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NAVIGATION RADAR 

GENERAL 

The AN/ APN-59B Radar system provides a visual indication of cities, 
landmarks, shorelines, islands, and ships in the form of an electronic map 
of the earth's surface below the aircraft. The radar also provides weather 
warning for plotting cloud formations and weather disturbances and may be 
used to interrogate ground beacon (RACON) stations as an additional aid to 

~ navigation. All information is presented on display indicators at the pilot's 
and navigator 's stations. 
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AffiCRAFT INSTALLATION 

The basic system consists of a Receiver-Transmitter (RT) unit, antenna, sta­
bilization data generator (gyro), Electronic Control Amplifier (ECA), radar set 
control, synchronizer control, two indicators, two indicator power supply units , 
two fans, and two radar Junction (J) boxes. Auxiliary components include an 
antenna control , electronic marker generator, iso- echo control, and a generator 
control. The antenna, stabilization data generator, ECA, and No. 2 J box are 
in the radome. The radome is hinged to permit easy access to these units. The 
coqtrol panels and one indicator are at the navigator's station, while the ISO­
ECHO control and the second indicator are on the glare shield above the main in­
strument panel. The synchronizer unit, marker generator unit, and both indi-· 
cator power supplies are in the center avionics equipment rack. The No. 1 
radar J box is located approximately three feet forward of the center avionics 
equipment rack. 

Aircraft power required for system operation is supplied through circuit break­
ers on the avionics circuit breaker panel above the navigator's station. Power 
required is 115 volts AC,!rom the A-C navigation bus No. 1, 115 volts, AC from 
the A-C __ av!onics bus No. 1, and 28 volts, DC from the main D-C avionics bus 
No. 1. 

Components of the system are shown in the cabling illustration. Each component 
is designated by the short name normally used by maintenance personnel. The 
J boxes are part of the aircraft installation, and provide test points as wei! as 

interface of the units. Coaxial cables are used for signals such as Video, ~!aln 
Trigger, and Sweep. A waveguide connects the RT unit to the antenna. A r::.dar 
pressurization system makes the radar system independent of fluctuations in 
atmospheric pressure caused by changes in altitude. The system mail:tains sea 
level pressure in the RT unit and waveguide to prevent co!'ona and a!'dn&. 

SYSTEM OPERATION 

The radar system transmits and receives RF energy pulses at a :1ominal fre­
quency of 9375 megahertz (MHZ). The system transmits a pulse of energy and 
waits to receive echo signals, then transmits another pulse and again waits br 
echo signals. This transmit and receive cycle (pulse repetition frequency) is 
repeated many times a second. If the transmitted wave strikes the ground, sorr:e 
of the energy is reflected back to the receiver. If the ground area is large and 
irregular, a strong echo results. If the area is small or flat, the reflected energy 
is small and the echo is weak. Since radio waves travel at the speed of light 
(approximately 162,000 nautical miles per second), there is an extremely short 
time between transmission and reception. It is possible to measure elapsed time 
in millionths of a second (microseconds). The time multiplied hy velocity of the 
RF energy provides distance of the displayed signals . 
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The directional characteristics of the radar antenna provide azimuth angte in­
formation. The directional antenna transmits and receives energy in a narrow, 
sharply defined beam. Therefore, when :an echo is received, the direction of the 
target is determined by the direction of the ante!Ula . 

. 
Echo s·ignals are displayed on a Cathode Ray Tube (CRT) in each indicator. For 
each transmission, an electron beam produces a narrow trace of light on the tube. 
The trace starts from the tube center and moves to the edge in a straight line. 
The time required for the sweep to move from CRT center Fo edge is determined 
by the range selected for the system. Radio energy travels one nautical mile in 
6.18 microseconds (us) • . Since the energy travels QUt and back (round trip-), the 
time required to receive an echo from a target one mile away is 12.36 us (2 x 
6.18 us). Therefore, if the selected range of the system is 50 nautical miles, 
the time required for the sweep to move across the face of the CRT would be 618 
ms (50 x 12.36 us). · 
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Since the trace starts when transmission occurs, traces or sweeps appear at the 
Pulse Repetition Frequency (PRF) of the system. As the antenna rotates, the 
indicator sweep follows the antenna azimuth change. Thus, the series of sweeps 
represent pulses of energy sent out successively as the antenna rotates. The re­
turning echo signals are applied to the CRT grid and intensity-modulate the CRT 
beam. In this way, a brightly illuminated map effect of the area covered by the 
radar beam is displayed. This method of di.splaying radar information is called 
a Plan Position Indicator (PPI) presentation. 

Range markers are also generated and displayed on the indicator, along with the 
received echo signals, to give a better indication of distance. The informatioo 
used to determine sweep lengths can also be used to determine intervals betweeo 
range marks. When 10-mile range marks are used, the interval between range 
marks may be fou.nd by multiplying the time required for one radar mile by ten 
(12. 36 us x 10: 12.3. 6 us between markers). These markers also intensity­
modulate the CRT beam and appear as bright spots, or circles, when the sweep 
is rotated. 

OPER.-'\ TING CONTROLS 

The radar set control panel and the synchronizer control panel cootain the pri:na:-y 
operation controls. Additional contro Is are provided on the marker generator 
control panel and the antenna control panel. Some minor controls are on the in­
dicators. Since control of the radar is the responsibility o.f the na\·igator, ~he 

control panels are at the navigator's st:l.tion. 

RADAR SET :o:-:: P.u ;_ 

..-:. :;o;!!"l!!"':"',u!11 of :.~:-ee ~o iiv<:.· :.::nut~::. '·'-'' :trr;tU;:> period :s ~)rov i~!e~ O:· tnC!"::::t: ~··: -:l::.j : 

even if the switch is moved ~o :ln '-'Pera.ting posuion. _-\waveguide shu::er ~ =-:J~ t"c:::. 
:he :·e<:~ive!" in ~~~·~ ·~=~ c r ~~a~dby -:ondi~ions. 

When the switch is in JEARCH··, the system is operational for electronic :r.a;>­
ping. The transmitter ;>roduces pubes of RF at 9, 375 ~!Hz.. Echo signals a~ !? 

received and detect•):!, :hen d•s ;>layed on the indica tors. in " BEAC0:-1" o;;>e:·o.:iot:, 
the transmitter .,-:..:.se width is changed to i:1tcrrogata ground beacon sto.tior.s. T'le 
stations are sensttive to pulse widths of 2. 35 us. When interrogated, the beacon 
station replies with a series oi identification puises at a freqt,te:-tcy of ~. 310 ~IHz. . 

In "BEACON" operation, the receiver does not respond to the search echo signais; 
therefore, the indicators display only beacon reo) lies. The "W AR::-1" operation is 
the weather contour, or storm avoidance function. System operation remains the 
same as "SEARCH", except the transmitter Pulse Width (PW) is longer on short 
range. The longer pulse width sacrifices signal resolution in order to obt:l.in 
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" SEARC ::!" and "W .-\..""s·· are identi·~a: . 

!he RA~G E (::\:\1) switc!1 controls tl::e ra::ge a:Jd range :narkers displayed oc the 
indicators. The system is capable oi rusp1ayi::lg a ma.ximum range of 2-!v ?\~.1. 
Slnce the system is airborne, it measures s lan: ::-ange. r~ur ranges and five sets 
~,: :-~:1ge !'"!':a.rke:-s :.1:-e 'JseC ir.. ~~ :~rm!c:.ing dis;.a::c:::.s . 

Tbe 30-mile range uses either one-mile or five-:nile markers. T!1is range is the 
3 !o 3~- :nile ra:1o;e, c:; exr,>andable range, anJ is variable. The center of the in­
dicator presentation is zero aad represents the aircraft position. Range displayed 
can be 0 to 3 NM, 0 to 3'0 NM, or any value between 3 and 30 NM. The RANGE 
3-30 control on tne synchronizer control panel varies the range display. The dis­
played range is fixed on all other ranges, The 50 NM range uses 10 NM markers ; ' 
100 NM range uses 20 NM markers; and t!te z,IO NM range uses 30 1'.1\·1 markers . 
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The "SCAN" switch controls the azimuth movement of the radar antenna and re­
flector s. The antenna can rotate 360 degrees in azimuth a t approximate speeds 
of 12 or 45 revolutioll3 per minute (RPM). When the SCAN switch is ''OFF", the 
antenna remains stationary. In "L", the antenna rotates counterclockwise at 12 
RPM. In "R", the antenna rotates clockwise at 12 ·RPM. 

· In "SECTOR", the antenna will scan back and forth. The width of the sector scan 
function, as well as the sector to be scanned, are controlled by the antenna con­
trol panel. The operation of the antenna control panel will be explained later in 
this chapter. 

The TILT control varies the position of the antenna reflectors. Positioning the 
reflectors moves the radiated beam up or down from the zero tilt reference 
position. The TILT operation is capable of positioning the beam up 10 degrees or 
down 15 degrees. 

The PA TT (Pattern) switch selects the type of beam to be radtated from the an­
tenna by changing the lower porti.on of the reflector. The reflector has two lower 
halves, but only one is used at a time . One reflector provides a reflector pro­
vides a beam which is narrow both vertically and horizontally . 

The STAB switch is used to gyro-stabilize the antenna reflector with respect to 
the earth's surface . This a llows the antenna r eference to remain level with re­
s pect to the earth d uring pitch and roll of the aircraft. The s tabilization data 
generator is a vertical gyro which pro,•ides pitch and roll s tabi:iza tion infor­
mation to the antenna. The antenna can be stabilized curing ai.rcr:lft maneu,·ers 
of 30 degrees roll (!e!: or right ) and 15 degrees pitch nose up , ar.d 1~ degreE's 
pitd: nose 'iown. Beyvnd :!1ese limits, !he indicate :- cisplay wiil dis~ort due to 
mechanicui limits ir. the ar.tenna. \Vh~n the STAB sw.i.tCh is o~ , !nt' !1.n:~:::1a 
r efer ence is locked to the aircraft. 

The BEAP.l)<G switch selects aa azimuth reference for the !ndic:ltor displ:~~-- T:1c· 
reference may be ' 'REL" (aircraft heading) or "STAB" (magnetic). During rela­
tive operation, the top of the indicator is aircraft heading and the heading mar ker 
occurs at zero degrees on the indicator azimuth scale. When the BEARING switch 
is in "STAB", the cisplay is referenced to the magnetic compass sys tem. The 
top of the indicat.:>:r may represen: any bearing from 0 to 360 degrees. T he exac t 
bearing is determined by the setting of the HOC SEL (heading select) control. 
This control is used only during bea.ring stabilized operation and is usually set 
to zero degrees. The HOG SEL control is marked from 0 to 360 degrees. A 
small window next to the cont~·ol provides a fine reading in one-degree increments. 
When the control reads zero, the top of the indicator is magnetic north and air­
craft heading is indicated by the position of the heading ma.rker. If the aircraft 
is heading east, the marker will occur a t 90 degrees on the indicator . 
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The GAIN controls (coarse and fine) vary the receiver gain. Received signals 
are detected and amplified in the receiver. The gain of the amplifiers is con­
trolled by the GAIN controls. The coarse control is usually turned c lockwise 
until the ecbo signals become visible on the indicator. The fine control is used 
to trim the setting of the coarse control for the best display. 

The Instantaneous Automatic Gain ControL (IAGC) distorts the signals in the re ­
ceiver to improve the indicator display. This switch is used as an anti-clutter 
or ~ti-jamming control. Large amplitude signals cause bright areas on the in­
dicators. The IAGC decreases the amplitude of these large signals. The effect 
of the IAGC circuit varies with the receiver gain control setting. When IAGC is 
selected, the gain should again be varied for best indicator display. 

The Fast Time Constant (FTC) switch inserts a fast time constant into the re­
ceiver. This circuit distorts long-duration signals to improve the indicator dis­
play. Long-duration signals blend together in the display. The FTC circuit 
breaks up these signals into individual targets as an anti-clutter or anti-jamming 
control. 

The Sen-;-itivity Time Controls {STC) vary the sensitivity or' the receiver, start­
ing at the beginning of each sweep. The e·ffect of STC gradually decreases with 
range. Two controls are provided. The small knob is a switch and variable 
control. The switch turns STC "on" and varies the STC effective range. Maxi­
mum range is approximately 40 NM. The large knob controls the amount of f':f­
fect STC has on the signals. 

The test meter and test meter mLxer provides a check of circuit vo!tages :me 
currents . The meter monitors "LINE'' voltage to the radar, which 1s an indi­
ca>ioo of :he 115 vo lts, AC from the avion!cs bus \'o. l. !~also :noni:c r s " :\I..;.C" . 
which is an lndication of magnetron curr"nt. in a ra~a!· 'Jilerating mod~, :~ ·;::,; ­

mitter operation is indicated by magnetron current. 

The ''MIXER I and 2" positions allow monitoring of the receiver crystal curr~r:ts. 
The crystals are balanced and should indicate the same curren:. r:,~ ·· . .;.cc i 
AND 2" positions allow monitoring of the automatic frequency control crystai 
currents. These are also balanced and should indicate the same current. 

All meter readings should be constant when us ing an operating rnode. In ("STB:~· \ 

operation, the magnetron current is zero since the transmitter is not operating. 
Crystal current readings cycle from minimum to maximum in standby, d:!e to 
the local oscillator and AFC circuits. When an operational mode is .selected, 
the readings will stop cycling as the AFC circuits lock on. The TEST METER 
MIXER switch should remain in the "LINE" or "MAG" posit:on, except during 
checks. 

.. 
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An auxiliary meter (0 to I rna) can be plugged into a fuse box on the RT unit to 
bypass the control panel meter. This allows meter readings to be made at the 
RT unit, during ground checks. The TEST METER switch controls the auxili:tr y 
meter readings. 

SY-NCHRONIZER CONTROL 

The synchronizer (SYNC) control contains controls which vary the indicator ref­
~rences . The RANGE DELAY control varies delay before start of the indicator 
sweep. As the control is turned clockwise, a marker, similar to a range marker, 
moves out from the center of the presentation. This marker is used to select the 
desired range delay. The indicator range markers are used as references to 
accurately set the amount of delay. 

R 
A 
0 
A 
R 

~ ·:~ 0 C> · :::' !@ 

ON 

;~ ~ ~ 
orr 

SYN:ii~ON I ZER CONTR O~ ;>~NE~ 

The RANGE DELAY switch turns the delay "ON" or ''OF F. " ;\11e:1 ;;he s;•:itc!: .is "..:· :-:. 
the center of the indicator represents the de lay set by the range delay ;;on,!'::>l . 
The indicator then dispiays tht: 3-30, 5 mile range. T~e indicator 7arge~ :::H~­

crimination (TD) lamp and 3-30/5 range lamp turn on in range de lay operation. 

The RANGE 3-30 control varies the range displayed on the indicato!' -.vilen the 
3U-mile range ls selected, and also in range delay. The indicator displays fr :>r.: 
0 to 3 NM when the control is counterclockwise. When the control is tur:1ed 
clockwise, range will increase until 0 to 30 :-IM is displayed. 

The HDG MK (heading mark) control varies the intensity of the heading marker. 
When the antenna is facing dead ahead, a switch is actuated in the antenna. This 
switch causes the heading marker to appear on both indicators. The marker 
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always represents aircraft heading. When the control is turned counterclock­
wise, the mark will appear as a flash on the indicator or, if clockwise, the mark 
will appear as a blank (dark) line on the navigator's indicator. 

The RANGE MKS control varies the intensity of the range markers . The marks 
.appear and brighten with clockwise rotation of the control. .. 
MARKER GENERATOR CONTROL 

The marker generator control provides variable control of precision markers 
used to determine the range and azimuth of selected target. This information 
may be supplied to a dead reckoning computer for navigation. 

The GROUND RANGE­
SET control and count­
er are used to vary a 
precision marker on 
the indicator. The 
marker appears as a 
range marker on the 
indicator display. 
The counter numerals 
provide a direct r ead­
ing of the marked 
range in nautical 
miles. This marker 
can be i)OSitioneC: to a 
~arget vn t!-.e i~dic :ltO!' 

:md will i~dicate either 

M A R K E R G £ N E R ~ T 0 R 
C 0 N T R 0 L ? ~ ~~ ~ L 

The GROL')lD CLEARAN'CE-S£7 contl·ol and counter also :nove ;t:e r:mge m:l!':,e::. 
Tht: centro! is used to supply ::!ircraft altitude. ir. feet . to :he rc:.rt:cr pos itico so 
that the r:mge counter will display ground :·ange. If the GROt;;.iD CLEARA:-iC!:: ­
SET control is set to the aircraft al:itude, and the GROL"ND n . .;..'>GE-SET control 
is turned until the marker is on the indicator target, the GROL'ND RA..."GE counter 
will read the ground range to the target. If CROL"'ND CLE: . .UV .. NCE i s not usee 
(positioned to zero), and the marker is positioned to the target w1tb the GROt::SD 
RANGE-SET control, the range counter will display the slant range of the target. 
The combination of the two controls varies the position of the marker. Since 
slant range is always greater than ground range, the CROU!'<'D CLEARANCE 
setting decreases the GROUND RANGE setting required to position the marker to 
a target. All range readings should be made directly from the GROUND RANGE 
counter. 
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Range lamps indicate the scale of the GROUND RANGE counter. A "0 to 30" 
lamp and a "0 to 300" lamp are provided for the two scales. Tne 30- mile scale 
is used when the radar set is operating on the 30- mile range. On all other ranges, 
the 300-mile scale i.s used. 

The AZIMUTH·SET control and counter vary a precision azimuth marker on the 
indicator. This marker appears as a second aircraft heading marker. It is 
variable through 360 degrees. If the control is positioned until the marker 
!lppears across the center of a selected target, the counter will read the target 
magnetic bearing. Relative bearing can be obtained by comparing the aircraft 
heading marker and the precision azimuth rparker on the indicator. display. 

A MARKER INTENSITY control varies the intensity of the azimuth marker and 
precision range marker on the display. Clockwise movement produces bright 
markers and counterclockwise movement produces dark markers. When the 
control is centered, no markers are visible. 

The COORD INSERT (coordinate insert) push switch is used to transfer the target 
grou_g_d range and azimuth to the AN/ ASN-24 dead-reckoning computer . When 
pressed, the switch completes a re lay circuit in the computer. If the switch is 
held, the data will be transferred to the computer. When the COOR;:) INSERT 
lamp comes on, the data transfer is complete and the switch can be re!eased. 

The ISO-ECHO control is used during weather contour operation to locate the 
center of a storm. When the control is turned CW, blank areas will appear i~ 
the cloud formation indicator display. These are the areas of the gl'eatest de!"l­
sity of the storm. 

A second !.50 -ECHO con·-rol is 011 the pilot's ins:ru:r.ent ;>ane! . l: pro\'id.:s :~e 
same func;.ion as the :1'-vigator's con~rol. If the pilot's ~or.trcl is turneC c !cck­
wise, the same results wii! occur. In addition, the ISO-ECHO lamp on the 
marker generator control goes ' 'on" to indicate pilot control of iso-echo. The 
navigator's control is disabled when the pilot is in control of ISO-ECHO. The 
capability for ISO-ECHO operation is not provided uniess the marker generator 
and marker generator control box are installed-

ANTENNA CONTROL 

The antenna control box allows the sector width and relative bearing to be varied 
when the radar set control scan switch is in the ''SECTOR" p~sition. The 
SECTOR WIDTH control varies the width of the sector to be scanned .bY the an­
tenna. The center of this sector is the relative bearing, set by the RELATIVE 
BRG controL Aircraft heading may be sectored by placing the RELATIVE BRG 
control at 0 degrees. Sector width is variable from a minimum of 30 degrees 
(IS degrees left and right of center) to a maximum of 180 degrees (90 degrees 
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left and right of cen-
ter). The center of 
the area to be sec­
tored is variable IS 0 
degrees left and 

·right, or a total of 
360 degrees. 

NAVIGATOR'S 
INDICATOR 

The navigator's A N T E N N A C 0 N T R 0 L P A N E L 
indicator receives 
amplified video 
signals from the synchronizer and displays them in a PPI presentation. A sta­
tionary azimuth ring and a rotatable cursor are used to determine target bearing. 
A transparent reticle strip may be positioned horizontally for offset tracking of 
targets. A heading marker appears each time the antenna points dead ahead vf 
the aircraft. In addition to the heading marker , a variable azimuth mark may 
appear aue to the AZIMUTH-SET control on the marker generator control. A 
precision range mark, supplied from the marker generator may a lso be used. 

roc us 

AZ t MU'iH RI M6 

RET I CLt 

DIAL DIM CONTROL..../ 

N A V I G A T 0 R 1 S 
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VIDEO GAIN CONTROL 
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Az.imuth r efe rence for the navigator's indicator presentation can be aircraft 
heading (relative) or stabilized. In stabilized operation, the reference is the 
magnetic compass. Five range lights indicate which of the ranges and range 
markers are in use , and a sixth light (TD) indicates range delay operation. An 
lNT (intensity) control varies brightness of the presentation, and a FOCUS con­
trol varies sharpness. Screwdriver adjustments may be used for video gain con­
trol and intensity limit. The dial-dim control is used to set brightness of the 
edge lights around the indicator face. 

PILOT'S INDICA TOR 

The pilot's indicato'r receives and displays· information identical to that of the 
navigator 's indicator. The pilot 's indicator also has an azimuth ring, a rota­
table cursor, and a re ticle. Five range lights show the range and range mar-
kers in use. A TD light indicates range delay operation. · 

CENTERING CONTROLS 

'~ILLIAN.::t 

CONTROL 

CONTROL 

DIAL. OIH 

VtJL. \'! 

RANG[ DELAY LA~P 

- ----- ...... . 

HEADING MARKtR CONTROL 

VIOtO CONTROL 

>---c ·:~s:• 

::e sT~ .:. ... 

.... ,~~~- HOLO·£R 4S£• 
HCRM . SWITCH 

• 

P I L 0 T ' S I N 0 I C A T 0 R 
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Two screwdriver adjustments (CENT controls) permit centering of the display on 
the face of the indicator. Vertical adjustment is from upper left to lower right; 
horizontal adjustment is from upper right to lower left. The HDG MKR screw­
driver control may be used to supplement a similar control on the synchronizer 
control box. Clockwise rotation of the VID control is used to increase the bright­
ness of video and range markers. The BKGRD control may be used to vary back­
ground intensity and to intensify display, and the BRILL control operates· a pola­
roid filter for viewing in a dark environment. 

The HOLD-ERASE-NORM switch allows for normal display or complete erasure. 
In "HOLD", the display will be retained for a minimum of 60 seconds. In "ERASE", 
all previous information is removed from the display and in "NORM", indicator 
displays will be normal. A PERSIST (persistency) control permits a variable 
erase function. Counterclockwise rotation of the control allows maximum erasure, 
minimum time of display; clockwise rotation of the PERSIST knob allows a target 
persistence of at l~ast one PPI scan. 

By use of the BRG S-R swi';ch, the pilot's indicator may be 'referenced in azimuth 
to the relative heading of the aircraft, or it may be slaved to display the azimuth 
reference of the navigator's indicator. 

OPERATING FREQUENCIES 

13-14 

• Transmitter = 93i5 : 40 MHz 

• • Receiver = 9375- 40 MHZ (:-adar) and 931C ~. :;c:z tBe::tcon j 

• Ir.te rmedia te Frequency = 30 MHz 

• Power Output = 50 kilowatts of peak power (:ninirnum) 

• Pressurization = Antenna and Waveguide: 15 pound.; per square inch 
(Minimum). 
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PULSE CHARACTERISTICS 

Range 3-30 NM 50 NM 100 NM 2'10 NM 

Function PRF PW PRF PW PRF PW PRF PW 

Search 2000 0 . 35 us 1025 0.8 us 180 4.5 us 180 4.5 us 

Warning 180 4.5 us 180 4.5 us 180 4.5 us 180 t 4.5 us 
' 

Range Delay 180 4.5 us ISO 4.5 us 180 4.5 us 180 14.5 us 
! 

350 2.35 
t 

180 
I 

Beacon 350 2. 35 us 350 2.35 us us 1 2.35 us. 

Beacon 
180 2.35 us ISO 2. 35 us 180 2. 35 us 180 

I I 
(Range Delay) 12.35us 

I 

ANTENNA OPERATING LlMITS 

• PPI Scan = conti.nuous full rotation at 11 to 16 or 49: 7 rpm. Speed of 
rotation is dependent upon range and operation mode of the 
radar. 

• Sector Scan = continuously variable from 30 degre~s to 180 degr ees in 
width at 11 to 16 rpm. c~nte!· oi sector seiecnve ;>;·.:::­
any bearing. 

~ Bea."Tl St.:.pe = Pencil: 3 degrees ·,o,·ide, 5 ce~rees ~Jg!: l;;om~a:, 

Fan: 3 deg=t:::es wit!; , ~0 dC?g!"'"!es nig:t \~;::p:-o:dr.:.::.: ~::: : 

• Slant Range = i::-om 80 yards to 240 nauti ;al miles. 

• Reflector Stabilization = Pitc:h: from 12 degrees nose down to 15 degrees 
nose up 

Roll: ± 30 degrees 

• Beam Tilt = from 10 degrees up to 15 degrees down 
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BLOCK DIAGR.Ai';l THEORY OF OPERATION 

RECEIVER-TRANSMITTER UNIT 

The receiver-transmitter consists of the transmitter, microwave and AFC, 
receiver, and power supply circuits. The transmitter generates the RF pulse 
which is fed to the antenna via the microwave assembly. The microwave assem­
bly receives echo signals or beacon ground station transmissions. These signals 

' are mixed with a Local Oscillator (LO) frequency to produce a 30 MHz IF signal. 
'l:he receiver processes the IF and provides a video output to the synchronizer. 
The Automatic Frequency Control (AFC) samples the transmitter and LO fre­
quencies and varies the LO frequency to maintain the 30 ;\<IHz IF. The circuits 
used for AFC and receiver are part of the Electrical Frequency Control (EFC) 
subassembly in the RT unit. 

The low voltage pov:e r supply provides operating voltages for the radar system. 
These voltage outputs can be checked from the fuse box. The power supply also 
provides a 230-volt interlock voltage, which is used to interlock the high voltage 
section of the transmitter to power supply operation. The high voltage power 
suppl:f_provides a negative D-C voltage for the TR t~be in the microwave assem­
bly. This voltage ensures that the tube will remain partially ionized, providing 
receiver protection. The high voltage power supply also i)rovides the line vol ­
tage meter reading for the test meter . 

TRANS:>llTTER St:BASSE~;JBL Y 

The <.r:tr.smi:te r produces the Pulse Repeti•ion Freq~ency (PRF) anc the P:.~lse 

Width (PW). The mod~.<.lator section of the transmitter CO G:.aios .1 free-running 
olcckir.g oscillator which serves as the r:~aster oscillator. The primary functions 
0! t::e tr:J.:tsrr.i.tter are :.o JSE' ner:l~e t:~e HF ~else to be tr:!~s:~!.:ed ar..d to syr.chro­
~i~e t:~~ inC!cato:- jJr·?~enc.o.-~:or.:: :.c t:-.is :!"ln~:r.iss ;or.. 

A-C power is a.,plied to the high voltage sectior. of the tran.;mitter through r~l.:J.y s 

which :':-otect :tg:tins~ cirzt:.it o,·erloads. Re la ys :tiso ;:revent the applicatio n of 
high voltage until an .oper:tting r.1ode ls selected and the thermal time delay is 
over. The high voltage section chao.ges the ACto 3, 000 volts, DC which is used 
to charge a delay line through :t choke and a holding diode. The choke raises the 
delay l ine volt:J.ge to approxim:ttely 5, 700 \"olts, DC due to the collapse of its 
field. The holdi:lg diode prevents discharge of the del:ty line. 

The delay line, referred to as a Pulse Forming Network (PFN), is divided into 
four sections . The first section produces a 0. 35 us pulse width; the first and 
second sections in series produce a 0. 8 us pulse width; the first three sections 
produce a 2. 35 us pulse width; and all four sections produce a 4. 5 us pulse 
width. A delay line switch, controlled by range and function selected, changes 
the PRF and delay line sections. 
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T R A N S M I T T E R S U B A S S E M B L Y 

T!:.e Biccki!lg Osc illator (BO) produc es pt:.lses at one of fou= r>RF 's, dcpE: nde~: 

u,:.o~ ran~e anc iunction se!ected. The PR.f is a contir.aous s e :-ies vi ;>u!s e s 
whic h establish timing of the radar. The BO f requency is changed by ,·aryir-6 
res istance in the grid c ircuit. 

The BO pulses are applied to a cathode follower for circ uit isolation. The out­
put triggers a thyratron switch tube. The switch tube conducts, shorting the 
delay line to ground. The delay line voltage (5 , 700 volts, DC) decreases as the 
delay line discharges through pulse transformers. An inverse diode prevents 
reverse polarity on the delay line .which a:.ight occur if an impedance mismatch 
ex.iated between the delay line and pulse transformers. 

When the delay line discharges, a negative step voltage is applied to the primary 
of the pulse transformer. The secondary of the transformer provides a negative 
15, 000 volt pulse to the cathode of the magnetron. Durlng the width of this pulse, 
the magnetron oscUlate• at 9,375 MHz producing a power of 50 ldlowatta peak, 
minimum (approximately 45 dbm). This output is coupled Into tbe microwave 
assembly. 
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The discharge current of the delay line also passes through the low impedance 
primary of a second pulse transformer. The secondary winding is center-tapper' 
to provide two small trigger pulses, identical and synchronized to the magnetron 
trigger pulse. The negative trigger is the "main trig" output of the RT unit. The 
po~_itive trigger is the "aux trig" output, used in checking the PRF and PW. The 
positive trigger is also supplied to the receiver STC circuit. 

MICROWAVE ASSEMBLY 

The function of the microwave assembly is to perform el!!ctronic switching re­
quired to permit the use of a single antenna for transmitting and receiving. The 
switching is accomplished in a duplexe·r by TR and Anti-TR (ATR) tubes. These 
tubes have spark gaps in cavity resonators, broadly tuned to the transmitter 
frequency. The tubes are filled with gas to allow a lower voltage breakdown. 

The TR tube is in the receiver waveguide and is slightly ionized by a "keep-alive" 
voltage. When a pulse is transmitted, the 1'R tubes fire immediately, blocking 
the pulse from entering the receiver. The ATR tube is also fired by the trans­
mitter·pulse. These tubes effectively close the wall of the duplexer waveguide, 
providing a low impedance RF path into the reflectometer, waveguide, and antenna. 

The reflectometer consists of an output waveg tide which has two directional 
couplers. The output waveguide directs the transmitter pulses to the antenna, 
and the directional couplers provide test receptacles. One receptacle is used to 
check transmitter power output and receiver sensitivity. Both receptacles are 
used in conjunction to check Voltage Standing Wave Ratio (VSWR}. 

AFC cmcurTs 

When the magnetron is transmitting, a sample pulse is fed to the AFC mixer~ . 

This pulse is mixed with the output of the radar LO to produce a 30-MHz, IF. 
The signals are mixed and detected by balanced crystals in a "Magic T'' which 
provides isolation between input signals . The IF signal is amplified and fed to a 
discriminator. If the frequency of the LO is correct (30 ?I·IHz above magnetron 
frequency}, the IF will be 30 MHz. If the oscillator frequency is high, the signal 
will exceed 30 MHz and, if low, will be less than 30 MHz. 

The discriminator output is amplified, inverted, and fed to a search stopper diode 
and phantastron oscillator. A negative pulse has no effect on the diode and the 
phantastron continues to oscillate. The phantastron output is .a negative sawtooth 
waveform which sweeps the LO to a higher frequency by varying repeller plate 
voltage. 
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When the LO reaches a frequency 
that produces an IF slightly above 
30 MHz, the discriminator output 
becomes a negative pulse. The 
negative pulses are amplified, in­
verted, and applied to the search 
stopper diode. The diode devel­
ops a negative bias for the phan­
tastron which then stops oscillat­
¢g. The phantastron then ap­
plies a steady DC to the repeller 
plate to maintain the correct LO 
frequency. 

In BEACON operation, the bea­
con relay energizes. An audio 
oscillator then produces a I, 000 
Hz signal which is fed to the 
beacon LO and a coincidence 
tube ·~ The beacon LO is tuned 
to 9, 2SO MHz, which· is 30 MHz 
below the received beacon sta­
tion signal. The LO frequency 
is modulated by the audio os­
cillator signal and phantastron 
sweep. The resultant frequency 
modulated output of the LO is 
fed to the beacon AFC cavity 
which is sharply tuned to 9, 280 
:\>! Hz. 

If the beacon LO frequency is 

• Joov 

PROSt 

R!:fLEX 

~[l'[~l[~ 

C AI' 

2K25 

KLYSTRO I'< 

L 0 C A L 0 S C I L ~ ~ T C R 

low, the phase of the l, 000-Hz modulation signal is shifted 180 degrees tJy t.he 
cavity. This signal is detected by the beacon AFC detector, s tepped up and phase 
shifted 180 degrees by a transformer, and app lied to the control signal amplifier. 
The amplifier s hifts the phase of the modulation signal lSO degrees, and :he out­
put has the same phase as the original output of the beacon cavity. The coinci­
dence tube compares this signal against the l, 000-Hz signal from the audio os­
cillator. Since the two signals are ISO degrees out of phase, the tube does not 
conduct, permitting the phantastron to continue oscillation. 

When the LO frequency is slightly above 9, 280 MHz, the beacon cavity docs not 
reverse the phase of the ! , 000-Hz mo~ulation signal. The inputs to the coin­
cidence tube are now in phase and the tube conducts, applying a positive pulse to 
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the search stopper diode. The diode develops a negative bias which converts 
the phantastron from an oscillator to a D-C amplifier. The phantastron output 
maintains this LO frequency. 

RECEIVER CffiCUITS 

Echo signals or ground beacon signals ar·e fed through the reflectorneter to the 
duplexer. These low-energy signals are insufficient to fire the ATR or TR tubes. 
The received energy passes through the TR tube into the receiver mixer. When 
the radar is not in use and the TR tube is not functioning, a protective shutter is 
inserted into the waveguide to protect the crystals. 

In beacon operation, the 9,281>-MHz output of the beacon LOis fed to there­
ceiver mixer with the received 9, 310-MHz beacon signal to produce a 30 ~Hz­
IF signal. In search or warning operation, the 9, 405-MHz output of the radar· 
LO is fed to the receiver mixer, with the 9, 375-MHz received echo signals, to 
produce a 31>-MHz IF signal. The 30- MHz IF is fed into the receiver. 

The receiver consists of IF amplifiers, detector , amplifier-limiter, and cathode 
follower:~ The IF signal is amplified by stagger-tuned IF amplifiers and fed to 
the detector. The detector rectifies the IF signal and develops a negative video 
output. The video is amplified, limited, and fed through a cathode follower to 
the marker generator units. In addition to the basic circuits . the receiver con­
tains bandwidth, STC, IAGC, FTC, beacon stretch, and gain control circuHa, 
wh1ch aie used to alter the characteristics of the receiver . The ove!':~l! r ecei>:e!" 
sensitivity is approximately :~egative :o: dbm. 

The bandwidtt circuit increa3es receive r sensitivity on long range. With t~e 
r:ldar i:~ 3v o:- .; (. -~i.!e .sea:-=h operat~on. or i~ bea~on ope!"ation, n~~:·:ow ;:>\!~s e s 

~!"e ~=~!)s::uneC. ~c~~: :.hese ~O!'l':~~io:;.;:;., ~::~ :-eceiver :;ar.Cwi'i:h cf I) :\~!!~ 

a Eows the high- iJarrnoni: content c:' :he na!'!"O\': w:dth pulses to pa.s~. i~ iJO ;,r 
2-tO-rnile .search opera:..:m or in all ~anges o! warning, longer ;Juls.:s oi ~ . 5 us 
duration are used. t:nde!' these conditions, the receiver bandwidth is reduced 
to 0 . 75 ~.1Hz, ir.creashg .sensitivity . 

The function of the Sensitivity Time Control (STC J Ci!"CUit is to reduce indicator 
clutter due to large amplitude s ignals at short range. Clutter interfe rence ap­
pears on the indicator presentation as a bright area around the center of the CRT. 
In order to reduce blocking by signals of this type, the STC circuit reduces re­
ceiver gain at c!ose range and allows gain to increase to normal with range. 

The STC range control closes a switch to connect the circuit into tbe !"eceiver .. 
The circuit consists of an amplifier, capacitor, and two variable resistor con­
trols. A positive trigger from the transmitter is applied to the grid of the amp­
lifier, causing it to conduct and charge the capacitor. At the end of the pulse, 
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the tube cuts off and the capacitor discharges, applying a negative bias to the 
third IF amplifier. Discharge path of the capacitor is through the STC range 
control. Varying this control regulates the discharge rate of the capacitor and 
range at which normal amplification is restored. The second variable resistor 
controls gain of the STC amplifier and amount of discharge. 

The Instantaneous Automatic Gain Control (IAGC) circuit is primarily an anti­
jamming device used to reduce receiver IF saturation by applying a negative 
bias to the sixth IF amplifier. This would be the first stage saturated in case of 
jamming. The bias is applied only if signals exceed a level set by the GAIN con­
trol. 

The circuit uses a rectifier, resistor, and filter. When the IAGC switch is 
placed in the "ON" position, a relay is energized which permits the IAGC circuit 
to function . The setting of the RECEIVER GAIN control determines the normal 
signal amplification of the sixth :tF amplifier. When a signal of high amplitude 
appears at the detector , the IAGC rectifier produces a negative voltage across 
the resistor which is fed back to the grid of the sixth IF amplifier, tempor arily 
decreasing gain. The circuit permits observation of target details which would 
otberwis·e be lost. 

The beacon-stretch circuit makes the received signals more discernible on long 
range operation. On the 100 or 240- mile range, a relay is energized which in­
serts an additional resistor in series with the load resistor of the detector, 
elongating the video pulses during each sweep. 

The Fast Time Constant (FTC) circuit is connected between the second detector 
and video amplifier. It serves an an additiona l aid in minimizing the effects of 
clutter and jamming. When the swi tch is ;:>laced :n the ''0:-<" !')Osition, a relay is 
energized which disconnects one capacitor from the grid coupling circ!.lit oi ~he 
video amplifier- limiter and adds a resistor in parallel with the gnd resistor oi 
the tube. The RC time constant input to the amplifier-limiter is reduced, caus­
ing pulses to be differentiated. Differentiation removes the greater portion of 
long duration blocking signals, permitting the desired signals to !:>e ·:>bserved . 

~KER GE:--IERATOR 

The marker generator unit contains a low-voltage power supply, an A-C vol~e 
regulator , and switching functions . Video signals from the receiver are pro­
cessed by the marker generator unit for application to the synchronizer unit. 
Four circuit modules are used for the generation of the precisio'n :lZimuth mark 
(strobe); two modules develop the precision range marks; two modules are used 
for video mixing; and one module generates the iso-echo function • 
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Synchro information from the ante nna circuitry is sent to a synchro-dilleren!i::ll­
resolver (transolver) in the marker g.enerator control. Information required ior 
the precision- marker-generation is taken frorr. the transolver and apptied to the 
strobe amplifier. The signal from th•e transolver is amplified and fullwave- pba:;e 
demodulated by the strobe amplifier. The signal is amplified so that the synchro 
null is more easily detected. The 400-Hz line voltage is used as the phase ref­
erence for demodulation. The demodulated signal is sent to the strobe tr igger 
circuit, where it is full-wave rec tified. 
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... 

The full-wave rectifier in the strobe trigger circuit produces an output which is 
used to excite a Schmitt trigger. This produces a pulse at the null points. Be­
cause there are two null points for each antenna revolution, an AND gate is de­
veloped to block the second pulse. The AND gate consists of a second Schmitt 
trigger which receives excitation from the alternate phase of the transolver. 
Since this alternate signal and the signal applied to the strobe amplifier are 90 
degrees out of phase, the AND gate is produced only during the first null. There­
fore, only the first azimuth pulse is sent to the strobe shaper. 

The strobe shaper contains two bistable multivihrator stages. The first bistable 
stage is activated by the azimuth pulse from the strobe trigger. The second bi­
stable stage is triggered by the first radar trigger after the azimuth pulse occurs. 
The next radar trigger turns the second bistable stage off. The trailing edge of 
the resultant square wave iS differentiated and turns off the first bistable stag'e, 
completing a cycle. This cycle repeats witbthe next azimuth pulse. Both nega­
tive and positive strobes are sent from the second bistable stage to the strobe 
driver. 

In the strobe driver, the positive strobe is clipped to a level determined by the 
position of the MARKER IL"'TENSITY control. After passing through an emitter 
follower and an amplifier stage, where it is amplified and inverted, this strobe 
is se~t to the marker polarity relay as the "white strobe·". The negative strobe 
is differentiated and the resultant pulse activates a monostable stage which gen­
erates the "black s trobe". The "black strobe" is coupled through an amplifier 
stage to the marker polarity relay. By action of the marker polarity relay, both 
strobes are directly coupled ~o the cathodes of the pilot's and na;·igator ' .> mcli­
cators. 

The range measurement circuits are initia~ed by the A-C regulator which de­
velops two '100-Hz, !2. 5-voit (rms) signai.s, 180 degrees out of phase. These 
.;:gnais are sent to a phase shifter which produ~es a 90- \leg:-ee phase diife:-encc 
between t:.-;: two :;.:.gnal s. T!1esc s ignal::i, cor::espv:1<!i :lg to g:-o~nd .:-~::ge :1.n<.l 
ground clearance, pass through precision variabie resisters m the gene:::ator 
control to the summing ampiifier. The summing amplifier adds the two signals 
vectoria l!y, pr oducing a 400-H:: signal, the a.mplit~de of wbcb is proportional 
to slant range. This si&1lal goes to a D-C converter stage where i: becomes a n 
equivalent D-C level which is used as a r eference for the rar:ge pulse generatcr . 

The sweep genera:or is made up of a bistable multlvibr:~.tor, which is acti\·ated 
by the radar trigger; a transistor switch; and a boot-strap sweep generator. 
When the bistable stage is activated, the transistor switch is opened, allowing 
the boot-strap circuit to produce a linear sweep. ThiS sweep. is applied to the 
range pulse generator. Two sweep lengths are :~.vailable: one for short range , 
30 miles (approximately 400 us), and one for long range, 300 miles (approxi­
mately 4, 000 us). 
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In the range pulse generator, when the amplitude of the sweep from the sweep 
generator equals the D-C reference level, a regenerative spike is produced. 
This spike activates a blocking oscillator which generates the precision range 
marks and terminates the sweep by resetting the bistable stage of the sweep 
generator. Two pulse widths are available: for short r ange, 0.35 - 0.65 us ; 
for loilg range, 3. 5- 4.5 us. The range pulse is applied to the marker gen­
erator ci.J:'cult. 

The.marker generator circuit contains two transistor amplifiers, a clippling 
stage, and a transistor switch. When the MARKER INTENSITY control on the 
marker control pa!lel is fully counterclockwise, the range pulse bypa,sses the 
first transistor amplifier and goes directly to the second transistor amplifier. 
This pulse is fixed in amplitude and causes a black mark to appear on the pilot's 
indicator storage tu.,e (CRT). When the MARKER INTENSITY control is rotated 
clockwise, the transistor switch energizes a relay which causes the range pulse 
to be applied to the first transistor amplifier. The output pulse of the first tran­
sistor amplifier is clipped at a level determined by the setting of the l\11ARKER 
INTENSITY control. This signal is applied to the second transistor amplifier 
and appears as a white variable mark on the storage tabe. These marks, as 
well as the iso-ecbo output, are sent to the video mixer. 

The iso-echo generator receives the video signal through an emitter follower 
stage. The output of the emitter follower passes through a reverse-biased diode, 
at a level determined by the setting of the ISO-ECHO control(s). Signals which 
exceed the bias voltage are amplified, inverted, and sent to the video mixer. 

The video mL'(er consists of a two-stage transistor amplifier and an emitter 
follower. Video and iso-echo are mixed at the first transistor amplifier stage, 
and range marks are i:Jserted at the second stage. The ,·ideo output is taken 
from t.'le emitter follower and sent to the synchronizer. !so- echo s ignals a;>pea:­
as a bole (black spot) on the indicators. 

SYNCHROX!ZER CIRCUITS 

The sync unit contains a sweep generator,. electronic marker generator, single 
pulse generator, video amplifier, and power supply. The unit is completely 
transistorized. 

The sweep generator input is the "main trigger" from the RT unit, or the "delay 
trigger", from the single pulse generator . The trigger starts the main gate 
waveform. The main gate starts the sweep and the sweep, when completed, ends 
the main gate. The main gate is fed to the video amplifier and electronic marker 
generator. The sweep output is fed to connectors on the synchronizer for the two 
indicators. A third connector may be used for test . 
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The single pulse generator provides a delay marker, or delay trigger. With the 
RANGE DELAY switch in the "OFF" position, the output is a variable delay 
marker which is fed to the video amplifier. The position of this marker on the 
indicator display can be varied with the RANGE DELAY control. The marker 
denotes the starting point of the sweep when the RANGE DELAY switch is "ON". 
The indicator display will then be variable from 3 to 30 miles beyond this range. 

The electronic marker generator receives the main gate from the sweep genera­
tor. Range marks of 1, 5, 10, 20, or 30 nautical miles are generated during the 
gate. Brightness of the markers is varied by the RANGE MKS intensity control. 
The marker output is applied to the video amplifier for processing. Only the l 
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and S-mile range marks are produced directly . Countdown circuits are used for 
the 10, 20 and 30- mile markers. 

The video amplifier combines the delay marker from the single pulse generator, 
range markers from the range mark generator, main gate from the sweep gene­
rator, and combined video from the ma.rker generator unit. These signals are 
·pr ocessed and presented as two combined video outputs of the synchronizer. A 
third video output may be used for test. 

The D-C voltage for the transistors is provided by the +39-volt regulator. The 
board for this regulator also conta.tns the circuits which control the sweep 
lengths (time) of the 30, SO, 100, and 240-mile ranges. The sweep lengths can 
be adjusted from outside the synchronizer . The +39-volt regulated supply is 
derived from the +!So-volt supply of the RT unit. Other voltages necessary for 
synchronizer operation are provided by the RT unit. 

ANTENNA CffiCUITS 

The_anteDJla consists of tilt and beam-change, azimuth drive, antenna stabili­
zation, and heading reference circuits, in addition to the waveguide and antenna 
reflecto1' assembly, The heading reference circuits provide azimuth drive sig­
nals for the indicators. The remaining: circuits control the antenna reflectors. 

The tilt and beam change circuits are controlled by the PATT switch and TILT 
control to shape and tilt the radiated beam. The tilt circuit consists of a vari­
able resistance bridge, a polarized relay, and two-phase A-C motor. The relay 
is connected between the bridge potentiometers and is energized when the tilt 
control potentiometer is moved, unbalanc ing the bridge. The A-C motor is 
turned on through relay contacts, and d!rives the anten.na reflectors and poten­
~iometer until the bridge is again balanced. 

The beam change circuit consists of relays, microswitch.,s, and a two-phase A-C 
motor. The motor is normally stalled while operating, to hold the lower reflec­
tor against mechanical stops. This keeps the reflectors in alignment at all times. 

When t.'le "PA TT" (pattern) switch position is changed, the relays reverse the 
connections of the A-c motor, causing it to drive in the opposite direction. The 
motor again stalls against the mechanical stops when the reflectors are aligned. 
Before a beam change can be accomplished, the tilt circuit must drive to "tilt 
clearance" and antenna stabilizr.tion m11st turn off. Interlock of these circuits 
for proper sequence is accomplished by microswitches and relays in the antenna. 

Antenna stabilization is accomplished by two servo loops. One loop controls the 
pitch axis and the other controls the roll axis. A platform in the antenna pedestal 
is the reference for the reflectors. When STAB is "off", the platform is locked 
(zero) to the anteDJla housing. When STAB Ia "on", the platfor m is positioned in 
pitch and roll to remaln level with the earth's surface. 
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The stabilization data generator provides a pitch and roll signal to Control Trans­
formers (C T) in the antenna. The CT output is supplied as position e rror infor­
mation to servo amplifiers in the ECA unit. The amplified error voltage is 
supplied back to the antenna servo motors . The pitch and roll servo motors 
position the platform and CT rotor to null the error voltage. Continuous opera­
tion of these servo loops maintains tbe level platform position. During a beam 
chiinge, or when stabilization is turned off, tbe platform is driven to zero by tbe 
servo motors and locked in position by solenoids. 

Azimuth drive of tbe antenna is accomplished by a dual armature, reversible D-C 
motor. Speeds of 12 rpm or 45 rpm are provided by using both armatures con­
nected in series (12 rpm), or one armature only (45 rpm). The polarity of the 
DC voltage to the motor determines the direction of rotation. Fast speed is used 
only in "SEARCH", "30 or 50 NM RANGE", with "PPI" scan selected. Fast scan 
will be clockwise rotation , due to tbe polarity of the D-C motor voltage . 

Relays accomplish the switching necessary to allow 12-rpm clockwise rotation, 
12-rpm counterclockwise rotation, or 45-rpm clockwise rotation. Sector scan 
relays reverse the motor voltage, causing the scan to reverse after the degrees 
of trayel , as preset by the antenna control unit settings have been traversed. 

The heading reference circuits contro 1 the azimuth reference of the indicator 
display. The navigator can select relative (a.ircraft heading) or stabilized 
(magnetic) reference by the BEARING switch on the radar control panel. The 
relative reference is provided by a fixed rotor s yucl:.ro in the ECA unit. :\lag­
netic reference is supplied by the aircraft magnetic compass system. 

7he s ynch:-o reiercnce is supplied to :he differential 5yncl:ros in the antenna, 
then to indicator servo loops, which position CRT deflection coils :~ t::ack ante!'lna 
'lzimur~ chan6es . '!" ~ie ir.dica~o:-s .un:ain a cor.:roi t.!'ansfor!':le!' :::.....·Hi E«?!'':o : ::.:-~ .:.- -:- . 

The se! .. :'J U!n~iUicrs O.!"e ir. tJ!e indi.:ato:- pcw.z !' st.~??;~, un::s. 

The antenna s:•nchro is driven by the antenna azimuth drive :notor. This sync~ro 
signal, repr e sent ing ante:ma position, is suppliec to the control transformer . The 
control transformer error ouLput is ar.1pl ified and used to drive t!:e servo mor.>r. 
The motor positions the deflection coil, and also turns Lhe control transfo!'mer LO 
null. 

The reference for the navigator's indicator is determined by the SEA .. ''UNG switch 
on the radar control panel. When "BEARING STAB'" is selected on the radar 
control panel, the navigator's reference is magnetic. The reference can be 
varied manually by positioning the heading select control. This control positior.s 
a differential synchro in the servo loop and allows selection of any magnetic 
heading as a reference. If the BEARING switch is turned "off", the refereuce 
will be the relative synchro in the ECA. 
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The pilot's indicator reference is the relative synchro when the S-R switch is in 
the "R" position, and the same as the navigator's reference in the "S" position. 

POWER SUPPLY AND INDICATOR 

Video signals are supplied from the synchronizer to the video amplifier in each 
indicator. A gain control varies the amplitude of these signals into each ampli­
fier. The signals are amplified sufficiently to intensity-modulate the PPI display, 
then applied to each CRT control grid. 

The intensity control an the navigator's indicator, adjusts the average D- C po­
tential on the grid to determine the brightness of the display. A D- C res torer 
holds the grid at a constant D- C level; as set by the intensity control. This 
function is controlled by the BKGRD control on the pilot's indicator. 

The sweep generated in the synchronizer is amplified in the power supply unit by 
the sweep amplifier subassembly. The amplified trapezoidal output is applied to 
the CRT deflection coil. The sweep output causes the electron beam to move from 
the center to the outside of the CRT during each sweep. The deflection coil is 
positioned around the neck of the CRT to determine the direction of the beam 
move-inent. Positioning is accomplished by the heading reference servo loop. 

The heading marker from the antenna is applied to the cathode of the navigator's 
CRT and to a gated amplifier in the pilot's indicator. After being mixed with 
video signals from the synchronizer, the pilot's indicator heading mark is apptiec 
to the control grid of the CRT. Each time the antenna rotates past the aircrait 

. lubber line, a switch is closed. The switch causes a capacitor to c!!schar~e , 

providing the marker. The heading mark control on the synchroniZer cont;:-o! l;o:< 
varies the polarity and amplitude of the capacitor charge, thereby varying the 
brightness (or blanking) of the marker. 

NOTE : Brightness only is varied on the pilot 's indicator. 

The power supply units contain a low voltage power supply, voltage regulator, 
sweep amplifier, servo amplifier, and high voltage power supply. ThesE- sub­
assemblies provide the operating voltages and amplifiers for the indicators . 

The voltage regulat<:>r contains a focus amplifier which amplifies the effect of t!Je 
indicator focus control. The amplifier output is supplied to the CRT focus coil. 
A high voltage power supply changes 300 volts , DC into approximately 6, 000 volts, 
DC potential for the CRT anode. The high voltage cable is mechanically inter­
locked to the power and control cable between the power supply and indicator . r.: 
either cable is disconnected, the other cable must also be disconnected. An 
electrical interlock in the indicator removes the high voltage in case an indicator 
is removed. This is accomplished by de-energizing an interlock relay in the 
power supply unit. 
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The pilot's indicator contains a direct view storage tube which has an unusually 
bright display. It has the ability to hold a display for an extended period of time, 
the length of which is determined by the setting of the PERSIST control. The 
direct view storage tube essentially consists of two electron guns in one CRT en­
velope (a writing gun and a flood gun). 

The writing gun receives video signals and functions in the same manner as the 
normal CRT except that the electron beam is scanned across a storage mesh in­
stead of tbe phosphor. The storage mesh is a part of the flood gun anC: consists 
of a conducting mesh, coated with an insulating material. 

As the electron beam leaves the writing ,gun, it strikes a portion of the storage 
mesh causing secondary emission of electrons, resulting in the storage mesh 
having a net positive charge. The amount of charge is dependent upon the beam 
intensity ar.d/ or the total instantaneous video signal. The flood gun emits and 
collimates (directs) a low-velocity electron beam which approaches the storage 
mesh with a uniform charge density. This causes the storage mesh to function 
as a control grid. A given group of low-velocity electrons will pass through the 
storage mesh and be accelerated sufficiently to strike the phosphor screen. A 
positively-biased collector mesh is used to collect secondary-emission electrons 
fr-om the stor:J.ge mesh. 

Without a means of removing the posaive cha!"ge f rom the storage mesh, the PPI 
display would rema in on the face of t!le viewing screen indefin itely , c ausing the 
presentation to smear as the airc::-aft target moves. To eliminate this, hig!:iy 
positive sawtooth pulses arc applied to the conducting e iement of the storage mesh. 
:-!1ese pulses (~rase l)'..tlseSJ at!r:lct elect:-ons to the storage !":lesh. !e:t•:ing ~ :"IE.'t 

neg:ltivc c !:arge anti! tr.e electron bea:n f rom t~e wr iti:tg gt:n .s t:-:kes agai:1 . T~~~ 

..... ::!:h o~ :he e ::-:J.se pulse is va::-ied by :-ot.:l:in~ the PERSIST cc::tro!. Clockwise 
:- :>t.J.~ior. causE-s the ;>else widt~ to be ~ar:-o·.ved . incre~s i:1g ~!-.. e ~:'!1c;,a~: ~= um~ .. : 
:ak!!s ·t~ t:nlse :.!"!; ch~:-gc en :...~e st~ra;-~ ::1esr. . 

Whe n :he HOLD-ERASE-NORM switch is placed in t.':le "HOLD" posiuor., new:e::­
vi~cv s ignals no~ erase pu~ses ~!"e a;lp:icd to t!:·.:- s tor3.g:e ~~s~ . 1~ tiu=:i ins tanC~ 1 
the PPI dis play will re!':lain. W!ten the switch is piaced in the " ERASE' ' pos ition, 
a constant D-C potential is appliea to the storage mesh , while video signals are 
blocked. In this condi t:On, the entire PPI display is e!'ased . 
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