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Radar for Blind Bombing 
Part I 

Technical details of H2X, the airborne microwave radar that enabled AAF bombers to knock 
out Wilhelmshaven through clouds in a single mission. Both the APQ-13 and APS-15 
versions are covered in this two-part paper, with emphasis on new circuits employed 

ON November 3, 1943, the largest 
force of bombers employed to 

that date by the United States Eighth 
Air Force took off to bomb a target 
in Wilhelmshaven, Germany. This 
was the eighth time that the same 
target had been their goal, but as yet 

it had not been hit squarely enough 
to be destroyed. On this day, as wing 
after wing swept over the target, 
they found it completely obscured by 
clouds. Nevertheless, on a signal 
from the wing leader, each wing re- 
leased its bombs. Reconnaissance 

Radar operator's position at APQ-13 bombing radar installation in a B-29. Range 
unit is on lower deck of rack, while the synchronizer and a low -voltage power supply 
are on second deck. Antemra control -box is at left of c -r indicatcr and computer at 
right, with main control box directly above the c -r tube. Modulator is in lower left- 

hand corner of illustration, with an inverter unit visible below the floor 

photographs taken several days later 
showed that the target had been vir- 
tually destroyed. 

The device that made possible this 
successful raid on Wilhelmshaven 
was the H2X microwave radar. De- 
signed primarily for the purpose of 
bombing through clouds, this radar 
proved an invaluable navigational 
aid and was used for sea search and 
patrol duties as well. 

The British had been using a 
somewhat similar bombing radar, 
the H2S, for some time prior to the 
first United States radar mission de- 
scribed above, but the Eighth Air 
Force had experimented with H2S 
on only a very small scale. In June 
of 1943, however, it was realized that 
the European weather precluded con- 
tinuous large-scale visual bombing. 
If this country were to carry out the 
large bombing program to which it 
was committed, some other type of 
bombsight had to be developed. The 
H2X radar bombing system was the 
first answer to the need for a bomb- 
sight that could operate when the 
target was obscured by smoke or 
clouds or darkness. 

The accuracy that could be ob- 
tained with an H2X system was 
much discussed and investigated. 
Combat tests have shown that under 
equal conditions the circular error 
to be expected of the radar is at least 
five times greater than that expected 
of the visual bombsight. Thus the re- 
sults achieved in the mission de- 
scribed above were due more to the 
size of the bomber force used than to 
the accuracy of the radar bombsight. 

History of H2X 

In July of 1943, Philco, Bell Tele- 
phone Laboratories, and the Radia- 
tion Laboratory, MIT, were asked by 
the Services to commence the devel- 
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opment and design of the H2X bomb- 
ing system for manufacture by 
Philco and Western Electric. Be- 
cause of the urgency of the program, 
Bell Telephone Laboratories used as 
the basis of their design the SCR - 
717, a 10 -cm airborne search system 
produced by Western Electric. Philco 
used the ASG, also a 10 -cm airborne 
search system. The three organiza- 
tions pooled their efforts and suc- 
ceeded in producing systems in a re- 
markably short time. This pooling 
of design efforts resulted in two sys- 
tems, the APQ-13 produced by West- 
ern Electric, and the APS-15 pro- 
duced by Philco, which were very 
similar in design and performance. 

To bridge the gap until production 
started, the Radiation Laboratory 
was requested to build enough sys- 
tems to equip one squadron of bomb- 
ers. Aircraft from this squadron led 
the raid on Wilhelmshaven in early 
November and continued to lead the 
Eighth Air Force on 80 percent of 
its missions until Philco production 
equipment started to arrive in Eng- 
land in February of 1944. 

Before the end of the war in 
Europe, approximately 20 percent of 
the bombardment aircraft of the 
Eighth and Fifteenth Air Forces 
were H2X equipped. In the Pacific 
theaters of war, every B-29 was 
equipped with bombing radar, the 
great majority being equipped with 
the Western Electric H2X systems. 
The remainder were equipped with a 
system of considerably higher resolv- 
ing power known as Eagle. 

General Description 

The H2X radar is a 3 -cm system 
designed for use in aircraft to locate 
and make possible the identification 
of objects on land and sea, to bomb 
targets that cannot be seen visually, 
and to aid in the navigation of the 
airplane. It is equipped with an an- 
tenna employing a 29 -inch diameter 
reflector shaped to give a beam three 
degrees wide in a horizontal plane 

ELECTRONICS-May 1946 

Operator's position at APS-15 installation in a B-17, with range unit and control box 

at the right of the receiver -indicator with its built-in ppi scope and a small A -scope 

and fanned in the vertical to give 
coverage of the ground nearly under 
the plane when the plane is at high 
altitude. This antenna can be con- 
tinuously rotated through 360 de- 
grees and can be tilted to any angle 
between +20 degrees and -20 de- 
grees. 

The echoes received by the radar 
are presented to the operator on a 
ppi screen, with the north direction 
indicated by a vertical line from the 
center of the tube, regardless of the 
heading of the aircraft. The aircraft 
heading is displayed as a bright elec- 
tronically produced radial line 
(termed the lubber line) originating 
at the center of the tube. This type 
of indication is known as an azimuth 
stabilized ppi. 

A., relatively crude bombing com- 
puter system suitable for bombing 
from altitudes greater than 15,000 
feet is provided. An electronic com- 
puter provides a range mark indi- 
cating the range at which the bombs 
should be released. When the target 
and the release marker coincide, the 
bombs are released by a manual 
switch. 

Radar Beacon Facilities 

The .H2X system is equipped for 
reception of radar beacons. These 
beacons, located on the ground, are 
equipped with antennas that radiate 
in all directions. When they receive 

electronics 
WAR REPORT 

H2X Specifications 

Wavelength 3.2 centimeters 
Frequency 9,375 megacycles 
Reflector 29 in., modified 

paraboloid 
Pulse power 50 kw peak 
Pulse width ... %, 1, or 2 micro- 

seconds 
Pulse rate 1,300, 650, or 325 

pps 
Receiver bandwidth. 2 to 3 me 
Receiver noise 15 db above 

theoretical 
Beam width 3 degrees 
Scan rate 12 or 24 rpm 
Azimuth range 360 degrees 
Elevation range -20 to -I- 20;de- 

grees 

a pulse of two to four microseconds 
duration in the airborne search radar 
frequency band, they respond with a 
set -of pulses in the beacon band, at 
a different frequency. The spacing 
and number of these returned pulses 
provide a code to identif y the beacon. 
By means of these beacons, a radar 
operator can determine from the ppi 
his position relative to a known 
point. 

Radar beacons can be received at 
high altitude at distances up to 250 
nautical miles. To receive beacons, 
provision must be made in the radar 
to switch from normal search condi- 
tions, where the pulse is shorter and 
the receiver is tuned to the transmit- 
ting magnetron's frequency, to bea- 
con conditions, where the pulse is 
from two to four microseconds long 
and the receiver is tuned to the bea- 
con frequency. The beacons are 
equipped with discriminators so that 
they respond only to pulses of the 
proper duration. This is to prevent 
the overloading of the beacons by 

139 



,-SPEED SET 

COMPUTER 

-ALTITUDE SET 

INDIWT 
OR AMP 
} 

MODULATOR 

RELA' PULSE 
NETWORK 

NETWORK 

4 6A6T 

12004 
6-675X 

RECTIFIERS 

CIRCUIT 

DOLX 

v2uE ER 

51321 

VOLTAGE 
D OUBLER 

UP DELAY 0 MILES 
DOWN: DELAY ICI TO ISO MILES 

COAX 

RADIO-FREOUENCY UNIT 

R.I. BOR 

PULSE MAGNET 

FORMER 
RON 
30 AT 

DIODE 
CLI PER 

105 

TWO -STAGE 

PRE-. 

r SCANNER 

AVE GUIDE 

T -R SOX 

RADAR 
e.o. 
Tza A 

723A 

RANGE UNIT; 

BLOCRING 

}fÉM 'PiG oi.. 

RANGE GELHY _ 

PIANASTRON BLOIXBM 

COA 

Ç 
2734 D -C 

I15V 
00 CPS 

2TSV CPC 

SYNCHRONIZER 

GELAI + OSC I 

6.73 63/17 sew? 

BOMB RELEASE PIP 
ALTITUDE DELAY--__ki 

CODE1 
AMP 

65117 

CALIBRATE 
DELLT 
68H7 

MI E 
SHARP 

FRE0.160µ,6614) 

u 
Ls. 

GUNCRTSTAL 

ULSE 
*L GENERAT- 

465Ni 965nT 

.fl 

PNWASTRON 
DELe5NTBA64R7 

B LOIXING 

sew. + 
--J 

TITUD 
'f RAxGE 
I N RNAL 

MàIT1ÓÑ ÓF ÄVEÉP 
e DELAY SWITOII 

M LE 1 PHANASTRON 
GATE DELAY 

6SNT %63NTB6SA7 

NILE 
PREG 

W 
10:1 

COUNT 
DIVIDER 

}ISST 

6040,500 MILE 
FREQUENCY 

6:1,12:1 MODULAI 
30.1 OR .ti COUNT DRIVER 

DIVIDER 
}SSW 96557 

S 

I -F AMPLIFIER 
GAIN CONTROL 

646 

STAGE I -N AMI 
i2'OT DET - 

AUXILIARY 

1 SLES 

AD 

VIDEO 
AMP 

6ÁC7 

POSITION 
INDICATOR 

ECNANICAL 
COUPLING 

ANTENNA 

FCTOR AZIMUTS 
SCAN CONTROL 
POT BOX 

Si 
1 

CLIPPER 
AMP 

SAGT 

OUTPUT 
AMP 6.7 

AFC 
UNIT 

SWEEP 
LIMITER 
6x7 

lS 

b 
SFYRT $YEP 

"eULTI- 

VIBRATOR _ In 
6MT 

BUFFER 
}essi 

RANGE NAIN( CLIPPER - GENERATOR - }6SN7 65NT 

J-44 

SWEEP r GENERATOR 
I` BA6i 

RT 

1 

EDBAIX Pd 

ELECTRí 

I-CONNECTED 

COAX 

COA 

,A S RANGES 

!M1. WOO W. 

DIFFERENTIAL 
STRAW» 

MECHANICAL' FRON FLUR -MATE 
COUPLING COMPASS--- 

6ARSIOPERATOR 

INDICATOR 

WEM 
nudes 

TO COURSE 

ME- 
NEO L 

COUPONSPLNIUPON M 

1 i L}. DELSYS 

2 STAGE OUTPUT 
AMP - STASE 
v DIODE 6L6 -' 6+5 

DST BE 65Ni 

PUT:- FEEDRL PAIN J 
COAX 

AUXILIARY 
61IXs I INDICATOR 

I / DUE NORTH 
PLANEW 
COUR4E1 

ECNANICALN 
COUPLSW 

-5 

LSYN 

90 

FIG. 1-Block diagram of Western Electric APQ-13 version of H2X bombing radar 

planes that are engaged in normal 
search. 

The H2X systems are capable of 
detecting from high altitude large 
cities and land masses at a range of 
100 nautical miles, which is the long- 
est -range sweep provided. Large 
ships may be seen at 70 miles, sub- 
marines at 30 miles, single fighter - 
type aircraft at 5 miles, and other 
ships and aircraft at intermediate 
ranges depending upon.their size. 

Operating Principles-Transmitting 

The component parts of the two 
H2X systems are shown in Fig. 1 and 
2. The sequence of operation starts in 
the range unit. By means of a crys- 
tal oscillator operating at 80.86 kc 
and two dividing stages whose ratio 
can be switched, modulator and indi- 
cator triggers are provided at about 
1,300, 650, and 250 pulses per sec- 
ond (slightly different values are 
used in the two systems). A narrow 
trigger is fed to the modulator 
driver, which generates a square 
pulse with a width that can be 
switched to about , 1, or 2. micro- 
seconds (slightly different in the two 
systems). The combinations of pulse 
repetition frequency and pulse length 
are chosen to maintain constant av- 
erage power. The square pulse from 
the driver is amplified by the pulse 
amplifier and applied to the cathode 
of the magnetron oscillator. R -f 

pulses of 50 -kw peak power at a fre- 
quency of about 9,400 me are pro- 
duced. This r -f power passes down 
the wave -guide transmission line to 
the antenna, where it is radiated. 
On the way, the energy passes the r -t 
box and the t -r box, which are reso- 
nant cavities filled with a low-pres- 
sure gas and containing spark gaps 
which break down due to the high 
r -f field transmitted by the mag- 
netron. The t -r box is used to pre- 
vent the high transmitted power 
from destroying the crystal mixer. 
The r -t box is used to switch imped- 
ances on transmitting and receiving 
so that the magnetron does not ab- 
sorb a large amount of the received 
energy. 

Operating Principles-Receiving 

The reflected energy is received by 
the antenna and passes down the 
wave guide. The t -r and r -t boxes 
have ceased conducting by this time 
and have so switched impedances 
that the received energy passes into 
the crystal mixer. There it is mixed 
with power from the signal -beating 
oscillator for echo reception or with 
power from the beacon -beating oscil- 
lator for beacon reception. Thus it is 
converted to a 60 -mc signal in the 
case of the APQ-13 and a 30 -mc sig- 
nal in the case of the APS-15, ampli- 
fied, detected, amplified again as a 
video signal, then fed to the ppi grids 

and, in the APS-15, to the vertical 
plates of an A -scope. 

The indicating- circuits are sup- 
plied with a trigger from the range 
unit. This trigger can be delayed to 
follow later than the r -f pulse. When 
an airplane flies at high altitude, the 
ground immediately below the plane, 
which is the first signal following the 
transmitted pulse, may be several 
miles removed. To avoid serious dis- 
tortion of the map on the ppi the 
sweep is started at the instant the 
first signal (usually called the alti- 
tude signal) is received. Proper 
sweep delay is obtained by rotating 
an altitude dial on the computer to a 
position coincident with the altitude 
of the plane. 

Another type of indicator trigger 
delay is produced to permit delaying 
the start of a fast sweep in accurate 
10 -mile steps from 10 to 190 miles. 
This is provided to permit accurate 
measurement of range to distant ob- 
jects and de -coding of beacon signals. 

The remaining function of the sys- 
tem is to provide a bomb -release 
marker. This marker is obtained by 
setting information on bomb type, 
air speed, ground speed, and altitude 
into the computer. The computer in 
conjunction with the range unit pro- 
vides a pip which follows the trans- 
mitted pulse by the proper amount to 
indicate the slant range to the target 
at which the bomb should be released. 

140 May 1946 - ELECTRONICS 



This pip from the range unit is mixed 
into the video to appear as a range 
circle on the ppi. 

The Bombing Problem 

In order to understand the purpose 
of the range unit, a brief discussion 
of the bombing problem is necessary. 
In dropping bombs, the resistance 
of the air will cause the bomb to lose 
velocity and strike the ground behind 
the aircraft by an amount known as 
the trail of the bomb. In the pres- 
ence of wind, two other problems are 
introduced. The component of the 
wind parallel to the heading line of 
the aircraft will reduce or increase 
the speed at which the aircraft closes 
on the target, termed ground speed. 
The problem is illustrated in Fig. 3. 
The cross component of the wind will 
cause the plane to drift so that the 
plane must head at an angle, the drift 
angle, to the line of sight to the tar- 
get in order to have its path along 
the ground, or ground track, pass 
through the target. 

The solution of the bombing prob- 
lem is now rather simple. The plane 
must be steered so its ground track 
passes through the target, and the 
bombs must be released when the 
ground range (horizontal component 
of the line of sight or slant range) 

of the target equals V,tr -T, where 
VB equals ground speed, tr equals 
time of fall, and T equals trail. The 
trail and time of fall are found em- 
pirically for each type of bomb. They 
are dependent on the air speed and 
altitude of the plane. It is possible 
to plot curves of line -of -sight release 
range to the target versus altitude 
for various values of ground speed 
for a given type of bomb and fixed 
air speed. 

Computer 

The H2X computer employs a 
graph for solving the release prob- 
lem, using a separate line on the 
graph for each ground speed in ten - 
knot steps. A separate sheet is used 
for each bomb type and air speed. 
These latter two factors are known 
before the start of a mission and the 
proper sheet may be selected. These 
sheets are wrapped around a drum 
so that altitudes as the ordinates of 
the graph are parallel to the axis 
of rotation of the drum. A cross hair 
is provided. 

Moving the altitude -set knob on 
the computer moves this cross hair 
parallel to the axis of the drum to 
the proper altitude setting and at the 
same time rotates a linear potentiom- 
eter. The drum is then rotated by the 

speed -set knob until the cross hair 
intersects the proper ground speed 
line. The curves are so plotted that 
the drum has thus been rotated an 
amount proportional to the slant 
range to the target at which the 
bomb should be released. Rotation 
of the drum moves a second linear 
potentiometer. The voltages from 
the two linear potentiometers go to 
the altitude and range delay circuits 
in the range unit and are there con- 
verted into short video pulses which 
are delayed the proper amount after 
the transmitted pulse to indicate the 
range to the ground and the release 
range. 

Range Unit 

The range unit provides the tim- 
ing function for the system. The 
APS-15 version employs the circuit 
of Fig. 4 to provide a modulator trig- 
ger, an indicator trigger, and a 
bomb -release marker. The range 
units of the APQ-13 and the APS-15 
are very nearly identical, so that a 
description of one will suffice for the 
other. 

For accurate timing, a crystal os- 
cillating at 80.86 kc is employed (at 
this frequency a pulse will make a 
round trip to an object 1 nautical 
mile distant in one cycle). This oscil- 
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FIG. 2-Block diagram of Philco APS-15 version of H2X bombing radar 
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lator is operated highly class .0 so 
that plate current flows through a 
small angle. The pulses of plate cur- 
rent pass through one winding of a 
pulse transformer and are coupled 
to the grid of a blocking oscillator. 
The pulse transformer provides suf- 
ficient coupling between plate and 
grid of the oscillator tube so that 
plate current flow will drive the grid 
considerably below cutoff in less 
than one cycle. The grid will remain 
below cutoff a time dependent upon 
the RC value in the grid circuit. The 
blocking oscillator is capable of run- 
ning free; however, if the time con- 
stant of the grid circuit is such that 
the free -running frequency is lower 
than that of the triggering pulse, the 
oscillator will synchronize with the 
trigger provided the trigger is of 
sufficient amplitude to raise the grid 
above cutoff. 

The one -mile mark blocking oscil- 
lator is coupled to a second blocking 
oscillator which has a grid -circuit 
time constant long enough so that 
once the oscillator has fired, the grid 
does not begin to approach cutoff 
until ten one -mile marks have been 
produced. Thus every tenth mark 
triggers it off. In this manner a 10 
to 1 division is obtained, giving pips 
with a ten -mile spacing. 

Similarly the next blocking oscil- 
lator is employed to give 25 to 1 or 
8 to 1 division. The time constant in 
the grid circuit is changed by means 
of a relay to change the dividing 
ratio. The output of this oscillator 
is fed through a cathode follower to 
the modulator. The cathode follower 
is employed to avoid affecting the 
blocking oscillator by changes in the 
length of cable going to the modu- 
lator and to isolate it from the pulse - 
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forming amplifier in the modulator. 
The modulator trigger pulse also 

triggers the altitude, range, and trig- 
ger -delay phanastrons. 

Phanastron Circuit Principles 

The general characteristics of a 
phanastron time -delay circuit are 
well illustrated by the range phanas- 
tron circuit in Fig. 5. In the steady- 
state condition, the control grid of 
the phanastron is held near zero bias 
by grid current since it is tied 
through a high resistance to +250 
volts. The screen grid is positive 
with respect to the cathode. Grid 
number 3 is negative with respect to 
the cathode since its voltage is set at 
about +20 volts by the voltage di- 
vider and the current flowing 
through the cathode resistor sets the 
cathode at about +40 volts. Since 
the number 3 grid is negative with 
respect to the cathode, it cuts off the 
current to the plate. The cathode cur- 

rent is essentially all screen current. 
Since the plate resistor value is high, 
the plate voltage is held by conduc- 
tion of the diode to a value equal to 
the voltage set on the diode cathode. 

As a negative trigger pulse is fed 
to the cathode of the diode from the 
computer, a negative pulse will be 
developed in the plate circuit. This 
negative pulse is applied to the con- 
trol grid of the 6SA7 through the 
capacitor connected between these 
two points. This will decrease cath- 
ode current and decrease the voltage 
drop across the cathode resistor. 
Thus, the number 3 grid becomes 
less negative with respect to the 
cathode and will allow plate current 
to flow. Plate current flow causes the 
plate voltage to drop, stopping the 
diode (left half of the 6SN7) from 
conducting and applying the drop at 
the plate to the control grid through 
the capacitor. 

The above action takes place so 
rapidly that the capacitor does not 
have time to change its initial charge 
appreciably. Since the grid is con- 
nected to +250 volts, the capacitor 
starts to discharge, raising the con- 
trol grid voltage. This increases the 
plate current, decreases the plate 
voltage, and tends to decrease the 
control -grid voltage. Since the two 
actions oppose each other, the result 
is a very slow decrease in plate volt- 
age and increase in cathode voltage. 

This effect continues until the 
plate and screen voltages are so low 
that further increase in control -grid 
voltage does not increase plate cur- 
rent. This occurs at a plate potential 
of about 40 volts. The control grid, 
and consequently the cathode voltage 
continues to rise for a short time, 
with the screen taking the increase 
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in cathode current. At this point 
grid number 3 begins to cut the 
plate current off, with a consequent 
rise in plate voltage. This plate volt- 
age rise is fed back to the control 
grid, increasing the effect, and bring- 
ing the circuit back to normal. It is 
this sudden rise at the end of the 
cycle that is amplified, differentiated, 
and used to trigger a blocking oscil- 
lator. 

Thus, the time interval between 
the initiating pulse and the end of 
the cycle is the time for the plate 
voltage to drop from its steady-state 
value as set by the voltage applied 
to the diode cathode to the minimum 
value (about 40 volts). The greater 
the diode cathode voltage the greater 
the delay. 

The phanastron circuit has the 
virtue of providing a delay that is 
closely Hnear with control voltage. 
It is relatively insensitive to changes 
in supply voltages. The altitude 
phanastron circuit in Fig. 6 and the 
trigger delay phanastron in Fig. 7 

operate in essentially the same 
manner. 

One -Shot Multivibrator 

A second type of delay circuit, em- 
ployed to give a fixed delay or a fixed - 
length square wave, is a triggered or 
one-shot multivibrator. The altitude 
mark delay stage in Fig. 6 uses a 
circuit of this type. The grid of the 
second section of the multivibrator 
is tied to +250 volts so this section 
is highly conducting. Since the 
cathode resistor is common to both 
sections, the voltage developed at the 
cathode cuts off the first section. 

The incoming trigger is negative 
and causes the second section to be 
sharply cut off. With the removal of 
the cathode voltage, the first section 
conducts, dropping its plate potential 
and thus driving the grid of the sec- 
ond section highly negative through 
the capacitor. The circuit will re- 
main in this condition until the ca- 
pacitor discharges, permitting the 
second section to start conduction, 
when it will return very rapidly to 
its original condition. A square 
wave is produced with a duration de- 
pendent upon the time constant of 
the grid circuit of the second section. 

With the trigger -delay phanastron 
stage of Fig. 7, a cathode follower 
is employed. This is necessary to get 
the extremely long delays with suffi - 
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cient linearity. The trigger -delay 
phanastron is employed to provide 
precise delays in the indicator trig- 
ger from 10 to 190 miles. 

Since the phanastron cannot be 
depended upon for extremely accur- 
ate delays of such great length, a 
method of improving the accuracy 
is employed. The output of the pha- 
nastron is amplified, differentiated, 
and used to trigger a one-shot multi - 
vibrator which produces an 8 -mile 
long gate. This gate is fed to the 
grid of the coincidence amplifier. 
The ten -mile marks are fed to the 
cathode. The coincidence amplifier is 
normally cut off by the control -grid 
bias. The square gate on the grid is 
almost enough to start it conducting. 
When a negative ten -mile mark ap- 
pears on the cathode, at the same 
time as a positive 8 -mile gate on the 
grid, the amplifier passes the 10 -mile 
mark. The amplified mark then trig- 
gers a blocking oscillator. Thus, the 
phanastron need be only of sufficient 
accuracy to select the proper ten - 
mile mark which is accurately ob- 

tained from the crystal oscillator. 
The coincidence amplifier, in con- 

junction with the indicator amplifier, 
is also employed in calibration. By 
means of the calibrate switch, it 
may be connected to show coincidence 
between one -mile marks and the 
range or altitude mark. Coincidence 
of two marks causes a decrease in the 
average plate voltage of the coinci- 
dence tube, a decrease in grid voltage 
of the indicating amplifier, and a 
reduction in the brilliancy of the 
neon bulb. 

The count mixer in Fig. 4 is em- 
ployed to mix the one -mile and ten - 
mile marks so that they may be 
viewed together on an oscilloscope to 
assist in adjusting the ten -to -one 
divider for the proper count. 

The second part of this paper, in 
an early issue, will complete the 
presentation of H2X circuits by tak- 
ing up the modulators, scanners, r -f 
systems, receiver -indicator units, 
and synchronizers used in the two 
versions of this famous bombing 
radar. 
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Radar for .Blind Bombing 
Part II 

Modulators, scanners, r -f systems, receiver -indicator systems, and synchronizers in die two 

versions of H2X microwave airborne radar are covered in this concluding installment. The 

rotating joints in the rectangular wave guides are of particular interest 

By J. V. HOLDAM, S. McGRATH, and A. D. COLE 
Cole, Holdarn d McGrath 

Boston, Moss. 

THE PRECEDING INSTALLMENT, in 
the May 1946 issue of ELEC- 

TRONICS, covered the history of H2X 
bombing radar, its tactical uses 
in both the European and Pacific 
theatres of war, general operating 
principles, an analysis of the bomb- 
ing problem confronting its design- 
ers, and technical details of the 
range unit circuits employed in the 
Philco APS-15 and Western Electric 
APQ-13 versions of this radar sys- 
tem. The remaining circuits will 
now be taken up. 

The APS-15 Modulator 

A simplified schematic of the APS- 
15 modulator is shown in Fig. 8. A 
positive trigger is supplied to the 
pulse -forming amplifier from a cath- 
ode follower in the range unit, when 
the range unit is on, or from a 
cathode follower in the receiver in- 
dicator. The trigger has an ampli- 
tude between 60 and 120 volts. It is 
applied to the control grids of the 
829 through a pulse -forming line. 
The positive pulse is of sufficient 
amplitude to raise the control grid, 
which is normally biased below cut- 
off, to a point where the tube starts 
conducting. The pulse transformer 
is connected so that positive feed- 
back from plate to grid is obtained. 
The plate current rises rapidly to a 
high value but the rate of rise is 
slowed by the inductance in the 
plate circuit. The negative pulse ap- 
plied to the delay line by the grid 
winding of the blocking oscillator 
transformer travels to the end of the 
line, is reflected, and returns to the 
grid with sufficient negative polarity 

142 

tk;I 

- 

Antenna system of Western Electric APQ- 
13 version of H2X bombing radar. Azimuth 
selsyn is at top right, azimuth motor at left 

to cut off the plate current with the 
aid of the feedback from plate to 
grid. The electrical length of the 
line determines the length of the 
plate current pulse. The pulse is 
applied to the grid of the power 

'amplifier by means of the third wind- 
ing on the pulse transformer. 

Relays are employed to switch in 

various sections of line to give linee 
of varying length. These are used to 
give pulse lengths of approximately 

1 and 2 microseconds. The pulse 
repetition frequencies are chosen in 

inverse ratio to the pulse lengths to 
keep the average power constant. 
Thus it is possible to keep the trans- 
mitter functioning at its maximum 
rated power and also to eliminate 
difficulties with poor regulation in 

the high -voltage power supplies. 
The positive square pulse produced 

by the pulse -forming amplifier, with 
a magnitude of about 1,100 volts, is 

applied to the control grid of the 
power amplifier. This tube has a 

control grid bias of 900 volts and a 
screen voltage of 1,100 volts. The 
capacitor connected between the 
plate of the power amplifier and the 
cathode of the magnetron is charged 
between pulses, through the resist- 
ors, to 14,000 volts. When the power 
amplifier is pulsed, its impedance 
drops to approximately 90 ohms, 
suddenly switching one side of the 
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FIG. 8-Circuit of APS-15 modulator 
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Sketch of Philco APS-15 microwave radar installation In a 5-17. The scanner, modu- 
lator, and radome are all retractable 

:apacitor to ground so that about 
13,000 volts appears across the 
nagnetron. 

About 15 amperes flows through 
:he power amplifier and about 12 

imperes through the magnetron. 
Che three amperes difference is 
irawn by the stray capacitances and 
)y the resistors connecting the ca- 
)acitor to the power supply. During 
:he pulse, the capacitor loses only a 
small percentage of its total charge 
tnd recovers full charge before the 
text pulse. 

The APQ13 Modulator 

The APQ-13 modulator differs 
omewhat from the APS-15 modu- 
ator though they are both hard -tube 
iodulators employing lines to form 
le pulse. A simplified schematic 
ippears in Fig. 9. The modulator 

I Consists essentially of a multi - 

vibrator circuit which is triggered 
from a cathode follower in the range 
unit, a pulse -shaping network, and a 
pulse amplifier. The low -voltage ele- 
ments are housed in an air -filled 
section and the high -voltage ele- 
ments in an oil -filled section of the 
modulator. 

The type 6AG7 is normally con- 
ducting and the 829 nonconducting. 
The incoming positive trigger 
applied to the cathode of the 6AG7 
increases the grid bias and thus 
decreases the plate current. The re- 
sultant rise in plate voltage of the 
6AG7 is transferred through the 
interstage capacitor to the grid of 
the 829, which begins to conduct, in- 
creasing the cathode -to -ground po- 
tential of both tubes. The action is 
cumulative and the 829 suddenly 
switches to a highly -conducting con- 
dition. After a time interval deter - 
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FIG. 9-Circuit of APQ13 modulator 

mined by the time constants in 'the 
grid -cathode circuits, the action is 

reversed and the tubes are suddenly 
restored to their original condition. 

During the period when the 829 is 

conducting, the plate -circuit choke 

in the pulse -shaping network is 

charged. When the tube cuts off, the 
energy in the choke is dissipated in 

a square -topped current wave in the 
delay line, resulting in a 'square 
pulse of voltage on the control grids 
of the pulse amplifiers. The grids, 
which are normally 675 volts nega- 
tive, are driven positive and draw . 

grid current which serves to improve 
the shape of the pulse. 

The output of the pulse amplifier 
is a square negative pulse having a 

magnitude of about 16,000 volts. 
This is stepped down to 3,200 volts 
by a pulse transformer and applied 
to a coaxial cable which carries it to 
a similar transformer in the radio - 
frequency unit, where it is stepped 
up to 12,000 volts and applied to the 
magnetron cathode. 

Scanner 

The scanners for the APS-15 and 
APQ-13 are very similar. Both in- 
clude an antenna, waveguide, two 
rotating joints, a motor for rotating 
the antenna, a motor for tilting the 
antenna, a sector scan mechanism, 
and position take -off for the ppi. 

In a radar system that is to be used 
for the identification of objects giv- 
ing a radar echo, high resolving 
power is desirable. High resolving 
power is obtained by means of short 
pulses and narrow horizontal beams 
from the antenna. Since the physical 
size of an antenna to be installed in 
an airplane is limited, a high fre- 
quency is desirable. This is the rea- 
son for the choice of 9,400 me for 
the H2X systems, it being the high- 
est frequency practical at the time of 
the design of the equipment. 

In making a bombing run on a 
complex target such as a city, the 
task of identification of a portion of 
that target is simplified if the target 
retains the same appearance as it is 
neared. The angle between the line 
of sight from the aircraft to the 
target and the horizontal gradually 
varies between 0 and 90 degrees as 
the aircraft nears the target and 
eventually passes over it. A vertical 
antenna pattern to enable the system 
to meet this requirement must have 
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a variation of radiated field strength 
with angle such that a target that 
reflects a constant fraction of the 
incident energy will give a received 
signal of constant amplitude. Since 
a distance of 35 miles is enough in 
which to make a bombing run and 
the bomb is released at high altitude 
about two miles from the target, a 
pattern which follows this rule at 
angles between 6 and 63 degrees is 
satisfactory at an altitude of 4 miles. 
This relationship may be expressed 
as Go = k csc20 where Go is the effec- 
tive gain of the antenna at an angle 
0 measured below the horizon. Fig- 
ure 10 shows an idealized antenna 
pattern of this type and an approxi- 
mation of the pattern obtained in 
the H2X systems. 

In order to obtain the antenna pat- 
tern described above, the lower half 
of the antenna reflector is made a 
half section of a paraboloid of revolu- 
tion with the antenna feed at the 
focus. The upper half of the reflector 
is a surface generated by rotating a 
parabolic element about a line pass- 
ing through the focus (still the an- 
tenna feed) in the plane of the ele- 
ment and normal to the axis of the 
element. This barrel -stave section 
serves to direct some of the energy 
downward in the pattern described 
above. 

The data take -off on the APQ-13 
consists of a single-phase to three- 
phase synchro geared to 10 times the 
speed of the antenna. For the 
APS-15, the data take -off consists of 
a single-phase to two-phase synchro 
with its shaft geared to the same 
speed as the antenna. The body of 
the APS-15 synchro is rotated by a 
servo system from the fltix=gate com- 
pass in the aircraft, providing a dif- 
ferential action that gives azimuth 
stabilization of the ppi. The APQ-13 
also provides azimuth stabilization 
of the ppi. 

The azimuth motor is geared to 
rotate the antenna continuously at 
12 or 24 rpm as selected by the oper- 
ator. A sector scan mechanism, with 
which the scanners are equipped, can 
be employed to cause the azimuth 
motor to drive the antenna back and 
forth through a sector, the width and 
position of which are controllable. 

R -F System 

The components of the r -f system 
are shown in Fig. 11. The r -f pulse 

passes from the magnetron through 
two rotating joints to the antenna. 
These rotating joints make possible 
the rotating and tilting motion of the 
antenna. 

On the way to the antenna, the en- 
ergy passes an r -t box and a t -r box. 
These two boxes consist of resonant 
cavities filled with a low-pressure 
gas and containing spark gaps. 
When the transmitter fires, the gas 
ionizes and current flows between 
the gaps. The t -r box is located so 
that when conducting it presents a 
high impedance at the junction of 
the mixer branch with the wave 
guide going to the antenna. This 
prevents the crystal from being 
burned out by the high power in the 
transmitted pulse. 

The r -t box is located so that when 
conducting it has little effect on the 
outgoing pulse. On receiving, how- 
ever, it causes the branch of the 
wave guide leading to the magnetron 
to appear as a high impedance at the 
junction with the mixer; thus, most 
of the received energy is coupled into 
the crystal mixer. Use of an r -t box 
is necessary with magnetrons of this 
frequency because the cold imped- 
ance of the magnetron is not suf- 
ficiently different from the fired im- 
pedance to prevent the magnetron 
from absorbing half of the received 
energy. 

The transmission lines are of the 
wave guide variety, either gold or 
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FIG. 10-Polar diagram of bombing an- 
tenna pattern 

silver plated. The impedance of the 
transmission line, is approximately 
250 ohms. Since it is desirable to 
be able to remove sections of the 
wave guide serving as transmission 
line, the line is made in sections 
which are coupled together by a 
choke joint. The electrical constants 
of the joint are in approximate reso- 
nance at the magnetron frequency, 
providing the r -f transmission 
line with electrical tightness such 
that the energy is transmitted down 
the guide without loss or reflection 
at the break. The entire transmis- 
sion line is made air -tight so that it 
may be filled with air under pres- 
sure. This is necessary to prevent 
sparking at high altitudes. 

Rotating Joints 

To provide flexibility in the wave 
guide transmission line, and so the 
antenna can be rotated or tilted with- 
out 'disturbing the transfer of en- 
ergy, rotating joints are used at the 
pivot points. Mechanical considera- 
tions make it necessary to use cylin- 
drical sections for this purpose. In 

the APS-15, each joint consists of a 

transformer from rectangular to 
cylindrical guide, a section of cylin- 
drical guide, a choke coupling, an- 
other section of cylindrical guide, and 
another transformer from cylindrical 
guide to rectangular guide. In the 
APQ-13, the transformation is made 
from rectangular guide to coaxial 
line and back to rectangular guide. 

One end of the antenna feed ter- 
minates in a choke -coupling joint and 
.the other end in a pair of closely 
spaced irises covered by a mica win- 
dow to maintain the air pressure in 

the r -f line. The r -f energy passes 
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FIG. 11-General arrangement of r -f system of H21 bombing radar, showing use of 
wave guide transmission lines 
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;hrough the mica windows to the re- 
. ector. 

The Receive -Transmit Box 

The r -t tube consists of two coni- 
:al electrodes supported on metal 
flanges which extend through the 
glass envelope and become part of a 
resonant cavity. This tube is 
gripped in an assembly completing a 

resonant cavity which is tuned to 
the magnetron frequency by means 
7f an adjustable plug. The cavity is 
°coupled to the wave guide through a 
slot in' the guide. 

When the magnetron is transmit- 
ting, the strong outgoing pulses 
break down the gas tube in the r -t 
lox. As in the case of a quarter -wave 
'line, a short-circuit in the box ap- 
pears as a high -impedance shunt ele- 
Iment when looking down -the guide, 
with the result that the outgoing 
waves from the magnetron are prac- 
tically unimpeded by the box. 

On the other hand, on weak incom- 
ing pulses an open -circuit in the box 
appears as a low -impedance shunt 
clement. The spacing between the 
r -t and the junction between the 
mixer and the guide is such that the 
branch -of guide leading from the 
junction to the magnetron appears as 
a high impedance when the r -t is not 
conducting. 

The, Transmit -Receive Box 

I In the APQ-13, the t -r and the r -t 
boxes are very nearly the same, con- 
taining the same tube, but the t -r is 
provided with a keep -alive voltage 
which maintains an arc to furnish a 
plentiful supply of ions. The require- 
ments for the t -r are more stringent 
since it must fire in a very short time 
to prevent damage to the crystal. 

In the APS-15, the r -t is the same 
-as in the APQ-13, but the t -r makes 

use of a 1B24 tube which has the cav- 
ity as an integral part of the tube, 
sealed and filled with gas. It is also 
tuned by an adjustable plug. 

The t -r provides coupling from the 
r -f transmission line between the 
magnetron and antenna to the line to 
the crystal mixer. The t -r box con- 
tains two openings (in the 1B24 
these are sealed with glass windows) 
which couple to openings in each of 
the sections of guide. When the mag- 
netron is transmitting, the strong 
outgoing pulse breaks down the gas 
tube in the t -r box, and the energy is 
prevented from passing through the 
box to the mixer. Sufficient attenua- 
tion is provided to protect the crystal 
yet enough energy gets through to 
provide a pulse for the afc system. 
When the transmitted energy is in- 
terrupted, the tube deionizes rapidly 
and permits the received signals to 
pass through to the mixer with very 
little loss. 

Receiving System 

The incoming signal is passed 
through the t -r box to the crystal 
mixer, where it is mixed with higher - 
frequency energy from one of the 
beating oscillators. The resultant 30 
or 60-mc signal is amplified in two 
stages of preamplification located at 
the mixer. The signal is then fed 
through a coaxial cable to the afc 
circuit and to additional i -f amplifi- 
cation, after which it goes to the 
second detector and video amplifiers, 
where it is mixed with range mark- 
ers and fed to the indicators. 

Crystal Mixer 

Close attention is paid in receiver 
design to reduction of noise, result- 
ing in a noise level only 15 db higher 
than the theoretical. Such a good 
noise figure is obtainable through the 

use of a crystal mixer, the crystal 

having the highest conversion factor 
and the lowest noise figure of any 

type of mixer devised for use at 
these frequencies. 

The crystal is mounted in a short 
section of wave guide into which the 
output probes of the beating oscil- 

lators protrude. The amount of oscil- 

lator coupling is adjusted by means 
of screws which raise or lower the 

tubes, thus controlling the length of 

the probe that projects into the 
guide. Coripling is adjusted to give 
a rectified c -w crystal current of 
about 0.5 ma. The wave guide ter- 
minates in a wave guide -to -coaxial 
line transformer. The coaxial line is 
resonant at the magnetron frequency 
and terminates with a capacitor to 
bypass the high frequency currents. 
The crystal forms part of the center 
conductor of the coaxial line. The 
coaxial line feeds the 30 or 60-mc i -f 
into the input stage of the i -f pre- 
amplifier. 

Beating Oscillators 

In order to receive beacon as well 
as echo signals, the H2X system 
must be equipped with two beating 
oscillators, since the beacon fre- 
quency is too far removed from the 
magnetron frequency to allow elec- 
trical retuning of the oscillators, and 
mechanical retuning is inconvenient. 
The oscillators used are a type of 
reflex klystron, the principles of 
which were described in The SCR - 
584 Radar, ELECTRONICS, December 
1945. 

The oscillators may be tuned either 
by a mechanical adjustment which 
changes the dimensions of the reso- 
nant cavity or by an electrical ad- 
justment of the reflector voltage. 
For operation, the cavity is pre-set 
approximately to either the beacon 
or magnetron frequency and final 
manual or afc adjustment is madeby 
varying the reflector voltage. 

The I -F 'Amplifier 

The i -f amplifiers of the APS-15 
and APQ-13 are similar in principle 
except that the APS-15 i -f is 30 mc 
and that for the APQ-13 is 60 mc. A 
simplified schematic of the APS-15 
i -f amplifier, detector, and video is 
shown in Fig. 12. The i -f stages are 
single -tuned and heavily loaded. The 
over-all bandwidth obtained is about 
2 to 3 mc. Gain control is obtained 
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by varying the control -grid bias on 
the third and fourth i -f stages. 

The second detector is a diode, the 
output of which is fed through an i -f 
filter to the grid of the first video 
amplifier. Signals are negative at 
this point and are limited by reach- 
ing cutoff of the video amplifier. 
Limiting is necessary to prevent ex- 
cessive brightness on the cathode- 
ray tube from very strong signals. 
Range marks are also fed in at this 
point. The -range marks and signals 
appearing at the plate of the first 
video amplifier are fed to the grid 
of a 6AG7 cathode follower. A diode 
d -c restorer is used at the grid of the 
cathode follower. Since the signals 
at this point are positive, sufficiently 
strong signals would drive the grid 
positive, causing grid current to 
flow. Flow of grid current would 
produce a negative bias on the cath- 
ode follower, which would result in 
failure to amplify weak signals in 
the presence of strong signals. Al- 
lowing the cathode of the diode to 
become more negative than the plate 
would result in flow of current 
through the diode. The diode pre- 
vents the grid of the cathode follower 
from becoming more negative than 
the bias point to which the plate of 
the diode is connected. Signals from 
the cathode of the 6AG7 are fed 
through the video gain control to 
the indicator grids. 

The APS-15 AFC Circuit 

The frequency of neither the mag- 
netron nor the beating oscillator 
klystron is sufficiently stable to per- 
mit satisfactory system operation 
without automatic frequency control. 
Since the magnetron is heavily 
loaded, small variations in transmis- 
sion line matching or peak pulse 
voltage cause considerable pulling of 
the transmitted frequency. The beat- 
ing oscillator klystron is sensitive to 
thermal and voltage variations. 

Automatic frequency control is 
provided by a standard frequency 
discriminator whose output electric- 
ally controls the beating oscillator 
frequency by varying the reflector 
voltage. Frequency discrimination 
is made on the part of the main 
transmitted pulse that leaks through 
the t -r box; the gain of the i -f stages 
preceding the discriminator is suffi- 
ciently low so that only the trans- 
mitted pulse is measured. 
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FIG. 13 --Automatic frequency control circuit used in APS-15 system 

Figure 13 is a simplified schematic 
of the afc circuit. The i -f output 
from the preamplifier is sent to both 
the receiver and the afc circuit. A 
single i -f stage is inserted between 
the preamplifier and the discrimi- 
nator, and the discriminator is fol- 
lowed by a direct -coupled amplifier. 

The 884 is connected as a relaxa- 
tion oscillator and provides a saw - 
tooth voltage which, when applied to 
the klystron repeller, causes the fre- 
quency to vary approximately 40 mc. 
The average frequency about which 
the klystron is varying 40 mc is con- 
trolled by the mechanical adjustment 
of the cavity dimensions. It is set in 
a preflight inspection so that the 
saw -tooth voltage on the repeller 
causes the beating oscillator fre- 
quency to pass through a range 
which is 30 me higher than the 
transmitter frequency. Hence the 
884 action sweeps the beating oscil- 
lator frequency over a wide range 
and allows the afc circuit to find the 
signals. 

The output of the d -c amplifier fol- 
lowing the discriminator is coupled 
to the grid of a 2050 thyratron. 
When the beating oscillator, driven 
by the search saw -tooth, approaches 
the correct frequency, the discrimi- 
nator output is first negative, then 
zero, and finally positive. When the 
pulses become positive, the 2050 
starts to conduct and prevents fur- 
ther rise in the voltage on the 0.5-4 
sweep capacitor; thus, the 884 plate 
voltage cannot reach the firing point 
and the search sweep stops. Conduc- 
tion of the 2050 tends to reduce the 
charge on the sweep capacitor, con- 
sequently the repeller voltage be- 
comes more negative and the fre- 
quency of the beating oscillator 
becomes too high. This continues 
until the 2050 ceases to conduct. 
Since negative pulses will be received 
on the control grid under these con- 
ditions, the 2050 does not conduct 
until the repeller voltage rises and 

positive pulses appear on the grid. 
The result of this operation is a 
rapid saw -tooth of low amplitude 
superimposed upon the d -c voltage 
required to keep the oscillator at the 
correct frequency. Since the band- 
width of the discriminator circuit 
is less than the bandwidth of the 
receiver, these small fluctuations -.on 
the beating oscillator frequency have 
no noticeable effect on the signals. 

The APQ-13 AFC Circuit 

The APQ-13 afc circuit is shown 
in Fig. 14. Up to the direct -coupled 
amplifier following the frequency 
discriminator the two circuits are 
essentially the same. However, in 
the APQ-13 circuit, the output of the 
discriminator is direct -coupled to the 
reflector through a differential am- 
plifier. The amplifier smooths and 
integrates the output pulses of the 
discriminator so the voltage applied 
to the reflector is unmodulated. 

The range of operation of the 
amplifier is plus or minus 50 volts. 
The d -c value about which this vari- 
ation occurs is determined by the 
setting of the manual tuning potenti- 
ometer; thus, the voltage range on 
the repeller depends on the setting 
of the manual tuning control. If the 
cavity of the beating oscillator is 
properly adjusted, signals are re- 
ceived with the control in mid -range 
and the afc circuit can then follow 
transmitter frequency variations in 

. either direction. 
The APQ-13 afc circuit does not 

have an automatic frequency search; 
the afc circuit is not switched on 
until the beating oscillator is tuned 
to the proper frequency by the man- 
ual control. 

The APQ-13 Synchronizer. 

The APQ-13 synchronizer consists 
of five principal circuits: the range 
sweep, the range mark pulser, the 
automatic frequency control, the i -f 
amplifier, and the video amplifier. 
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'he afc circuit has been described 
love. The i -f amplifier and video 
ircuits will not be described because 
hey are similar to the APS-15 cir- 
u its. The range sweep and range 
nark pulser circuits are shown in 

implified schematic form in Fig. 15. 

The incoming trigger pulse from 
he range unit is amplified and in- 
verted by one section of a 6SN7 and 
Ipplied to the plate of the first sec - 
;ion of the pre-pulser or start -stop 
nultivibrator. This is a one-shot 
;ype of multivibrator, described in 
;he section on the range unit. In the 
luiescent condition, the second stage 
s conducting, holding the first sec - 
;ion in a nonconducting condition. 
The arrival of the negative trigger 
m the plate of the first section and in 
;he grid of the second section 
through the interstage capacitor 
pauses the first stage to be switched 
o a conducting condition and the 

+second to a nonconducting condition, 
venerating a square pulse at the 
slates. The tubes would normally re- 
nain in this condition until the grid 
;ircuit of the second stage was dis- 
harged; however, before the grid 
;ircuit is discharged, a large nega- 
tive pulse from the sweep limiter 
tage arrives on the grid of the first 
section of the pre-pulser, causing the 
ircuit to switch rapidly to its orig- 
nal condition. 

The sweep limiter is another one - 
tot multivibrator. The square pulse 
rom the pre-pulser initiates the saw- 
ooth range sweep, and its duration 
letermines the duration of the 
sweep. This saw -tooth voltage is ap- 
died to the grid of the first section 
If the sweep limiter, which is nor- 
nally nonconducting. When the 
sweep voltage reaches an amplitude 
rqual to the bias on the grid of the 
first section, the sweep limiter fires, 
supplying the pre-pulser with a trig- 
rer that terminates the square wave 
Ind the sweep. 

The positive square -wave output 
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of the pre-pulser is fed to a linear 
amplifier which inverts, producing a 
negative square wave at its plate. 
Since the sweep -generating tube has 
a d -c transmission path to the plate 
of this linear amplifier, the control 
grid of the sweep generator is held at 
zero potential due to grid -current 
flow, and the tube is held in a con- 
ducting condition. When the nega- 
tive square wave is applied, however, 
the sweep generator ceases to con- 
duct and its plate voltage rises at a 
rate determined by the RC value in 
its plate circuit. Different values, as 
determined by a switch in the con- 
trol box, provide sweeps of different 
speeds. Although the rise is actually 
exponential, such a small portion is 
used that it is essentially linear. 

Amplifier Circuits of Synchronizer 

The final stages of the range 
sweep circuit consist of two three - 
stage cathode feedback amplifiers in 
parallel, one for the operator's indi- 
cator and one for the auxiliary indi- 
cator. Each amplifier is identical and 
operates from the output of the sweep 
generator. The first two stages of 
each are linear amplifiers and the 
last stage is a cathode follower. The 
first section of the operator's indi- 
cator amplifier also serves as a cath- 
ode follower to supply the saw -tooth 
to the sweep limiter as previously ex- 
plained. Since the gain following this 
stage is constant, the sweep limiter 
serves to cut the sweep off at a con- 
stant peak current through the de- 
flection coils, thus holding the sweep 
on the indicator to a fixed length ir- 
respective of sweep speed. 

The second stage of the sweep am- 
plifier has no cathode resistor and 
acts as a grid -leak detector to pro- 
duce a form of d -c reinsertion. The 
interstage coupling capacitor re- 
moves the d -c component of the neg- 
ative saw -tooth wave. The remain- 
ing a -c component is applied to the 
control grid and causes it to swing 

with equal areas positive and nega- 
tive with respect to ground. When 
the grid goes positive, grid current 
is drawn through the grid resistor 
and biases the grid negatively. The 
time constant of the grid circuit is 

long enough so that the capacitor 
will not discharge appreciably be- 

tween pulses. 
This self -biasing action results in 

a positive saw -tooth wave at the plate 
having peak values independent of 
pulse duration. 

D -C Reinsertion in Synchronizer 

Between the second and output 
stage of the sweep amplifier is an au- 
tomatic centering diode, the purpose 
of which is to establish a definite 
voltage on the grids of the output 
tube at the beginning of each sweep. 
The sweep deflecting coil current 
must be returned to zero before the 
beginning of each sweep, so that the 
sweep will start from the center of 
the tube. Current in the cathode cir- 
cuit of the output tubes is, therefore, 
completely cut off during the off 
periods of the sweep by biasing them 
to -55 volts, which is about 10 volts 
below cutoff bias. 

A diode is employed to provide d -c 
reinsertion in order to stabilize the 
grid voltage at -55 volts between 
sweeps. Without the diode the in- 
stantaneous control -grid potentials 
of the output tubes would rise and 
fall about their average a -c value. 
This average value would be differ- 
ent for short and long sweeps. The 
diode prevents this and,- in effect, 
provides d -c coupling between the 
two stages. 

The output stage is a cathode fol- 
lower whose cathode is returned to 
ground via the sweep coil of the op- 
erator's indicator and a portion of 
the cathode resistance in the first 
stage of the sweep amplifier. Thus, 
the .plate current of the last ampli- 
fier stages introduces a drop in the 
cathode circuit of the first stage of 
such polarity as to bias down the first 
stage. Such an arrangement intro- 
duces negative feedback which im- 
proves the linearity of the sweep. 

Range Marker of Synchronizer 

The range marker circuit (upper 
right in Fig. 15) produces a series of 
video pulses, evenly spaced at inter- 
vals corresponding to one or five 
miles depending upon the setting of 
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the range marker switch. The first 
pulse appears at the time of the 
transmitted pulse. When these pulses 
are injected into the video amplifier 
and appear on the indicator screens, 
the rotation of the' sweep coil forms 
them into circles of illumination that 
can be used to determine range to 
an object appearing on the screen. 

The input to the range marker 
circuit is á negative square pulse 
with a duration equal to the duration 
of the sweep. The square pulse is 
applied to the grid of a squelch tube. 
This tube, when conducting, prevents 
the range marker oscillator from os- 
cillating. Application of the nega- 
tive pulse cuts the squelch tube off 
and permits oscillation. The range 
marker oscillator then oscillates at a 
frequency determined by the con- 
stants of the positive feedback (reso- 
nant) circuit between the cathodes 
of the two sections. Each of the two 
resonant circuits can be selected sep- 
arately to give the different range 
mark spacings, or the oscillator may 
be disabled to remove the range 
marks. Since the oscillator is heav- 
ily loaded, the nominal sine -wave out- 
put is considerably flattened, result- 
ing in a nearly square -wave output. 
This is differentiated in the air -core 
transformer, producing a positive 
pip at the beginning of the square 
wave and a negative pip at the end. 
These positive and negative pips are 
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15-Circuit of synchronizer section of APQ13 system 

applied to a cathode follower with its 
control grid biased to cutoff ; thus, 
the positive marks only appear at the 
cathode and are passed on to the 
video amplifier. 

The APS-15 Receiver -Indicator 

The APS-15 receiver -indicator cir- 
cuit, shown in Fig. 16, contains the 
i -f and video amplifiers, a plan posi- 
tion indicator, an A scope, and the 
timing oscillator. The timing oscil- 
lator generates two simultaneous 
pulses that are used to trigger the 
receiving equipment and the trans- 
mitting equipment when the range 
unit is off. The negative pulse from 
the timing oscillator is used to trig- 
ger the ppi and A scope sweep cir- 
cuits, the A scope blanking, and the 
clamping tubes. The positive pulse 
from the timing oscillator is used to 
trigger the pulse -delay circuit, which 
in turn triggers the transmitter, the 
range -mark generator, and the ppi 
blanking circuit; a portion of this 
positive pulse is also applied to the 
ppi sweep waveform to modify its 
shape. 

The constants of the multivi- 
brator-type timing oscillator are 
chosen to provide the proper pulse 
repetition frequencies. In addition, 
the durations of the positive and 
negative halves of the generated 
square wave are controlled by con- 
stants which may be varied by the 

range switch. The oscillator will os- 

cillate at 650 cps for operation with 
the one -microsecond r -f pulse for 
normal search, or at 300 cps for 
beacon operation with the two -micro- 
second pulse. 

When the precision functions of 

the equipment are employed for 
bombing or for accurate determina- 
tion of range to distant objects, the 
transmitting and receiving circuits 
are controlled by pulses originating 
in the range unit. The timing oscil- 
lator is locked in with the range unit 
at repetition rates of 1010 for bomb- 
ing employing a half -microsecond 
r -f pulse and at 311 for beacon oper- 
ation. The pulses from the range 
unit are fed through a buffer ampli- 
fier to isolate the ppi pre -trigger 
blocking oscillator from the timing 
oscillator. 

Since the starting portions of the 
sweeps are nonlinear, it is desirable 
not to use them. This is accom- 
plished by starting the sweeps early, 
delaying the firing of the transmit- 
ter, and unblanking the indicator 
and starting the range -mark gener- 
ator at the time the transmitter fires. 

The delay of the transmitter firing 
time is accomplished by the pulse de- 
lay tube. This tube, in the quiescent 
state, has its grid biased far below 
cutoff. The positive square wave 
from the timing oscillator is applied 
through a resistor to the control grid 
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o the pulse delay tube. The capaci- 
t connected from grid to ground 
Elvis down the rise of the grid volt- 
ae so that several microseconds are 
_iuired for the grid to reach cutoff. 

The output of the pulse delay tube 
i applied through a differentiating 
rrtwork to the grid of a pulse ampli- 
fr stage. This stage, with the pulse 
dlay tube, functions as a cathode- 
cipled multivibrator to produce 
};h -amplitude pulses with a rapid 
-te of rise. The output of the pulse 
diplifier is differentiated and ap- 
Led to the grid of a cathode fol- 
1 ver, which is biased below cutoff. 

sharp positive pulse is produced 
a the cathode of the cathode follower 
Ed serves to trigger the modulator. 
A 6L6 is employed to provide the 

crrent through the rotor of the 
veep synchro. The control grid 

Tltage is supplied from the sweep 
inerator. The sweep produced in 
le rotor of the synchro is resolved 
1 the two stator windings (which 
it in space quadrature) into hori- 
:ntal and vertical components. The 
ntputs of these windings are fed 
trough amplifiers to two deflection 
oils which are also in space quadra- 

ture, thus producing a magnetic field 

to deflect the beam of the cathode 
ray tube in a direction to correspond 
with the orientation of the rotor of 

the synchro. 

D -C Reinsertion in APS-15 

As explained in connection with 
the APQ-13 synchronizer, a method 
of d -c reinsertion must be employed 
on the sweep amplifiers in order that 
the sweep will start from the center 
of the tube for all sweep lengths. 
The method of d -c reinsertion, or 
clamping, used in the APS-15 makes 
use of two triode sections in series 
from +100 volts to ground. The volt- 
age between the junction of the plate 
and cathode of the two sections and 
ground is about +6 volts. The clamp- 
ing tube functions as a voltage regu- 
lator. If the juncture tends to be- 
come more positive, the cathode of 
the section whose plate is connected 
to +100 volts becomes more positive, 
hence its grid in effect becomes more 
negative, the current .through both 
sections is reduced, and the juncture 
drops in potential. If the juncture 
tends to become more negative, the 
reverse effect is produced. Since the 

bias applied to all four sweep tubes 

is equal, their plate currents are 

equal; thus, the sweep will start 
from the center of the tube. When 

the sweep voltage appears on the 

grids, the clamping tubes have no 

function and they are cut off by a 

negative pulse on their grids until 
the end of the sweep. 

The receiver -indicator contains 
circuits for generating precision 
range marks. Four different spac- 
ings are provided, each spacing de- 

rived from a separate resonant cir- 
cuit. Coincident with the firing of 
the transmitter a negative square 
wave is supplied to the range marker 
circuit by the pulse delay tube. The 
application of this negative gate on 

the control grid of the input stage 
suddenly interrupts the current 
through the inductance of the reso- 
nant circuit, thereby producing a 
train of damped oscillations. The 
oscillations are amplified, clipped, 
shaped into sharp pulses, and mixed 
with the video in the video amplifier. 
As -seen on the indicators, the ,range 
marks are concentric circles which 
are used as references for accurately 
estimating echo ranges. 
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FIG. 16-Receiver-indicator circuit of APS-1S system 
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