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Since the radiation pattern from an antenna is too
wide to determine accurately the angular position of the
target, lobe switching is commonly used for precise
angle measurements. If the phase between dipoles in an
array or the position of the feed in a reflector is alter-
nated between two values, the-antenna lobe will oscillate
between two positions, as shown in figure 64. A target
on the line OA will give equal signals from the two
lobes, while one on the line OB will give a much
stronger signal from the right lobe. The target angle is
read from the antenna position when the two signals are
matched. An angular accuracy of a tenth of a degree is
obtainable by this method.

A conical scan is convenient where lobe matching is
required in both azimuth and elevation. If the antenna
feed is placed slightly off axis and is rotated in a circle
about the axis of a paraboloid, the antenna-beam center
will rotate on a cone centered about the axis. Equalizing
the signals for all positions of this feed establishes the
line of sight to the target.

INDICATORS: TYPES OF INDICATION

The presentation of the radar signal must be inter-
preted readily by the operator, and a great many types
of signal indicators have been developed in an effort to
improve the speed, accuracy, and ease of data interpre-
tation. However, only the types most commonly used
will be discussed here.
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FIGURE 64— Lobe switching.

The standard cathode-ray oscilloscope in which the
signal appears as a deflection on a time-base sweep is
called an “A-scan.” In cases where the range scale or
time-base sweep is too compressed, a small portion of the
A-scan may be expanded by starting the sweep some
time after the transmitter has fired. Although this
expanded sweep is essentially an A-scan, it has been
named an "R-scan.,” Another method of obtaining a
long trace on a small tube is to bend the A-sweep into
a circle to form a “'J-scan.” Examples of these presenta-
tions are shown in figure 65. The general fuzz which
causes the time base to appear broad is the noise from
the receiver input.

These indicators usually employ eclectrostatically de-

flected cathode-ray tubes with a nonpérsistent fluorescent
screef.

In another group of indicators the signal is presented
as an intensity brightening. The “B-scan” displays range
against azimuth angle in rectangular co-ordinates as
shown in figure 65(c). The “C-scan” presents azimuth
against elevation. In the PPI (plan-position indicator),
azimuth angle and range appear in their true relation-
ship as polar co-ordinates. Hence, this indicator pre-
sents a map picture with only a small distortion intro-
duced by the use of slant range instead of ground range.
For height finders, a variety of indicators presenting
range against height have been built. This type of indica-
tor is known as RHI (range-height indicator). Most
of the intensity-modulated indicators use magnetically
deflected cathode-ray tubes with a persistent screen
which glows for several seconds after the beam passes
over the target.

RANGE CIRCUITS

The basic range-sweep circuit is shown in figure
66(a). A squarc-wave generator synchronized with the
transmitter operates an electronic switch which controls
a saw-tooth generator as indicated by the wave forms in
figure 66(c). This square wave is also applied to the
cathode-ray tube as a blanking voltage to cut off the
electron beam during the return trace. The blanking
voltage may be applied to the cathode, grid, or first
anode of the indicator tube, provided the amplitude and
sign of the voltage wave are properly chosen. Although
the square wave may be generated by any of the meth-
ods described in Section V, the multivibrator is the
most commonly used in the newer types of radar.

(A.) Saw-tooth generators: The timing or range
sweep is a saw-tooth wave form generated by charging
or discharging a capacitor. If the capacitor is charged
through a resistor, the saw tooth is nonlinear and results
in a range scale which is compressed at the long-range
end. If, as in the usual cathode-ray oscilloscope, only a
small fraction of the charging curve is used, the non-
linearity is not particularly noticeable. Still further im-
provement may be made in the wave form by using a
nonlinear amplifier which produces distortion in the
proper direction to straighten the saw tooth. Another
method for obtaining a linear saw tooth is to charge
or discharge a capacitor at constant current. Since the
plate current of a pentode is very nearly constant over
a wide range of plate voltage, the circuit shown in figure
66(b) will give an excellent range sweep.

Constant-current charging can be even more closely
approximated by using the circuit in figure 66(d). When
the switch tube is turned off, the capacitor C1 begins to
charge through the resistor R. This risc in voltage carries
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FIGURE 65— 1'ypes of indicators.

the grid of the cathode follower in a positive direction,
thereby raising the voltage at A by very nearly the
same amount., If the capacitor Cz is very much larger
than €1, Ca will not become appreciably discharged dur-
ing the charging of Ci. Hence the voltage across Ca may
be considered to remain constant. Then, as the voltage
of point A rises, the voltage point B is carried positive
by the same amount, thus maintaining essentially con-
stant current through R. During this process Cz is
acting as the source of current, and the diode is cut off

by the rise in voltage at point B.

(B.) Sweep-delay circuits: Where a section of the
range scale is to be enlarged as in an R-scope or a “de-
layed B-scan,” a time-delay circuit is placed between the
source of synchronizing voltage and the square-wave
generator. The remainder of the circuit is as shown in
figure 66(a), in which the circuit constants are adjusted
to produce a faster sweep than in an indicator which is
to present a long-range scale. Several adjustable range-
delay devices have been used for this purpose.
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FIGURE 66—Range-sweep circuit,

(1) Maultivibrators: The back edge of a multivibrator
square pulse may be used to trigger the circuit of figure
66(a). If this multivibrator is triggered by the transmit-
ter, the time delay will be equal to the “flop-over time,”
as determined by Ry and Ci in figure 11, and may be
readily adjusted by making R1 a variable resistance. The
width of the square wave does not vary linearly with the
value of Ry in this type of multivibrator; therefore, a
“cathode-coupled multivibrator” is preferable for this
purpose. Figure 67 shows two types of cathode-coupled
multivibrators for which the width of the square wave
varies linearly with the value of Ri.

In both of these circuits, tube T7 is initially biased to
cutoff by the voltage across the cathode resistor, this
voltage being maintained by the current through To.
The mechanism of operation of these circuits is illus-
trated by the wave-form diagrams. If the voltage (B-H)
is very well filtered, the time "jitter” in the sweep cir-
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FIGURE 67—Cathode-conpled multivibrators.

cuit due to variations in the width of the multivibrator
output can be reduced to less than 0.1 mic osecond.
When the width of the multivibrator output used for
the time delay varies by more than the transmitter pulse
length, signals on successive sweeps will not coincide on
the tube face; and a loss in definition of the radar pic-

ture will result. Tt is, therefore, important to provide
additional filtering for the (B-L-) voltage and is desir-
able to use a VR tube to aid in holding this voltage
constant.

(2) Saw-tooth delay: A second method of delaying a
sweep is illustrated in figure 68. A linear saw tooth is
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FIGURE 68—Saw-tooth def::I)' circuit.

started at the instant the transmitter pulse is sent out.
When this saw tooth reaches the bias voltage on the
diode, current will flow, thereby raising the grid voltge
in the amplifier. This voltage change may then be de-
veloped into a trigger by tripping a blocking oscillater
or may be amplified to the point where it is sufficient
to start the multivibrator used to generate the delayed
sweep. The time delay between the transmitter pulse
and the trigger generated by this circuit may be adjusted
by the setting of a linear bias potentiometer.

(3) Phantastron: ‘The “phantastron” shown in figure 69
offers a third method for obtaining the required time
delay. The second control grid Gy is biased to cutoff, a
process which forces all of the current to go to the first
screen grid Go. If the cathode is about 40 volts above
ground, G should be at about 25 volts, Neglecting the
diode for the moment, one sees that a positive pulse
applied to G allows the plate to draw current and, con-
sequently pulls the first control grid to a lower voltage
because of the coupling capacitor €. This action drops
the cathode voltage to near zero so that G no longer
cuts off the plate current. As the charge leaks from the
capacitor C, the current through the tube increases be-
cause the first grid becomes more positive. The plate
voltage then drops below the initial turn-on value and
tends to prevent the grid voltage from rising. The net
result is a downward drift of the plate voltage and an
upward drift of the first grid, as indicated in figure
69(b). Eventually the plate voltage is so low that most
of the further increase in cathode current goes to the
screen. At this point the first grid voltage rises at the
discharge rate of C and carries the cathode with it until
Gz again cuts off the current to the plate. The plate
immediately rises to B} carrying the first grid with it,
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and after a short transient period the tube returns to
original state.

FIGURE 69— Phantastioir.

Placing the diode in the circuit prevents the plate
from reaching the B-}- voltage. Its action is to move thz
plate-voltage curve to a lower value, as shown by the
dotted line in figure 69(b). Since the plute-voltag-e cu ve
is very linear on the down slope, the length of time re-
quired for recovery is decreased in proportion to the
voltage applied to the diode. Thus Ri may be used Fo
control the time delay between the trigger and the rapid
plate rise. This plate rise is used as the output from
which a delayed trigger is developed.

(4) Phase-shift delay: Where very accurate control (.)f
the time delay is desired, the method illustrated in
figure 70 may be used. A sine-wave oscillator with stable
frequency characteristics having a frequency consider-
ably greater than the pulse-repetition rate is used as an
accurate timing device. This oscillator may be used to
generate the radar-pulse frequency by some counting-
down device, or may be turned on in synchronism with
the transmitter by methods to be described later.

The output of this oscillator is pnssed through a phase
shifter in which the phase change may be varied con-
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FIGURE 70—Accurate range delay circuit.

tinuously and accurately by turning a hand crank. The
sine-wave output from the phase shifter is then formed
into a series of “pips” by onz of the methods described
in Section V. As the hand crank is turned, any given
pulse will appear to move along the time base and can
be moved to any chosen point. If we watch a particular
pip, we may mark the phase shifter when this pip co-
incides with the transmitted pulse and then, by observ-
ing the number of turns on the hand crank, determine
the number of oscillator cycles required to move this pip
to a given point. From this observation and the oscilla-
tor frequency the range may be computed. Considerable
effort will be saved if a calibrated dial is geared to the
hand wheel, and still further simplification will result
if the oscillator frequency is chosen to make one cycle
correspond to, for example, 1000 yards when the range
is to be read in yards.

We must now find some method of eliminating all but
the desired pulse if we wish to use it as a delayed trigger.
This may be done by using a cathode-coupled multi-
vibrator or phantastron to trigger a second multivibra-
tor whose output acts as a gate to select the desired pip,
as indicated in figure 70. The potentiometer which con-
trols the delay is geared to the phase shifter so that the
gate moves with the pip. Because there is considerable
space between pips, the gate need not be moved with a
high degree of accuracy; however, it must track accu-
rately enough to let through only the desired pip.

(C.) Range marks: Although range to the target can
be measured by a scale placed on the face of the tube, it
is preferable to use electronic methods which are inde-
pendent of the linearity and centering of the trace. One
of the most commonly used methods, which is particu-
larly suitable for timing the very short intervals in-
volved, is to develop range-marking “pips” from the
sine-wave output of an oscillator. The oscillator fre-
quency is usually chosen to correspond to the desired
spacing between marker pips. For example, to obtain
markers one mile apart the frequency should be
1/T=186000/2=93 kilocycles, where T  is the time
for the pulse to travel to a target one mile distant and
return. However, by the use of counting-down circuits
this same oscillator can be made to give, for example,
5-, 10-, or 100-mile markers.

Figure 71(a) shows the basic method for obtaining
clectronic range marks. In systems in which an oscillator
is used to control the pulse-repetition frequency, a con-
tinuously running oscillator may be used to generate
the range marks, the pulse-repetition frequency being
obtained by counting down. In systems in which the
repetition frequency is determined by some other meth-
od, such as a rotary spark gap, the oscillator cannot he
run continuously because then it will not be synchro-
nized with the transmitter. For such systems the oscilla-
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tor must be started from a completely stopped condition
and synchronized with the transmitter each time a pulse
is sent out. The oscillator, if still running when the
transmitter operates, may be imperfectly synchronized.
Where a tuned circuit is used to control the frequency
the oscillations may be stopped in two or three cycles by
short-circuiting the resonant circuit with a tube, as
shown in figure 71(b). The oscillations will always
start in the same phase when this tube is turned off by a
multivibrator triggered by the transmitter. On the other
hand, if a crystal oscillator is used, the crystal will vi-
brate for a considerable time after being short cir-
cuited. Its oscillations, however, can be stopped rap-
idly by applying an out-of-phase voltage, as indicated
in figure 71(c). Here, again, the impulse caused by turn-
ing off the switching tube will start the crystal in a
definite phase. A crystal operated in this manner is
not as stable as a steadily running crystal. Therefore,
a good temperature-compensated coil-and-capacitor com-
bination is almost as good as a crystal, since it is about
as constant in frequency.

Figure 71(e) shows the sequence of wave forms for a
range-mark circuit which is turned on by the transmitter,
as indicated in figure 71(b). The range marks shown
on the PPI photograph in figure 65 were generated by a
circuit of this type. The oscillator frequency was set to
give 10-mile pip intervals. The 50-mile marks were
brightened by counting down by a factor of 5 to 1 and
then superposing the 50-mile marks thus obtained on
the original 10-mile marks.

(1) Blocking oscillator: A blocking oscillator such as

that shown in figure 71(d) is used to convert the sine
wave into these sharp range marks, and also as the

FIGURE 71—Range-mark circuit,

counting-down circuit to obtain the 50-mile marks. The
tube is biased off by a charge on the grid capacitor, but
the negative voltage of the input wave starts the tube
conducting. The plate current drives the grid positive
through the coupling transformer, thereby causing the
grid to draw current and charging the capacitor. As

soon as the plate current reaches a steady value the
voltage applied to the grid through the transformer falls
to zero, because a transformer develops a voltage in its
secondary only when the current in the primary winding
is changing. This condition allows the grid to be carried
negative by the charge on the capacitor. The plate,
therefore, returns to B+, since the current is cut off,
and remains there until the tube again becomes con-
ducting, either because of the input or because the
charge leaks off the capacitor through the resistor, If
the resistor is so large that the grid is still too negative
to permit the next negative input swing to turn the
tube on, the blocking oscillator will not operate and
will therefore count down.

PRECISE RANGING

Where very accurate range measurements are to he
made, estimating the distance between range marks s
inadequate. It then becomes necessary to bring a marker
into coincidence with the signal. If the phase shifting
device in the circuit sketched in figure 70 is accurately
calibrated, the output pulse can be used as an electronic
marker which may be moved to coincide with the sig-
nal, the range then being indicated on dials.

(a) [-scan: The J-scan offers another simple method of
making very accurate range measurements. The tube
used for the J-scan has two pairs of deflecting plates
mounted at right angles, as in an ordinary cathode-ray
tube. The sine wave from an oscillator is fed directly
(or through a linear amplifier) to one pair of plates,
and the same oscillator output, after passing through a
90-degree phase shifter, is fed to the other pair of
plates. The resultant voltage from these two sine waves
causes the beam spot to travel in a circle on the face of
the tube. One complete circle is described for each
cycle of range sweep. The radius of the circle is deter-
mined by the amplitude of the sine waves. The path
will be an ellipse if the two waves are not equal in
amplitude or if the phase shift is not exactly 90 degrees.
In order to make the signal show as a deflection from
this circle, the signal voltage must be applied radially
between an electrode sealed in the center of the tube
face and a conducting coating on the side wall of the
tube. When the J-scan oscillator frequency is equal to
the pulse-repetition frcqucncy, the same signals on suc-
cessive pulses will appear at the same points on the
tube, and the range can be measured by a dial placed
around the tube carrying a radial marker which is
placed over the signal. If the oscillator frequency is
some multiple of the pulse-repetition frc*qucnry.the
signals on successive pulses will still land at the same
points on the tube, but there will be confusion as to
the particular revolution of the sweep on which a given
signal appeared. Tor example, if the pulse-repetition
frequency is 9.3 kilocycles and the J-scan oscillator fre-

quency is 93 kilocycles, there will be ten superposed
sweeps, each expanded by a scale factor of 10 over a
J-scan operating at 9.3 kilocycles. In order to know
whether the signal appeared at 5.6 miles rather than at,
say, 1.6 or 7.6 miles, it is necessary to blank all but one
revolution on the tube. A blanking gate operated by any
of the delay circuits described earlier in this section may
be employed; it need not be positioned with a high
degree of accuracy because it is used merely to indicate
which mile is involved. The accurate range is measured

- by positioning a pointer over the signal as previously

described ; but, since this scale has been expanded by a
factor of 10 in this example, the range measurements
can be made with greater accuracy. For convenience of
operation, the blanking gate is geared to the range
dial.

The ability to present range on a dial means an
ability to turn a mechanical shaft in accurate correspond-
ence with the range. This ability is extremely important
because it provides a means of feeding range data to gun
directors, bomb-release-point computers, automatic-
plotting tables, and other computing or plotting devices.

B-SCAN

Indicators such as the B-scan, RHI, and PPI re-
quire, in addition to a range sweep, a voltage which is a
function of the antenna position. Let yg begin the dis-
cussion with the B-scan since it is the simplest case, and
one which requires a voltage proportional to the
azimuth angle of the antenna.
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FIGURE 72—B-scan azimuth sweep-control circuits.

The simplest method of obtaining this voltage is to
attach a potentiometer to the shaft in the antenna pedes-
tal. For presentation of the full 360 degrees on the
B-scan the potentiometer will have to be wound to
cover a complete circle, except for a small space to sepa-
rate the two ends of the winding. All potentiometers are
apt to give trouble because of dirt, which causes poor
contact between the sliding arm and the windings. A
potentiometer gives an excellent solution to the problem
in applications where this dirt can be kept out.

The second method is to attach a linear variable ca-
pacitor to the azimuth shaft. A high-frequency alternat-
ing current which is subsequently rectified is used, and
the variable capacitor together with the cable and cir-
cuit capacitance is used as a voltage divider. The equiva-
lent circuit is shown in figure 72(a). Because of the
geometry of a variable capacitor, 2 B-scan built on this
principle can cover only 180 degrees; and unless the
stator plates can be rotated by the operator, the 180-
degree coverage cannot readily be shifted to a different
sector.

A third method is based on the use of a phase-shift-
ing device which is rotated by the antenna mount. In
figure 72(b) a pair of selsyn transformers is used. When
the two rotor coils are in the same position with respect
to the stators, the phase shift is zero. The phase shift
changes from this point in proportion to the angle of
rotation of the rotor. A brief consideration of this cir-
cuit shows that tube T1 conducts only when the grid
voltage and plate voltage are positive, and that T2 con-
ducts only when the grid voltage is positive and the
cathode voltage negative. Thus, both tubes act as half-
wave rectifiers with T rectifying only the in-phase com-
ponents, thereby driving the output positive from a
voltage point which is determined by the bias applied to
the output selsyn rotors. When the selsyn output is out
of phase with the oscillator, T2 drives the direct-current
output negative with respect to the equilibrium point.
Since the comparator output is essentially sinusoidal
with respect to the angle of rotation of the antenna, a
B-scan operated in this manner will be reasonably linear
only over a 90-degree sector. Therefore, a single B-scan
of this type is not adequate for 360-degree search. One
advantage of this circuit lies in the fact that the com-
parison selsyn may be placed within easy reach of the
operator, so that he can select the 90-degree sector to be
viewed by adjusting the selsyn rotor position.

Both the capacitor-driven 180-degree B-scan and the
selsyn-driven 90-degree unit require blanking of the re-
turn azimuth sweep.

C-SCAN

A C-scan can obviously be built by using these types
of sweep controls, one unit being operated by the
azimuth antenna position and the second by the eleva-
tion.

RANGE-HEIGHT INDICATOR (RHD

In an ideal RHI, the constant height lines should be
straight and perpendicular to the constant-range lines.
The height H of the target is given by

H — R sin 0

where R is the slant range and 6 is the elevation angle
of the antenna when pointed directly at the target. This
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cquation may be solved electrically by feeding the range
saw-tooth sweep through a device whose output is equal
to the sine of the elevation angle. The output sweep

: fmm the sine computer is then applied to the cathode-

ray. tube to give a vertical deflection, and the range
sweep provides a horizontal deflection. The resultant
path of the spot on the cathode-ray tube will be along
a diagonal.

A potentiometer wound so that the resistance varies
as the sine of the angle of the contact arm may be used,
but a simpler method is to wind a uniform resistance on
a flat card. If the voltage is picked off by an arm pivoted
as shown in figure 73 (a), the output voltage will vary
as the sine of the angle 0. The only electrical contact be-
tvrreen this arm and the card is at the sliding contact.
Figure 73(a) also shows the basic RHI circuit. The
height scale may be expanded by amphﬁcatmn of the
sine-potentiometer output.

A capacitor voltage divider may also be used as
height computer if the plates are properly shaped.

Figure 73(b) shows another method of obtammg a
voltage proportional to the sine of the angle. The “re-
solver” in principle consists of two sets of coils. The
stator establishes a uniform field in which a rotor coil
is placed. The coupling between the stator and rotor will
vary with the sine of the angle as indicated. This re-
solver may be substituted for the sine potentiometer in
the circuit in figure 73(a).
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FIGURE 73—Range-height-indicator fweep circuils,

Another method which gives an approximate solution
is to make use of the equation
i ik 7
sinfh =0 4 —
gr 31 7

The series, which must have an infinite number of terms
to be exact, is cut off at the term which is smaller than
the permissible error. Each term is then separately
produced by suitably designed electrical and mechani-
cal systems, and the voltages are added. For example,
the term 0%/3!=Y%/6 may be produced by three linear
potentiometers, as shown in figure 73(c). The cathode
followers are used to prevent loading of one potenti-
ometer by the next, but play no other role in the circuit
since their voltage-amplification faclor is essentially
unity.

PPI

If two arms of equal length at right angles to each
other are used to make contact on the resistance card
shown in figure 73(a), one contact point will give a
voltage proportional to the sine of the angle and the
other a voltage proportional to the cosine. Obviously,
the pivot must be moved to the center of the card if
360-degree rotation is required. The cathode-ray spot
will sweep radially from a point on the tube face, if the
horizontal sweep connection in ﬁgure 73 (a) is removed
from the range-sweep unit and connected to the second
arm through an amplifier identical with that in the ver-
tical sweep circuit. The position of this point will be
determined by the direct-current and voltage conditions
in the circuit when no range-sweep saw tooth is present.
This point will be at zero range, thereby corresponding
to the map position of the antenna. The angular direc-
tion of the radial sweep will follow the angular direc-
tion of the antenna and the range mark will trace out
a circle on the tube face as the antenna rotates. These
statements may be verified by plotting the spot position
for constant angle with the range varying, and for con-
stant range with the angle varying, remembering that
the sine and cosine voltages are applied at right angles
to each other,

As in the case of the RHI, the potentiometer may be
replaced by a resolver having two rotor coils placed at

right angles. One coil will give a sine function and the
other a cosine function.

These PPI sweep drives can be used with either
clectrostatically deflected or magnetically deflected tubes.

A very simple PPl sweep mechanism can be made
with a magnetic deflection coil. If the coil is placed to
give a magnetic field at right angles to the electron
beam, the cathode-ray spot will move at right angles
to both the magnetic field and the electron beam when
the current is changed through the coil. If the coil is
rotated about the electron beam as an axis, a range
sweep fed into the coil will cause the spot to move
radially. The angular direction of the sweep will corre-
spond to the azimuth angle of the antenna if the coil is
rotated in one-to-one correspondence with the antenna.

In order that a true map picture may be presented, the
zero range or starting point of all range sweeps, regard-
less of direction, must be at the same point on the tube
face. This condition requires the current in the coil to
be zero at the beginning of each range sweep. The posi-
tion of the zero range point may be altered by adjusting
the angular position of and current through another
deflection coil which remains stationary as the antenna
rotates. Figure 74(b) shows an “off:center PPI” in
which the zero range point has been moved to one edge
of the tube. Actually, the center may be moved com-
pletely off the tube face.

SERVO CONTROLS

The coil in the "rotating-coil PPI" may be driven di-
rectly from the antenna by a flexible shaft or through

FIGURE 74—O(f-center plan-position indicator.

gears, but this method may be extremely inconvenient
if the antenna is several hundred feet from the PPL

If the torque required to turn the PPI coil is very
small, the coil may be driven by a pair of selsyns con-
nected as shown in figure 75. When the two rotors are
lined up electrically, the induced voltages in the stators
are canceled and there is no torque on the shafts. The
voltages will no longer be canceled if one rotor is
turned from the position. This unbalanced voltage will
produce torques on the two rotor shafts in the proper
directions to make them realign in the no-torque po-
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FIGURE 75—Selsyn drive.

sition, The torque increases as the displacement between
the rotors increases. Thus, if one rotor is turned and the
other is free to rotate, the latter will follow the- former
attempting to remain in the no-torque position. rrlctxori-
al drag in the following selsyn will cause some lag in
angle; hence its position will be uncertain by a few de-
grees. If the antenna selsyn is geared up by a ratio of 10
to 1 and the PPI is geared down 10 to 1 from its selsyn,
the PPI coil will still make one revolution for each revo-
lution of the antenna; but the selsyns will make ten
revolutions. A lag of 5 degrees between the selsyns will
then cause only 0.5-degree lag of the PPI coil from the
antenna because of the gear reduction. Introduction of
this gear system also results in ten stable positions
(separated by 36-degree intervals) of the PPI coil with
respect to the antenna, because the follower selsyn locks
in 1-to-1 correspondence with the antenna selsyn and
not with the antenna.

In applications where large torques are required it is
not feasible to use a selsyn drive, but the phase differ-
ence between two selsyns may be converted to a voltage
which may be used to drive a motor. If the motor turns
both the follower selsyn and the system which is being
driven, the rotation will continue until the selsyns are
again lined up. The motor must obviously be capable of
reversing when the follower selsyn gets ahead of the
transmitter selsyn in angle. Since there are a great many
types of “servo-control” systems, a complete survey
would require a highly technical discussion of the rea-
sons for the different factors involved in selecting a par-
ticular type for a given job. Therefore, only two simple
systems will be discussed to illustrate the general prob-
lem.

Figure 76 shows a circuit used to control a two-
phase alternating-current motor. The amplified selsyn
output is fed to one coil of the two-phase motor, while
the alternating current from the power line is connected
to the other coil. When these two waves are in phase,
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FIGURE T76—Alternating-current servo system.
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no torque is developed. Displacement of one of the sel-
Syns*Creates a phase shift which results in a torque on
the motor. In order to have a stable system, this torque
obviously must act in the proper direction to decrease
the phase shift. In order to reduce the time lag of the
motor system in following the transmitter selsyn, a sig-
nal proportional to the rate of change of the receiver-
selsyn output is also fed through the. amplifier. Thus,
when the transmitter selsyn is suddenly turned, the
torque on the motor is greater than that caused by the
selsyn output alone by an amount proportional to the
rate at which the two selsyns become out of step. The
selection of the proper type of rate signal is greatly de-
pendent on the mechanical system to be controlled and

is one of the most important and most involved items
In servo design,

The “parallel-T” filter in figure 76 has the band-pass
characteristic shown. Therefore, the voltage applied to
the 6]5 grid increases as the frequency departs from 60
cycles. A change in error signal from the receiver selsyn
may be considered as made up of a pure G0-cycle sine
wave plus a modulating wave whose frequency is the
rate of rotational displacement between the two selsyns.
This modulation then results in output frequencies of
60 cycles plus and minus the rotation frequency. Since
the grid swing is greater for these sum and difference
frequencies than for the steady 60-cycle signal after
passing through the filter, the power applied to the mo-
tor is increased by an amount dependent on the rate of
change of the selsyn error signal. If the filter response
curve is too broad, the servo does not follow quickly
and accurately; while if it is too sharp, the servo oscil-
lates about its stable equilibrium point.

A circuit of the type illustrated in figure 77 may be
used to drive a split-field direct-current motor. The pul-
sating direct-current output of a phase comparison cir-
cuit, such as that shown in figure 72, is passed through

FIGURE 77—Direct-current servomotor drive.

a filter network and is applied to a phase inverter.
When the direct-current voltage on the grid of the phase
inverter rises above the equilibrium voltage, the phase
inverter draws more currents. This action raises the
voltage of the grid of 72 and lowers that of 7y, thereby

causing the current in the winding W2 to increase and
that in Wi to decrease. If these currents are originally
adjusted to produce canceling torques in the motor,
this change in current balance causes the motor to run
in ore direction. On the other hand, if the phase-in-
verter grid swings below the equilibrium point, the cur-
rent unbalance in the motor causes rotation in the oppo-
site direction.

The filter R2 and Ca= is adjusted to smooth the output
of the phase comparison circuit, while R1 and Ci are
adjusted to give a voltage which depends on the rate of
change of the selsyn output. In other words, R1 and C1
perform the function of the “parallel-T" filter in the
case previously discussed.

The servo-control mechanisms used in radar may vary.

from small units, such as are used for driving PPI coils,
to units of many horsepower for turning antennas. As a
rule, some power-control device other than a vacuum
tube is used to supply the final power to the motor in
large servo systems. Nevertheless, the basic principle is
as sketched here.

ANGLE MARKS

Angle marks may be put on indicators by the simple
expedient of a slotted disk, turned by the antenna.
Light from a bulb actuates a photoelectric cell when the
slots are in the correct position. The photocell output is
then amplified and is used to change the intensity of the
cathode-ray spot.

MAP PRESENTATION

When a “television picture” of a map is combined
with the video from the radar, the picture of the map
will appear on the indicator along with the signals.
Since the radar picture is scanned rapidly in range at
the pulse-repetition frequency and slowly in angle with
the rotation of the antenna, the “television” picture of
the map must be scanned in the same manner if it is to
combine properly with the radar video. The spot on a
PPI will scan a map in the proper manner if the map is
of the correct scale and is placed on the tube face.
Therefore, a PPI adjusted to give a bright spot may be
used as a light source to scan a transparency placed on
the tube face. No signals are applied to this PPI, of
course. The light which passes through the clear space
on the film is picked up by a photoelectric cell whose
output is amplified and mixed with the radar signals for
presentation on another PPI or on a B-scan. This de-
vice may be useful in directing aircraft to landing fields
in bad weather since the position of the plane and field
may then be clearly seen together on the radar tube.

(Coneluded next month)
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