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INTRODUCTICN

2 Ta the spring of 1939 it was realized that the use of radar
would be greatly Pacilitated by employlng indicators which would present a
polar coordinate map (in terms of renge and bearing) of all objects Byisi-
ble" to the radar system, This type of indication can be produced through
the use of a radial sweep on & cathode-ray tube. In particular, an electron
beam is made to sweep from the center to the outside edge of a long=-persis-
+ence fluorescent screen deposited on the snside face of the cathode-ray
tube. To have radial distance on the face of the cathode-ray tube represent
the range of an object, it is necessary to have the sweep start at the same
time that a radio-frequency pulse is radiated from the directional radar an=
temma. To have an angle measured on the face of the cathode-ray ‘tube repre-
sent the bearing of an object, the radial sweep is made to rotate about the
center of the fluorescent screen in synchronism with the rader antenna, so
that the sweep is always in a direction corresponding directly To that in
which the antenna is pointing.

Se Then the radio frequency pulse from the radar transmitter
strikes an object, it is pertially reflected gnd if the energy of the re-
flected pulse 1is sufficiently great, & distinguishable signal, or echo, is
received from that object. TIhese signals are applied to the grid of the
cathode-ray tube to produce a brightening of the cethode-ray trace for each
echo received, This is called intensity modulation and it results in the
echoes appearing as bright spots in the form of circulsr arcs on the fluor-
escent screen. The position of such & bright spot on the cathode=ray screen
gives directly a measure of the range and bearing of the object producing
the echo, For obtaining target bearing readings a scale in degrees 1is gener-
ally marked around the edge of the cathode-ray tube screen with 0° at the top
(see plate 1) TFor determining the range of an echo some form of range scale
is also provided, For = better understanding of the type of pattern actually
received a glance ahead at Plates 22 and 23 should suffice.

4. The name originally given to this apparatus was Radial Sweep
since it is descriptive of the method used toc produce the required resulte
After some time the name Plan Position Indicator (ebbreviated as PPI) was
adopted as more suggestive of the end accomplished. Henceforth the apparatus
will be simply referred to as PPI.

S Plan Position Indicators are intended to give rapidly the bear-
ing and range of any number of targets and so are used 1in conjunction with
other types of radar indicators which sre built to furnish more accurate
readings of these quantities. Since they provide a polar plot of the posi=
tions of all objeets, they are not limited to searching for tergets but can
also be used on ships as an aid to navigation.
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B The rotating radial sweep necessery for PPI can be generated
by an electron beam moving (1) through two perpendicular fields both making
a right angle with the beam, or (2) through a single mechanically rotated
field which always makes a right angle with the beam, In the first case,
either electric or magnetic fields may be used, but, in the second case, only
the use of a magnetic field has proved practical.

7 In general the following holds true for both cases (See Plate
2)e The point at which the electron beam strikes the fluorescent screen,
which is assumed to be flat, is determined by the coordinates r (range) and
® (bearing). Tor the sweep to be linear the electron beam must move radially
with time according to the function r illustrated graphically in Plate 2,
This means that equal segments of the radial trace will represent equal dif-
ferences of range, At the instant the pulse leaves the radar antenns, the
electron beam starts moving away from the center (r = 0) of the PPI screen,
It continues to move radially outward until it reaches the edge (r = rpgx)
of the fluorescent screen when it quickly returns to rest at the center., It
remains at the center until another pulse is radiated when the cycle described
above begins again, From the time the beam reaches the edge of the screen
until it starts another sweep, it is blanked out so thst it is not wvisible
to the observer,

8 The maximum range reached by the electron beam depends on the
length of time for the sweep to be completed; the value of rpsx is unchanged
but the slope of the inclined line (see Plate 2) is changed, Thus plan po-
sition indicators can have several ranges available for use but it must be
remembered that each change of range necessitates a change of range scale on
the face of the tube,

9. For the consideration of case (1) it will again be necessary
to refer to Plate 2, It can be shown that, under certain simplifying assump-
tions which are generally justified in practical cases, the deflection r of
the electron beam is directly proportional to the voltage applied between the
deflecting plates of an electrostatic deflection type cathode-ray tube.
Furthermore, for the purpose of this discussion, it will be assumed thet both
the vertical and horizontal plates have equal deflection sensitivities. If,
then, such a cathode-ray tube is oriented so that the vertjcal deflecting
plates are perpendicular to the 0° - 180° line, the voltages to be applied
to the vertical and horizontsl nlates respectzvely should have the form

r cos @ (1)
r sin @ (2)

where K is a proportionality constant, r is the function shown graphically
in Plste 2, and € is the angle between an arbitrary direction and the di-
rection in which the antenna is pointed. This angle & cgn be made to corres-
pond either to relative or true bearing. These equations hold for a single-
sided connection to the deflection plates, that is, one of the horizontal and
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one of the vertical plates are grounded vhile the voltages of equations (1)
and (2) are applied to the opposite plates,

Hie If a balanced conmection with rsspsct to ground is used s0
that the deflection plates are operated push-pulil, the voltages to be applied
to the wuprer and lower vertical plates should have the form

(1 = 7! e 7
(Vy); = F' rcos €
(Vv)g = =K' r cos 3

Vo T i)
W e
S

and the voltages to be applied to ths right and left horizortal piates
shouid havae the form

(Vp)y = K* r sin € (5)
(Vp)g = -K* ~ 8in @ (8)

7o Arother arrangement that can be used tc give a resultant
fie'd like that of equations (1) ard (2) is to ooerate each deflecting
plate independentiy. The voltage wave forms feor the verticel plates are
then

(Vg)y 7 K r (k= 208 e) (7)

(Vg)z = K" v (k = vos 8) (8)
and for the horizontal plates

Vp)y “E r (k + =in @) (2)

(Vy); - K" r (k- win ©) (10)

where k is always greater than unity, Hsrc it can be seen that equation (8)
subtracted from equation (7) gives essentially equation (1), Likewise,
equation (10) subtracted from equation ($) results in equation (2). The saw-
tocth voltase wave forme on the deflecting plates are never of zero amplitude
but, for certain values of @, the horizontal or vertical deflection of the
beam is zero.

8, Also under case (1) is classified the cathode-ray tube of
megnetic deflection type when a fixed nair of deflection yokes is used. Since
an electron leam roving through a magnetic field perpendiculsr to its direction
of motion experiences a force which ic perpendicular both to the field and
to its direction of motion, the deflection yokes are mounted so that their
axes make a right angle with the axis of the cathode-ray tube. Both the
horizontal and vertical yokes often consist merely of a pair cf air-core coils
so wound that the magnetic field in the region traversed by the electron beam
is very nearly uniform. After certain justifiable assumptions are made, it
can be shown that the deflection r of the electron beam is directly propor=-
tional to the current passed through properly designed air-core deflection
yoie~, T:ws, if the vertical deflecticn yoke is mounted with its axis per~
pena’-v er o the 0° - 180° line and the horizontal yoke has its axis parallel
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to this line, the currents to be passed through the vertical and horizontal
yokes respectively should have the form

v = C r cos
h =Cr sip

bt
D @
_—
'—l
ja}
T

where C is a propertionality constant and btoth » and @ are defined as before.
(bviously equations giving the current necessary for Tagnetic deflection can
also be written to correspond to the electrostatic cases of equations (3)
through (10) but they are not included here,

9 Up to this point, the method described Ffor obtaining a sweep
direcxted ia correspondence to the angular position of the antenna has con-
sisted essentially of an effectively rotating field, either slectric or mag-
netic., This has necessitated the use of voltage or current wave forms which
are not as simple as they can be made if the fieid is actually rotated by
mechunical means,

i0. This fact naturally leads to a Gizcussion of cese (2). Obvious-
ly, it would be impractical t5 rotate the Geflecting electrodes of a cathode-
ray tube siace, to be able to direct the motiorn of the slectron beam properly,
they have to be mounted inside the tube in a high vacuum, But it is a rela-
tively simple matter to rotate in synchronism wiili the antenna a single de-
flection yoke which is placed around the outside of the neck of the cathode-
ray tube., Now the current to be passed through “his yoke is

I=¢Cx (13)

where C and r have been previously defined. The automatic mechanical follow-
up system eliminates the introduction of & function of 8 into the current
wave form,

11. VFagnetic deflection yokes have both resistance and inductance
and can be considered electrically as a series combination of the twos To
produce a saw-tooth current in a resistancz R alone, a saw-tooth voltage is
applied; to produce a saw=tooth current in a pure inductance L, & square wave
of voltape is applied. Thus, to obtain a saw-tooth current wave form (as in
equations (11), (12) or (13)) in a deflection yoke, it is necessary to apply
a voltage wave form consisting of a square wave with a saw-tooth wave supers-
imposed on it. This fact is illustrated in Plate B

DEVELOPMENT COF PPI

12, The first experimental method for producing a radial sweep
made use of the electrostatic deflection type cathode-ray tube. The form of
the voltages that need to be generated in this case has been given in equa-
tions (3) through (6). The output of a push-pull saw-tooth generator is
applied to the control grids of four triodes, operated push-pull in pairs,

By mcon: »° a sine wave generator geared to the antenna, the bias on the con-
troi geods of these tubes is varied sinusoidally as a function of the antenna
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position so that their outputs are saw-tooth voltages whose maxima also vary
sinusoidally in the same way., These voltages are amplified in two stages and
then applied to the deflecting electrodes of the cathode-ray tube, So that
the sweep will rotate with the proper end at the ceanter of the tube, a sinu=-
soidal voltage likewise dependent on antenna position is placed on the control
grids of the output tubes which are directly coupled to the deflecting elec~
trodes. Thus, the average bias of these tubes is automatically adjusted to
keep the sweep properly centered as it rotates on the fluorescent screen,

13. Another scheme using electrostatic deflection, but only
requiring one sine wave generator was tried. The forms of the voltages to be
generated in this case have been given in equations (7) through (10)e Four
individual saw=-tooth generators are directly coupled to the horizontal and
vertical deflecting electrodes., Through the use of a sine wave generator
geared to the antenna, the plate voltages of these saw-tooth generators are
varied sinusoidally with the position of the antenna. The saw-tooth voltage
starts at ground potential on all four deflecting plates so that a special
bias supply is not necessary to keep the sweep rotating properly about the
center of the tube,

14, Various types of sine wave generators have been employed.
Direct-current potentiometer arrangements introduce into the circuits ob-
jectionable brush noise which cannot be completely eliminateds A synchkro
generator geared to the antenna can be made to furnish a sinusoidally varying
potential through the use of appropriate rectifying and filter circuits and
this seems to be the best method for obtaining such a potential.

15, Several modifications of these circuits for electrostatic
cathode-ray tubes tried but they all were fairly complicated., The idea then
occurred to use a magnetic deflection type tube so that the field producing
the radial sweep could be rotated mechanically in synchronism with the radar
antenna, Accordingly, rotatsble magnetic deflection yokes were constructed
and used with both a projection-type television cathode-ray tube arrangement
and a television cathode-ray tube having a fluorescent screen 12 inches in
diameter,

16. In the cathode-ray projection-tube type PPI, the cathode-ray
tube was mounted vertically with the fluorescent screen facing a spherical
mirror sc that the pattern appearing on the screen was focused on an 18 x 18"
ground glass screen mounted as a table-top. If a permanent record of the
successive positions of moving objects was desired, the ground glass screen
could be replaced by a sheet of plain glass covered with tracing paper so
that as the echoes appeared their outlines could be traced on the paper, The
persistence of the fluorescent screen was not sufficient to permit the whole
pattern to be viewed at any time, the intensity of the echoes diminishing
very quickly after the sween passed by them., The horizontal yoke of this
PPI was driven mechanically so that its sweep rotated in synchronism with the
directional anternaz., 7o permit the expansion of any given sector of the
pattern over the whole face of the tube, a vertical yoke was also used, thus
providing a manual adjustment for moving the center of rotation of the sweep
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to any point at the edge of the fluorescent screen. As is evident from these
statements, the horizontal yoke is defined as +he one through which the

sweep current is passed. By passing direct current through it, the vertical
yoke is used for positioning the center of the PPI pattern.

17. This PPI had either l-mile, 5-mile or 25-mile markers or any
combination of them applied to the cathode-ray grid to produce bright range
circles, by means of which the range of an object could be quickly estimated.
In addition, the sweep line was brightened up every10° to give'\radial azimuth

markers to aid in determining the bearing of the objecte

18, Since this type of tube could not be made with a screen of
sufficiently long persistence and since a projection tube is not sensitive
enough to give the proper contrast for viewing weak signals, this method was
abandoned in favor of using a lerge cathode-ray tube and observing the screen
directlye

18, At the same time that the projection type PPI was being tried
and even for a while before, a PPI using a 12-inch cathode-ray tube was builte.
The seme system of range and bearing markers as well as the same arrangement
of deflection yokes was used. This apparatus, however, was open to the same
objection as the projection type, nawely, that the fluorescent screens avail-
able were not of long enough persistence.

20. Finally the greatly needed long-persistence screen was develop-
ed, The persistence of this new double-coated fluorescent screen was such
that an echo would remain distinetly visible on the fluorescent screen for
at least 12 seconds. When the repetition rate of the transmitter is 60 cycles
per second, it becomes necessary to keep the speed of rotation of the antenna
at or below 5 revolutions per minute (ropems), since individual sweep lines
sre visible on the fluorescent screen if the antenna is rotated any fasters
Since it is expedient to view all targets in 360° as quickly as possible, the
antenna is generally rotated at 5 repeme S0 that the PPI pattern is renewed
once every 12 seconds. By using the long-persistence screen the whole 360°
pattern is then continuously visible to the observer.

21, Experiments were then conducted to determine the best type of
markers to be used on plan position indicators. It was decided that having
bright range circles and bright radial bearing markers every 10© on the
fluorescent screen interfered with viewing the echoes received, Thus a
marker system was tried whereby 2 bright circular arcs about 4 miles apart
and 9° wide could be adjusted to any range and bearing on the face of the
tube by simply rotating two dials. After centering an echo between this
pair of markers, the range is read directly from cne dial (used to adjust
the radial distance of the markers) and the bearing from another (used to
adjust the position of the markers in azimuth). The objection to a system
of this type is one which arises from the loss in time in properly setting
the markers. This is especially serious when it is necessary to rotate the
antenna slowly (5 r.p.m.) 2s is slways the ecase with 60-cycle-per-second
repetition rates.
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22 An adjustaeble marker consisting of a single bright circular
arc and a marker consisting of a blank arc in a bright circle were also
tried, FEoth of these systems, although they are capable of producing
accurate readings of range and bearing, are open te the same objection as
the 2-marker method described above.

S Because of the difficulty in cbtaining a quick and at the
same time accurate adjustment of the marker both for range and bearing,
it was decided to dispense with the electrical type of marker, By en-
graving a hair-line and appropriate scale divisions on a rotatable disc
and mounting this disc above the face of the cathode-ray tube together
with a fixed disc engraved with a scale of degrees, a suiteble system is
provided for determining both the range and bearing of an echo with
sufficient accuracy as well as with the requisite speed.

PPI MCDEL RA 55 ACN

24, In November 1941, the Bureau of Ships established problem
¥4-13S, authorizing the construction of two (2) units of the latest PPI
developed at WRL to be used in connection with SC-1 eguipment. With this
combination of apparatus, the search for objects is mccomplished by view=-
ing the PPI fluorescent screen while rotating the antenna at a constant
speed (5 r.p.m.). Whenever an echo a 'pears, its approximate bearing may
be obtained very quickly by rotating a Lucite dis¢ so that the radial line
engraved on it is centered on the echo., The bearing can then be read from
the angular scale engraved around the circumference of a fixed Lucite disc.
Both discs are edge-lighted to meke all engraving visible to the operator
without interfering with the observation of any echoes, The range can be
estimated by using the linesr scale engraved along the hair-line used for
finding the bearing. If a more accurate range and bearing determination
is desired, the operator can stop the antenns so that it is pointing di=-
rectly at the object and use the SC-1 for such readings,

¥Vechanical Constructicn

25, This model of the PPI has been designated as NRL Vodel I-4 and
Pureau of Ships Model RA 55 ACN. Two PPI Units, marked Serial 3101 and 102,
have been constructed under Problem Number X4-13S, They are each 570 pounds
in weight and have a power input of 60 cycles, single phase, 115 volts, 5.5
amperes end 500 watts, The cabinet for this model (Plates 6 and 7) is of
steel construction finished with .Navy gray enamel and the ranels have a Navy
gray vwrinkle finish on their exposed surfaces, Its dimensions are 38 inches
(high) by 36 inches (wide) by 21 inches (deep), plus a sloping bay which
comes to a peak at 27 inches above the base, the depth of the cabinet at this
peak being 33 inches, The bay is at the front of the cabinet and placed
between the top and a point 20 inches above the base to provide leg room for
the observer. The cabinet is designed expressly for mounting the type SC-1
reseiver-indicator c:d control units on its top since the PPI and SC-1 are
intenaec t: ba used L one and the same operator. The two SC-1 units are
equippe i witn rubber sheck mounts which are retained when these units are

SFAEP
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bolted to the top of the cabinet. The cabinet itself is vibration mounted
at its base and the component units in the cabinet are individuslly shock
mounted,

26, The cathode-ray tube is held in a separstely shock-mounted
cradle so that the fluorescent screen is in an inelined plane to make view-
ing by » seated operator easier, Also mounted on this cradle arc the magnetic
focusing coil, the rotating yoke (magnetic deflection coils), and the driving
system for rotating the yoke, (See Plates 7 through 10),

2T All front panels are fastened in by thumbscrews, the power
being disconnected by interlock switches whenever one of these panels is
removed, All power, signal, and -other cables are brought in at the rear
of the cabinet to terminal board TB-7 (See Plate 10), This terminal board
contains four female Jones connectors to which arc brought four 3/8 inch
flexible coaxial lines, one to carry signal from the recognition receiver,
and the other three to carry the synchronizing pulse, receiver signal, and
marker signal from the SC-1,

Signal and Sweep Unit

28, The signal and sweep circuits are contained in chassis TB-4
(see Plates 4, 17 and 18) mounted behind the left-hand control panel, A
positive keying pulse synchronized with the transmitter pulse is brought
into this chassis over 3/8 inch 75-ohm flexible coaxial line to Jones plug
A (see the circuit diagram in Plate 21), This pulse is fed through one half
of V-8 which serves as a keyer for the multi-vibrator tube V-9. The grid
circuit constants of V-9 can be given three different values resulting in
square waves of three different widths, but all having the same repetition
rate (60 cycles per second). The range, or the total time taken for the
electron beam to sweep from the center to the edge of the fluorescent screen,
is determined by the width of this square wave so that three possible ranges
are provided, Serial 7101 of Model RA 55 ACN has 20, 50 and 100 mile ranges
while Serial 7102 of Model RA 55 ACN has 20, 100 and 300 mile ranges. Any
one of these ranges can be selected through the use of the three-position
rotary switch merked RANCGE 1'ILES, A variable potentiometer marked SWEEP
VERVIER is in series with the grid resistors on one half of the multivibrator;
it can produce a small change in width of the square wave corresponding to
about 10 miles of range.

29, The positive square wave generated by this multivibrator is
emplified in one half of V=10 to give a negative squere wave which is applied
to the grid of the other half of V=10, blocking it for a small part of a
cycle, While the tube is blocked, a combination of saw-tooth and sguare wave
(due to the particular resistance-capacity circuit used) is impressed upon
the grids of V-1l and V-12 in parallel. This tube (V-10) is used to generate
a voltage of the shape needed to give a saw-tooth current through the electro-
magnetic deflecticn coils present in the plate circuit of V-1l and V-12, This
saw-toeth “urrent t.rough the deflection coils will produce a linear sweep on
the fiu:rescent screen, that is, equal distances will be swept in equal times,

o
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Te vary the amplitude of the sweep, the plate voltage of the second half
of V=10 is varied by changing the pesition of the potentiometer marked
SWEEFP AVPLITUDE on the control panel.

30, The positive video signal coming from the SC-1 receiver is
fed into the cathode follower tube V=1 (see Plates 19, 20 and 21)., The
cathode of this tube is connected through a resistor to a 75-ohm 3/8 inch
flexible coaxial line which is terminated in the PPI video chassis by a
75-chm potentiometer. The movable arm of this potentiometer is connected
to the grid of V=3 through & resistance-capacitance coupling circuit. The
position of this movable arm determines the voltage of the signal applied
to the PPI video channel and is thus called the SIGNAL AVPLITUDL control,
The positive video signal on the grid of V-3 is amplified to give a nega-
tive video signal applied to V-4. The saturated peaks of the negative
video signal coming into V-4 may be clipped off by adjusting the grid bias
on this tube, that is, by adjusting the SIGNAL LIFITER control. The strong
signals can be made to drive the tube bevond cut-off and thus be cut down in
amplitude so that weak signals will have comparable strength. This will
prevent saturated signals from overdriving the grid of the cathode-ray tube
(which would result in brilliant fluorescence and defocusing of the elec-
tron beam) and by thus reducing the contrast between strong and weak sig-
nals will make it easier for the overator to detect wesk signals, Tube
V-4 shares its plate load with V-5 so that the positive squares wave com-
ing from V-5 is mixed with the videc signal and then applied to the cathode-
ray tube grid, Since the multivibrator V-9 supplies V-5 with a negetive
square wave whose width depends upcn the range being used on the PPI, the
electror beam is cut off except when it is sweeping across the face of the
tubes This is accomplished bb adjusting the grid bias on the cathode-ray
tube bty means of the control marked INTENSITY,

31, The electron beam is focused electromagnetically by adjust-
ing the current passing through a coil whose axis coincides with that of
the cathode-ray tube. This control is marked FOCUS,.

325 To measure renge in the SCel indicator, a step wave is
employed which can be moved to coincide with an echo at any point within
the raige teing used, This step wave is taken off the cathode of V-703
in the SC-1 through a small condenser and carried through a flexible co-
axial line ¢ the video chassis of the PPI, By emplification through
four stages and by using short time constants the step is changed into a
pulse marker which is put onto the grid of the PPI cathode=-ray tube. This
marker may be switched on or off by using the toggle switch lebeled MARKFER,.
The position of the marker on the face of the PPI cathode-ray tube depends
on the position of the step wave in the SC=1.

33 The ranges on the PPI can thus be calibrated by setting the
SC~1 marker on the maximum range of the PPI sweep to be used and adjusting
the SWEEF SWPLITULE control until the marker coincides with the last scale
divi-iecs e .raved : the PPI Lucite disc.
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Power Supplies

34, The power supplies are of conventionel design, the high voltage
supply for the cathode-ray tube employing a voltage doubler circuit (see
Plates 15, 16 and 21) while all others employ full wave rectifier and choke
condenser filter circuits (see Plates 11, 12, 13 and 14).

Deflection Yoke Follow=-up System

35, The mechanism used to keep the magnetic deflection yoke turn-
ing in synchronism with the antenna consists of two electromagnetic slip
clutches operating on a common shaft (see Plates 5, 8, 10 and 21). The two
outer members of the clutch mechanism are driven in opposite directions by
a 1/12 h.p. 1725 r.p.me. alternating-current motor coupled to them by bevel
gears, The two inner members are bipolar armatures which are placed in the
plate circuits of tubes V-13 and V-14, TWhen the antenna is rotated, the re-
sulting voltage from the secondary of a 5 CT synchro control transformer
(E-2 in Plates 9 and 10) geared 1l:1 to the deflection yoke appears across
the primary of transformer T-4., One end of each of the secondaries of T=4
is connected to one grid of V-15 end the secondaries are phased so that when
one grid is driven positive the other grid is driven negative., Let us assume
for the moment that the 5 CT is in a position that causes the right hand grid
of V-15 to be positive and that at the same time the voltage applied to the
plates of V-13, V-14, and V=15 is positive. Under these conditions the right
hand half of V-15 will be conducting causing a voltage drop across plate re-
sistor R-65. This voltags drop is sufficient to block V-14 nearly to cut=off,
At the same time the left half of V-15 is blocked; hence there is no voltage
drop across plate resistor R-64 and V-13 draws heavy current. This current
passes through the corresponding electromagnetic clutch which, due to the
action of induced eddy currents, tends to rotate the 5 CT toward the null
(zero voltage output) position, that is, tends to rotate the deflection yoke
to correspond to the position of the antenna. On the next half cycle V-13,
V-14 and V-15 have negative voltage on their plates causing no effect. If
the 5 CT is out of position on the other side of the mnull position V~14 will
draw heavy current tending to rotate the system in the opposite direction
and bring the 5 CT to the null position. Thus the output of the synchro
generator in the antenna pedestal changes as the antenna rotates, which in
turn causes the output of the 5 CT to change and the system tends to follow
the rotation of the antenna,

36 4 To prevent the system from hunting, two circuits are included.
An adjustable resistor is connected between the plates of V-13 and V-14; it
can be set with a screwdriver from the front of chassis TB2 after the lower
front panel of the cabinet has been removed, This resistance tends to damp
out oscillations but should not be made teoo small or it will result in a
large angular lag in the system. Further a small direct-current generator
E-3 (Plate 8) is geared up from the yoke in the ratio of about 100:1. The
output of this generstor is amrplified in V-17 which is in turn coupled to
the grids of V-15., The coupling is such that onlv a change in the output of
the generator (corresponding to a change in its angular velocity) will be

.
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transmitted to V-15. This change in voltaege is introduced as a voltage
bucking that of the 5 CT so that high accelerations of the follow=-up
mechanism are reduced and as a result hunting is reduced,

376 By setting the two angular control dials (see the upper left
and upper right section of the PPI control panel in Plate 6) on the PPI, the
antenna can be made to rotate back and forth through any given sector. The
minimum possible sector that can be scanned is approximately 30 degrees and
the maximum practical sector is 180 degrees, If sectors greater than 180
degrees need to be observed it is more efficient to allow the antenna to ro-
tate continuously through 360 degrees, By limiting the scan of the radar
system to some comparatively small sector, the pattern in that sector is re-
peated more frequently than would be so if the antenna were allowed to con-
tinue through the complete 360 degrees, Thus sector scanning enhances clos-
er observation of a particular sector but it does not prevent the observer
from allowing the antenna to rotate through 360 degrees every few minutes
or so to check up on targets in other directions. For turning this sector
scanning on or off a toggle switch marked ANGULAR SWEEP is provided on the
contrcl panel.

Performance

38, From data taken at NRL on several fixed landscape echoes the
following statverents can be made concerning the accuracy of measurements
made using PPI Model RA 50 iCNe At its operating speed of 5 revolutions per
minute the PPI sweep lags behind the rotating entenna by very nearly 1/?
degree, After an operator has had some experience in observing PPI patterns,
he can determine the bearing of most echoes with a probsble error of plus or
minus 1 degree of are, while range readinrs can be mede with a probable
error of plus or minus 1/10 of a scale division, There are 10 scale divi=-
sions engraved on the rotatable Lucite disc so the value of a scale division
will, of course, be different for each range,

39, The angle subtended by an echo depends on the beam width of
the radar antenna., It is generally somewhat greater than 20 degrees for
echoes received using the SC-1 and around 18 degrees for those received using
the XAR-1 at 'RL. Of course the angular width of an echo also depends upon
the power radisted by the radar transmitter, the width increasing with in-
creasing power, The photographs (Plates 22 and 23) taken of the fluorescent
screen of Iodel RA 55 ACN Serial 57102 using a 12-inch General Electric tube
Type ZP477 show the pattern received when the XAR-1 trgnsmitter was operating
at 100 W peak power, These photographs show all the fixed landscape echoes
and 6 airplanes at various ranges up to 20 miles. The airplanes appearing in
Plate 23 have been drawn in Plate 1 where their ranges and bearings have been
listed, The PPI pattern given on a PPI aboard ship at sea would be similar
to the diagram of Plate 1, rather than Plate 22 or 23, in which saturated
echoes from buildings and landscape give a continuous brightening of the
fluoreecsit screen teo a distance of 7 miles or more,

CONC U8 TONS

40, A% the present t ime the magnetic deflection type plan position
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jndicator using a mechanically roteted Jdefl=ction yoke is still the most
accurnte of all the types of such indicators. 4 satisfactory PPI of this
type has been developed to a point where a rodel has been built for use
aboard ship and to serve as a prototype for a manufactured product, Flan
position indicators will undoubtedly become an indispensable adjunct to
the radsr systems now being used in the Fleet.,

41a It is to be hoped that this will not be the end of the pro-
ject since more research work stould still be performed so that a more
simple and accurate type of IFI can be built,
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