: The SCR-584 Radar
---PartI---

G

The most versatile of the ground-based radars, SCR-584 stopped the buzz bombs by guid-
ing antiaireraft batteries automatically to an accuracy of 0.06 degree. Technical features
include conical scanning, 300-kw pulses at 10-cm wavelength, and range-timing accuracy

to 0.01 microsecond

1GH on the list of the electronie

achievements of the war is
the SCR-584 radar. A microwave
set developed primarily for accur-
ate fire control of 20-mm anti-air-
craft batteries, the 684 served this
basic purpose from Anzio to the end
of the ‘war. It also served as an
early-warning radar against ap-
proaching enemy aircraft, as a
ground control for low-flving fighter
aircraft in -the advance across
France, and detected the motion of
enemy transportation along roads

and the flight of enemy shells and
mortars in the Italian campaign.
Technically, also, SCR-584 merits
a high place. It {8 among the most
powerful of the portable radars,
and is outstanding in the accuracy
of its indications. In short, this
radar is one of the most highly-en-
gineered electronic devices in ex-
istence.

The need for a radar to control
the fire of anti-aircraft guns was
felt before the war, and the SCR-
268 (ELECTRONICS, September
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o4

1945, page 100) was applied to this
use in the early days. But greater
accuracy, obtainable only by the
use of shorter wavelengths, was re-
quired. The military needs were
presented to the Radiation Labora-
tory at M.L.T, by the Coast Artillery
Corps (then the parent body of the
Anti-aireraft Command) in Janu-
ary, 1941, By April, the prototype
equipment had been erected on the
roof of Building 6 at M.I.T. and was
successfully tracking aireraft the
following month. Since the need
for portability was evident, the
equipment was then transferred by
the Radiation Lab group to a truck,
known as XT-1, and demonstrated
in November of the same year.*
After coordination at the Signal

Corps Laboratories, the XT-1 was |

given its service test by the Coast

Artillery at Fort Monroe in Febru- |

ary 1942, This test having been
passed successfully, manufacturers
were called in to bid on production
and a year later, in May 1943, the
first production model of SCR-684
was delivered to Camp Davia, Itz
first active service was at the Anzio
beachhead in February 1944, In all,
no fewer than 1,710 SCR 584 radars

®Among the personnel at the Radiation
Laboratory ﬂml in military crrnhnﬂm- wha
tributed to the !dﬂﬂlll
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Production model SCH-584 In operalion at EEih CA (AA) Bn
(C Battery) in the Netiuno Area. lialy. for anticircraft guniire
coniral, camoullaged against detection and sandbogged for

protection

were delivered, at an average cost
(including spare parts) of approxi-
mately $100,000 each.

Basic Specifications

The specifications of the SCR-584
are listed in the accompanying
table, the significance of the data
being discussed in other pages of
this issue. By the use of 300-kw
pulses of 10-em radiation, transmit-
ted from a 6-foot paraboloidal re-
fleetor, the SCR-584 is designed to
track (i.e., follow continuously) in-

dividual aireraft out to 18 nautical
miles, and detect them at 40 miles.
Actually it ean track aircraft at 50
miles if required. While tracking,
the target position is indicated
within plus or minus 26 yards

electronics
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in vange, and 006 degrees in
azimuth and elevation. The range
indication, while looking at a sta-
tionary target, may be reset to an
accuracy of 2 yards, which repre-
sents a timing accuracy of about
0.01 mierosecond., The key to this
outstanding performance lies in the
use of conical scanning for angular
determination of the target position
and a quartz-erystal oscillator for
timing the echoes. The use of a
short pulse (0.8 microsecond long)
and an expanded cathode-ray sweep
permita the echo pulses to be
measured precisely.

Two forms of scanning (the mo-
tion of the radiated beam through
space) are employed: helical acan-
ning and conical scanning. In heli-
cal scanning, employed for search-
ing for aircraft before they come
within range of the guns, the para-
boloid is swung in a civele at a rate
of 8 rpm. Simultaneously the re-
flector is tilted in the vertical angle
(elevation) at a rate of about 4 de-
grees per turn. A point on the beam
thus traceas out a helical path, from
about 10 degrees below the hori-
zontal to the zenith, over any 20°
sector. Since the beam itself is 4

The orlginal model. developed and buili in
Laboratory in 1941 and known os XT.l. This woas the first
radar copable of fellowing a larget aulomatically without

the Rodiction

human ald

degrees wide (7 degrees when the
conical scanning is in operation) all
points of space are passed over by
the beam during each full helical
sean. If an aireraft target is within
range, the radar will surely detect
L

SPECIFICATIONS

Wavelength 10-11 em
Peaaquiisy 2,700-2,900 mc
Reflector .. b-foot paraboloid
Pulse Péwer . . 300 bw
Pulse width . 0.8 microsscond
Pulse rate s, TN 1,707 pps
Rocaiver bandwidth | . LT me
Recaiver noise figure .........., I5 dbs

Boam widih .. 4 degress [not spinning)
Baam width ., ... . 7 degress [spimniag)
Search sean .. ... ... .. & rpm halical
Track scan ... 1,400 rpm conical
Azimuth range 360 degress
Elevation range — 10 to | 8% degrees
Maximum range, search 40 miles
Maximum range, track 18 milss
Minimum range S00-1,000 yards

Range accuracy =+ %d (dynamic)
L d [shatic)

Angular accuracy £ | mil = 0.06 degree

Range asccuracy

e ——
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Owerall view of the SCR-584. The paraboloid can be lowered Inlo the irailer
during transperiation

Once the target is detected and is
within range of the gona the radar
function is shifted from search to
track. In tracking, the axis of the
antenna points automatically and
continuocusly at the target, while the
radar transmits range and angular
data to the associated gunfire com-
puter. This automatic function is
aceomplished by the use of conical
scanning, illustrated in Fig. 1A.
The radiation is off-set electrically
from the foeus of the reflector and
the dipole radiator is rotated about
the focus by an auxiliary motor at a
rate of 1400 rpm. The offsel causes
the axis of the radiated beam to de-
part from the axis of the paraboloid
by about 1.25 degrees, and as it
rotates, the beam traces out a cone
as shown,

When the target lies on the axis
of this cone (at point A in Fig. 1B)
the signal intercepted has a con-
stant walue throughout the rota-
tion. Consequently the reflected
pulses are of constant amplitude,
except for changes due to fading,
polavization effects, etc. But if the
farget is ofl this axis, say at point
B, the signal intercepted is a maxi-

mum at position 3, & minimum at
position 1 and has  intermediate
values at positions 2 and 4. The
variation in the intercepled and

reflected signal s approximately
sinusoidal, with n frequency egual
to the rotation rate. Finally,
if the target iz at position C, the
same sinusoidal variation oceurs,
buit is shifted 90° in phase relative
to that of pozition B. When the tar-
wet has some intermedinte position
between B and C, the phase angle
has a corvesponding  intermediate
value,

The reflected pulses are thus
modulated in amplitude. The ampli-
tude of the modulation increases as
the target departs from the axis of
the cone, ind the phase angle indi-
tes the divection of the depariure,
translation of these quantities
into appropriate motor controls the
antenna iz directed =0 as to keep
the target centered on the axis of
the cone. So sensitive is this con-
trol that a departure from the cone
axis of a few hundredths of a de-
gree is immediately perceived and
corrected. Moreover, the hunting
of the radiator while following the
target position is restricted to a
probable error of one mil, or 0.06
(lt‘:grma,

General Operating Principles

The components of the SCR-584
are shown in the block diagram in
Fig. 2. The operation starts in the
timing unit, which contains a crys-

Looking lorward in the trailer, the 22-kilovelt rectilier is ai the lelt, and the
medulater (including magnetren transmitter) ol the right. These two units develop
pulses of 300-kw peak power ot a rate of 1707 per second




tal oscillator and fosur Fresuency-
dividing multivibeatop stagres which
produce the basice pilse rate of 1,707

pulses per second. Several wave-
forms are generated in the timing
mit 1o initinle the lransmitier

pulses and 1o synchronize the re-
ceiving and indi aling svatems with

them. Narrow teigeer pulses are
fed ta the transmitling  aystem
which comprises g driver, mody-
lator, amd p-r reneralor  (eavity

magnetvon), [R-f pulses of L8 psee
width, 3,000-me frequency, and 300
kw peak POWER are generated every
586 microseconds in the Lransmil-
Ling sysfem and applied through the
to-axial transmission line to
antenna. On (h wiay to the
diator, the puls Msa an enclosed
low-pressure  spark known g
the transmil-receive swileh (PRt
box). This g breaks dovwn during
each amd  ghaort ‘ils Al
transmission line to the  veceiver,
thus  preventing  (he tranamittey
Pulses from burn ing out the crystal
mixer of the receiver,

The pulses continue to the
ator, passing con entrically (i
the shaft of the spinner  molor
which rotates the antenna {o pro-

the

geap

(T T

duce the conical scan. After reflec-
tion from the target the pulses are
received by the same antenna and
return along the same transmission

The SCR-584 unis.
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FIG. 2—Block diagram of the SCR-584,
other elements are in a

included in this griicle:

line, The transmitter is then inpe-
tive and its impedance is different
rom thal of e transmission line.
enlly, little of ihe received
signal is absorbed Ly the transmit-
The T/R spark gap has by
sed conduction, so the trans-
mission line iducis the signal to
the receiver. Hepe it i converted
in & silicon-erystal mixer to an in-
termediate frequency of 30 me, am-
plified, detected, and amplified a
a8 a video ilrol signal. Pulses
are fed to the receiver from the tim-
ing unit to bias the j-f amplifier

ter.
then

lelt of center ars the type

Ty the positi

elevation angles ol which the anlenna
ol all alreraly

the

ansmiliing system are
icles to follow

Details of

the  transmission of the
ig  additional  protection
apaingl overload,

The video output of the receiver
is fed to three units, The first is
the antenna positioning system
which ecompares the error signal
{the amplitude modulation envelope
of the received pulses) in phase and
amplitude with reference voltages
derived from a reference generator
mounted on the spinner shaft. This
comparison develops two control
vollages, one Proportional to the
azimuth component of the error

luring

ks,

| Indicalors used in measuring the disionce te (he larget,

i painting. The inclined scresn is a PPl
largeis oul 1o 40 miles




signal, the other proportional to the
elevation component. These control
voltages operate an amplidyne con-
trol system which orients the an-
tenna so that the error signal is a
minimum, Manual positioning is
also posaible through the use of an
artificial error signal, produced
within the equipment and controlled
by knobs set by the operator to the
degired values of azimuth and ele-
vation.

Another output from the receiver
is fed to the range indicating svs-
tem. This syetem contains two
3-inch oscilloscopes used as type J
indicators, The sweep pattern is
eircular, The echo signal is dis-
played as a radial pulse on the trace.
One scope covers a range of 2000
yards for fine indication of the
range, and the other covers 32,000
yvards for coarse indication. The
circular sweep is provided by sweep
voltages derived from the timing
unit.

The range indicating system is
uged primarily as an adjunct to au-
tomatic operation. The operator ad-
justs the tracking handwheel so as
to keep the echo pulze on the cali-
bration hairline. The range unit
includes a mechanical aided-track-
ing device which maintains a given
rate of change of range to keep up
with the target, while the operator
feeds in occasional corrections to
the rate. A mechanical connection

from the range handwheel to the
data  tranamission system intro-
duces the range coordinate, and sim-
ilar eonnections from the antenna
introduce the azimuth and eleva-
tion coordinates. The data trans-
mission system computes the height
of the target, and passes all the in-
formation to the gun computer.

The remaining component shown
is the plan position indicator (PPI)
system, This is an indicator used
primarily during the search phase
of the radar operation. The eath-
ode-ray beam in the PPI iz de-
flected radially, starting from the
center of the screen at the instant
the tranamitted pulse leaves the
radar and continuing outward at a
constant rate. The sweep rotates
synchronously with the antenna as
it seans in azimuth. When an echo
iz received from a target, the e-r
beam is brightened and a spot ap-
pears on  the (race representing
the target. The distance of the spot
from the center of the tube indi-
cates the slant range of the target
and the direction of the trace indi-
cales the azimuth angle to the tar-
get. The PPI thus presents a map
of the area surrounding the radar,
with all targets within range shown
in their relative pogitions, in plan
view. The deflection currents are
generated within the PPI system,
and are synchronized by trigger
pulzes from the timer unit,

The Transmitting System

The transmitting system block
diagram is shown in Fig. 8, and
gimplified schematics of the driver
and modulator are shown in Fig
4 and 5. The driver unit ia con
trolled by a short, sharp trigger
pulsge of 15 volts amplitude derived
from the timer unit (as indicated
later in this series of articles).
These pulses drive a one-shol
(hiased) multivibrator (6SNTGT
tube) which generates a negative
reclangular pulse of twe micro
seconds duration. This is fed to s
G6L6G inverter stagpe which reverses
the polarity and applies the pulse
in positive polarity, to the first
driver stage (type 3E29).

The first driver is coupled by a
pulse tranzformer (capable of pass-
ing short pulses) which reverses
the polarity, feeding positive pulses
to the second driver stage. The
negative pulse appearing fin the
ontput of the second driver stage
(two tvpe 3E29) is fed back to the
grid of the first driver through s
low-pass filter network which serves
as an artificial transmisaion line
The constants of this line are s
chosen that the pulse requires ex-
actly 0.8 mierosecond to pam
through the line. Consequently 08
mierosecond after the pulse is ap
plied in positive polarity to the first
driver, a large negative pulse is fad

1
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FIG. 3—Block diagram of the wronsmiting system. Acting under the conirel of the timing unil these clrculls create rd pulsm

ol the required length, power and raie
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back to it, thus cutting off the first
lock driver and forming the trailing
anitdge of the pulse. The resulting
verpulse appears across the output
"ig pulse transformer, with an ampli-
on- tade of 8,500 volts, positive agninst
wgmund.
m The output of the driver is fed
{io the grids of the medulator or
)| keyer tubes, two type 6C21 tubes in
mtiml}el, shown in Fig. 5. The grids
3T are biased to —1400 volts and thus
| remain cut off between pulses.
When the driver pulse appears, it
drives the grids of the modulator
tubes into the positive region, and
the modulator tubes pass a current
of about 20 amperes, discharging
ihe modulator eapacitor (previously
charged to 22 kilovolts) through the
s-f magnetron. This sudden passage
| of current excites the magnetron
into oscillation at the desired fre-
queney (in the band from 2,700 to
e} 2900 me).
e At the conclusion of the driver
e} pulse, the modulator tubes suddenly
i} become nonconducting and the dis-
3] charge through the magnetron is
.| stopped. There is a tendency for
1} the circuit to continue to oscillate,
due to resonance between the stray
apacitance of the magnetron and
wiring with the inductance which
wmpletes the capacitor charging
drenit to ground. To damp this
resonant circuit, three diodes (type
BX20) are provided which conduet

~RELAY 10 CuT OFF
& &5 HETEON
FILAMENT CURRENT

SHORTED QUT)H
 PRoTECTIVE

FIG. 5—(A)—Simplitied sch.

ol ithe

Aiaalleni

-

Equivalent circuili betweesn

a1 .

is ﬂ:ﬂrqhw

while
(Cl—Equivalest circuit during discharge through magneiron

the positive halves of the osecilla-

tions and thus rapidly absorb the

stored energy.

Figure 5 shows the two equiva-
lent circuits of the modulator. At
the lower left is the condition be-
tween pulses, with the modulator
tubes cut off, and the modulator ca-
pacitor charging from the power
supply at a slow rate through the
inductance. At the lower right is
the condition during each pulse, in

which the capacitor is discharged
through the magnetron. The in-
ductance, which cannot pass a sud-
den change in current, prevents the
power supply from being short-cir-
cuited during the pulse, while al-
lowing the capacitor to be charged
at a slow rate between pulses.

The r-f transmission system, ra-
diator, spinner mechanisms, and re-
ceiver will be described in the sec-
ond article of this series.—p.g.F.

| I Skt i g 88
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FIG. 4—Simplilied schematic of the driver unil, which creaies O.8-microsecond pulses of 3500.wolt amplitude for driving the
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echo. The time bhetween the two is
a measure of the range. Type J is
similar, except that the trace is
circular, about the periphery of the
{ube, rather than linear. Type PPI
has been described elsewhere in this
and previous issues; it produces a
map-like indication by radial de-
flection from the center of the tube,
| the deflection keeping step with the
| aimuth rotation of the radiated
| bewm. Type B presents range in-

about seven inches in diameter.

The sets deseribed here cover the
gamut of radio frequency from 110
me to 10,000 me (270 centimeters to
3 centimeters wavelength). The
peak power employed varies from
50 to 350 kw, These are typical
figures, although higher powers
have been used in early-warning
sets employed by the Air Forces
and the Navy. In general, the beam
widths, pulse rates and geanning

mum ranges given are those which
occur when the radar beam is partly
reflected from the surface (sea or
ground) and partly transmitted
directly to the target. Constructive
interference of the two waves may,
in ideal circumstances, double the
maximum range predicted by the
radar equation, Destructive inter-
ference, under the same eircum-
stances, may similarly reduce the
muximum range to zero miles,

formation vertically and azimuth vales will be found consistent with Hence a wide variety of possible
information horizontally, in rect- the requirements previously stated. maximum ranges exislts, depending
angulay coordinates, and is thus a Moreover, the maximum ranges on the conditions of measurement.
distorted portion of a PPI picture. quoted ave generally consistent The radar equation gives an index
Tube sizes vary from 3-inch (BCR- with the vadar equation, when the to average performance.—D.G.F.
584 J-scopes) to 12-inch (SCR- indicated constanis are substituted. i
270 PPI). Most A-scopes are five- One major difference should be EFEEENCS
inch tubes and PPI's are typically stated, however. Some of the maxi- 0% ek, T S el imatien,
U.S. SIGNAL CORPS RADARS
SCR-547 SCR-582/682 SCR-584 /784 AN/TPL-1 AN/MPG-1 Type Humber
Range finder for Coastal search Search (s} and auie-  Light weight Seacoast fire-control  Primary Function
AA fire-contrel for ships and matic track (1) for searchlight against marine
(mobile} planes (fixed) AA fire-control control (mobile) targets (mobile)
(mobile)
2 trucks and 3359 Ib (582) Trailer, 20,000 Ib Trailer; Trailer; Size, Weight
tratler; 49,487 1b 13,640 Ik (682) (584); 12,000 Ib 4205 b 28,000 Ib
(784)
2720-28%0 2800 2700-2900 2700-2900 10,000 Carrier Freguency
(e}
10 10.7 10-11 10-11 3 Wavelength (L) (em)
8o a0 (582) apo 200 &0 Peak Power (P1]
225 (682) (lew)
0.5 1 0.8 1 1 (s) Pulse Width (d)
0.25 (1) imicroseconds)
4098 500 (582) 1707 400 1024 (s) Pulse Rate ()
420 (682) 4098 (1) (pps)

2 57-inch 4-ft parcbeleid; &-ft parabeloid; 4-ft paraboloid;  Schwarzchild rapid- Radiator Type, Size,
parab.; 5000 B0O0-900 offset dipale; 1200 B8&0 scanner; 12,000 Gain (Ga)
Range only, Circular Helical search, Helical search, Circular search; alse Types of Scan

eptical tracking search eonical track conical track 10° sector; track
3.8 & 4 (7 when spinning) 10 0.6 az., Beam Width (b)
3 el (degrees)
Manuval 10-20 6 7.25 160° /sec Horizontal Scanning
Rate (rpm)
- 18 (582), 15 18.5 17 Receiver Noise (n)
14 (682) (db abovae ktAF)
& 1.5 (582), 1.7 1.8 10 Receiver Bandwidth
2 (682) (AF) (e}
1 type-A 1 type-A, 2 type-l, 3 type-A, 2 type-B, Indicators
' 1 type-PPI 1 type-PPI 1 type-PPI 1 type-PPI
12 45 (582), 34 (s), a4 28 (battleship) Maoximum Range
140 (682) 18 (1) {rmax) on Bombers at
10,000 Feet (miles)
300 1000 (582), 500 500 — Minimum Range
500 (682) (yd)
as 2 per cent 15 200 - Range Accuracy
l (yd)
| - 2 1 (s), 1 s, -— Angular Accuracy
' 0.06 (1) 0.5 () (degrees)
—
|
2
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The SCR-584 _Radqr

- e

Details of the v-f system and receiver of the outstanding anti-aireraft gunfire-control
radar, including hitherto unpublished information on microwave plumbing. rotating
joints, crystal mixers, t/r tubes, and gated i-f amplifiers. Operating principles and spe-

cifications were given last month

he radio-frequency pulses gen-
erated in the eavity magne-
tron of the BCR-584, as described
in the first installment (ELEC-

TRONICS, November, 1945, page
104), ave eonveyed (o the radiator
by a system of microwave plumbing
and eomponents known as the r-f

ayvatem. The echo pulses received
from the target are conveyved from
the radiator to the receiver through
the same system. In this article,

IGH-SPEED
ROTATING JOINT

‘E'LE\rMmN
ROTATING JOINT

ATIMUTH ROTATING JOINT

————
H

|
| TRANSMITTING |

i1 RecEving
I SYSTEM H P
:
L

H
SYSTEM H
]
J

b o

FIG. 1—Block diagram of the r-f sysiem,
by which the transmitted pulses and
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Clossup of anienna and pladorm of radar

il BCR-584. parily raised oul of the lrailer.

When In eperation, the platlorm s up flush
with the rool of the trailer

the details of the r-f system and
receiver are described.

Basic Functions of the R-F System

The essential components of the
r-f systern are shown in the block
diagram in Fig. 1 and in perspec-
tive in Fig. 2. As the r-f pulse
leaves the transmission syatem it
encounters a T-junction, which
joinsa three coaxial lines. One
branch leads to the radiator.
En route the signal passes threugh
three rotating joints. These joints
permit the radiator to move in azi-
muth and elevation for helical scan-
ning, and permit the dipole radia-
tor to be spun about the axis of the
paraboloid, for conical seanning.

The remaining branch of the
T-junction leads to the receiver.
In this branch the transmitted
gignal encounters the t/r (trans-
mit/receive) box, a low-pressure
gas discharge tube which breaks
down and prevents passage of the
strong transmitted signal to the
receiver. At the conclusion of the
tranamitted pulse, the t/r gap
deiomizes, and the echo =zignals
thereafter received are passed to
the receiver. Coincidentally, the
impedance of the cavity magnetron
changes, so that the echoes are re-
flected from the transmission sys-
tem with but minor loss due to
absorption.

The transmission lines them-
selves arve of the coaxial variety,
with the inner conductor supported
at intervala by quarter-wave stubs.
The diameter of the inner con-
ductor is increased at the stub, and
for one gquarter wave on either side,
to inerease the frequency band over
which the stub support introduces
negligible Joss, A typical stub sup-
port and a joint in the line are
shown in Fig. 3. The rotating
joints are shown schematically in
PFig, 4, Easch joint conaists of
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guarter-wave belween

overlaps
cuter and inner conductors, within
each of which iz a small gap. The

gap permits passage of the r-f
energy, by eapacitive action, while
allowing free rotation of the joint
about the axis of the line. Each
joint is covered with a gas-tight
seal which permits the lines to be
filled with dry air under five pounds
pressure,

Dipole Radiator

The dipole radiator is shown in
Fig. 5 A plastic housing sur-
rounds the assembly to contain the
air under The coaxial
line iz surrounded, at the left, by
a quarter-wawve collar which con-
verts the single-ended feed of the
line to the push-pull feed required
to excite the dipole. The inner
conduetor is built up to large diam-
eter, as shown, thereby changing
the impedance of the line so that it

pressure,

maitches the impedance of the
dipole. The dipole itself consists
of two rounded projections, one

soldered directly to the outer cen-
ductor, the other connected to the
inner conductor and projecting
through a hole in the cuter con-
ductor. The two segments of the
dipole are of different lengths so
the radiation from it is slightly
assymetrical with respect to the
axis line, As a result the axis of
the beam is displaced from the axis
of the paraboloid and as the dipole
spina the beam traces out a eone

electronics

WAR REPORT

105



(eonical scanning, see part 1),

At the right of the assembly is a
metal disk which reflects the for-
ward radiation from the dipale,
returning it to the reflector. This
forward radiation would otherwise
be largely wasted since it would
spread outside the limits of the
beam. The coaxial line is shorted
at the righthand end, at such a dis-
tance from the dipole that the sig-

transmitted signal appears at the
ecavity input (through a coupling
loop), the cavity is excited, and a
high potential appears acroas the
conical electrodes. Sufficient free
ions are present in the tube {sup-
plied by an auxiliney  keep-alive
electrode within the tube) to per-
mit almost immediate ionization of
the gap. The breakdown short-
circuits the cavity and detunes it

A
SUPPORTING STUR.7 _

(A} SHORTED END===~ =

FIG. 3—Coaxial iransmission line fitfings: (A}l broodbond guarter-wave stub
© support: (B) inlins jeint

nal reflected from the short appears
in proper phase at the dipole to
reinforee the radiated signal,

Transmit-Receive Switch

The t/r box (Fig. 1) is a device
which permits the use of the same
radiator for transmission and re-
ception. Ttz essential element is
the t/r tube (type TIBA) shown in
Fig. 6. This tube comprises two
eonical electrodes supported on
metal flanges which extend through
the glass envelope and become part
of a resonant ecavity (Fig. 6A).
The cavity is tuned by tuning plugs
to resonate at the carrier fre-
quency. Consequently when the

loe

2o that the magnetic Aeld within
it eollapses al once, and the signal
is prevented from leaving the eavity
via the output coupling loop. The
tube is filled to a pressure of about
1 mm of mercury of waler vapor,
which ionizes in a few hundredihs
of a microsecond,

At the conclusion of the trans-
mitted pulse, the gap deionizes
{ the recovery time is about 1 micro-
second), and the cavity regains its
tuned econdition. Thereafter, when
echo signals are received, they
excite the eavity (but to such a low
power level that the pap does not
bresk down) and they are coupled
through the eavity directly to the

receiver input civeuit of receiver. !
In the discharge condition, the |
t/r box introduces an attenuation
to the transmitted signal of um1
60 decibels, which reduces t:hri
power from 800 kw to well under
100 milliwatts, This level is small
enough to be harmless to the re |

receiver so the transmitted pulse
is visible on the type J range scope.

ceiver but sufficient to excite the ’

The power consumed in maintain.

ing the gas discharge is negligible |
1

compared to the 300-kw level of the

transmitted pulse, )

The Receiving System .

A block diagram of the receiving
svatem is shown in Fig. 7. The
echo signal ja passed by the t/r box
dirvectly to the erystal mixer, where

lator zignal 30 me higher in fre

it ia combined with a Iucnl-cmil-|
1

quency. The 30-me intermediate
frequency is then amplified in two
i-f stages ( preamplifier) which are
mounted directly adjacent to the
crystal mixer. The remaining i-f
stages ave located (for convenience)
at some distance, in the receiver
proper.  After the fifth i-f stage,
the i-f channel breaks up into two
branches, one (the range channel)
feeding the indicators, the other
{gserve channel) feeding the auto-
tracking cireuits,

The circuits of particular inter-
est in the receiving system are
those which convert the earrier
frequency to the intermediate fre-
quency. Care must be taken in
these circuits to maintain the noise
level as close as possible to the
inescapable noise level introdoced
at the antenna itself.

Crystal Mixer

The three most serfous sources
of wadditional noise, in order of
importance, are the crystal mixer,
the i-f amplifier and the logal oscil-
lator. The first two i-f stages are
located as close as possible to the
mixer stage to avoid losses at low
level in the connecting eable, By
attention to such details it has been
possible to keep the noise in the
receiver output to within 15 db of
the theoretical level present in the
mntenna circuit.

The multi-grid converter tubes

December 1945 — ELECTROMICS

10



e R

v

e riIGH-SPEED JOINT
f i
13 'l

TO T T
ANTENMA L _ ”

ELEVATION. ||
ROTATING | m

.lﬂ'iHl’---'uL__ o

—

IS5 s omy

‘ I_L‘_ T SinnER
[ CONBUCTOR
b

TRANSHITTER

| ALIMUTH ROTATING JOINT

TNNER- CONDUCTOR
TRANSFORMER m:mlu.‘

PLASTIC HOUSING-~=~_.

. -
RUBBER .
GASKET———

i’
Yowmve section—

OUTER- COMDUCTOR
DIPOLE SECTION

I F)
INNER=COMDUCTOR ! REFLECTING
oiPOLESECTION _ | pisk

FIG. 4—Rolating joinis, The r{ signal
Is iransmitied past the oir gaps by
capackiive aciion

used in superheterodynes at lower
frequencies are not suitable at
microwave frequenciezs because of
the noise introduced by random
interception effects at the grid
wires. The dicde is accordingly
chosen for microwave applications,
The most efficient form of diode
detector thus far uneovered is the
gilicon crystal, A slab of silicon,
specially heat treated and etched,
with & tungsten eatwhisker bear-

OFFER CoaPmE G T
¥ CLAMPED 16 T/ R 1 cawmy
(M), Heoeprmousss sua
WEEP ALIVE ELECTRODE

e e
WIXER _/
PEKUPR LOaP-~ FOP Looe
RSOk MT
h {.-l‘bﬂ'\"\.\ L--TiR TUBE
Tuning =
Lty

FIG, 5—Dipole radiaior, ranstormer seclions and rellecior plaie, A slight
diflerence in the longth of the dipole elemenis produces ofl.axis radiotion lfor
cenical scanning

ing upon it, iz mounted in a small
cartridge and the whole assembly
filled with a plastic compound.
The cartridge is mounted in a
housing, known as the mixer,
shown in Fig. 8. The coupling loop
al the lower left abstracts the re-
ceived signal from the t/r box and
passes it to the erystal. The loeal
oseillutor input, at a level of 25 to
50 milliwstta, ia fed through the
arm at the upper vight, through a
right-angle bend to a eoaxizl mem-
ber whese inner conductor termi-
nates near the erystal in a flat
coupling plate. The level of the
local oscillator signal is controlled
by the serew adjustment antil the
rectified direct current passing
through the erystal i about 0.6 ma.
The i-f output " iz  developed
between the base of the crystal
cartridge and ground, and is fed

out through the arm at the lower
right to a fexible coaxial cable
which connects with the i-f pre-
amplifier. In the output line is
placed a small metal cup, insulated
from the outer conductor by a thin
section of mica insulation. The
capacitance thus formed acts as a
short-cireuit at carrier frequencies
and thus prevents absorption of
the v~ signal in the i-f amplifier.
The capacitive reactance is, how-
ever, 100 times as great at 20 me
as at 3,000 me, s0 the bypass has
relatively little effect on the i-f
components. The mixer has no
tuned elements and is constructed
to operate without adjustment over
the range from 2,700 to 2,900 me.

Lecal Oscillater

The generation of c-w power at
3,000 me, even in the small amount

Io-Me  RECEIVER  MOMC VIDEQ 10
PP SYSTE
IF e HARHE L ?1:!0[ =
= VIBED
TARES | AV (HANHIEL FLIFIER €

H VIDED 10 | RANGE SCOPES
N.ITOI:I.I.IIﬂl
Mot TRACKING
U uMit |
———n

POWER SUPPLY

FIG. 6—T/r tube and resonant cavity.
(A) Schemailc view. side; (B} schematic
view, top: [C] cul-away wiew
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FIG, 7—Block diagram of receiving system. This system converis the r4 scho
pulsos ot 3.000 mc 4o video pulses which acluale the cr indicalors and auio-

tracking

elrcuits

ar

11



T R ==~ LOCAL OSCILLATOR
Jﬁ COUPLING
ADJUSTMENT OUTPUT. COUPLING LOOP
~ P
LY L
~ ¥
G LOCML s
SCILLATOR RESOMATOR CAVITY
SLIDING HoyT CATHODE BRIDS
TEE~—— i (AT=-575 'H"DI.TS},_‘ E {AT GROUND)
% L - ., 2
CAPACITANCE T HEATER ~ B 7Y 1 . ~—“REFLECTOR
COupLING e : ! ) (AT=575 7O
it : 2 ~785 VOLTS)
“\
FFOUTPUT
) TO PREAME CONTROL i =
s GRID # A FLEXIBLE DI
= | (w1-565 10 SPRING-CONTROLLED
s = _350 VOLTS) FLANGES
COUPLING . i B
LOGP 10 /R, LERSTAL CAPACITANCE 10 BYPASS
B0 o CARTRIDGE  MIGH FREQUENCY
% 5
m.h?mmd&lrdm.mmm rro.:—cu-mdm-unnum-uuqm
ﬁyﬁ.hh&puwhuuuunhumun sscillater in the recelver

required for local oscillator service,
is a difficult task because of transit
time limitations. To avoid these
difficulties, the local oscillator tube
employa the klystron principle to
separate the effects of transit time
from the oscillating circuit. The
particular form of klystron used is
& single-cavity type known as the
reflex klystron, illustrated in Fig.
9. It operates as follows: Elee-
trons from the cathode are formed
in & beam and accelerated at about
675 volts. The beam passes within
the center post of a eavity resona-
tor and thence through two grids
which are part of the cavity walls.
The initial passage of the electrons
causes a weak oscillation to be set
up within the cavity, by shock ex-
citation, and as a result the poten-
tial between the two resonator grids
varies at the carrier frequency.
Electrons passing the gap there-
after find themselves alternately
accelerated and decelerated by this
variation in potential. On leaving
the gap, the variations in electron
velocily persist, with the result
that the faster electrons catch Hp
with those which pass unacceler-
ated, while the slower electrons
fall back on the unaceelerated ones.
In consequence, the electron stream
becomes bunched, that is, more

dense in spots and less dense in
others.

Meanwhile the electron stream
encountera a decelerating d-e field
applied Ly the reflector electrode
(about —T00 volts). This causes
the electron stream to reverse its
path, while the bunching process
proceeds, and to re-enter the reso-
nator gap. If the velocity of the elec-
trons and the reflector potential are
properly ehosen with respect to the
wavelength and the dimensions of
the tube, the bunched electrons ar-
rive back at the resonator gap just
as the potential across the gap is
such as to cause maximum retarda-
tion of the electron bunch. The elec-
tron bunch thereupon gives up a
portion of its kinetic energy to the
resonator,

As the succession of electron
bunches re-enters the gap, the ns-
cillations are successively rein-
forced until equilibrium is reached
between the energy abstracted from
the cavity (via the coupling loop
shown) and the energy input to
the beam less losses within the
tube. Power levels in the hundreds
of milliwatts are readily produced.

The frequency of oscillation de-
pends not only on the natural period
of the resonator, but also on the
phasze with which the returning

bunches enter the gap, and this
phase may be changed by adjusting
the voltage on the reflector elec-
trode, This electrical method of
tuning is employed to tune the re-
ceiver precisely to the transmitter
frequency. The tube will oscillate
at several values of reflector volt-
age; the most negative value is
generally chosen, Care is taken to
stabilize the accelerating and de-
celerating potentials applied to the
klystron, to avoid electrical detun-
ing. Care must also be taken to
aveid feeding too greal an output
from the local oscillator to the erys-
tal detector, since excessive power
absorption by the erystal will injure
the rectifying interface. The local
oscillator is coupled very loosely to
the crystal by the flat probe elec-
trode shown in Fig. 8, not only to
minimize this danger, but also to
prevent absorption of the echo
pulses in the loeal oseillator itself,
which is tuned within 1 percent
(30 me at 3,000 me) of the earrier
frequency.

The I-E Amplifier

The i-f preamplifier is coupled to
the mixer through a transformer,
but thereafter the i-f stages are
coupled by single tuned circuits, in-
duetively tuned. The inductive ele-
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ment is placed in the grid of the
following tube, rather than in the
plate of the preceding tube, to mini-
mize the resistance in the grid re-
turn, which would prolong recovery
after overload. Type 6ACT high-g.
pentodes are used. The ave wvolt-
age is applied to the grid of the sec-
ond stage,

The output of the preamplifier is
econducted through flexible coaxial
eable to the remaining i-f stages in
the receiver proper. A simplified
schematic of the i-f, detector, and
video circuits is shown in Fig. 10,
The 8rd, 4th, and 5th i-f stages are
substantially identical to the sec-
ond stage, employing 6ACT tubes
with  single-eircuit inductively-
tuned coupling. The interstage
coupling is loaded with the plate re-
sistance of about 850 ohms, produc-
ing n gain of about T per stage
across an overall band of 1.7 me.
The 3rd stage has ave. ;

The sixth i-f stage is a dual unit,
one tube feeding the remote video
amplifier outside the receiver chas-
gis, the other leading to a Tth i-f
stage. This latter (servo) channel
operates under gate control, that is,
the 6th gervo i-f stage passes sig-
nal only during a brief period cor-
responding to the time the desired
echo is received.

The function of gating in the au-
tomatie tracking circuits will be
evident from the following. When

the radar views more than ene tar-
get simultaneously, as may readily
happen in antiaircraft activity, a
separate sequence of echo pulses is
received from each target. The au-
tomatic tracking cirenits have no
way of distinguishing between these
sequences of pulses and they tend
to move from one target to another,
or to seek a position midway be-
tween targets.

To avoid this confusion, the radar
operator must select a target and
see to it that the radar follows that
target to the exclusion of all others.
The target is selected initially on
the PPI indicator and then identi-
fied as a particular echo pulse on
the type J range scopes, Thereafter
the operator adjusts a control which
keeps a hairline centered on the
echo selected. The control is con-
nected to a puolse-forming cireuit
which develops & narrow rectangu-
lar pulse (narrow gate pulse) which
oecurs just prior to recepiion of
the desired echo.

The narrow gate pulse is applied,
in positive polarity, to the screen
grid of the sixth i-f stage in the
servo channel. In the absence of
the narrow gate pulse, the sereen
grid is grounded and this stage re-
mains inactive, During the narrow
gate pulse, however, the stage is
suddenly aclivated and passes the
signal to the succecding i-f stage
and thenee to the detector, video

and servo-conirol eircuits.  The
width of the narrow gale is nor-
mally about 3 microseconds, and is
thus capable of cutting off all echoes
outside a segment of about 3,000
feet in the range eoordinate. A re-
cent mod? -ation of the equipment
consists f the so-called N* gate
{N* for narrow-narrow), in which
the control gate is only 0.5 micro-
second long, corresponding to a
segment in range of about 500 feet.

One other precaution must be
taken in the automatic tracking
system. If the amplitude modula-
tion on the pulse sequence (which
arises from off-axis targels as a
result on the conieal scunning, see
part 1) is not of constant ampli-
tude, the comparison between refer-
ence voltage und error signal can-
not be carried out successfully, Con-
sequently it is necessary to apply
an amplified automatic gain control
voltage to the 2nd and 3rd i-f
stages, This voltage is oblained by
passing the pulse sequence from
the servo channel output to a diode
detector which develops the peak
value of the amplitude-modulated
pulse sequence, This peak value is
-amplified through a cathode-fol-
lower stage and applied to the i-f
stages.

The timing and indicating ays-
tems will be described in  the
concluding  installment of this
series.—D.4G.F,
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