channel 
failure. Tvvo of these, the input impedance selector, and 
the couplin q amplifier, produce sweep failure. The trouble 
shooting of these circuits has already been mentioned. 
The other four circuits of the vertical channel, the push­
pull paraphase amplifier, the vertical amplifier, the siqnal 
attenuator, 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 at the 
proper time interval with respect to the sweep. If this 
effect is apparent on the display, check the delay network 
with on oscilloscope to determine where the improper wave­
forms or voltages exist. If the failure exists in the push­
pull paraphase amplifier the vertical position of the display 
on the CRT screen is improper. If this is apparent on the 
display check the voltages and w::lVeforms 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 siqnal attenuator or 
the vertical amplifier. To determine where the trouble 
exists check the appropriate voltCJQes and waveforms with 
an oscilloscope. 

CRT DIS PLAY CIRCUITS. 

The CRT displaysupplies a visual indication of any 
siqnols which are applied to the CRT. One of the most 
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important uses to which cathode-ray-tube displays and 
their associated circuitry are applied is the location of 
objects or tarqets in space. This is the prime pUflXlse of 
radar. Generally speaking, there are two types of radar 
systems; the pulsed radar system, and the continuous 
wave radar system. Since continuous wave radar 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
fiectioo modulated or intensity modulated. These terms 
describe the method by which the echo siqnal affects the 
troce on CRT. In deflection modulated displays, the input 
signal, after beinq detected and amplified, is applied to the 
deflection system of the CRT, and shows up as a pulse or 
pip on a circular or sinqle horizontal sweep line. Typical 
radar displays of this type are the A-scope and the J·scope. 
In intensity-modulated systems, the echo is fed to an 
intensifying circuit, which changes the bias on the control 
grid of the CRT. The control grid is nORllolly biased at 
cut-off. When the signal is received, it causes the bias on 
the control grid of the CRT to become less neqative, 
thereby increasinq 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 ]-scope type CRT presentations are 

relatively simple radar displays used for the purpose of 
locating the position (ranqe and bearinq) of a tarqet 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 sinqle 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 

neld 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 ANALYSIS. 
General. The A-, B-, C-, and J-Scope displays con­

stitute the most commonly encountered types of radar 
displays employinq electrostatic type cathode ray tubes. 
They respond 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, indicatinq 
location of tarqets through the time relationship of the 
echo signals compared with the sweep siqnals. 

The typical A-scan is shown in the accompanying 
illustration. It consists of a sinqle horizontal line with a 
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transmitted pulse identication, re~resentinq the beqinninq 
of the sweep, and echo pulse indications, representinq 
targets. The transmitted pulse indication has an ampli­
tude greater than any of the other e-::ho pulse indications. 

The A-Scope is primarily used in coni unction with other 
radar indicators, since the A-Scope can only locate the 
range of a target. The A-Scope is particularly used. in 
artiUery fire control because of the accuracy of its ranqe 
determination. The A-Scope is also used as a test instru­
ment to observe videa input siqnals durinq the testinq and 
aUnement of radar receivers. 
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A typical J-Scan is shown in the accompanyina illus­
tration. It consists of a sinqle circular trace line, which 
remains at a relatively constant distance from the center 
of the CRT face. A main pulse indioation on the circular 
trace indicates the beqinninq of the sweep, (IDd the echo 
pulses are located somewhere alonq the circumference of 
this circle. The distance between the echo pulse and the 
main-pulse alonq the circumference of the circle, indicates 
the ranqe of the tarqet. A calibratf'd ranqe rinq is used to 
measure the distance alonq the circular trace. 

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

A typical B-Scon is shown in the accompanyinq illus­
tration. It consists of a rectanQularly scanned field made 
up of parallel vertical trace lines, with the center line of 
the field representinq zero azimuth (dead ahead) position. 
The radar location is at zero a7imuth position on the hori-
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J-Se ••• 

zantal base line. /my tarqets which appear to the riqht or 
left of this center line are actually located to the riqht or 
left of the ship or radar center line, at the vertical distance 
shown • 

The &Sc:ope is used in radar systems for continuous 
scan of an assigned area, chiefly for qround (or sea) 
targets in a limited sector . 
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A typical C-Scan is shown in the accompanyinq illus­
tration. It consists of a rectangularly 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 !Xlsition, while the center 
horizontal line which bisects the verticallenoth of the 
field represents zero elevation position. All vertical 
positions above the zero elevation position represent a 
positive elevation, and all vertical positions below the 
zero elevation represent a neqative elevation. 

The C-Scope is used in radar systems for continuous 
scan of an assigned area, chiefly for aircraft interception 
and beam landinq. 
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Circuit Operation. The A-and J-Scopes are similar 
in that the siqnal is obtained from the radar receiver and 
applied throuqh vertical amplifiers to the vertical deflection 
elements of the CRT. The manner in which each type of 
seen accomplishes the sweep, however, is different. 

A typical A-Scope arranqement is shown in the accom­
panying block diaqram. 

In the A-Scope arranqement a triqqer siqnal is fed to 
the trigger amplifier stage, simultaneously, the received 
echo signal is applied from the radar receiver throuqh 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 triqqer amplifier 
both amplifies and sharpens the triqqer pulse, which is 
then applied to the triqqered sweep qenerator where a 
sawtooth voltaqe is produced and applied to the horizontal 
deflection plates. The resultant sweep produces a straiqht 

, horizontal trace line on the CRT. With the application of 
the received echo siqnal, a vertical deflection in the form 
of a pip appears located somewhere alonq the horizontal 
'trace. The distance between the radar antenna and the 
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target is indicated by the linear position of the pip on the 
trace. Some of the pulse voltaqe of the transmitter is im­
pressed directly up::m the receiver, and produces a larqe 
pulse on the extreme left of the CRT trace. All distances 
are measured 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 qenerator staqe are also applied 
to the CRT. Thus by countinq the number of markers be­
tween the transmitted siqnal and the received echo, tarqet 
distance is quickly determined. 

A typical J-Scope is shown in the correspondinq block 
diagram. A crystal oscillator and a phase-shiftinq network 
furnishes two sine-wave voltaqes, 900 out of phase, to 
both sets of CRT deflection plates to produce a circular 
trace. The triqqer and sweep circuits blank out the tube, 
intensifyinq the electron beam only durinq the active 
sweep time. The J-Scope display is the same as the A­
Scope display, except that the J-Scope uses a circular 
sweep rather than a linear sweep. Time and ranqe measure­
ments on the J-Scope are more accurate than those of the 
A-Scope since the J-Scope scan is lonqer. The tarqet 
echoes are indicated as radial pips or pulses pointing awrxf 
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-Scope and the C-Scope, like the A_ and J-Scopes 
are mostly similar in their mode of operation. The &Scope 
and the C-&ope both use intensity modulated displays, 
that is the echo signals appear as briqht pa!ches aqoinst a 
dark background. Intensity modulation is produced by ap­
plying the amplif ied echo siqnals 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 rectanaular area on the screen 
of the CRT. Also, in roth the &Scope and C-Scope, the 
horizontal axis always represents azimuth. On the other 
hand, the vertical axis on the B-Scope represents ranqe 
while the vertical axis on the C-Scope represents elevation. 
The block diaqrcun of a typical B-Scope and a typical 
C-Scope arranqement is shown in the correspondinq block 
diaqram. The only difference in the circuitry between them 
is the omission of the vertical sweep qenerator in the C­
&::ope. The vertical deflection circuits of the B-Scope are 
driven by a linear timebase siqnal from a sweep qenerator. 
This sweep is initiated by a sync siqnal from the central 
timinq circuits of the radar. The vertical deflection cir­
cuits of the G-Scope are driven by a sweep voltaoe from a 
variable potentiometer connected the radar antenna. 
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The horizontal-deflection circuits of the B-&ope and 
C-Scope are the rome type of circuits as those used for 
the vertical-deflection system of the C-Scope. The hori­
zontal motion of the antenna is translated into a reqularly 
varying (sweep) voltaqe which produces the horizontal 
sweep for the cathode-ray tubes. 

The electrostatically deflected CRT common to the 
A-,&,C-, and J-Scopes is shown in the followinq illustra­
tion with its accompanyinq control circuitry. The rod 
shaped dotted lines, extendinq from the face of CRT almost 
to the deflection plates represents the electrode used only 
in the l-Scope to which neqative video (echo) siqnals are 
coupled. This electrode causes the electron beam to t:e 
deflected radially outward in accordance with the incominq 
signals. 
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It is evident from the schematic that resistors R9, 
RIO, RII, R12, Rl3, R14, R15, R16, RI7 form a voltage 
divider network. The cathode of the CRT is connected 
at a less negative point on the divider than the qrid, the 
grid is negative with respect tathe cathode, and is adjusta­
ble by means of JXltentiometer Rl3. R13 then, as in con­
ventional 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 throuqh 
potentiometer R 15i thus it is effectively less neqative 
than the cathode and grid, and attracts electrons from the 
cathode. This is the focus control. By varyina the d-c 
potential on this control, the electron beam from the cathode 
is directed so 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 catoode. It provides 
the function of actinq as an auxiliary focus control and an 
acceleratinq anode. As the beam passes from the acceler­
ating anode to the face of the tube, it passes between two 
sets of deflecting plates. The oorizontally positioned 
plates deflect the beam vertically and the vertically 
positioned plates deflect the beam horizontally. 

A balanced deflection system is used for this cathode­
ray tube. Each deflectinq plote (01, D2, 03, and 04l is 
controlled by separate dual potentiometers (R2, R3, R6 
and Rl, respectively), and the plates are isolated and 
balanced equally by beinq connected to thepositioninq 
controls through equal resistors Rl, R4, R5, and R8. A-C 
balaoce is provided by capacitors C 1, C2, C3, and C4. 
Since the isolatinq resistors R 1, R4, R5 and R8 are al­
ways a very larqe value, the deflectinq plates may be con­
nected into any circuit without danqer to the operator. 

FAILURE ANALYSIS. 
Cathode· Roy Tube. Usually, a control Circuit failure 

in the CRT 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 the same manner, and that the 
controls are interactinq. For example, increasinq the in­
tensity of the beam will also thicken the beam, and re­
quire readjustment of the focus control for the thinnest 
line at that intensity. Likewise, a manqe in the accel­
erating anode potential will Cause a chanqe in spot dia­
meter and the maximum intensity available. Where hiqh 
humidity and excess moisture prevai!. control failures 
from insulation breakdown are usually more prevelent be­
cause of the hiqh potential involved, which causes a short 
circuit to qround. 
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It it is loond that all 01 the voltaqes on the CRT 
electrodes are proper the CRT must be the defective 
canpcnent. If, however, the voltages on the CRT 
electrodes are not proper, and the associated control cir­
cuitry is checked and found to be proper and the power 
supply Is functioning properly, the fault must exist in 
some stage precedinq the electrode with the improoer volt­
age on it. It is also possible to determine the area of the 
fault by the CRT indications. 

In the A-Scope, if the improper voltaqe or waveform 
exists on the horizontal deflection plates and the CRT 
indication shows that there is an improper or no horizontal 
sweep, check the input of the triqqered sweep qenerator 
with an oscilloscope. If it is correct the fault lies in this 
circuit. If the voltage is incorrect, check the input of the 
trigger amplifier with an oscilloscope. If the trigger ampli­
fier input is correct the faulty componen t is in this staqe. 
If the input is incorrect and em external triqqer is used the 
foolt is in this external source. If, however, the input of the 
trigger amplifier is incorrect and the triqqer is obtained 
from the internal triqqer qenerator, meek the input to the 
internal trigger generator with CIl oscilloscope. If the volt­
age or waveform applied to the internal triqqer qenerator is 
improper the fault should be in the timer. If the CRT dis­
play indicates that only the ranqe markers are missinq the 
trouble must be in the marker qenerator. 

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

In the l-Scope, if circular trace is improper and im­
proper voltaqes or waveforms exist on the vertical and 
horizontal deflection plates, check the input of the phase 
shifting network with an oscilloscope. If the input is 
proper the 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 voltaqe existinq 
on the control grid is improper J 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 triq­
ger circuits. If the improper siqnal exists on the center 
electrode of the CRT and if the video siqnal on the display 
is incorrect, check the input of the video amplifier with em 
oscilloscope. If the input is pr~er the fault is within the 
video cnnplifier. If the input is improper the fault must be 
in the radar receiver. 
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In the B· or G-Scope, if the voltaqes or waveforms 
on the horizontal plates are improper, or if the horizontal 
trace is improper check the input to the horizontal position­
ing circuits with an oscilloscope. If the input is correct 
the failure is in the horizontal positioninq 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. If the input is proper the 
failure is in the vertical sweep qenerator. If the input is 
incorrect the failure is in the triqqer source, If thevoltaqes 
or wavefonns 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 tarqet echo siqnals are 
not present on the control qrid of the CRT, deck the input 
to the video amplifier staqe or staqes with an oscilloscope. 
If the input is proper the fault is within these staqes. If 
the input is improper the failure is in the radar receiver. 

ELECTROMAGNETIC CATHODE-RAY TUBE_ 

A cathod~roy ture is an electron tube in which the 
electrons trajectinq from the cathode toward on anode 
are focused into a concentrated ream which eventually 
strikes the luminescent screen. This beam is varied in 
position and intensity which produces a visible pattern on 
the screen. An electromaqnetic cathode ray tube utilizes 
magnetic fields to provide a means of focusinq and d~ 
fleeting the electron beam. 

Electromaqnetic cathod~ray tube circuits are pr~ 
ferred where the cathode ray tube (commonly) referred to 
as CRT) is to have a larQe screen diameter. The electro­
magnetic CRT has several advantaqes over the electro­
static tube. Some of these advantaqes are that: a well 
focused electron beam of hiqher current density can be 
produced; greater accelerating voltages can be used to 
obtain brighter screen patterns without as qreat a reduction 
in the deflection sensitivity of the tube; the structure of the 
electron qun is simpler and more ruqqed; and the over-all 
lenqth of the envelope is shorter. 

A pictorial representation of the electromaanetic CRT 
is shown in the accompanyinq illustration. 

The electromaqnetic CRT uses a triode type qun. It 
consists of an indirectly heated cylindrical cathode closed 
off at one end by a small plate, which is coated with 
barium and strontium oxides. The oxides emit a larqe 
number of electrons. A twisted heater element is containe d 
within the cylindrical cathode to brinq the cathode to the 
operating temperature. The control grid is also a cylinder, 
which surrounds the cathode cylinder. It contains a baffle 
with a tiny aperature of smaller diameter than the emittinq 
surface of the cathode, which is located very close to the 
aperature. Beyond the control qrid is a hollow cylinder 
which contains several baffles and which has its circum­
ference around the same axis as the control qrid. This 
cylinder is the acceleratinq anode which is connected to a 
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conductive coating within the ture. This coatinq acts as 
an extension of the acceleratinq anode and as an electro­
static shield. There is no second anode for focusinq as 
there is in the electrostatic CRT. Instead, an external 
focusinq coil encircles the neck of the tube and maqneti­
cally focuses the electron beam. The complete fomsinq 
system is composed of two lenses, one is produced by the 
electrostatic field between the control Qrid and the followinq 
electrode. This electrostatic field causes the electron 
beam to converqe at a point some distance before the mao­
netic field of the focusin q coil which acts as the second 
lens. After the electrons travel beyond the converqent 
point they again begin spreadinq until they enter the mao­
netic field of the focusinq coil, where the reaction causes 
the electrons to later converqe at the phosphorescent 
screen, if the position of and the current throuqh the coil 
are correct. The iXlsition of this external focusing coil is 
not only capable of beinq varied olano 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 focusinq coil provides 
a means of centerinq the electron beam as well as focusinq 
it_ 

The method of accomplishinq horizontal and vertical 
deflection also relies on an external electromaqnetic 
force. This electromaqnetic force is provided by a set of 
coils, which encircles the neck of the CRT and is located 
after the focus coil. Usually four deflection coils are used. 
Two of these are wired in series and ore mounted in such 
a way as to produce a maqnetic field whose lines of force 
run vertically throuqh the neck of the tube. This vertical 
maqnetic field causes horizontal deflection of the electron 
stream. The other pair of coils is wired in series and 
mounted in such a way as to produce a maqnetic field whose 
lines of force run horizontally throuqh the neck of the tube. 
This horizontal maqnetic field causes a vertical deflection 
of the electron stream. A current is used to activate the 
coils and produce the maqnetic fields at riaht anqles to the 
electron movement. The amoun t of deflection that may be 
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obtained is dependant upon: acceleratinq anode voltaqe. 
distance between the screen and the deflection coils, lenqth 
of the magnetic field, and the strenqth of the maqnetic 
field. These deflection coils are contained in a mountinq 
cmd called the deflection yoke. The position of the deflec­
tion yoke, like the position of the focus coil, can be shifted 
along the neck of the tube to vary the amount of deflection. 
The deflection yoke can also be rotated about the neck of 
the tube. This property permits the visual pattern or 
raster to be centered squarely on the screen. 

Another element used on an electromaqnetic CRT is 
called the ion trap. It removes a problem that is specifically 
peculiar to the electromaqnetic CRT. Neqative ions exist 
10 the CRT as a result of the bombardment of the residual 
gas or tube electrodes by the emitted electrons. This con­
dit~on is of no consequence in an electrostatic CRT since 
electrostatic focusinq networks can focus the ions alonq 
with the electrons. In the electromaqnetic CRT, however, 
the greater mass of the ion prevents proper focusinq and 
deflection of these ions. The result is a constant bombard­
IDmt of the screen at one particular spot, causinq 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 arranqement and a permanent ror 
m.agnetic uni t which is slipped around the neck of the tube 
close to the electron qun. Althouqh 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
celeratinq anode. The ion-trap maqnet affects only the 
electrons in this combined beam in such a way that they 
chanqe their direction of motion and return toward 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 followinq paraqraphs in 
this section. 

PLAN POSITION INDICATOR. 

APPLICATION. 
The plan position indicator (or PPJ) type of radar 

display is used when it is desired to track objects on a 
3600 polar map qivinq ranqe and azimuth. This map can 
easily be correlated with standard maps, since, not only 
the tarqet but also physical features of the area are made 
apparent. 

CHARACTERISTICS. 
Uses electromaqnetic CRT. 
May use rotatinq or stationary deflection yoke. 
PPI CRT uses hiqh persistence phosphor. 
PPI utilizes intensity modulation. 
Antenna and sweep trace are synchronized. 
Center of sweep represents radar location. 
Sweep starts at the center and moves radially outward. 
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Anqle of tarqet from headinq represents bearino of 
tarqet. 

Distance of tarqet from center of sweep represents 
range of target. 

CIRCUIT ANALYSIS. 
General. The plan position indicator is a type of 

radar display which utilizes an electromaqnetic CRT. 
A hiqh persistence phosphorescent material is used on 
the face of the CRT, which permits the qlow produced 
by the electron oombardment to remain for a relatively 
long period of time. Siqnals reflected from tarqets are 
taken from the radar receiver and applied to the control 
grid of the CRT, via limitinq and amplifyinq circuits. 
durinq the sweep time of the beam. Intensity modulation 
of the electron beam occurs in accordance with the ampli­
tude of the received echoes, which produce correspondinq 
bright portions on the screen. 

The distance that the briqhtened portion of the trace 
is from the oriqin of the sweep, is the ranqe of the tarqet. 
The anqle that is made by the briqhtened portion of the 
trace with respect to the zero deqree radius of the sweep 
constitutes the bearinq (or azimuth) of the tarqet. This type 
of display also permits an operator to locate a tarqet with 
respect to the position of P1ysical features of an area, 
which are shown on the display in the form of a polar map. 

The rotatinq sweep which characterizes the polar map 
display is produced by a maqnetic deflection field rotatinq 
in synchronization with the radar antenna. This may be 
accomplished by a mechanical azimuth sweep (rotatinq de­
flection yokel or electrical azimuth sweep (stationary 
deflection yoke). 

A pictorial representation of a typical PPI display is 
shown in the following illustration. 
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Circuit Operotion. The circuits used in the discussion 
vf circuit operation are typical circuits used in PPI dis­
play~, but do not represent every circuit that could be 
used in PPI displays. A block diaqram of a simple PPI 
display is shown in the accompanyinq illustration with 
correspondinq waveforms. An anlysis will be made of the 
operation of each representative circuit correspondinq to 
the block diaqram. 

The timer triqqer is a neqative pulse obtained from 
the timinq circuits, and used to actuate the start-stop 
multi vibrator. The multivibrator produces neqative oate 
siqnals which are applied to the sweep qenerator and the 
marker generator, and a positive qate siqnal which is ap­
plied as an unblankinq qate to the control qrid of the CRT. 
A typical start-stop multivibrator is shown in the accompa­
nying illustration. Resistors Rl and R2 ore qrid bias re­
sistors for triodes V 1 and V2, respectively. Resistors R3 
and R4 are the plate resistors for Vi and V2, respectively. 
Capacitor C1 couples the qrid of V 1 to the plate of V2. 
Capacitor C2 couples the qrid of V2 to the plate of V 1. 

Normally, triode V 1 is conductinq due to the positive 
bias applied on the qrid of V L At the same time, triode 
V2 is normally cut off due to the fixed neqative bias aD" 
plied to the qrid of V2. A neqative pulse applied to the 
grid of V 1 reduces the conduction of V 1, causinq the plate 
voltage to increase. The p:lsitive plate voltaqe swinq of 
V 1 drives the qrid of V2 into conduction, thereby decreasinq 
the plate voltaqe of V2. This decrease (Neqative swinq) 
in the plate voltaqe of V2 is fed back to the qrid of V 1 and 
drives V 1 into cutoff. The circuit now rests in the oPJXlsite 
condition with V2 conductinq heavily and V 1 cut off. 
During this period the flat p:lrtion of the output pulse is 
generated. Since capacitor C 1 is connected to the positive 
supply through Rl, it eventually develops a positive chorqe 
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which is sufficient to brinq the qrid of V 1 above cutoff. 
Once aqain V 1 conducts and the neqative plate swinq is 
coupled to the qrid of V2 throuqh e2, drivinq V2 towards 
cutoff and producinq the trailinq edqe of the square wave 
as its plate voltaqe rises. Eventually, Vl isbrouqht to 
the state of maximwn conduction and V2 is brouqht to 
cutoff, where the circuit stablizes due to the positive 
biasinq voltaqe on the qrid of VI and the hiqh neqative 
bias voltaqe on the qrid of V2. Another neqative pulse 
must be applied to the qrid of V 1 in order to chanQe the 
conduction states of V 1 and V2. 

From the description of the circuit operation of the 
start-stop multivibrator it can be seen that with the appli. 
cation of One neqative timer pulse to the input, one neaa­
tive rectanqular pulse is obtained at the plate of V2. This 
negative rectanqular pulse is used to operate the sweep 
generator and the marker qenerator. At the same time, a 
positive rectanqular pulse is taken from the plate of VI 
and is applied to the control qrid of the cathode ray tube 
for unblankinq use. 

The typical sweep aenerator, which receives the neaa­
tive rectanqular pulse from the start-stop multi vibrator, 
produces a trapezoidal sweep. The followinq schematic 
is that of a typical sweep qenerator Circuit. The neqative 
rectanqular pulse is applied to the arid of triode VI, which 
acts as a hiqh speed switch. Resistor R 1 is the plate 
resistor of V 1 Rl is also part of an r-c network, which 
determines the amplitude of the leadinq edae and the slope 
of the trapezoidal waveform, when V 1 is cutoff. Resistor 
R2 is also part of the r-c network when V 1 is cutoff. Its , 
value also affects the amplitude of the leadinq edqe of the 
trapezodial waveform. Capacitor C 1 is the capacitive part 
of the r-c network. Its value affects the slope of the 
trapezoidal waveform. 
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When no rectcmqular pulse is applied to the input, 
triode V 1 is conducting and effectively shuntinq R2 and 
Cl. As the negative rectanqular input pulse is applied to 
the grid of V 1, conduction of V 1 ceases and the plate 
voltage rises towards the supply value generatinq the lead­
ing edge of the trapezoidal sweep waveform. The cuttinq 
off of V 1 acts like openinQ a switch, and causes capacitor 
Cl and resistor R2 to be brouqht into circuit action. An 
equivalent circuit with correspondinq waveforms is shown 
in the accompanyinq illustration for ease of understandinq, 
Capacitor Cl charges up to towards the value of the plate 
supply voltage throuqh resistors R] and R2 at a rate de-
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pendent on the producr of C1 times the sum of Rl and R2. 
The output is taken across capacitor Cl and resistor R2. 
Thus, as capacitor C 1 charqes, the voltaqe drop across R I 
appears at the output. The output voltaqe increases toward 
the plate voltage supply at the charqinq rate of capacitor 
Cl until the end of the neqative rectanqular input pulse 
occurs. At this time, the positive trailinq edQe drives VI 
into conduction, removinq capacitor C 1 and resistor R2 
from the circuit action by effectively closinq the triode 
switch srown in the illustration of the equivalent circuit 
of the sweep qenerator. The circuit remains in this state 
until the next neqative rectanqular pulse is applied to the 
input. The resultant output waveform is a trapezoidal 
pulse for every negative rectanqular pulse applied to the 
input. 

RI 

CI 

RZ 

Equivalent Trapezoidal Sweep Generator Circuit 

The trapezoidal pulse is applied to a sweep ampli-
fier where it is amplified before beinq applied to the sweep 
coil circuit. A typical sweep amplifier is shown in the 
accompanyinq illustration. Capacitor C1 is a couplinq 
capacitor and the qrid of V 1 is returned to qround throuqh 
grid resistor RI. Cathode bias is provided by resistor R2 
and R2 is bypassed by capacitor C2 to prevent any de­
generative effect. Vacuum tube VI is a beam power tube, 
used because of its hiqh power sensitivity. Power ampli­
fication is required to provide sufficient current to the de­
flection coils. The coils may require from .so to 100 milli­
amperes of current for maximum deflection. Inductance Ll 
and resistance R3 comprise the deflection coil and act as 
the plate load for the sweep amplifier. The output wave-­
form, at the plate of VI, is trapezoidal. As this waveform 
is applied to the deflection coil, it becomes resolved to a 
sawtooth waveform across the resistance of the coil, cmd a 
square waveformocross the inductance. The square wave 
across 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 Hondbook). 
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The PPI sweep starts at the center of the CRT, and 
moves radially outward to the periphery of the CRT. The 
sweep trace position is made to indicate tarqet bearinq (or 
azimuth) by rototinq it in synchronization with antenna ro­
tation. This can be accomplished by any of several methods 
in two general categories. 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 usinq 
synchronous motors connected to the same power supply 
which drives the antenna and the deflection yoke; or it 
may be accomplished by usinq electromechanical repeaters 
to provide proper synchronization. The accompanyinq fiq­
ure illustrates how deflection is produced at the cathode 
ray tube. 

The second method is to use an electrical azimuth 
sweep which uses 0 stationary deflection yoke. The 
amplitudes of the sawtooth sweep currents are varied 
sinusoidally, from zero to maximum, correspondinq to the 
rotation of the antenna. Furthermore, there is a 90 0 phase 
difference between the amplitude variations of the hori­
zontal and vertical sawtooth waveforms. The sinusoidal 
variation is such that at maximum amplitude of the vertical 
sawtooth siqnal, the sweep will extend from the center of 
the CRT to the top of the CRT, or the maximum vertical 
position, which usually represents north. The amplitude 
of the horizontal deflection sawtooth waveform is zero, at 
this time. Thus, the sweep does not extend in the hori­
zontal direction at all. If the sweep were to represent 
East, or 90 0 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 goo east 
of the direction of travel, the amplitude of the vertical saw­
tooth becomes neqativej and, once the sweep travels be­
yond South, or lBOo from the direction of travel, the hori­
zontal sawtooth amplitude becomes neqative also. The 
accompanyinq fiqure shows the deflection coil currents for 
electrical azimuth sweep. 
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CURRENT 

o· 
I 
~ I REVOLUTION OF ANTENNA 

Deflection Coil Currents for Electrical 
Azimuth Sweep 

In order to obtain two sinusoidally varyinq sawtooth 
waveforms, havinq a 90 0 phase difference, a rotary trans­
former is used. This transformer resembles a small electric 
motor and has two secondary windinqs. which are mounted 
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at right angles to each other in the stator housinq. The 
primary is mounted on the rotor"which is driven by the ro­
tating antenna. A trapezaidal·wave qenerator is cnnnected 
to the primary windinQ by means of slip rinqs. As the rotor 
is turned, the voltaqe obtained from either secondary varies. 
Maximum voltage is obtained from one secondary when 
2.ero voltage is obtained from the other. The transformer 
is so constructed that the amplitude of the output voltaqe 
varies sinusoidally with the rotor anqle. The amplitudes 
of the trapezoidal output voltages, then, vary sinusoidally, 
end are 900 apart in phase. The trapezoidal output voltaqes 
are applied to separate power amplifiers. The required saw· 
tooth sweep currents are obtained. at the output of the 
power amplifiers. Sweep c1rnnpers are usually used to 
keep the reference level constant, and cause every sweep 
to start at the same point on the CRT. 

It was mentioned previously that .the start-stop multi­
vibrator has an output applied to the control qrid of the 
CRT and to the marker generator, as well as to the sweep 
generator. A positive gate produced by the multi vibrator 
is applied to the CRT control qrid. This positive pulse 
increases the electron flow between the cathode and the 
[ace of the CRT, and permits the intensity of the trace to 
lnaease durino the period that the timino pulse is applied. 
This is in reality an unblankinq qate which permits the 
CRT to be operated at the desired time. 

The neqative rectanqular pulse applied to the marker 
~enerator from the start-stop multivikrator is used to trio-
ger the production of range marks on the screen of the CRT. 
These range marks provide a means of determininq repre­
sentative distances of tarqets from the oriqin. A typical 
range marker generator is shown in the accompanying 
illustration. It is comprised of four triodes, the first of 
which (VI) acts as a switch for triodes V2 and V3, which 
can only conduct when V J is cutoff. Triodes V2 and V3 
form a complete path for the series resonant circuit Ll C3, 
ar L2 C4, which determines the frequency of the ranqe mark 
pulses. Transformer Tl differentiates the output waveform 
of V3 before being applied to V 4, which serves as a cathode 
follower output stage. Capacitor C 1 is an input couplinq 
capacitor, and resistor RI establishes contact bias for VI. 
Resistor R2 is a plate voltaqe droppinq resistor to provide 
VI with a lower potential than the plate voltaqe value of 
V2 Resistor R4 is a common plate load resistor for 
triodes Vl and V2. Resistor R3 places the cathode of VI 
at a less positive potential than the cathode of V2 Re­
sistor R5 holds the grid of V2 at approximately zero bias. 
Resistor R6 serves as a return to qround for the qrid of V2, 
and capacitor C2 places the qrjd of V2 at an a-c qround 
potential. Resistor R7 places the cathode of V2 at some 
less positive potential than the cathode of V3. Resistor 
RB is part of a cathode bias voltaqe divider on the cathode 
of V3. The di vider consists of R3, R7 and R8 which places 
different fixed bias on the cathodes of VI, V2, and V3 re­
spectively. The primary of Tl serves as a plate load for 
triode V3. Capacitor C5 couples the differentiated waveform 
to the grid of the cathode follower, V4. Resistors Rll and 
R9 place the grid of V4 at some hiqhly neqative potential. 

CHANGE 2 

0967·000-0120 CRT CIRCUITS 

Resistor RlD provides a d-c return to around for triode V 4 
and together with Rll fonns a bias voltage divider between 
the negative 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 startinq pulse 
from the start-stop multivibrator, the triode V 1 is conduc­
ting, which keeps the plate voltage at a low value. This 
low voltaqe prevents the plate voltaqe of V2 from beinq 
hiqher than the qrid voltaqe of V2 This low plate voltaqe 
of VI also causes the potential at the qrid of V3 to be 
less positive than the cathode and of sufficient neqative 
value to cutoff the tube. With V3 cutoff no output siqnal is 
developed. 

When the neqative sweep start pulse is applied to 
capacitor el, triode V J is cutoff, which causes the plate 
voltage of V 1 to increase, and the voltaqe on the plate of 
V2 to increase, and at the same time causes the qrid volt­
age of V3 to increase. With the increased qrid voltaqe, 
V3 conducts completinq the circuit containinq triode V3, 
the series resonant circuit of L 1 C3 or L2 C4, triode V2, 
and the primary of T 1. A pulse type waveform is produced 
by this circuit with a frequency dependent on the value of 
theresanantcircuit. Thewaveform is applied to transformer 
T -I, where it is differentiated by the inductance in conjunc­
tion with the resistance of the primary before being coup­
led to the secondary of T 1. From the secondary of Tl, 
the differentiated pulses are applied to the qrid of cathode 
follower (V4) throufjh capacitor C5, which blocks out any 
d-c component. The output 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 also 
limited to positive pulses by the high neqative bias on 
the grid of V 1. These positive pulses are then applied to 
the control grid of the CRT to increase the intensity of the 
trace at the point where the ranqe marker rinqs are to occur. 

The video sic;"JOI is applied to a biased video limiter, 
where the Signal is made to vary above a specific level, 
so that the Signal will not become so negative as to 
cause bloominq on the screen. A schematic of the video 
limiter is shown in the accompanyinq illustration. The 
limiter consists of only three components; resistor Rl, 
used to drop the applied voltaqe when diode VI, the 
second component, is conductinq, and voltaqe source Ecc, 
the third component, used to establish the limitina level. 

With no siqnal applied there will be no siqnal output. 
When a positive siqnal is applied, it will appear at the 
output unaffected by the limitinq diode and the voltaqe 
source Ecc, since the nonconductinq diode acts as an oper 
circuit. Even as the siqnal beqins qoinq neqative, the 
signal will remain unaffected; since the neqative voltaqe 
on the plate of V 1 is qreater than the applied neqative siq­
nal, thereby maintaininq VI in the nonconductinq state. 
When the signal becomes as negative as Ecc, VI beqins 
conductinq, and the output is now Ecc. Even when the 
input becomes more neqative, the output still remains at 
the value of the source voltaqe Ecc. The output voltaqe 
will vary as the input signal only when the input siqnal 
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Range Marker Generator 

RI 

INPUT OUTPUT 

ECC 

I+ 

O----------~_~--__ O 

Video Lillit.r 

becomes more positive than Eee. 
The output voltage of the video limiter is applied to 

a video amplifier, or several video amplifiers, where the 
voltage is increased in Gain before beinq applied to the 
cathode of the CRT. A typical video amplifier is shown in 
the accompcmyinq illustration. Resistor Rl is the qrid leak 
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resistor, and resi:stor R2 is the cathode bias resistor, 
which, along with R 1, establishes the total qrid bias. R2 
is made variable to regulate the qain of the amplifier. 
Capacitor C2 is the cathode bypass capacitor, which by­
passes the a-c siqnal to qround and prevents deqeneration. 
R4 is the screen qrid droppinq resistor, and capacitor C1 
is the screen grid bypass capacitor. The load consists of 
resistor RS, and resistor R6; however, at hiqh frequencies 
the signal bypasses R6 throuqh capacitor C4. Capacitor 
C5 is the coupling capacitor to the followinq staqe. 

LI 

INPUT RI 

Video Amplifier 

1V\r 
{~ 0 , , 

L2 * C6 OUTPUl 

f----o , 
R5~ 
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Up to this pOint, the components which were discussed 
could form a common amplifier. The remaininq components 
add to the previously discussed com~nents to form the 
video amplifier. Inductance Ll is a series peakinq coil, 
which functions as a series filter for passinq required 
frequencies. It also isolates circuits precedinq it from 
circuits followinq it. Resistor R3 aids Ll by extendinq 
the effects of L I and broadeninq the Q characteristics. 
Inductance L2 is a shunt peakinq coil, which forms Q 

parallel resonant circuit with the distributed capacitance 
(C3) and provides a high impedance for the siqnal. Capaci­
tance C6 is the inter-electrode and distributed capacities 
of the followinq staqe. Vacuum tube VI is 0 pentcxle. 

The neqative signal cominq from the video limiter is 
applied directly to the grid of the tuhe V I, decreosinq the 
cooducticn of Vl and varying it in accordance with the 
signal variation, and at the same time establishinq a bia,s 
level through resistors Rl and R2 'The variation in con­
duction rate of Vl produces an oppositely voryinq plate 
output voltage, which is developed across resistors RS and 
R6. The hiqher frequencies of the signal, which would 
1¥XII1a11y be lost or distorted by distributed capacitance 
(C3) and the interelectrode capacity, are passed undis­
torted by means of the series peakinq (Ll) and shunt 
peaking coils (L2) inserted in the amplifier. These coils 
form resmant circuits with the effective capacities, per­
mitting the hiqher frequency siqnals to be passed easily 
to the output and preventinq these frequencies from beinq 
shunted to ground. (For a more detailed discussion of 
video amplifiers refer to section 6 of this handbook.) One 
or several video cnnplifiers may be used to provide the 
deSired amplitude of output siqnal. 

fAILURE AHALYSIS. 
Start-Stop Multivibrator. 
No O"tput. Since the start-stop multi vibrator is re­

sponsible for producing synchronized sweep, ranqe markers. 
and intensified trace durinq the time that information is to 
be presented. a defect 1n this circuit will affect each of 
these areas. If no output occurs it will be difficult to 
localize the trouble. since no SfX)t will appear onthe CRT. 
This effect can also be caused by the sweep qenerator or 
sweep amplifier havinq no output. 

The no-output condition, in the start-stop multi vibrator • 
may be due to lack of siqnal or lock of plate supply voltaqe. 
Clteck the signal with an oscilloscope at the input of the 
multivibrator. Check the plate supply voltaqe with a volt­
meter. If the no-outp.lt condition exists and there is plate 
supply voltage, the coodition may be due to a combination 
of faulty components. If resistors R3 and R4 were both 
open, or if triooes VI and V2 were both defective. the no­
outPJ,t cCll.dition would occur. Measure the resistors on a 
ohmmeter. If the coodition still exists, triodes VI and "'{2 
are probably defective. 

Low or Distorted O"tput. If a low or distorted output 
occurs in the start-stop multivibrator, it becomes more 
apparent that the trouble is in this staqe. rather than the 
sweep generator or the sweep amplifier, since each one of 
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the three applications of themultivibrator 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 R3, shorted or open plate load resistor R4, shorted 
or open bias resistor RI, shorted or open bias resistor R2, 
shorted or open capacitors Cl or C2, improper plate supply 
voltage, defective triode V I, defective triode V2, or im· 
proper input siqnal. 

To detennine which of these component failures is 
responsible for the condition, make the followinq checks: 
measure the input siqnal with an oscilloscope; measure 
the plate supply voltage with a voltmeter, and 
adjust the supply for the proper voltaqej measure the re-­
sistots with em ohmmeter to be certain that they are of 
the proper ohmic value and- within tolerance; and measure 
the capacitors with an in-drcuit capacitor checker. If 
these components have been dlecked and the condition 
still exists, triodes VI and V2 are probably at fault. 

Trapezoidal Sweep Generator. 
No O"tp"t. If no output is obtained at the output 

tenninals of the sweep qenerator, no sweep is produced 
and the cathode ray tube will indicate only a sinqle spot 
at the origin of the sweep. 

A no-outPut condition may be due to any of the followina 
circuit failures: 00 plate supply voltaqe, open resistor Rl, 
open capacitor CI, or open resistor R2 To determine which 
of these is responsible for the ncroutput condition, first 
check the input siqnal with an oscilloscope. Check the 
plate supply voltage with a voltmeter, and adjust the supply 
voltage to the proper voltage value. Check resistors RI 
CIld R2 with an ohmmeter, and check capacitor CI with on 
In-clrcult capacitor cheeke<. 

Low Dr DI.tort.d Outp"t. If a low Or distorted output 
is obtained at the output terminals of the sweep qenerator, 
and the proper input signal is applied, the fault may be due 
to any of the same component failures that occur in the 
no-output condition. plus the possibility of a defective 
triode, VI. The same checks apply in the low or distorted 
output condition as in the no-output condition. If these 
checks do not locate the trouble, triode VI is probably 
defective. 

Sweep Amplifier. 
ND O"tput. If no outPUt is obtained at the output 

terminals of the sweep amplifier, no deflection will be 
produced and the trace will be in the form of a sinqle dot 
at the oriqin of the sweep. 

A IlCKlUtput condition may be due to any of the fol­
lowing circuit failures: open capacitor CI, no plate supply 
voltage, no in~t Signal, or a defective triode, VI. 

To determine which of these failures is responsible 
for the no-output condition, use the followinq checks: 
measure the input siqnal with an oscilloscope; measure 
the plate supply voltage with a voltmeter, and adjust the 
source if it is the cause of the conditionj measure caIXlcitor 
Cl with an inooeircuit capacitor checker. If these checks do 
not locate the trouble, triooe VI is probably defective. 
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Low or Distorted Output. A low or distorted output 
may be due to any of the followinq circuit failures: 
shorted cap:JCitor Cl, shorted or open resistor Rl, 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 res\X)n­
sible for this condition, make the followinq checks: 
measure capacitors Cl and C2 with an in-circuit capaci­
tor checker; measure the values of resistors Rl and R2 on 
an ohmmeter; measure the plate supply voltaqe source with a 
voltmeter, and adjust the source to the proper plate supply 
voltage. If these checks do not lead to the defective p:ll't, 
triode VI is probably defective. 

Ranqe Marker Generator. 
No Output. A no-output condition in the ranoe marker 

generator will result in no ranqe markers beinq produced 
on the face of the CRT. This condition may be riue to any 
of the following circuit failures; no plate supply voltage, 
defective triode V2, defective triode V3. open or shorted 
transformer T J, open inductors Ll or L2, open capacitors 
C2 or C4, open capacitor C5, open or shorted resistor 
Rl2, or defective triode V4. 

To determine which of these components is at fault. 
make the followinq 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 Ll, L2, cmd the primary and 
secondary windings of transformer Tl. 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 
coo.dition still exists after all other checks have been 
made, triodes V2, V3, and V4, and probably defective. 

Low or Distorted Output. Low or distorted output may 
result in improperly situated. ranqe marks on the screen 
of the CRT. This condition may be due to any of the 
following circuit failures, providinq the proper input 
signal is awlied: improper plate supply voltaqe, shorted 
capacitor C 1, shorted capacitor C2, shorted capacitors 
C3 or C4, shorted capacitor C5, shorted inductors Ll or 
L2, shorted or open trcmsformer TI, shorted or open re­
sistors RI, R2, R3, R4, R5, R6, RI, RIl, R9, RIO, or RlJ; 
or defective triodes V 1, V2, V3, or V 4. 

To determine which of the components is responsible 
for the condition, make the followinq 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 ohmmeter; 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 correctinq 
any of the possible foreqoinq failures, the tubes are 
probably at fault. 

Video Umiter. 
Since the video umi ter is composed of three compo­

nents the failure cmalysis may be Simplified. 
No Output. In order to have a no-output condition, an 

open resistor R 1, an open bias supply voltaqe Ecc, or a 
defective diode V 1 would have to exist. This no~utput 
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condition would result in no indication of the tarqet as 
well as no indication of the area being scanned. 

To determine which of the three components is respon­
sible for the ncxmtput condition, measure the bias suwly 
voltage with a voltmeter and adjust it if it is not the 
correct value; measure resistor RI and check VI. 

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

Video Amplifier. 
No Output. A no-output condition in the video ampli­

fier would result in no visual representation of the tarqet 
or scanned area. This condition may be due to absence of 
Signal, absence of plate supply voltaqe, open resistor R6, 
open resistor R5, open inductor L2, shorted capacitor C4, 
open capacitor C5, or a defective pentode V.L 

To determine which of these components is defective -
make the following checks: measure the input signal with 
an oscilloscope; check the plate supply voltage source 
with a voltmeter and adjust the source to the proper value, 
if it is not the proper voltage, check resistors RS and R6 
with an ohmmeter; check inductor L2 with an ohmmeter, an 
check cap:1citors CS and C4 with an in-circuit cap:1citor 
checker. If the no-output condition still exists after these 
checks and corrections have been made, pentode VI is 
probably at fault. 

Low or Di storted Output. A low or distorted output 
may be caused by anyone of the actual circuit components 
being defective, or an improper input siqnal. 

To determine which component is at fault, use the 
followinq procedures: check the input siqnal with an 
oscilloscope, ched< the plate voltaqe supply with a volt­
meter and adjust the supply voltage to the correct value, 
if it is not at the correct value. Check all resistors with 
an ohmmeter and check the ohmic values of inductors Ll 
and L2 with an ohmmeter. Check cap:1citors with an in· 
circuit capaci tor checker. If all of these checks do not 
locate the defective component, pentode VI is prob:lbly at 
fault. 

OTHER TYPES OF ELECTROMAGNETIC SCANS. 

APPLICATION. 
Of the remaininq types of electromaqnetic scans three 

general types are probably encountered more often thon 
any others. These scans are the spiral, the RHL and 
TV scans. The spiral scan is usually used for ranqe 
measurements where it provides a much longer time base 
than is available for circular or linear scans. The RHI 
SCQn is used where it is desired to determine the range an 
target height as a speCial radar presentation, and the 
television (TV) scan is used to reproduce scenes or 
imaqes. 
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CHARACTERISTICS. 
A lonq persistence type of CRT is used with the RHI 

and spiral scans, while a medium persistence CRT is 
used with the TV scan to prevent blurrinq of themovinq 
images. 

In the RHI scan the horizontal 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, dependinq 
upon desiqn. 

The TV scan uses a two field, odd-line interlaced 
scan operatinq at 3J frames vertically per second, and 
5251ines horizontally, (0 sweep frequency of 15750 Hz). 

S::anning begins at top left of the CRT and travels to 
the right and down. 

Each frame consists of 525 individual horizontal 
scanninq lines which move from top to !:ottom. 

CIRCUIT AHALYSIS. 
General. The spiral scan, the RHI scan, and the TV 

scan are all produced by means of an electromaqnetic de­
flection system; however, each may be produced by an 
electrostatic deflection system for special applications. 
The spiral and the RHI scans are similar in circuitry and 
in operation to peviously mentioned CRT scans. The TV 
scan is unique iLl comparison to these scans, since, this 
type of scan produces a detailed reproduction of a specific 
scene or imaqe. 

An RHI scan is similar to an off..-center PPI scan, 
but has an elevution or heiqht indication in place of what 
would normally bethe azimuth or bearinq indication, as 
shown in the accompanyinq illustration. 

TARGET 
INDICATION -

Range Height Indicator Scan 

MOVABLE 
HEIGHT 

LIN!!: 

The actual representation of the trace on the CRT 
originates at ,he lower left side of the screen and extends 
horizontally t) the riqht, and vertically at the same time, 
resultinq in an anqular type display. The horizontal dis· 
tance represents the ranqe and the vertical distance repre­
sents the heiqht. The oriqin of the trace represents the 
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radar location. There are equidistant vertical lines alonq 
the anqle of the display, which are ranqe markers. A 
movable horizontal line appearinq across the pattern is 
used to determine the heiqht of the tarqet. Tarqets appear 
as intensified portions of the trance on the CRT. 

The spiral scan is used when linear and circular 
traces do not hove a sufficiently lana time bases to record 
certain data wi th the required accuracy. The spiral scan 
is evolved from the circular scan, as used in PPI and is 
shown in the accompanyinq illustration. 

TARGET INDICATION---,f.4~e;.-~~~ 

RETRACE LINE 

Spiral Scan 

The ranqe of the scan can be varied by chanqinq the 
number of turns in the spiral. The sweep rotates at a 
constant rate of speed, so that equal divisions alonq 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. 
It is poSSible, too, that the spiral scan may start at the 
periphery of the ture 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. Tarqets 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 scanninq a 
written paqe. It moves from the top left to the riqht and 
rapidly returns to the left, only sliqhtly further down from 
the tap than the previous line. It mOves this way until 
reaches the oottom of the sweep on the right side. This, 
however, only constitutes half of a complete frame. To 
complete the second half frame the sweep is rapidly re­
turned to the top center of the CRT. The first line in the 
secxmd half frame descends less than the first line in the 
first half frame, since the second half frome 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 scanninq lines 
I::etween the lines that were scanned durinq the first half 
frame. 
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• 
HORIZONTAL TV TRACE 

• 
VERTICAL TV RETRACE 

TV Scan 

NAVSHIPS 

FIRST FIELD 

SECOND FIELD 

The TV scanninq sequence when lookinQ at the picture 
tube is shown in the accompanyinq fiqure. The scanninq 
spot starts in the upper left hand corner and travels at a 
uniform rate from left to right alonq lines that lie at a 
distance below each other as shown by the solid Hnes in 
the figure. When the end of a line such as ab is reached 
the scanninq spot quickly returns to the left (that is from 
b to c) to start new line cd. Durinq this return interval the 
spot is blanked out and so is not shown in the fiqure. As 
the scanninq spot moves back and forth across the tube, 
the spot also moves downward at a constant rate. Hence 
the lines in the fiqure are sliqhtly sloped l and each line 
begins at a level that is a little below the end of the 
previous line. When the mUom of the picture is reached 
(point e in the figure), the spot quickly returns to point f at 
the top of the picture, while maintaininq the back and forth 
horizontal line motion uninterrupted. Since the time re-­
Quired to travel from e to f corresponds to the passaqe of 
a number of lines, the spot traverses a path similar to that 
shown in the retrace Hqure as it goes from e to f. This 
return pattern is not seen by the eye, however, as the spot 
is blanked out during the return. 

The standard television picture takes liB] second to 
go from the top to the bottom of the picture and return to 
the top. Durinq this time, which is called one field 262.5 
lines are transmitted. Because each field contains a half 
line, the next field lies between the lines of the first Held 
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as indicated by the dotted lines in the Hqure; thus succes­
sive fields are interlaced. The complete picture, called a 
frame, therefore, consists of 525 lines and is transmitted 
in 1/3) second. The oriqinol pattern showinq the trace 
lines is what is observed on a television receiver in the 
absence of a picture, and is termed the raster. Interlacinq 
makes it possible to avoid flicker while usinq 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 qive the illusion of con­
tinuous motion under nearly all circumstances, lerqe briqht 
areas repeated 3J times per second will have a noticeable 
flicker. By interlacinq, a flicker rate of 60 hertz is 
achieved which is too hiqh to be perceptible; at the same 
time the picture is repeated only 3J times a second. 

RHI Circuit Operation. The block diaqram of a tYPical 
RHI scanninq system is shown in the followinq illustration. 
Since the operation of each baSic circuit is described in 
detail in other sections of this Handl:lClOk, description of 
circuit operation is limited to the effect of each individual 
stage on the total scan system. 

The first circuit to be considered is the qate circuit 
stage. It produces positive and neqative qates occurrinq 
at the trigqer input frequency which switches the ranqe 
sweep circuit, the heiqht sweep circuit, the heiqht line 
generator, and the intensifier and intensity compensation 
and, in addition, a special count~own qate which is used 
to gate the ranqe marker circuit staqe. The ranqe sweep 
generator is one of two staqes required to produce two 
linearly increosinq, mutually perpendicular, maqnetic de­
flection fields. One maqnetic field, causinq horizontal 
movement of the beam, is produced by current in the ranqe 
sweep deflection coil as a result of the voltaqe produced by 
the range sweep generator. The rate of increase of the 
range maqnetic field is proportional to the cosine of the 
elevation cmgle of the antenna. The ranqe sweep qenerator 
transforms a d-c reference voltaqe into the linearly in­
creasing 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-c reference voltaqe. 

The heiqht sweep qenerator staqe also produces a 
linearly increasing maqnetic deflection Held. This maqnetic 
field supplies the vertical component of the CRT beam de­
flection. The rate of increase of the maqnetic field is 
dependent on the d-c reference voltage, which in turn is 
proportional to the sine of the anqle of the antenna ele-­
vation. The rate at which the vertical maqnetic Held 
increases determines the speed at which the beam moves 
vertically on the screen. 

The neqative qate from the qate circuit staqe is ap­

plied to operate the intensifier and intensity compensation 
circuit stage. This stage has two functions. One function 
is to allow signals to appear on the CRT only durinq the 
sweeping periods. During the intervals between sweeps 
the CRT is blanked off. The other function is to keep the 
intensity of the CRT signals constant with the chanqes in 
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range, pulse repetion rate, and the elevation anqle. Intensi· 
ty compensation is produced by automatic variation of the 
d-c voltage cn the cathode of the CRT. 

The ranqe marker qenerator circuit produces equally 
spaced rang(' markers. The range markers are applied to a 
video amplif er where they are amplified, and then applied 
to the qrid 0'. the CRT. The noddinq of the antenna causes 
the markers to appear as briqht lines on the sweep. 

The vidEJ amplifier staqe amplifies the video tarqet 
signals received from the radar receiver. It also amplifies 
the range markers, the heiqht line pulses, and the ranqe 
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line input siqnals, and mixes them with the video siqnal. 
The amplified signals are applied to the CRT control qrid. 

The sector qatinq circuit, which has its output connected 
to the video amplifier staqe, allows only those tarqets 
present in a selected azimuth sector to appear on the CRT 
face. It also determines the angular width of the sector to 
be viewed. 

The servo amplifier staqe supplies voltaqe to a motor 
which dri ves a sector qatinq synchro rotor. The position of 
the synchro rotor determines the bearinq of the azimuth 
sector viewed on the RHI scope. The position of the sector 
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gating synchro rotor al ways corresponds with the settinq of 
the manual sector control. 

The resultinq RHI sweep appears on the CRT as a 
wedqe. The vertex of the wedqe, correspondinq to the 
origin of the trace, appears at the left lower portion of the 
screen. The horizontal distance of the trace corresponds 
to the range, and the vertical distance of the trace corre­
sponds to the height or elevation of the trace. The ranqe 
indicating marks are vertical lines, of intensified trace 
wi.:'"l cingular compensation, equidistant alonq a horizontal 
plane. The height line is a horizontal line of intensified 
trace. The video infonnation cominq from the radar re­
ceiver, which represents tarqets within the selected sector, 
prcduces intensified portions of the trace at the ranqe and 
heiqht positions on the display correspondinq to the actual 
location of the target from the radar location. 

Spiral Scan CIrcuit Operation. A typical block diaqram 
of the spiral scan producinq system is shown in the follow· 
ing illustration. Since the operation of each basic circuit 
is described in detail in other sections of this HandbJok, 
Circuit operation will be limited to the effect of each staqe 
on the total system. 

The primary controllinq state is the start-stop multi vi­
brator. It converts an external neqative timina pulse into a 
number of square wave pulse to the sweep qenerator staqe, 
results in a 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 output is ~ 
plied to the sweep amplifier stage. 
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The application of the neqative square ','love pulse. 
from the start-stop multi vibrator staqe, to the trapezoidal 
qenerator staqe also results in a trapezoidal output. This 
trapezoidal output, unlike that of the sweep qenerator 
stage, is not of the same duration as the input pulse. but 
occurs for a lonqer period of time. This period of time 
normally is an even multiple of the input pulse. The ratio 
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 staqe. is also applied to the sweep ampli. 
fier staqe. 

The neqative square wave pulse output from the start­
stop multivibrator staqe is also applied to the markers 
generator staqe, where short duration marker pulses are 
produced for application to the CRT control 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 staqe is applied to the control Qrid of 
the CRT. TIlls pulse provides unblankinq of the sweep 
on the CRT durinq the period that it is applied. 

The trapezoidal sweep pulses produced by the sweep 
generator staqe and the varyinq amplitude trapezoidal 
pulse from the trapezoidal generator staqe are combined 
in the sweep amplifier stage and amplified. The addition 
of the increasinq trapezoidal pulse to the sweep pulses 
produces a continually increasinq sawtooth sweep of cur­
rent throuqh the deflection coils while the yoke rotates. 

,-~F=====fl ROTATING 
YOKE 

INTENSITY 

Spiral Scan System Block Diagram 
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The resultinq sweep on the CRT is similar to that of 
the PPI sweep, with the exception that each pulse pro-­
duced. by the sweep qenerator staqe does not produce a 
scanning 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 occurrinq 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 rotatinq 
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 staqe 
where any portions of the siqnal extendinq beyond the 
limiting voltaqe level are clipped off. The limited siqnal 
is applied to a video amplifier staqe. The video amplifier 
stage amplifies the limited video signal. This amplified 
and limited video siqnal 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 as a spiral, 
with the sweep oriqinating 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. Equi­
distant intensified points on the spiral sweep correspond 
to ranqe indication marks. Any other intensified points or 
sections of the spiral, or extra-intensified ranqe marks 
correspond to tarqet indications. 

Television Scan Circuit Operation. The typical block 
diagram of a television scanninq system is shown in the 
accompanyinq illustration, the scanninq system comprises 
approximately one third of the complete television receiver. 
The synch (pulse) separate staqe, which contains a limiter, 
an inteqrator and a differentiator is not actually part of the 
scanning system of the receiver, but is included in the 
block diaqram to qive a more complete description of the 
development of vertical and horizontal sweep pulses. 

Actually the inteqrator and differentiator staqe consists 
of only a resistor and capacitor combination. The clipper 
circuit eliminates all portions of the composite video siqnal 
below the synch pulse level. The differentiator network 
segregates the horizontal pulse information from the com­
bined horizontal and vertical pulse waveform, and applies 
the inteqrated waveform to the vertical sweep staqe. 

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

The frequency stabilized horizontal synchronizinq 
pulses are applied to a free-runninq multi vibrator to de­
velop a sawtooth output waveform. This multivibrator, the 
horizontal oscillator, operates at a frequency which is 
slightly lower than the synchronizinq pulse frequency. The 
synchronizinq pulses, then, triqqer the multi vibrator into 
action at the synchronizinq pulse frequency. 

A portion of the output of the horizontal oscillator is 
fed back to the afc circuit to stab1ize the horizontal fre­
quency, and the stabilized output is applied to a sweep 
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cunplifier, where it is amplified and coupled to the hori­
zontal deflection coil through a transformer. A sawtooth 
current is developed in the horizontal deflection coil which 
electromagnetically sweeps the CRT electron beam hori­
zontally. The horizontal output transformer is also used to 
furnish the high voltage for the CRT anode, and a dampinq 
cirCuit is connected across the deflection coil and output 
transformer secondary to prevent continuous shock oscil­
lations from occurinq in the horizontal deflection coil durino 
the retrace time of the sweep. The damper circuit is also 
used to furnish on additiooal d-c boost voltage for the 
oorizontal oscillator as shown in the b10ck diaqram. 

The inteqrated plrtion of the synchronized pulse wave­
form, when applied to the vertical oscillator, triqqers 
the vertical oscillator stage and a free-running multi­
vibrator when the value of the inteqrated waveform reaches 
a certain amplitude. The integrated 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 sawtooth 
type waveform occurrinq at the triqqerinq level rate of the 
inteqroted waveform. 

The output of the vertical oscillator is applied to the 
sweep omplifier stage of the vertical sweep network. Here 
the vertical sweep waveform is amplified and coupled to 
the vertical deflection coils, causinq a sawtooth current to 
be developed, which electromaqnetically 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 15.7':fJ Hz 
which is approximately :000 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. Durinq the next vertical 
sweep an additional 262.5 horizontal lines are scanned 
from top to ixlttom of the CRT at the same rate of 60 times 
a second. These lines interlace between those which were 
scanned. durinq the first half frame. A total of 525 hori­
zontal scarminq lines are used to provide qreater detail in 
the picture. The reason for scanninq only 262.5 horizontal 
lines for only one vertical sweep rather than scanninq 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 3J times a second and cause the display to 
flicker. 

The TV scan moves much as human eyes do in sccm­
ning a written page. The scan starts at the top left hand 
side of the CRT screen and proceeds horizontally to the 
riqht with a very sliqht downward movement at the same 
time. The scan is rapidly returned to the left side. After 
completinq the first hori70ntal scanninq line the CRT is 
blanked out so that it is incapable of producinq a visible 
line during this retrace period. Upon beinq returned to the 
left side of the CRT, the next scan line is displaced sliqht­
ly further down than the startinq point of the first scanninq 
line and the CRT is unblonked 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 bottom center of the 
CRT. Upon reachinq this point, the scan aqain is blanked 
out durinq the vertical retrace and is rapidly brouqht back 
to the top center of the CRT. The same scanninq procedure 
as described for the first half-frame occurs for the second 
half-frame, only this time the scanninq lines are inter­
laced between those scanned durinq the first half-frame. 
The result is that a complete picture appears on the CRT 
screen 3J times a second, with half of this picture chanqinq 
60 times a second to eliminate flicker. 

CHANGE 2 

FAILURE ANALYSIS. 
itHI han. In order for a noo{)utput condition to exist. 

which iE :haracterized by no indication of any kind on the 
CRT, a faulty power supply or a failure in each of the 
circuits comprisinq the system would have to occur. It is 
hiqhly unlikely that every circuit in the system would fail. 
so 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 me several types of low or distorted outputs 
associated with the RHI system. By lookinq at the trace 
on the RHI indicator it is usually possible to determine 
the probable location of the failinq circuit. 
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If there is no indication on the CRT, it is not nec­
essarily true that a no-output condition exists. It only 
means thot either improper pJtenUals are beinq applied to 
the CRT electrodes, the unblankinq circuit is defective, or 
that the CRT, itself, is defective. First determine if the 
proper voltaqes and unblankinq waveforms exist onthe 
electrodes of the CRT, the deflection coils, and the 
centering control with a hiqh resistance voltmeter, and an 
oscilloscope. If the proper voltaqes and waveforms are 
present, the fault 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 precedinq 
stage to locate the defective component. 

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

If improper input voltaqe to the intensifier and intensity 
compensation circuit staqe exists the trouble preceeds 
this staqe. If the qate r:ircuit staqe input is faulty, the in-­
tensity of the trace is not synchronized with the ronqe 
sweep. If it is the qate Circuit staqe itself that is faulty 
there will be no ranqe or heiqht sweep. If the triqqer rnnpli· 
fier and the qate multi vibrator of this staqe are functioninq 
properly there should at least be height and ranqe sweep. 
The trouble may then be in the count..c\own multivibrator of 
this stage. 

If the ranqe sweep qenerator staqe is defective not 
only is the intensity of the sweep affected, but the ranqe 
indication is also incorrect. If this condition is indicated 
by the trace on the CRT, check the input of the rcmqe sweep 
qenerator staqe with oscilloscope to determine if the antenna 
cosine reference input is incorrect and if this is correct, 
check the parts wi thin the staqe. 

If the correct potential appears on the CRT cathode, 
but not on the control qrid, the video amplifier staqe or 
the preceding staqes may be at fault. Check the several 
inputs of the video rnnplifier with an oscilloscope. If all 
the inputs are found to be correct, but the output is faulty 
the trouble must be inthe video cnnplifier staqe. If the 
video amplifier staqe circuits are not faulty the precedinq 
stages must be the cause of the trouble. The presentation 
on the CRT usually indicates which precedinq staqe 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 AI-IT. 
U the trouble is in the sector qatinq staqe the CRT presen­
tation will indicate improper sector anqle or improper selec· 
tion of azimuth. If this indication is apparent check for 
the prQper antenna bearing synchro in~t with an oscillo­
scope. If the sector poSitioning input signal is not ap­
parent at the sector gati nq staqe input the precedinq 
synchro or the servo amplifier stage may be at fault. If 
the synchro is functioning correctly check the servo 
amplifier. 
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If the CRT presentation indicates that there is no 
height line available, the failure is either in the heiqht 
line generator stage, the ranqe sweep qenerator staqe, 
the gate circuit staqe, or the antenna sine reference input. 
H any of these stages, other than the height line generator 
stage, are faulty, other CRT presentation failures will also 
be indicated.. If, however, it is the height line generator 
stage, ooly the height line will be missing from the CRr 
presentation. 

If the CRT presentation indicates that there are no 
range marks, the trouble must exist in the ranqe mark 
generator since any foul ty staqes precedinq the ranqe 
marker generator staqe would affect the presentation in 
some other way. 

If there is no indication of heiqht (or vertical direction) 
on the presentation of the CRT, the failure is in either the 
antenna sine reference input or the heiqht sweep qenerator 
staqe. If the antenna sine reference input is proper and 
present, the trouble must be in the heiqht sweep qenerator 
stage. 

Spiral Scan. Failure of the CRT hiqh voltaqe supply 
or loss of the unblanking pulse would cause the indicator 
to be blank and produce a no-output condition. Check the 
CRT anode voltaqe with a voltmeter, and check the start­
stop multivibrator for a positive unblanking pulse 
using an oscilloscope. Usually observatiCll of the 
indicator will indicate the staqe or staqes which miqht be 
faulty. For example, if there are no ranqe marks visible 
on the spiral trace and the display otherwise appears 
normal, the marker qenerator is most likely at fault. DIeck 
the output of the marker stoqe with an oscilloscope and, if 
no markers appear when an input pulse is applied, the 
marker generator is defective. Ukewise, if ranqe markers 
appear 00 the trace but no targets appear, there is prab::lbly 
00 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 video appears at the output 
with video applied to the input, either the amplifier or 
limiter stages are at fault. Check the video limiter output 
to determine if it is at fault. If there is either no video 
input, or improper video input at the limiter it is obvious 
that the trouble is not in the scanninq system but somewhere 
in the radar recei vinq system. 

If there is no sweep apparent on the CRT but a briqht 
spot exists at the center of the CRT, check for proper 
grid and cathode voltaqe with a voltmeter. If normal, 
either the sweep amplifier, sweep qenerator, or trapezoidal 
generator may be at faul t. Check the output of the sweep 
amplifier with an oscilloscope and both inputs. If the in­
puts are normal but the output is improper the amplifier is 
at fault. If either input is improper the staqe supplyinq the 
improper output is faulty. Also check the input to the 
presumed faulty staqe to make certain the the proper input 
gate is applied. If normal sweep outputs are obtained, 
either the CRT is defective or the deflection yoke is open 
or soorted. Check the resistance of the yoke coils with 
an ohmmeter. 
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TV Scan. Failure of the CRT hiqh voltaqe supply, the 
doo(: 0005t supply or a defective picture tube will usually 
produce Q complete no-output condition with a blank CRT. 
Use a hiGh resistance voltmeter and hiqh voltaqe probe to 
check the high voltaqe, beinq careful to observe full safety 
precautions to avoid the possibility of danqerous shock. If 
the d.-c OOost voltaqe is normal check the electrode voltaqes 
of the CRT. Failure of the d-c boost supply can be 
caused by a shorted filter capacitor, a defective drnnper 
tube or circuit. Check the filter capacitor for a short with 
an ohmmeter and for proper value with an in-circuit capaci­
tance checker. If the boost voltage is low I the damper 
tube is bad. Usually failure of the damper circuit involving 
sweep components, such as a shorted output 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 ohmmeter. Usually 
defects in the sweep will be found in the section at fault. 
I! the horizontal sweep is faulty check the horizontal sweep 
stages from input to output with an oscilloscope the point 
at which the waveform disappears or is distorted will 
usually indicate the circuit at fault. Likewise, for a 
faulty vertical sweep check the vertical sweep staqes for 
input and output waveforms in a similar manner. 

For example, if there is no vertical deflection, or a 
vertically rollinq picture, or some other apparent trouble 
in the vertical scanninq on the CRT, and the electrode and 
coil potentials have been checked, the trouble must exist 
in the vertical sweep staqe or the inteqrator or clipper 
sections of the synch {pulse} separator. First check the 
input waveform- of the vertical sweep amplifier with an 
oscilloscope. If the proper waveform is present but im­
proper 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 staqe. If the input 
to the vertical oscillator is improper the trouble exists in 
the inteqrator or clipper sections of the synch (pulse) 
separator staqe or in prior receiver staqes. Also be certain 
to check that the vertical synch pulses appear in the input 
siqnal to the recei ver. 

If the picture on the CRT is oorizontally rollinq or if 
there are some other apparent horizontal scanninq troubles, 
and the electrode and coil potentials have been checked and 
found correct, the trouble must exist in the horizontal sweep 
stage, the aie stage, or the differentiator or clipper sections 
of the synch {pulse} separator staqe. First check the input 
of the horizontal sweep amplifier with an oscilloscope. If 
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 staqe. If these inputs are correct, but the output 
pulse is incorrect, the trouble exists in this staqe. If the 
input from the synch (pulse) separator stage is proper, but 
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the input feeding back from the horizontal oscillator is 
improper, the trouble is in the feedback circuitry from the 
horizontal oscillator to the afc staqe. If the feedback input 
is proper, but the input from the synch (pulse) separator 
staqe is incorrect the trouble must exist in the differentiator 
or clipper of the synch (pulse) separator, or in precedinq 
receiver stage, or in the horizontal synch pulse contained 
in the input siqnal to the recei ver. 

BLANKING CIRCUITS. 

APPLICATION. 
Blankinq is used in TV. radar. synchroscopes, and 

oscilloscopes to reduce the beam intensity and render 
invisible the retrace portion of the electron ream which 
produces the visible trace on the CRT. 

CHARACTERISTICS. 
Blankinq is dependent on the sweep siqnal. 
Blankinq reduces the intensity of the electron beam of 

the CRT. 
Blankinq is accomplished by application of neqative 

voltaqe to the control qrid. 
Blankinq circuit is a resistor-capacitor combination. 

CIRCUIT ANALYSIS. 
General. Blankinq circuits are used in CRT displays 

to prevent any indication of the retrace line from appearinq 
with the display. This is accomplished by applyinq the 
sweep siqnal to an RC differentiatinq circuit, which de­
velops a rectcrnqular type waveform durinq the sweep dis­
charge period. The rectanqular (blankinq) waveform is 
applied to 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 bios 
so that it increases the CRT bias and causes the electron 
beam to be cut off during the retrace time of the sweep, 
but has no effect an the beam durinq the active portion of 
the tra'e time of the sweep. 

Circuh Operation. A typical RC blankinq circuit is 
shown in the accompanyinq illustration. 
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Capacitor eland resistor R 1 form a differentiatinq 
circuit. Capacitor C2 is a larQe 0< bypass capacitor 
which effectively places the lower end of RI at qround 
potential. The sawtooth sweep voltaqe is applied to Cl 
and the charging current is relatively constant with the 
linear increase of the sweep voltaqe. Thus, the current 
flowing through R 1 remains at a relatively constant and 
low value for the duration of the sweep trace. The volt­
age drop across RI, likewise, remains at a small but con­
stant value for the linear rise of the sawtooth sweep. 
This small positive voltaqe drop is small enouqh, however. 
so that it has little affect on the qrid bias which it opposes. 
The intensity of the electron beam is, then, relative Iv 
unaffected. 

When the sawtooth sweep voltaqe quickly retraces, how­
even, the discharge current change is great and rapid. As 
Cl discharges the high discharqe current throuqh R] pro­
duces a larqe voltaqe drop across Rl which is opposite in 
polarity to the drop produced across RI durinq the sweep. 
This retrace voltaqe series aids the normal negative qrid 
bias applied to the oontrol qrid of the CRT. Hence, the 
bias voltoqe applied to the control qrid of the CRT is now 
a large enouqh negative value to cut off the electron beam 
of the CRT, cousinq the CRT trace to disappear. The 
electron beam remains cut off durinq the entire retrace 
period, and for a short portion of the beginninq of the trace 
period. Greater linearity of the sweep voltaqe and soorter 
retrace time of the sweep voltaqe causes the cutoff of the 
electron beam to extend less into the trace period. 

A similar circuit may be used with a neqative saw­
tooth applied to the input capacitor 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 RI, effectively drivinq the qrid more neqative and 
producinq the same biasinq -off of the beam. 

FAILURE AHALYSIS. 
No Output. If capacitor C 1 were open none of the 

sweep voltaqe would be applied to the differentiatinq 
circuit and thus no voltaqe would be produced across R 1. 
In this case, only the normal grid bias would be applied to 
the control grid of the CRT and blankinq would not occur. 
To determine if CI is defective, check it with an in-circuit 
capacitor checker. If resistor RI 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 RI is open, check the resistance 
with an ohmmeter. If capacitor C2 were open there would 
be no ground return, which would also cause no output to 
result. In order to determine if capacitor C2 is open check 
it with an in-circuit cOJXlCitor checker. If, after checking 
these components, the no output condition still exists the 
sawtooth sweep voltage must be faulty, or the grid bias 
supply voltage must be foulty. By checking the sweep 
voltaqe input with an oscilloscope and the orid voltaoe with 
a voltmeter, the faulty voltaqe will be located. 

Low or Oi stoned Output. If capacitor CI becomes 
shorted the full sawtooth sweep voltaqe will be placed 
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across RI, resultinq in a sawtooth qrid waveform with the 
grid bias voltage opposing it, and the resultant voltage ap­
pearinq at the control qrid of the CRT. To determine if 
capocitor CI is shorted measure the voltaqe between each 
plate of C 1 and qround. If they are equal the capacitor is 
shorted. If resistor RI is shorted no voltaqe can be de­
veloped across it. The voltage apphed to the qrid of the 
CRT Will then be distorted. To determine if Rl is shorted, 
check Rl with an ohmmeter. If capacitor C2 were shorted 
the lower half of Rl would be at d·c qround, and the qrid 
bias supply would be shorted to qround. A certain amount 
of self grid bias would be generated by the flow of qrid 
current throuqh R 1 and any qrid siqnal would probably be 
distorted if it was larqe enouqh to overcome the bias and 
illuminate the CRT. To determine if C2 is shorted check 
the voltaqe between each plate of C2 ondqround. If the 
voltages are equal the capacitor is shorted. If the low or 
distorted output condition still exists the sawtooth sweep 
voltage or the qrid bias voltaqe must be faulty. Check the 
sawtooth sweep voltage with an oscilloscope, and the qrid 
bias voltage with a voltmeter to determine which voltaqe is 
at fault. 

DC RESTORATIOH. 

APPLICA nOH. 
The d-c restorer is used in CRT display systems to 

re-establish the d-c level of the composite-video siqnal, 
which is lost when the video siqnal is applied to the CRT 
controlqrid through a couplinq capacitor from the precedinq 
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 siqnal waveform varies between the reference 

level and some positive value, which is determined by 
the peak·to-peak amplitude of the input waveform. 

CIRCUIT AHALYSIS. 
General. The d-c restorer consists of a diode con­

nected in parallel with the resistor of a conventional R-C 
coupling network. The diode is connected so that when~ 
ever the waveform swinqs in a negative direction the diode 
conducts and produces a short R-C time constant; whel1-' 
ever the waveform swinqs in a positive direction the diode 
does not conduct, and this results in a lonq R-C time 
constant. Thus, two different time constants are produced.-o 
short time constant durinq the neqative half cycle of the 
input waveform, and a lonq time constant durinq the posi· 
Uve half cycle. It is this difference in time constants that 
produces a clamped output voltage at the required d-c 
value, which is applied to the control qrid of the CRT. 
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This voltage restores the d-c component which was 
I blocked by the capacitor couplinq the video mnplifier 

signal to the control qrid of the CRT. 

VI 

CIrCuIt G,.ratlon. A typical d< restorer circuit is shown 
in the accompanying illustration within the dotted lines. 
The cirOJitry outside of the dotted lines is included in the 
illustration to clarify the explanation rnd function of the 
d-c restorer. 

0 "' •• b \""'+ LJ lJ _0 

CRT 
V2 

------, 

R3 

I R2 C2 
I 
I 
I R5 
I 
I 

I 
I 
I 
I 
I 
I 
I L __ ______ J 

.6 

DC Restor.r 

V 1 represents the plate circuit of the video amplifier. 
Ll and Rl are the series peakinq components of the ampli· 
fier. L2 is the shunt peakinq coil and R3 is the plate load 
of the video amplifier. Cl couples the plate of VI to the 
grid of V2, the cathode ray tube. Resistors R4, R6, and the 
d'"C restorer resistor RS form a qrid leak biasinq network 
for the CRT. Resistor R2 and capacitor C2 couple the 
video Signal to the cathode of d-<: restorer diode Vl 

As the neqative video output pulse appears at the 
plate of V I, it is copocitively ccupled to the CRT qrid. 
Since the CQuplinq capacitor blocks dc, only the ac wave-­
form appears on the grid. Without any d--c restoration or· 
rangement the pulse would establish on averaqe voltoqe on 
the CRT grid which would chanqe sliqhtly with each dif· 
ferent pulse. As a result, the maximwn and minimum levels 
of the pulse would produce different intensities than they 
normally would with a fixed bias level. By insertinq a 
ck restoration circuit which in effect automatically con· 
trois the bias on the CRT to compensate for the loss of 
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the dc component throuqh the couplinq circuit, a more 
faithful waveform reproduction is obtained. 

When a neQative output is applied throuqh Cl to the 
CRT grid, a IX'rtion of this output is applied to the cathode 
of d--c restorer diode V3 through R2 ond C2, causinq the 
diode to conduct. Current flow through R2, meanwhile, 
charges capacitor C2 in such a direction that the end of 
RS closest to the CRT control grid becomes positive and 
reduces the total CRT bios. When the video pulse goes posi­
tive (becomes less negative) diode V3 ceases conductinq. 
Meanwhile, C2 discharqes durinq the positive portions of 
the pulse but only very sliqhtly, due to the lonq time co~ 
stant to ground offered C2 by RS and R6. When the video 
pulse again goes negati ve, diode V3 conducts and restores 
the charge on C2 back to its farmer value. Thus if the 
average brightness is high, the neqative swinq from maxi· 
mum positive to maximum negative value is greater, and 
diode V3 conducts lonqer causinq a qreater peak current 
flow and a qreater positive charqe appears across C2 
Hence the CRT bias decreases further producinq the qreater 
lrilliance. Conversely, when the neqative swinq applied 
to V3 is smaller, conduction of V3 occurs for a smaller 
period and less voltage is developed across C2. Conse­
quentlY, the CRT neqative bias increases by the reduction 
of charqe voltaqe developed across C2 and a less brilliant 
signal appears. Parts values are normally chosen so the 
CRT bias is normal with V3 operating. 

FAILURE ANALYSIS. 
No Output. Normally, failure of the d-c restorer 

circuit will cause the CRT presentatioo to appear darker 
than normal. A quick check on operation is to remove 
diode V3 and note if the presentation chanqes. If 
there is no change, either the diode Is defective or a 
faulty compment exists. Check resistor RS for proper 
value with on ohmmeter. With R5 shorted the doC re­
storer will not operate. If RS is open no bias voltage 
will appear an the CRT qrid when checked with a voltmeter. 
Also check R2 with an ohmmeter for proper value. If ca­
pacitor C2 is open the restorer will not operate, check C2 
for value with an in-<:ircuit capacitance checker. If C2 is 
shorted a positive bias will be placed on the qrid of the 
CRT, and in all probability the CRT will be constantly 
illuminated. Do not neqlect to check the values of R4 and 
R6 with an ohmmeter since they are a portion of a voltaqe 
divider across which the d-c restorer operates. If either 
is open no output will occur, but a chanqe in value will not 
necessarily 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 capacitance 
checker. It is important to remember that distcrtion or im­
proper wavefcrms can occur in circuits prior to the d--c 
restorer. 

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

DAMPER AND FL YBACK CIRCUITS. 

APPLICATIDH. 
The flybJck circuit uses the horizontal output trans­

former to supply sweep voltaqe to the horizontal deflection 
coils, while the flyback (retrace) portion of the hOrizontal 
sweep is used to develop the extremely hiqh voltaqe neces­
sary for the CRT anode. The damper circuit is necessary 
to eliminate any undesired oscillations occurrinq in the 
output circuit due to resonance in the horizontal deflection 
circuit, and to supply an additional de low voltaqe boost. 

CHARACTERISTICS. 
Receives its power from the horizontal output sweep 

circuit. 
Uses a special flyhack transformer and two diodes to 

furnish roth a hiqh voltaqe and a low voltaqe from the sante 
source. 

Flyback transformer secondary supplies roth horizon­
tal sweep voltaqe to the deflection coils and hiqh vDltaqe 
rectifier filament voltctJe. 

Flyback transformer primary operates as an autotrans­
former to furnish extremely hiqh voltaqe developed at 
the sweep frequency to the hiqh voltaqe rectifier. 

Damper diode prevents undesirable oscillation and 
provides de low voltage boost. 

CIRCUIT ANALYSIS. 
General. The flyback transformer couples the hori­

zontal sweep voltaqe output to the horizontal deflection 
coils. It also develops a hiqh voltaqe for the second 
anode of the CRT. This hiqh voltaqe is produced when 
the sharp trailinq edqe of the sawtooth sweep voltaqe 
(the fly back or retrace portion of the sweep) causes the 
current 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 hiqh voltaqe rectifier, where it is recti­
fied, filtered, and applied to the second anode of the CRT. 

The damper circuit is essentially a diode rectifier 
connected between the top side of the secondary and the 
oottom of the primary of the flyhack transformer. This 
diode prevents the collapsinq current in the deflection yoke 
durinq the steep trailinq edqe of the sawtooth sweep from 
causing continuous oscillation in the deflection coils. In 
rectifyinq these oscillations it also provides an cxlditional 
d-c voltaqe, for boostinq the out-put of the low-voltaqe 
d-c power supply. 

Clrcu It Operatian. There ore many circuit arranaements 
which can produce flybock and damper operation. There­
fore, circuit operation is devoted to an explanation of one 
of the most commonly used flyback and damper circuit 
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cnmbinations. This cirOlit arranqement is shown in the 
accompanyinq illustration. 

INPUT FROM HORIZONTAL 
OUTPUT AMPLIFIER 

b 
'--__ ~--l 

TO SECOND ANOot 
OF CRT 

../IIV\.. 

:~ 
'f:i 

C6 

La 

-- '/\/\/\ 
~C2 

Flyback and Dupe. Cire,lts 

In this circuit arranqement the plate of the horizontal 
sweep output amplifier is tapped across part of the primary 
of flyback transformer T1 (which operates as a hiqh voltaqe 
autotransformer). The secondary (output windinq) of trans­
former Tl is connected across horizontal deflection coils 
L3 and L4 and associated capacitors C3 and C6 which are 
used to balance out the distrihuted capacity of the circuit. 
Inductance Ll is a width control for the CRT display. It 
is a small coil with a tunable core, and is shunted around 
a portion of secondary windinq of T 1. Adjustinq the value 
of the width coil d10nqes the total inductance of the sec­
ondary. The larqer the total inductance value, the qreater is 
the width. Diode V3 is the damper tube. Inductance L2 
and capacitors Cl and C2 comprise a simple pi-filter net­
work for the damper low voltaqe toast supply. The top of 
the primary of T 1 is connected to the plate of hiqh voltaqe 
rectifier V2, while the small p:Jwer needed to heat the 
filcnnent is supplied by a small sinqle turn tertiary windinq 
on TI, and is connected in series with protective surqe 
and load resistor RI. Resistor R2 together with capaci-
tors C4 and C5 form a resistance type of pi-filter network 
to eliminate any sweep frequency ripple appearinq on the 
high vohage applied to the second anode of the CRT. 

A positiv~inq sawtooth current applied to the pri­
mCllY of the fly back and damper transformer develops a 
positive goinq voltaqe in the secondary to T 1. This pro­
duces a risinq deflection current throuqh horizontal sweep 
coils L3 and L4. Diode V3 conducts durinq this period 
because of the positive potential present On the plate of 
damper tube V3. During the rising sweep V3 acts as a 
light resistive load and dissipates a very small amount of 

22·37 



ELECTRONIC CIRCUITS NAVSHIPS 

the total power present. The resistive load of V3 and the 
resistive load of the deflection coils require a sliqht 
linear increase in the amplitude of the induced square wave 
to produce the required sawtooth current for the deflection 
coils. This is provided initially by a small amount of 
stored voltaqe in the coils. 

The retrace of the sawtooth sweep causes the secondary 
voltage of T I to 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 durinq this neqative 
transient. This negative spike, however, also appears 
across the secondary of Tl and it is inductively coupled 
into the primary of Tl. Here it is stepped up to a very 
high positive voltaqe by the larqe number of turns of the 
complete primary of T.1. This voltaqe causes hiqh voltaqe 
rectifier tube V2 to conduct and rectify the positive kick­
!xJck pulses. The pulsating d-c voltaqe from the hiqh volt­
age rectifier is varyinq at a hiqh ripple frequency and is 
easily filtered by the RC arranqement of capacitors C4, and 
C5, and series resistor R2, and is applied to the second 
anode of the CRT. 

When a positive transient appears on the plate of V3, 
damper ture V3 conducts heavily. The oscillatinq 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 
sawtooth sweep beqins aqain. The combination of the 
heavily damped oscillations and the increasinq sawtooth 
input produces a sliqht linear increase in the deflection coil 
current at the start of the sweep. 

Durinq the time that V3 is conductinq, dc voltaqe is 
applied to the filter net~'Ork consistinq of capacitors C1 
and C2 and inductance L2 This voltaqe is connected 
in series with the voltaqe from the low-voltaqe power 
supply and provides a small d-c voltaqe ooost. 

FAILURE ANALYSIS. 
Not.~ 

Although this type of circuit is desiqned to supply only 
a small output current from the hiqh voltaqe supply to pre­
vent lethal shock, be careful to observe standard hi qh volt­
age safety precautions. It is important to discharoe both 
the CRT anode and the hiqh voltaqe filter capacitors before 
making voltaqe or resistance checks on the hiqh voltaqe 
portions of this circuit. 

No Output. Assuminq that the input of this circuit, 
which is the output from the horizontal sweep output ampli­
fier, is correct, a no-output condition could occur if the 
primary of T 1 were shorted or open. In either case no volt­
age would be coupled to the secondary of T I, and no volt­
CKle would appear on the plate of the hiqh voltaQe rectifier 
V2 Thus there would be no sweep voltaqe produced by 
the deflection coils, or hiqh voltaqe on the second anode 
of the CRT. To determine whether or not Tl is defective, 
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measure the d-c resistance of the primary of T 1 with an 
ohmmeter. Likewise, if the secondary of Tl were open 
or shorted, no voltaqe could be coupled to the deflection 
coils, and no larqe neqative kickback pulse would be 
developed for the production of the hiqh voltaqe for the 
second anode of the CRT. To determine if the secondary 
of T I is shorted or open check the d-c resistance value of 
the secondary with an ohmmeter. 

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 hiqh voltaqe cmd the CRT would not be illuminated. 
To detennine if L3 and L4 are open or shorted measure 
their dc resistance value with an ohmmeter. 

If capacitor C6 were open no sweep voltaqe would be 
produced and no hiqh voltaqe would be produced. Check 
the value of capacitor C6 with an in-circuit capacitor 
checker to detennine if it is open. 

L.)w or Distorted Output. If the input of this circuit 
is correct a low or distorted output could exist if TI were 
partially shorted. Check the d-c resistance values of the 
primary and the two secoodaries with an ohmmeter. 

If either L3 or L4 is shorted, or partially shorted, the 
sweep voltaqe will be distorted and a distortec ~attern 
will appear on the CRT. While an improrer kickback volt­
age value may be coupled to the plate of the rugh voltaqe 
rectifier the distortion may not create sufficient difference 
in value to show on a voltage check. Measure the dc re­
sistance of L3 and L4 with an ohmmeter. 

If capacitor C3 were shorted the same effect as a 
shorted inductance L3 would occur. To detennine if C3 is 
shorted check C3 with on in-circuit ca\XIcitor checker. 

If inductance Ll were shorted or open! the voltaqe 
coupled from the primary to the secondary of TI would be 
lower than normal resultinq in a smaller sweep and a lower 
high voltage value. To detennine if inductance Ll is 
shorted or open check the dc resistance value wi th an 
ohmmeter. 

If diode V3 is shorted, the sweep voltaqe 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. 

If filter components CI, L2, or C2 were defective the 
OOost voltaqe would be lower than normal. To determine 
if any of these components are defective, check capacitors 
CI and C2 with an in-circuit capacitor check, and check 
the de resistance of L2 with an ohmmeter. 

If diode V2 were shorted or open no hiqh voltaqe 
would appear on the CRT and the presentation would not 
appear. Check the voltage from the filament of V2 to 
ground. 1£ 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 illuminated, if not check RI, for value with 
an ohmmeter. 

If CQplcitor C4 were shorted, the high voltage would 
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be grounded and none would be available ot the second 
anode of the CRT. Measure the voltaqe from C4 to 
ground. if it is low or zero check C4 for proper value with 
an in-circuit COp::lcitar checker. If resistor R2 is open no 
high voltage would be available at the seccnd anode of the 
CRT. Measure the voltage of C4 and C5 to ground with a 
voltmeter. If the voltage on C4 is normal but voltage ap­
pears across C5, check the resistance value of R2 with an 
ohmmeter. If capacitor C5 were shorted the high voltage 
would be shorted to ground. Check C5 with an in-circuit 
CQp:1citor checker. 
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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 desiqn constant from 
which the filter gets its name. This constant basically 
represents a coupling factor, and appears in all the desiqn 
formulas. It is some value less than 1. usually 0.6. Thus, 
the frequency of infinite attenuation is; Lro = ta if-i[iS, which 
for ceutoH frequency of 7000 kc and an m of 0.6 is. by sub-­
stitutinq volues, 7000 x-vr-u:3b = 7000 x O.B, or 56000 kc. 
The cutoff frequency for the .. --derived hiqh-pass filter is: 

f, = 1 / (""lIT:). 
In this case the value of m determines the final values of 

Land C. When the cutoff frequency and the frequency of 
infinite attenuation are known, m can be determined from 
the fomlula: 

m~l- f~ • 

f. 

If 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 is equal to l, the m-derived filter 
and the constant k filter are identical. Values of m smaller 
than 0.6 move foo closer to f" (sharpen the cutoff), and values 
greater than 0.6 move foo farther from i" (broaden the cutoff!. 

In the schematic illustrations of the filter sections shown 
previously, various values of Land C are indicated. 1r.ese 
indicators merely show that the desiqn vah .. es of Land C 
as chosen are either that (If the oriqinal vallie, or an~ mul­
tiplied try (or divided by) 2 to produce the proper total 
value for use in the confiquraUon ilh.:strated. This chanqe 
of value is necessitated by the requirements for proper 
matching, and for the connection of cascaded filter sec-
tions to produce the desired performance. For example, 
when connectinq two pi-sections toqether, the input and 
output inductors parallel the output and input inductors. 
respectively, of the next or precedinq section. Since in­
ductors in parallel have half the value of the oriqinal in­
ductance, these networks normally use a value of 2L where 
more than a sinqle section is to be connected in a ladder­
type network. For further information, the interested reader 
is referred to standard textbooks on filter desiqn. 

FAILURE AHALYSIS. 
Generally speakinq, either the filter performs as de­

signed or it does not. Any open or short-circuited condi­
tion of the individual parts can lead to one of three poss­
ibilities: the open part may cause a' no-output condition; 
the short-circuited part may couse a no-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 diff-
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icult to determine whether the filter is faulty and to spot 
the defective part with simple servicinq techniques. In most 
instance:,;, a check for continuity with an ohmmeter will 
indicate any open-circuited parts. In the case 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 resistonce may be used as 
a guide; but when the resistance is so low that it is less 
than an ohm (as in hiqh-frequency coils), the suspected coil 
must be disconnected and checked in an inductance bridqe. 

If a filter is suspected of operatinq improperly and the 
cutoff frequency is known (if not, it can be calculated 
approximately by using the formulas referenced in the pre­
ceding discussion of circuit operation), a pass band check 
can be made with an oscilloscope (and an r-f probe) and a 
signal generator. With the siqnal qenerator modulated and 
simulating the input signal, the output of the filter is ob­
served Cfll the oscilloscope (use the vertical r.eiqht of the 
modulation suppliec by the r-f probe as an indicaticn of 
relative amplitude). For Q hiqh-pass filter, the heiqht of the 
pattern should decrease rapidly as the rntoff frequency is 
passed (while reducing frequency), and the pattern should 
stay at approx.imately the same heiqht for frequencies above 
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 fault, and 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 filter to determine whether the perfonnance chanqes; 
a change indicates a defective filter. 

LOW-PASS CIRCUITS. 

APPLICATIOH. 
Low-jXIss filters are used in circuits where it is desired 

to pass only the lower frequencies and to attenuate any fre­
quencies arove a selected cut-off frequency. 

CHARACTERISTICS. 
Resistance<:a[X1citance (RC) type filters are qenerally 

used for audio frequency applications, whereas inductance­
cap;Jcitance (LC) types of filters are used for both audio 
and radio frequencies, IXlrticularly for wherever sharp cutoff 
is required. 

The lower the frequency below cut off, the lower is the 
attenuation; above the cut'<lff frequency the attenuation 
increases as the frequency increases. 

May consist of half-sectians, sinqle sections, or multiple 
sections, with the multiple-section tyP2 providing the 
greatest attenuation and the sharpest cutoff. 

Mly be of either the IIconstant 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 toqether with capJCitance combined and 
connected in such a manner that they have a definite fre­
quency response characteristic. The low-p::Iss filter is de­
signed to permit the PJssaqe of low frequency siqnals over a 
:l.esired range of frequencies, and to attenuate the hiqher 
.:requencies above this ronge. The frequency ranqe over 
which the P'Jssaqe occurs is called the pHS band, the ranqe 
c'ver which attenuation or poor transmission occurs is called 
t1e attenuation band. The frequency at which the attenuo­
t]oo of a siqnal starts to increase rapidly is known as the 
cutoff frequency. The rosie confiqurations into which the 
1,)w-pJss filter elements can be assembled or arranqed are 
the ilL" or half-section, the liT" or full section, and the 
Pi typo. 

The L-section filter consists of one series resistor or 
inductor, and one parallel corr.ponent of either resistance or 
cap:lcitance. The T -type filter consists of two series in­
ductors and one shunt resistance or capacitance. The Pi­
type consists of one series inductor and two resistive or capaci­
tive shunts, resemblinq the Greek letter 1T (pi) from whence 
it takes its nO::"le. Severo I sections (or half sections) of 
the same circuit ~~onfiquration can be joined to improve the 
attenuation or tram;r.Lission characteristics of the filter. 
When several sections are cascaded together, they form a 
ladder type of filter. 'When a filter is inserted into a circuit 
it is usually terminated (matched) by a 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~erived), 
and the values of the inductors and resistors (or capacitors) 
in the filter circuit. When the cutoff frequency is known, 
the value of the !XIrts necessary to prcx::!uce this response 
and the desired attenuation may be calculated mathematically 
by the use of the proper formulas. This Handbook will not 
be concerned with desiqn data, but will show the circuit 
configuration, explain circuit action, and provide informa­
tion with which the technician can c!'etermine or recognize 
the type of filter and determine the cutoff frequency, if 
needed. 

Circuit Operation. A typical half-section R-e:: low-p:J:ss 
filter is shown in the accomp:myinq illustration. 

R 
0 "'" 

c1 
0 

INPUT OUTPUT 

0 I 0 

Half-Section R-C Low Poss Filter 
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Note that the output is taken across the Ca!XIcitor and 
the resistor is connected in series. The circuit is basically 
that of a voltage divider in \vhich C forms the reactive p:J:rt, 
and R the resistive arm. If the values are selected so that 
the capJCitive reactance of C is equal to the resistance of 
R at frequency fo, then the output voltaqe of the voltaqe 
divider network will be attenuated approximately 3 db with 
resp:ct to that of the input voltaqe. This frequency is 
called the theoretical cutoff frequency, and its value is 
given by: fo:: l/2 TT RC in Hertz. The values of Rand 
C are in ohms and farads (or in meqohms and microfarads), 
and RC is the time constant in seconds. A similar haH­
section low-pass filter arranc;ement usinq inductance and 
resistance (R-L) is shown in the accompanyinq illustration. 

L/2 

INPUT ZR OUTPUT 

Half-Section R-L Low Pass Filter 

Note that in this instance the output is taken across the 
resistor and that the reactance is connected in series. The 
circuit also is a voltage divider in which L forms the reac­
tive arm, and R the resistive arm. If the values are selected 
so that the inductive reactance of L is equal to the resis­
tance of Rat fo, then the output 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 TT RL, in Hertz, 
with Rand L in ohms and farads, and RL is the time 
constant in seconds. 

Consider now a T -section filter as illustrated in the 
accompanying figure. 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/2 

INPUT OUTPUT 

I
C 

O~------------~--------~O 

T .Section R-C Low-Poss Filter 

Note that in this circuit arrangement the two resistors 
are connected in series; consequently the design value of R 
is halved. Ukewise, the design value of C is halved/ since 
the two cOp::lcitors are paralleled thereby making the ef­
fective cOlXlcitonce equal to the value of a single half sec­
tion. The T -arronqement provides a symmetrical input and 
output with the same time constant as the sinqle-section 
L-type figure. A typical T network usinq RL components 
is shown in the accompanying illustration. 

L/2 L/2 

INPUT 2R OUTPUT 

T-Section R-L Low-Poss Filter 

In this instance, since the inductors are in series, only 
half the inductance is used in each and, since the resistors 
ore effectively in p:lfallel, the half~section resistance value 
is multiplied by 2. The T section supplies a symmetrical 
input and output with a time constant equal to that of the 
single half~section. 

A typical pi-section filter network is shown in the ac· 
comp::lOyinq diaqram. 
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In this full section arrangement the value of the resistive 
arm is equal to the value oftwo half sections, while the 
value of the capacitor is half the total value. Note that in 
any of the Previously discussed filter arranqements the 
actual time constant values are identical. Therefore, the 
response and attenuation of each are also identical. L­
sections are used where only a simple lUlbalanced input 
and output is needed. The T - and Pi -sections are used 
where balanced arrangements are required. Multiple section 
filters are used to obtain greater phase shift and more at­
tenuation. Thus, a two-section filter using identical values 
of p::!rts will multiply the phase shift and attenuation by a 
factor of two. For complete design data refer to a standard 
text. 

In any of the filter arrangements previously discussed 
the attenuation is assumed to be zero immediately below 
the cutoff frequency, fOI and very large for frequencies above 
tOI as shown in the followinq response qraph. 
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Phase and Amplitude Response Characteristics 
for Low Po .. Filter (~=I,OOO H.) 

However, as can be seen from the chart, the attenuation 
(for a single-section filter) becomes relatively constant at 
12 db/octave (20 db ~r decade) at frequencies considerably 
abave cutoff. The phase shift ranges from zero at the lower 
frequencies b210w 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 
Bcde plot is rounded off to simulate p:actical conditions. 
As a result, a 3 db difference exists between the actual 
and theoretical 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 
tYj:e of filter. Since the output voltaqe is taken from across 
the cap::!citor, 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 thecap::!citor and no current in the cir­
cuit. Therefore, no voltaqe output is obtained. Upon ap­
plication of the rectangular pulse the initio 1 current is 
equal to EfR. Since thecap::!citorcannotchange its charge 
instantly, the high charging current drops the voltage across 
the resistance and the output voltage rises exponentially 
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as the capacitor charges. Thus, as the cOPJcitor charqes 
the current throuqh the resistor decreases, while the volt­
age across the cOpJdtor increases correspondinqly. Even­
tually the cOp.:lcitor charges to the full input voltaqe and 
the output voltage is at a maximum. The output voltaqe 
stays at this value fq the remainder of the pulse. At the 
end of the pulse the cOp:lcitCl' discharges, also exponentially, 
and the output voltage eventually decreases to zero. 

The followinq fiqure shows the overall response of a 
low-pass filter to a rectangular 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 fa- a small time constant. Fer example, 
consider the resprnse of an RC circuit with a time constant 
of 1 microsecond to a rectanqular pulse of 15 microseccnds 
duration. 
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Typical 1'01 •• II •• ,.. .. Variation willi Ti_ 
Constant or Pulse Width Oanges 

Since the rise tine is taken between the 10% and 90% 
amplitude limits of the pulse, we see from a universal time 
constant table that the leading edge reaches its maximum 
of 90% amplitude in 2.2 microseconds and remains approx­
imatelyat this value for theremaininq 12.7 microseconds (7 
time constants are required to reach full CBnplitude). When 

the pulse ends, the decay time follows the same curve and 
the cap:Icitor is 9CP;6 discharqed in 2.2 microseconds, and 
completely discharged befere the beqinninq of the next 
pulse. Consider now the response curve for a 5 microsecond 
time constant. In this case the leading edge of the pulse 
rises to m of maximum in two time constants, the pulse 
is terminated and decays to zero in the next two time con­
stants. Because of the increase of time constant the COp:Ic­
iter charges to only 9a% of the maximum and the output 
voltage is 10% less thon for the 1 microsecond condition. 
Fer the extremely long time constant of 10 microseconds 
it takes the entire pulse duration of 15 micrcseconds fer 
the pulse to reach aplXoximately 78% amplitude. Thus the 
longer the time constant the lower is the output amplitude 
and the mere distorted is the pulse. 
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Since RC filters respond to the time constant of the 
circuit, 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 cannot be obtained. With the use of 
L~ filter circuits however, it is possible to produce the 
desired p:Iss band with much sharJ:ef cutoff and attenuation 
characteristics. Since both inductance and copJCitonce are 
used, a sinqle-section L-C filter is caPlble of a 180 deqree 
phase shift. 

Low IXlSS filter circuits usinq inductance and ca)XIci­
tance follow the same type of circuit configuration as do 
R-C filters as shO"Nn in the accomp:Inyinq fiqure. 

LI2 L/2 

INPUT OUTPUT 

I
e 

a~----~--~-------a 
T-SECTION 

LI2 

~TPUT 
a'"PUT e/2 I a 

HAlF-SECTION 

Low.Pall L~ Filter Circuits 

In the L-type low-p:Iss filter usinq L-C components 
the hiqh frequencies applied to the input are offered a 
relatively hiqh inductive reactance by series inductcr L, 
and a lcm cap:lcitive reactance throuqh the shunt p:lth to 
ground p'ovided by caPldtcr C. Therefore, the hiqh fre­
Quency siqnals are attenuated by L and effectively shunted 
to ground by C if they p:Iss the inductcr. CAl the other 
hand, the low frequencies are offered little opposition by L 
and hlqh opposition by C. Therefoce, the 1000er frequencies 
p:Iss from inPUt to output with little attenuation. The T­
ty~ filter Op.:!rates identically with the half section filter, 
but J)'ovides a symmetrical input and output confiquratioo 
with the same time constant as a sinqlesectioo L-typ.:! filter. 
The pi-type filter is actually formed from two inverted L-type 
filtersand lXovides sliqhtly better cutoff and attenuatioo. 
In this case the hiqh frequencies are first offered a low 
im~dance p:lth to qround by the first filter capadtcr with 
hiQh attenuation offered by the series inductor. Any re­
maininq hiqh frequency siqnalsare then effectively shunted 
to ground by the lew imJ:edance of the second (output) 
cop:Icita. The rosic L-type filter is used where ooly 
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a simple unbalanced input and output are required. The 

T ~ and Pi-types of dilter are used where oolanced arranqe­

ments are necessary. 

Basic filter theory stipulates that where reactances of 

the some siqn (either all cop::lcitance or all inductance) are 

used, the characteristic filter impedance presented bv the 

filter to the input or the output circuit is a reac-

tance. On the other hand, where reactances of opposite 

sign are used (such as cQplcitance and inductance), the 

characteristic impedance becomes resistive over one ranqe 

and reactive over another range. Thus the design and match­

ing of filters becomes an engineering problem, and is 

treated on an ideal theoretical-bosis. This means that 

while a filter may be considered to have infinite rejection 

beyond a particular cutoff frequency, in practice the result 

may not I::e great as ~edicted. Likewise, the critical cut­

off frequency may not be as sharp or as critical as the de­

sign figures indicate. 

All the p-eviously discussed filter arranqements are of 

the constant k tYJ:e, which has a qradual rather than a sharp 

cutoff frequency. In this simple type of filter the series 

filter arm im~ance, 21 and the shunt filter arm imredance, 

Z2, are so related that their p-cx:luct is a constant at all 

frequencies (21 x 22 := k2
). Therefore, it derives its name 

from this relationship. This constant, in turn, is also 

equal to R2
, since 21 and 22 are recip-ocal reactances 

(XL and Xc, res~ctively), and W::; UC. Thus the formula 

for determining the cutoff frequency becomes: 

fa::; 1/11 Le, where Land Care in henrys and farads, 

resrectively. 
A more complex form of low-p:Jss filter circuit is the 

m-d.,lv.d type. In this type of filter the cutoff frequency 

is sharper, and the toto 1 attenuation of the unwanted fre­

quencies is qreater. Typical circuits of the series-con­

nected m-derived tYJ:e are shown in the accomp:::myinq 

illustration. 
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As can I:e seen from the illustration, a series-connected 

L-C network (UC2) is placed across the output or across 

the mid-termination of the filter network. As desiqned, this 

netwcrk is made series-resonant Gt a frequency above the 

~ual cutoff frequency. For the low..pass fister this reso­

ncmt frequency, called the frequency of Infinite attenuation 

(t-o) is selected at a value of about 1.25 fo. Since foo 

is resonant and is series connected across the input or the 

output it represents a short circuit across the filter for the 

resonant frequency (with a p::lss b::md determined by the Q 

and resistance of the circuits). Therefcre, the normally 

slopinq attenuation characteristic which aPIXoximates 12 

db/ octave fa the constant k filter is "notchedll off. In 

effect, the m-derived filter is sharply seIXlrated from the 

frequencies above foo and therefore l 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 

comp:Jred as shO'Nn in the follONinq tigure. 
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Comparison af Filter AHenuation Characteristics 

While a constant attenuation is sh(M1n for the constant 

Ie type, with a reduced value of attenuation below foo for 

the m-derived type, the sharpness of m-derived cutoff at 

foo (assuming zero circuit resistance at resonance) Jl'o­

vides 'tetter low-pass perforroonce, as illustrated telow. 

o 
'0 
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c..porlson of Transllluh. ClIaracteristics 

The shunt-coonected type of m-derived filter is shown 

in the foll(M1ing figure. 
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Shunt m-Derived High Pan Filters 

In the shunt-tYI=e filter the low-pass action occurs by the 
shunting of the hilh frequencies to qround via capacitor 
C2 for those frequencies above foo, and by attenuation 
of the signal due to the action of the p:lrallel resonant cir­
cuit of Ll~l at the infinite attenuation frequency f~. 
Since the cQJXlcitive reactance of C2 decreases with fre­
quency the hiqher frequencies above fo are shunted to 
ground and lost. Since the p:uollel-fesonant circuit of 
LICl represents a high imt:edonce at resonance, frequencies 
around too (depending upon the circuit Q) are greatly at­
tenuated and are rrevented from p:lssinq throuqh the filter. 
This tYj:e of action is mootly used for the bond rejection 
type of filter to be discussed later in this section. 

In the m-derived filter, m is a desiqn constant from which 
the filter gets its name. This constant oosically rep-esents 
a coupling factor, and appears in all the desiqn formulas. 
It is some value less than 1, usually 0.6. Thus the fre­
quency of attenuatioo if foo = fo / ~ which for a 
cutoff frequency of 1000 cycles and an m of 0.6, is by 
substituting va[",s, [0001 -V[-O.36 = [000/.8, or [250 
cycles fer second. The cutoff frequency for the m~erived 
filter is f, = II (" --vL£). 

If the frequency values in the example above 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 move foo closer to to (sharpen the 
cutoff). while values greater than 0.6 move fDO farther from 
fo (b:oaden the cutoff). 

In the schematic il1ustration~ of the filters shown pre­
viously, various values of Land C are indicated. These 
indicatcrs merely show that the desiqn values of Land C 
are shown to be multiplied or divided by 2 to p-oduce the 
~ol=€r value for the configuration illustrated. This change 
of value is necessitated by the requirements for pro!=€r 
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matching, and for the connection of cascaded filter sections 
to p-oouce the desired t:erformance. For example, when 
connecting two pi-sections toqether the input and output 
caIXlcitors parallel the input and output caIXlcitors, respec­
tivelyof the next or p-ecedinq section. Since cap::!citcrs 
in JXlrallel have twice the value of the original cap:xcitance, 
these networks normally use a value of C/2 where more than 
a sinqle section is to be connected in a ladder type netwcrk. 
For further information, the interested reader is referred to 
standard textbooks on filter design. 

FAILURE ANALYSIS. 
Generally speakinq, either the filter j::erforms as desiqnee 

or it does not. Any oj::en or short circuited condition of 
the individual parts can lead to one of three possibilities: 
the o~n !=Ort may cause a no-output condition; the short­
circuited part may cause either a no-output or a reduced­
output condition; cr the P:lTt may be located in a portion of 
the circuit that markedly affects the filter cutoff frequency, 
pass band. cr attenuation characteristics. Usually all 
three of these last mentioned conditions are affected to 
some extent. Therefore, it becomes rather difficult to de­
termine whether the filter is faulty and to spot the defective 
!Xlrt with simple servicing techniques. In most instances, 
a check for continuity with an ohmmeter will indicate any 
o~n-circuited p::!rts. In the case of the capJeitors in the 
netwcrk, they can be checked with an in-circuit ty!=€ of 
cop::!citance tester fa- the proper cap::tcitance. Any shat­
circuited cap:Icitor should be found durinq the resistance 
and continuity check. Where a low frequency inductor 
is under suspicioo, the d-c resistance may be used as a 
guide; but where the resistance is so low that it is less 
than one ohm (as in hiqh frequency coils) the suspected 
coil must be disccnnected and checked with on inductance 
bridge. 

If a filter is susp:!cted of operatinq improperly and the 
the cutoff frequency is knONn (if not, it can be calculated 
approximately by usinq the formulas referenced in the 
~ecedinq discussion of circuit operation), and a pass-band 
check can l:e made with an oscilloscope and a siqnal qen­
eratcr. With thesiqnal qenerator modulated and simulatinq 
the input siqnal, the output of the filter is observed on the 
oscilloscope. For a low p::tss filter the heiqht of the j'Xlttern 
should decrease rapidly as the cutoff frequency is p:lssed 
(while increasing the frequency) , and the lXlttern should 
stay at ap~oximately the same heiqht for frequencies below 
cutoff. If such indications are obtained the filter is most 
~ooobly op:!rative, and some other portion of the associated 
circuit is at fault. If these indications are not obtained, 
the filter is definitely at fault, and each '!Xlrt 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 aoove 
and below this frequency band. 

CHARACTERISTICS. 

Uses L-C type filters. 
Frequencies between lower and upper cutoff frequencies 

ore passed with little attenuation; frequencies above and 
below these values are attenuated. 

Series and parallel resonant circuits combined with a 
series or shuntinq inductance Or capacitor are used to de­
velop each confiquration. 

Attenuation and cutoff varies with the number of elements 
used (the greater the number of elements, the qreater is the 
attenuation and the sharper the altof{). 

CIRCUIT ANALYSIS. 
General. The band-poss filter circuit consists of induc­

tive and capacitive components combined and connected in 
such a manner that they have definite frequency response 
characteristics. The band-pass filter is desiqned to pennit 
the passage of frequencies within a desired range or band 
Width, and to attenuate any frequencies not in this ranqe. 
The range of frequencies which is capable of being passed 
is referred to as the pass· band, the ranqe of frequencies 
arove and below the pass band, where attenuation or poor 
transmission occurs is called the attenuatian band. The 
frequency at which the attenuation of a siqnal 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 
lOT" 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 wi th the input and output, 
together with one inductive component, capacitive com­
ponents, or combination of inductive and caPlcitive com­
pooents shunting the input and output. The T-type filter 
consists of two series (inductive and/or capacitive) com­
p:ment groups separated by one component group shunting 
the input and output. The pi-type consists of one series 
component group between two component groups shuntinq the 
input and output. Serveral sections or half-sections can be 
joined to improve the attenuation or transmission character­
istics of the filter. When several sections are cascaded 
together, they form a ladder 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 value of the terminatinq resistance or impedance 
is usually determined b; 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 configurotion, type of fil~er (constant k or m derived), 
and the values of the inductors and capacitors in the filter 
circuit. When the cutoff frequency is knovm, the value of the 
parts necessary to produce this response and the desired 
attenuation may be calculated mathematically by the use of 
the proper fonnulas. This Handoook will not be concerned 
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with design data, but will show the circuit confiquration, 
explain circuit action, and provide information with which 
the technician can determine or recognize the type of filter 
and in most cases, determine the cutoff frequencies if 
needed. 

Circuit Operation. A typical half-section band-pass 
filter is shovm in the accompanyinq illustration. This is a 
constant k type band-pass filter. The pass-band of fre­
quencies is offered a low impedance by the series resonant 
circuit, and a hiqh impedance by the parallel resonant cir­
cuit which shunts the input and output. The resonant cir­
cuits are tuned to frequencies within the pass-band. All 
frequencies on either side of the pass-band are offered a 
higher impedance by the series resonant circuit and a de­
creased impedance by the shuntinq 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 filter, but pro­
vides a symmetrical input and output confiquration. The 
pi-type filter is actually formed from two series connected 
inverted L-type half-section filters and provides sliqhtly 
better cutoff and attenuation than the sinqle half-section. 
In this case, the attenuation-band of frequencies is offeree! 
a low impedance path to ground by the first shuntinq parallel 
resonant circuit and a high impedance by the series resonant 
circuit. Any remaininq attenuation-band frequency siqnals 
are shunted to ground by the low impedance of the second 
parallel resonant circuit. The basic L half-section filter is 
used where only a simple unbalanced input and output are 
required. The T- and pi-section filters are used where bal­
onced arrangements are necessary. 

The design and matching of filters becomes an enqineer­
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 qreat as predicted. like­
wise, the critical cutoff frequency may not be as sharp or 
as critical as the desiqn fiqures indicate. 

All of the previously discussed filter arranqements are 
of the constant k type, which has fairly sharp cutoff fre­
quencies, even in its simplest form. In constant k type 
filters the product of the impedance in series with the in­
put and output, and the impedance shuntinq the in-
put and output is constant reqardless of the frequency 
(2 series. Z shunt = k2

). Therefore, it derives its 
name from this relationship. This constant, in turn, is also 
equal to R2 (R is the value of the terminatinq resistance). 
To determine the bandwidth of the pass-band (f, - f ,) of 
an L-section k type filter, the formula f? - f, :: RiL. may be 
used. To determine the value of the center frequency of 
the paSS-band (fc), the formula fc:: C,R2/L, may be used. 

A more complex form of band-pass filter circuit is the 
m-derived type. An m-derilied type of filter may be com­
posed of various numbers of inductive and capacitive rom­
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 confiqurations and two possible shunt confiqurations. 
In order to obtain the same degree of sharpness in attenuo­
tion at both upper and lower cutoff frequencies as is ob­
tained in a constant k type filter an m-deri ved filter of at 
least 5 elements would be required. Typical cireui Is of one 
series connected m-derived type 5-element, band-pass fil­
ter are shown in the accompanyinq illustration. 

These m-derived type of filters offer low series imped­
ance, and high shunt impedance to the pass-band frequen­
cies, since the series and shunt resonant circuits are tuned 
to the frequencies within the pass-txmd. All frequencies 
on either side of the pass-band are offered a qreater 
impedance by the series resonant circuit and a decreased 
impedance by the shuntinq resonant circuit. Capacitor C3 
is of such a value that frequencies below the pass-band are 
attenuated to a 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 nco represents the lowe, 
frequency of Infinite attenuation and f2eoo represents the 
higher frequency of infinite attenuation. At fl and f2 the 
filter effectively appears as a short circuit across the out­
put. The 5 element series arrangement of m-derived filter 
(the 5th elemEnt is a capocitor) has a low frequency minimum 
response notch at nco, 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 compared as shown in the accompcmyinq diaqrams. 
The response of the 5 element shunt arranqement m-derived 
filter is the same as the 5 element series arranqe:nent 
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. 

CONSTANT-~ !!!.-DERIVED 

Co.parisH of Filt.r Attenuation Charocteristics 
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The con.tont k type filter shows equal attenuation above 
f2 and below fl (the cutoff frequencies). A steep increase 
in attenuation is apparent between frequencies £2 to f2+ 
and to £1-, however once frequencies £2 + and fl -
are reamed, the attenuation curve becomes more 
gradual until floo and f2°o are reached. In this case fre­
quencies floo and f200 exist at the lowest possible and 
highest possible frequencies. A similar attenuation slope 
occurs 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 
fl and the lower frequencies in the m-derived filter. Fre­
quency floo does not occur at the lowest possible fre­
quency, but at some iotennediate frequency above zero. 
Thus, the slope between fl and £1 .... produces a much 
steeper attenuation curve than the constant k filter for the 
lower frequencies, even though there is still a qradual 
wideoing of the slope between fl- and fl~. Between 
fl- and the lowest possible frequency the attenuation de­
creases slightly. 

The shunt-connected type of five element m-derived 
band-pass filter is shown in the accompanyinq illustration. 
This shunt connected filter uses three capacitors and two 
inductors. to comprise the five necessary components as 
does the series-connected ...,..derived filter iust described. 

~CI 
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~CI ... _ ........ 
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In this 5 element shunt m-derived band-pass filter 
L I and C 1 form a series resonant circuit at the pass-lxmd 
frequencies and L2-C2 form a parallel resonant circuit. 
The series resonant circuit is aided by capacitor C3 in 
offerinq a low series impedance to the pass-band, and the 
parallel resonant circuit offers a hiqh impedance to the 
pass-band. This shunt arranqement has an attenuation 
curve just opposite to that of the series arranqement pre­
viously discussed, where f20G is a frequency less than 
a maximum frequency and flOG is at the lowest possible 
frequency. By usinq a series arranqement with three in-­
ductive components and two capacitive components the 
same attenuation curve is obtained. 

In the m-deri ved filter, m is a desiqn constant from 
wWch the filter qets its name. This constant basically 
represents a couplinq factor, and appears in all of the 
desiqn fonnulas. 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 ml and m2 The values 
of m 1 and m2 can be computed by complex fonnulas based 
on the quantities of the lower cutoff angular frequency 
(flj, the upper cutoff anqular frequency {f2), and the upper 
and lower frequencies of peak attenuatioo (f200 and floo). 
These desiqn formulas are beyond the scope of this ix>ok. 

FAILURE AHALYSIS. 
Any open or short-circuited cmdition of the individ. 

ual p:uts 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 con· 
clitionj or the part may be located in a portion of the circuit 
that markedly affects the filter cutoff frequency, pass 
band, or attenuation characteristics. Usually all three of 
these last mentioned conditions are affected to some ex­
tent. Therefore, it becomes rather difficult to determine 
whether the filter is faulty and to locate the defective 
comIX>nent with simple servicing techniques. Capacitors 
can be checked with on in-circuit capacitance checker for 
the proper capacitance. Short-circuited capacitors usually 
can be detected by checkinq the capacitors with an ohm­
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 1n hiqh frequency coils) the suspected coil must be 
discoonected and checked with an inductance bridge. 

If 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 siqnal qenerator. With the sio­
nol generator modulated and simulatinq the input siqnal, 
the output is observed On the oscilloscope. For a band­
pass filter the heiqht of the pattern should increase rapidly 
as the beginninq 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 o~ 
tained the filter is most probably operative, and some other 
portion of the associated circuit is at fault. If these im:ii· 
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cations are not obtained, the filter is definitely at fault, 
and each part 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 to reject or block a band of frequencies 
from beinq passed, and to allow all frequencies arove and 
below this band to be passed with little or no attenuation. 

CHARACTERISTICS. 
Uses L-C type filters for shcrrp cutoff. 
Frequencies between lower cmd upper cutoff frequencies 

are attenuated; frequEncies lower and qreater than these 
values are passed with little attenuation. 

May be either constant k or m-derived types. 
Attenuation and cutoff varies with the number of 

elements used (the qfeoter the number of elements, the 
greater is the attenuation and the sharper the cutoff). 

CIRCUIT ANALYSIS. 
General. The band-stop filter circuit consists of 

inductive and capaciti ve networks combined and connected 
in such Q manner that they have a definite frequency re­
sponse characteristic. The band-stop filter is desiqned to 
attenuate a specific frequency band and permit the passaqe 
of all frequencies not Within this specific band. The fre­
quency range over which attenuation or pex:H transmission 
occur5 is called the attenuation band; the frequency runqe 
over which the passage of siqnal readily occurs is called 
the pa .. -band. The lowest frequency at which the attenu­
ation of a siqnal starts to increase rapidly is known as the 
lower cutoff frequency (£1); and the hiqhest frequency at 
which the attenuation of a siqnal starts to increase rapidly 
is known as the upper cutoff frequency (f2). The basic 
configurations into which the band-elimination filter ele­
ments can be arranqed 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 cmd capacitcmce in series with the 
input cmd one series combination of inductance and capaci­
tance shuntinq the input. The T-type filter consists of 
two parallel combinations of inductance and capacitance 
in series with the input separated by one shuntinq combi­
nation of inductance and capacitance. The P-type filter 
consists of two series combinations of inductance and 
capacitance shuntinq the input and output separated bvone 
parallel combination of inductance and capacitance con· 
neeted in series with the input. Several sections (or half 
sections) of the same circuit confiquration can be joined 
to improve the attenuation or transmission characteristics 
of the filter. When several sections are cascaded toqether, 
they form a ladder type of filter. When a filter is inserted 
into a circuit it is usually terminated (matched) by a re­
sistance or impedance of the same value at the input end. 
The value of the terminatinq 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 cutoff frequencies of a 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 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 
confiquration, explain circuit action, and provide information 
with which the technician can determine or recoqnize the 
type of filter and determine the cutoff frequencies. if 
needed. 

Circuit Operotion. Band-elimination filter circuits are 
shown in the accomponying illustration in L-section. T­
section, and Pi-section arrangements. 

o>-_____ I ... c~: 0 I c. 
L-SECTION PI-SECTION 

I
C

' 

O~--------~-~--------O 
T-SECTION 

Band-Rejectian k-Type Filter 

In the L-section band-rejection filter any frequencies 
not within a selected band are offered low series impedance 
by Ll and Cl and offered a hiqh shuntinq 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 Ll and Cl are 
resonant and L2 and C2 are resonant. The parallel 
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resoncmt circuit of Ll and C1 offers a larqe series 
impedcmce to the frequencies within the rejection band and 
thus tends to block passaqe of these frequencies throuqh 
the filter. The series resonant circuit of L2 and C2 offers 
almost no impedance to the frequencies within the rejection 
band, thus any siqnals in the rejection-band which may 
have passed through Ll and Cl are shunted across the output. 
Therefore, those frequencies within this band ore qreatlv 
attenuated. The T-section series resonant circuits offer 
minimum impedance because at resonance the,inductive 
reactance (XL) equals the capacitive reactance (XC); and in a 
series circuit the impedance (Z) is equal to the formula 

Ii R' + (XL - XC). The impedance then, is simply 

equal to -vw- or R, the doC resistance of the coil. A 
perallel circuit offers maximum impedance at resonance. 
The impedance in a parallel resonant circuit can be ex­
pressed as Z = XC'/R = XL '/R, (XC "'inq equal to XL 
at resonance). By usinq Z::: XL2/R the formula Z = XLQ 
can be derived, since Q = XLIR. The Q of any circuit is 
maximwn 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 output confiquration 
with approximately the same cut off and attenuation 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 shuntinq the 
input. Any remaininq siqnal wi thin the rejection-band that 
is not shunted across the input is then attenuated by 
the remainder of the filter in the same manner that an 
L-section filter attenuates the undesired frequency band. 
The basic L-section filter is used where only a simple 
unbalanced input and output are required. The T· and Pi­
sections are used where balanced arranqements are neces­
sary. 

AU the'previausly discussed filter arranqements are 
af the constant k type. In this simple type of filter the 
series impedance arm, 2 I, and the shunt filter arm imped­
ance, 22, arc so related that their product is a constant at 
all frequencies (2 i X Z2 ::: k2

). Therefore, it derives its 
name from this relationship. This constant, in turn, is also 
equal to R2 the squared value of the terminatinq resistance. 
In these series constant k type band-rejection filters the 
center frequency J fc, is equal to 1/ '{L:C,. Once the 
center frequency is obtained the bandwidth can be computed 
by the fOrr:lula f2-fl = fe/O, where Q represents the amount 
of selectivity of a circuit. This value of Q equals the 
inductive reactance elf L i diVided by the value of the d-c 
resistance of the inductor (0 ::: XL lIR). 

A more complex form of band-reiection filter circuit 
is the m.derived type. In this type of filter the cutoff 
frequencies (f 1 and f2) are much sharper, cnd the total 
attenuation of the unwanted frequencies is qreater. Typical 
circuits of the series-connected m.derived filters are shown 
in the accompanyinq illustration. 
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These m-derived type of filters offer hiqh series im­
pedance, and low shunt impedance to the rejection-band 
frequencies, since the series and shunt resonant circuits 
me tuned to the frequencies within this band. All frequen­
cies on either side of the rejection band are offered less 
impedance by the parallel Circuit (L 1 and C 1) in series 
with the input and output cnd Qreater impedance by the 
series circuit shuntinq the input and output. Inductance L2 
and capacitance C2 form a parallel circuit, which is in 
series with L3 and C3. The values of L2 and C2 are 
chosen such that at some frequency, which corresponds to 
the lower frequency of infinite attenuotion (floo), 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' some corr.ponents at the 
hlgh.r frequency of Infinite attenuation (f200). At the 
frequencies where these resonant points occur the attenu­
ation curve indicates sharp peaks or notches. These 
resonant points are not as broad as the band-width to which 
Ll and Cl are tuned to reSOnance. Therefore, the frequen-
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cies between floc and f2oo, although being attenuated, 
are attenuated less than floc and £2 .... , 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 accompanyinq illustration. 

CONSTANT-~ 

Constant~k m-Derived 

Ie 
I 
I 
o 

Comparison of Filter Attenuation Characteristics 

The constant-k attenuation curve shows qradual atten­
uation of signal from frequencies fl and f2 to the center 
frequency fe. The attenuation on both sides is equal, 
causinq the resultinq attenuation curve to look like an in­
verted cone. The frequencies of infinite attenuation 
intersect at fe, and thus occur at a sinqie frequency. 

The m-derived attenuation curve shows a much steeper 
and sharper attenuation at frequencies f 1 and f2. Further· 
more, the attenuation slopes from f 1 and f2 do not inter· 
sect at the center frequency, but reach frequencies of 
infinite attenuation on b:::lth sides of the center frequency 
represented by floc and f2oc. From these frequencies 
of infinite attenuation the attenuation decreases 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-derived band-rejection filter is shown in 
the occompanyinq illustration. It is composed of a parallel­
series network in series with the input and output, cmd a 
series network shuntinq the input and au tput. 

In the shunt m-derived band-stop filter inductor L2 and 
capacitor C2 are added to a constant-k confiquration 
bond-stop filter. L2 and C2 are of such a value that they 
in conjunction with Ll and C I form a parallel resonant 
circuit at frequencies fl"" and £2"". This causes the 
attenuation to increase above the normal attenuation be­
tween the cutoff frequencies fl and f2 caused hy the parol-

CHANGE 2 

0967-001).0 120 FILTERS· 

0>------+ 
L-SECTION 

LO LI 

L3 

e. 
o~---------------c-.c~--------------__ o 

T-SECTION 

Shunt m-Derived Bond-Elimination Filter 

leI resonant circuit of L 1 and C 1 and the series resonant 
circuit C3 and W. After fl"" and f2"" the attenuation 
decreases toward the center frequency, since L2 and C2 
in conjunction with Ll and C1 are tuned very sharply to 
and the two frequencies f I"" and f200. 

In the m.derived filter. m is a desiqn constant from 
which the filter qets its name. This constant basically 
represents a couplinq factor, and appears in all desion 
formulas. The m factor has a value of 1 or less. The 
value of m can be found by the followinq formulc: 
m = V 1- (f2~ - fl~)' /(f2-fl)' 

FAILURE ANALYSIS. 
Any open or short circuited condi lion 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 conditionj or the part may be located in a 
portion of the Giro.iit thot markedly affects the filter cutoff 
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frequencies, attenuation band, or attenuation characteristics. 
Usually all three of these last mentioned conditions ore 
affected to some extent. Therefore, it becomes rot her dif­
ficult to determine whether the filter is faulty and to locate 
the defective component with simple servicinq techniques. 
Capacitors can te checked with an in-circuit capacitance 
checker for the proper capacitance. Short circuited capaci­
tors usually con he detected by checkinq 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 so low that it is 
less than one ohm (as in hiqh frequency coils) the sus­
pected coil must be discoonected and checked with an in­
ductance bridqe. 

If the cutoff frequencies of a filter suspected of oper­
atinq improperly are known, a rejectiorl'"'band check can be 
mcde with an oscilloscope and a siqnal qenerator. With 
the siqnal qenerator modulated and simulatinq the input 
Signal, the output is observed on the oscilloscope. For a 
bondooelimination filter the heiqht of the pattern should 
decrease rapidly as the beqinninq of the rejection-band is 
reached, and the heiqht of the pattern soould increase 
rapidly at the end of the rejection-bond as the second 
cutoff frequency is possed, in the case of the m-derived 
filter, or beqin increasinCJ immediately after the center 
frequency is passed in the case of the constrn t k filter. If 
such indications are obtained the filter is operative, and 
some other portion of the associated circuit is at fault. If 
these indications are not obtained, the filter is at fault, 
and each part must be checked individually for proper 
value. 

CHANGE 2 

0967·000-0120 FILTERS 

23·17 



USER ACTIVITY TECHNICAL MANUAL COMMENT SHEET 
TITLE. _____________ _ 

NAVSHIPS NO. ___________ _ 

VOL .... NO. ____________ _ 

(Fold on dotted line on ,everae .ide, .1.10, .., .. U 10 NAVAL SHIP ENGINEERING CENTER) 

PROBLEM,QUESTlON, SUGGESTION, C,OMMENT: 

NAME _________________________ _ 

RANK/RATE/TITLE ________ _ 

MAILING ADDRESS _________ _ 



Fold 

-----------------------------------------------------------------------------------~------
DE PARTMENT O~ THE NAVY 
NAVAL SHIP ENGINEERING CENTER 
WASHINGTON, D.C. 20360 

POSTAGE AND FEES PAID 
NAVY DEPARTMENT 

OF F ICIAL BUSINESS 

COMMANDER, NAVAL SHIP ENGINEERING CENTER 
TECHNICAL SUPPORT BRANCH 
TECHNICAL DATA AND PUBLICATIONS SfCTION 
DEPARTMENT OF THE NAVY 
WASHINGTON, D. C. 20360 

A TTENTlON: SEC 6181C 

-----------------------------------------------------------------------------.-------------
Fold 



USER ACTIYITY TECHNICAL MANUAL CONNEIT SHEET 
TITLE _____________ _ 

NAVSHIPS NO. ___________ _ 

VOLUME NO. ____________ _ 

(Fold on dotted line on reve .. e aide, at • .I_, _..Jl to NAVAL smp ENGINEERING CENTER) 

PROBLEM,QUESTION, SUGGESTION, COMMENT: 

NAME ________________________ __ 

RANK/RATE/TITLE ___________ __ 

MAILING ADDRESS _________ _ 



Fold 

------------------------------------------------------------------------------------------
DE PARTME~T Of THE NAVY POSTAGE AND FEES PAID 

NAVAL SHIP ENGINEERING CENTER 
WASHINGTON, D.C. 20360 

NAVY DEPARTMENT 

OFFICIAL BUSINESS 

COMMANDER, NAVAL SHIP ENGINEERING CENTER 
TECHNICAL SUPPORT BRANCH 
TECHNICAL DATA AND PUBLICATIONS SfCTION 
DEPARTMENT OF THE NAVY 
WASHINGTON, D. C. 20360 

ATTENTION: SEC 6181C 

-------------------------------------------------------------------------------------------
Fold 




