
EPARTMENT TECHNICAL MANUAL

RADAR SYSTEM

FUNDAMENTALS

WAR DEPARTMENT • 28 APRIL 19,44

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

4
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

4
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



WAR DEPARTMENT TECHNICAL M A*N U A L

TM 11-467 CONFIDENTIAL

RADAR SYSTEM

FUNDAMENTALS
I t

• \

WAR DEPARTMENT • 2 8 APRIL 1944

UniIed SIaIes GovernmenI PrinIing Ojfice

WashingIon : 1944

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

4
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



WAR DEPARTMENT,
Washington 25, D. C, 28 April 1944.

TM 11-467, Radar System Fundamentals, is published for the in
formation and guidance of all concerned.

[A. O. 300.7 (16 Mar 44l.]

By order of the Secretary of War :

G. C. MARSHALL,
Chief of Staff.

Official :

J. A. ULIO,
Major General,

The Adjutant General.

Distribution :

As prescribed in paragraph 9«, FM 21-6; IR 11 (3) ; I Bn 1,

11 (5) ; IC 11,44 (6) ; Air Forces (5) ; Air Force Dep (2) ; Air
SvC (10) ; Sig C Laboratories (2) ; PE (5) ; ASF Dep (5) ;

Sig C Dep (2) ; Sig Rep Shop (2).

IR 11 : T/O and E 11^11-S. Sig AW Regt.

I Bn 1: T/O and E 1-317, Tr Carrier Sq ; 1-117. Bomb Sq Hv ; 1-127,

Bomb Squad, M: 1-767, Combat Mapping Sq (2-Engine) : 1-768. Combat
Mapping Sq (4-Engine) : 1-67, Night PI Sq; 1-37, Fi or Fi Bomb Sq

(2-Engine) ; l-!l87, Emergency Rescue Sq.

IB 11: T/O and E 11-425-S, Sig Reparting Bn, AW Regt; 11-435 S, Sig
Reparting Bn, AW Regt.

IC 11 : T/O and E 11-287, Sig Co, Dep, Avn ; 11-237, Sig Co Sv Gp Tng
Centers; 11-437 Sig AW Co; 11-412-S, Hq Co Sig AW Rogt ; 11-107, Sig
Rep Co; 11-127, Sig Dep Co; 11-327, Sig Part Sv Co; 11-587, Sig Maint
Co; 11-617, Sig Radar Maiut Unit.

IC 44: T/O and E 44-138, AAA S/L Btry (SM) ; 44-117, AAA Gun Btry
(SM).

For explanation of symbols, see FM 21-6.

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

4
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Foreword

Radar System Fundamentals has been prepared jointly by the Army
and the Navy for the purpose of providing the student technician
with an understanding of typical radar circuits. It is anticipated
that he will have become familiar with the subject coverage of either
the radio technician courses and Navships 900,016 as furnished by the

Bureau of Naval Personnel and Bureau of Ships respectively, or

TM-1-155, TM 11-455, and TM 11-466 as provided by the War De

partment. No attempt has been made to provide an analysis of all

the possible circuit combinations to be found in the various types of
radar equipment in use in the services of the United States. How
ever, it is believed that the choice of circuits presented here is suf

ficiently representative of all radar equipments to contribute mate

rially toward the development of a more intelligent servicing technique.

The six functional components in the form of blocks, common to

all radar sets, are introduced, and their inter-relationship is estab

lished. Actual circuits are then substituted for the functional blocks

to present two complete equipments: one very simple long-wave set,

followed by a representative microwave set. Six sections are then

devoted to exploring the development of more highly refined circuits
for improving the performance of the six basic functional components

previously described. An additional section is provided in which the

principles of servo mechanisms are presented. No complete pro
duction equipments have been utilized in the discussions covering the

two representative radar sets. It is the practice of the services to

provide with each specific production set one or more manuals which
include a brief circuit analysis and tables of spare or replaceable

parts, along with maintenance, servicing, installation, and operating
data.

The majority of the circuits discussed in Radar System Funda
mentals were extracted from various production equipments and in

many cases were simplified in order to stress the fundamental opera
tion. Particular reliance is placed on TM 1H66 and Navships
900,016 for the basic analysis of individual circuits composing the more

complex radar circuits. Mathemetical considerations have been re

duced to a minimum, as it is not anticipated that student technicians
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having access to this manual will be concerned with problems of
• design of radar equipment.

Consistent effort has been put forth throughout the manual to

develop and establish a simple radar nomenclature in which terms

of a descriptive nature have been given preference over those which

convey no meaning to the beginner. In this respect a glossary of
radar terms is provided in the appendix. Simple conventions have

been used in preparing the circuit diagrams. The following con

ventions have been adopted with regard to values of circuit elements

on diagrams :

Lines which cross without being shown tied together by a dot form
no contact. Lines which cross and are shown tied together by a dot

form a contact. The direction of current flow has been considered

to be the direction of the movement of electrons, that is. from nega

tive to positive within the circuit and from cathode to plate within
the vacuum tube.

Resistors Capacitors

150 = 150 ohms

1S0K = 150,000 ohms

1.5M = 1,500,000 ohms

.01 = 0.01 microfarad
10 = 10 microfarads

1Qwi = 10 micromicrofarads

IT
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Section I
Elements of Radar

1. GENERAL.
a. Definition. Radar is an application of radio principles by

means of which it is possible to detect the presence of objects, to deter

mine their direction and range, and to recognize their character.

b. Principle. Detection is accomplished by directing a beam of
radio frequency energy over a region to be searched. When the beam

strikes a reflecting object, energy is reradiated. A very small part of
this reradiated energy is returned to the radar system. A sensitive

receiver located near the transmitter can detect the echo signal and

therefore the presence of the object or target. The determination of
the actual range and direction is based on the facts that radio-fre
quency energy travels at the constant velocity of light and that the

receiving system can be made directional.

2. APPLICATIONS OF RADAR.
a. Search. (1) Tactical operations are based on the available

knowledge of the enemy's dispositions and movements. Radar can

be of extreme importance in providing a continuous flow of accurate

information to the commanding officer. The initial location of the

enemy and subsequent reports up to the time when action is finally
joined is accomplished by search radar.

(2) The problem of locating aircraft targets differs from that of
locating surface targets, in that the reflecting surface of an aircraft is

small compared to that of a naval vessel. Also, since the speed of the

aircraft is much greater, information is required at greater ranges in

order to take effective action. This factor necessitates the use of
early warning radar for aircraft search. Such systems are intended

to determine range and approximate azimuth.

(3) The accurate reporting systems permit the location of the target
more accurately than do the early warning systems. A means of

measuring altitude is usually included in this type of equipment so

that the target position is known in three dimensions. When the

available data is used to direct fighter aircraft in the interception of
the target, the name grotmd controlled interception (GCI) is some

times applied.
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(4) The location of surface craft involves the determination of

only their range and azimuth. Surface search radar is employed

largely, to provide the initial warning of the presence of such targets

and to keep track of later movements. Since the speed of surface

craft is relatively slow, exact data is not of great importance.

b. Fire control. (1) The problem of antiaircraft fire control

requires accurate information on range, azimuth, and elevation. The
maximum range of radar systems used for this purpose is limited to

about 40,000 yards. The radar system is normally linked closely with
the guns to be controlled because of the relatively short time during
which an aircraft target is within firing range.

(2) The problem of fire control against naval vessels is simpler
from the standpoint of determining position and because of the much

lower speed of the target. Fire-control systems for use against surface

targets measure range and azimuth only, but to a high degree of
accuracy. The data is used to compute the firing problem, and the

results may be used by widely separated gun batteries.

c. Airborne use. (1) One of the most important uses of
radar is as an aid in the patrol of shipping lanes in search of enemy

vessels. Aircraft to surface vessels (ASV) radar is able to increase

the zone which can be searched by extending the range at which sur
face targets can be detected well beyond the visual limit. In addi
tion, ASV provides an accurate means for guiding the patrol aircraft
directly to the target.

(2) Fighter aircraft can be directed to the general vicinity of the

enemy planes by means of early warning systems, but, unless coni-

ditions of visibility are adequate, they may completely miss the target.

Aircraft interception ( AI) equipment in the fighter plane permits the

crew to locate the enemy at short ranges and to close to the attack.
The additional weight of the equipment and the need for an operator
requires a special fighter aircraft known as the "night fighter."

d. Identification —friend or foe. (1) Although radar can

locate an object such as an aircraft or vessel accurately, it cannot dis
tinguish between friend and enemy. This inability is particularly
dangerous in fire-control systems, since the firing may be completely
blind much of the time.

(2) Identification —friend or foe (IFF) equipment is used as an

auxiliary to radar to identify friendly craft. The IFF system, lo
cated on the craft, receives from the radar location a challenging sig
nal by radio means and returns a reply, either visually or by radio.
IFF techniques are much the same as those of radar.

e. Navigational aids. (1) Radar is in itself a form of navi
gational equipment, since objects can be located with it. When the

objects, such as mountains and prominent buildings, can be recog

S
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nized, the movement of the vessel or aircraft can be guided ac

cordingly.

(2) Radar beacons are used to supplement the natural fixed targets

which act as reference points. Beacons are similar to IFF systems in

that they receive signals from the radar set and return other signals

to it. Each installation has its own code to identify its location.
Therefore, the use of beacons is an improvement over the use of fixed

targets.

(3) Radar altimeters are special radar systems used to measure the

height above the surface of the earth. Such devices are called abso

lute altimeters because they measure the true distance to the earth

without reference to sea level or barometric pressure. Since range is

the only form of data required, and since the earth's surface is the

target, altimeters are small and relatively simple.

3. RADAR METHODS.
a. Continuous-wave (c-w) method. One method of de

tecting a target makes use of the Doppler effect. When radio-fre
quency energy which is transmitted continuously strikes an object

which moves toward or away from the source of energy, energy is re

flected and its frequency is changed. The change in frequency is

known as the Doppler effect. A similar effect at audible frequencies

is recognized readily when the pitch of the whistle of a train is heard

as it approaches or leaves the listener. The radar application of this
effect measures the difference in frequency between the transmitted
and reflected energy to determine the presence and speed of the mov

ing target. This method works well with fast-moving targets, but

not with those which are slow or stationary. C-w systems are there

fore limited in present usage.

b. Frequency-modulation method. If the frequency of
the transmitted energy is varied continuously and periodically over a

specified band, the frequency of the energy being radiated by the an

tenna differs from that being received from the target. This dif
ference occurs because of the time required for the energy to reach

the target and return. The frequency difference depends on the dis

tance traveled, and can be used as a measure of range. Moving tar
gets produce a frequency shift in the returned signal because of the

Doppler effect which affects the accuracy of range measurement.

e. Pulse-modulation method. The radio-frequency energy
can also be transmitted in short pulses whose time duration may vary
from 1 to 50 microseconds (millionths of a second). If the trans
mitter is turned off before the reflected energy returns from the target,
the receiver can distinguish between the transmitted pulse and the

reflected pulse. After all reflections have returned, the transmitter

a
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can again be turned on and the process repeated. The receiver output
is applied to an indicator which measures the time interval between

the transmission of the energy and its return as a reflection. Since
the energy travels at a constant velocity, the time interval becomes

a measure of the distance traveled or range. Since this method does

not depend on the relative frequency of the returned signal or on the

motion of the target, difficulties experienced in the c-w and frequency-
modulation methods are not present. The pulse-modulation method

is used almost universally in military and naval applications. There
fore it is the only method discussed in this manual.

4. DETERMINATION OF RANGE.
a. Time-range relationship. (1) The successful employ

ment of pulse-modulated radar systems depends primarily on the ability
to measure distance in terms of time. Radio-frequency energy, once

Figure 1. Pulse starts froni antenna, elapsed time =6.

it has been radiated into space, continues to travel with a constant

velocity. When it strikes a reflecting object there is no loss in time,

but merely a redirecting of the energy. Its velocity is that of light,
or, in terms of distance traveled per unit of time, 186,000 land miles

per second, 162,000 nautical miles per second, or 328 yards per micro
second.

(2) The constant velocity of radio-frequency energy is applied in

radar to determine range by measuring the time required for a pulse

to travel to a target and return. For example, assume that a 1-micro-

second pulse is transmitted toward an object which is 32,800 yards
away. Figure 1 shows conditions at the instant the pulse is radiated.

When the pulse reaches the target, it has traveled 32,800 yards at

328 yards per microsecond, and therefore 100 microseconds have

elapsed. Figure 2 shows the pulse arriving at the target. The pulse

is then reflected, and energy is returned over the same path. Since the
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return trip is also 32,800 yards, the required time of travel is again
100 microseconds. Figure 3 shows the pulse returned to the radar
system. The total elapsed time is 200 microseconds for a distance
traveled of twice the actual range of the target. For radar ranging
therefore, the velocity is considered to be one half of its true value,

or 164 yards per microsecond. In the example. range= time X 164=
200 X 164 = 32,800 yards.

TARGET

l/JSEC. PULSE-
PARTIALLY
REFLECTED

TL-8640

Figure 2. Pulse reaches target, elapsed time=100 pI seconds.

RADAR ,
ANTENNA

Figure 8. Pulse returns to radar, elapsed time=200 p. seconds.

b. Time measurement. (1) In order to employ the time-

range relationship, the radar system must have a time-measuring
device. In addition, since there may be more than one target in the

region under search, some means of separating and identifying pulses

must be included. The cathode-ray oscilloscope is well suited to such

a task, since it retains the information on its screen and also forms a

time scale. The time scale is provided by using a linear sweep to pro
duce a known rate of motion of the electron beam across the screen

of the cathode-ray tube.
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(2) The measurement of time is illustrated in the following exam

ple. Assume that a cathode-ray tube is used with a horizontal linear

sweep which produces a beam whose velocity across the screen is

1 inch per 100 microseconds. The signals received from a target at a

range of 32,800 yards are applied to the oscilloscope as a vertical de

flection. Following the same sequence of operations as in the previous
illustration, figure 4 shows the radio-frequency pulse leaving the radar
antenna and the sweep just starting across the screen. Since 1 micro
second has elapsed, the leading edge of the pulse has moved 328 yards

from the antenna, and the sweep trace has moved 0.01 inch across

the screen. The pulse is shown on the screen as a vertical deflection,

since the receiver detects the pulse which is supplied to the trans
mitting antenna. After 100 microseconds elapsed time the pulse
reaches the target 32,800 yards away, and the sweep trace has moved

1 inch (fig. 5). Since the pulse energy is out at the target, there is no

deflection of the trace vertically. The reflected pulse returns to the

radar antenna at the end of 200 microseconds, during which the

sweep trace has moved a total distance of 2 inches. For the length
of the received pulse (1 microsecond) the trace is deflected vertically
(fig. 6). Thus, with a constant sweep-trace velocity of 1 inch per

TL-664.2

Figure 4-
—Pulse leaves antenna. elapsed time—1 /i second.

TL-8843

Figure 5. Pulse reaches target, elapsed time=100 n seconds.

8

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

4
:5

6
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



100 microseconds, a time scale is produced which is equivalent to 100

microseconds times 164 yards per microsecond equals 16,400 yards
per inch of trace. If another target returned the transmitted pulse
in 300 microseconds, the return signal would be indicated 3 inches from
the start of the sweep, and the range of the target would be 300 x 164=

49,200 yards.

(3) The single-trace illustration used will not persist on the oscillo
scope screen for sufficient time to be useful. Therefore it is necessary
to repeat the pulse transmission and the sweep trace periodically.

Figure 6. Pulse completes return to radar, elapsed time=201 n seconds.

Figure 7. Range indication of several targets. (Sweep-trace velocity is 1

inch/100 n seconds.)

If the two operations are made to start in the same time relation each

time, signals returned from a given target will be superimposed on

each other by successive sweep traces. The signals from all targets

will be shown on the oscilloscope in their proper sweep-time-range

positions (fig. 7).

5. DETERMINATION OF AZIMUTH OR REARING.
a. General. (1) The measurement of the direction of a target

from the radar system is usually given as an angular position. The

angle may be measured from true north if the installation is station
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ary, or with respect to the heading of a vessel or aircraft containing
the radar set. The angle at which the echo signal returns is measured

by utilizing the directional characteristics of the radar antenna sys

tem.

(2) The dimensions of the individual radiating element (the

dipole) cause it to send out more energy in some directions than in
others. When several elements are used together to form an antenna

system, the energy is further concentrated. Radar antennas are con

structed of radiating elements, reflectors, and directors to produce a

single narrow beam of energy in one direction. The pattern pro
duced in this manner permits the beaming of maximum energy in a

desired direction.

(3) The transmitting pattern of an antenna system is also its re

ceiving pattern. An antenna can therefore be used to transmit energy,

to receive reflected energy, or both.

b. Single-lobe system. (1) The simplest form of antenna

for measuring azimuth or bearing is one which produces a single-lobe
pattern. The system is mounted so that it can be rotated. Energy
is directed across the region to be searched, and the beam is scanned

in azimuth until a return signal is picked up. The position of the

antenna is then adjusted to give maximum return signal.

(2) Figure 8 shows the receiving pattern for a typical radar an

tenna. In it
,

relative signal strength is plotted against angular
position of the antenna with respect to the target. A maximum signal

is received only when the axis of the lobe passes through the target.

(3) The sensitivity of the single-lobe system depends on the angular
width of the lobe pattern. The operator adjusts the position of the

antenna system for maximum received signal. If the signal strength
changes rapidly with angular rotation, the accuracy with which the

on-target position can be selected is great. Thus, in figure 9
,

the rela

tive signal strengths uAn and "2?" have very little difference. If the

energy is concentrated into a narrower beam, the difference is greater

and the accuracy better.

c. Double-lobe systems. (1) Figure 9 shows that the signal
strength varies more rapidly on the side of the lobe than near the axis.

The greatest rate of change of signal strength per degree of rotation
occurs between the angles which give 50 and 85 percent of maximum.

Radar systems designed for gun laying or fire control require the

highest possible accuracy in measuring azimuth angles. The double-

lobe system achieves this accuracy by using two lobes to form the

antenna -system pattern.

(2) The principle of the double-lobe system is illustrated by using
two separate antennas whose lobe axes are displaced by some angular
distance (fig. 10). The two lobe patterns intersect at one point only,
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known as the crossover point, at which equal signals are produced by
the two antennas for this particular azimuth. At all other positions
of the array unequal signals are produced. When the target is in

, DIRECTION

LOee ' of ROTATION

ANTENNA POSITION *A*

(x) TARCE7

ANTENNA POSITION *B*

Figure 8. Relationship between beam axis and target bearing.

— POSITION 'A'
POSITION 'B'

TL- 8C47

Figure 0. Accuracy of single lobe.

position A, the echo signal strength as received by lobe 1 is propor
tional to T, and as received in lobe 2 is proportional to X. If the

antenna is rotated so that the target is in position B, the signal from
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lobe 1 decreases to an amplitude proportional to A', while that from
lobe 2 rises to a value proportional to Y. At position C, between these

two positions of the antenna, the signals from the two lobes are equal
and proportional to Z and the antenna system is on the bearing of the

target.

(3) The use of two lobes instead of a single lobe greatly increases

the accuracy of azimuth measurement. The amount of increase de

pends on the configuration of the antenna array. In general, the in
crease is at least five times, but it can be much greater. In addition
to the greater accuracy of the double lobe, there is another advantage
in the sense of direction available. If the antenna array is of-target
on the side of lobe 1 ( fig. 10, position A ) the signal received by loba 1

is the larger. Therefore the antenna should be rotated toward the left
until the signals become equal. When the amplitude of each signal
is proportional to Z, the antenna is said to be on-target.

6. DETERMINATION OF ELEVATION.
a. Goneral. (1) The remaining dimension necessary to locate

completely an object in space can be expressed either as an angle of
elevation or as an altitude. If one is known, the other can be calcu
lated from the right-triangle relationship and the slant range (fig.

(2) The free-space pattern of an antenna array is based on the

arrangement of the individual elements within the system. If the
same array is placed close to the earth, however, the vertical free-

space pattern may be changed by the effect of ground reflections. Fig
ure 12 represents an antenna above the earth which has been elevated

.sufficiently so that energy will not strike the earth's surface and be

reflected. Therefore the only energy that reaches the target is that
which comes directly from the antenna system. If the antenna beam

is lowered to the position shown in figure 13, some of the transmitted
energy hits the earth and is reflected back into space. The target now

receives energy from two directions and the effective field is the sum

Figure 10. Double-lobe pattern.

11).
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of the two fields so produced. The reflected wave travels further than

the direct ray in reaching the target. The addition of the fields at

the target depends on the difference in the distances traveled expressed
in wavelengths. For example, if the path difference for a given target

TARGET

ALTITUDE

ANTENNA

TL-8649
Figure It. Determination of altitude.

/////////////////////////
EARTH'S SURFACE

TL-8SS0

Figure 12. Antenna elevated to avoid ground reflections.

DIRECT RAY-

//////////
EARTHS SURFACE

TL-865I

Figure 1S. Reflection of transmitted energy by surface of earth.

position is a half wavelength, the fields cancel. If the position of
the target is changed so that the path difference is a full wavelength
the fields add. The result of ground reflection is to break the single

free-space lobe into a number of smaller lobes, with gaps between

them. Figure 14 illustrates this effect.
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b. Methods. (1) Any method used for determining the angle

of elevation or the altitude must either make use of ground reflections

or completely avoid them. The thresh old -pickup method and the

signal-comparison method use the effect of ground reflections to find
altitude. The tUted-antenna method avoids ground reflections and

measures the angle of elevation.
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(2) The threshold-pickup method makes use of the vertical-cover
age pattern of an antenna system whose lobe axis is parallel to the

earth. The positions of the lobes and gaps are determined by flying
an aircraft toward the radar installation on known altitudes, and re

cording the ranges at which a minimum usable signal is returned. A
typical plot of this data is shown in figure 15. The chart obtained in

this way is used by observing the range at which an unknown target
first appears, and then reading its altitude from the chart. This
method is very inaccurate, primarily because the graph of the antenna

pattern is determined by the use of a single aircraft while the target

may be any number of planes. In general, the greater the number of
planes, the greater is the strength of the returned signal. Therefore,
a large flight of planes at a given altitude will be detected at a greater

range than a single plane.

(3) The signal-comparison method is simply an extension of the

threshold-pickup method. Two antennas are placed one above the

RANGE IN MILES

TL-8653

Figure I5. —Calibration chart for estimating aircraft altitude.

other to give slightly different vertical-coverage patterns. The lobes

therefore overlap but do not coincide. The signals received on the

two antennas are compared in magnitude, and their ratio, together
with the range of the target, is applied to a height-range chart from
which altitude is read. Under favorable conditions, the altitude can

be determined within 500 feet. Inaccuracies due to the number of

planes in a given target are largely eliminated because a ratio is used.

(4) The tilted-antenna method measures the angle of elevation di

rectly in the same way that azimuth is measured. Ground reflections

are avoided by using the system on targets which are high enough so

that transmitted energy does not strike the ground (fig. 12). The ac

curacy of this method depends on the free-space pattern and the ability
of the operator to locate the on-target position of the antenna array.

Double-lobe systems are commonly used to increase the precision with
which the antenna is pointed.
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Section II
Functional Components of Radar System

7. FUNDAMENTAL ELEMENTS.
a. General. Radar systems now in existence vary greatly as to

detail. They may be very simple or, if more accurate data are re

quired, they may be highly refined. The principles of operation,
however, are essentially the same for all systems. Thus a single basic

radar system can be visualized in which the functional requirements
hold equally well for all specific equipments. The varying details are

due to a choice of specific circuits to fulfill these general functional re

quirements. In general, the degree of refinement of these circuits
increases with the frequency, since the microwave region lends itself
to a higher degree of precision in angular measurement.

b. Functional block diagram. (1) The functional break
down of the pulse-modulated radar system resolves itself into six es

sential components. These are shown in figure 16 and may be sum
marized as follows:

(a) The tinier (variously known as the synchronizer, keyer, or
control central) supplies the synchronizing signals which time the
transmitted pulses and the indicator, and which coordinate other as

sociated circuits.

(b) The transmitter generates the r-f energy in the form of short,
powerful pulses.

(<?) The antenna syntem takes the r-f energy from the transmitter,
radiates it in a highly directional beam, receives any returning echoes,
and passes these echoes to the receiver.

(d) The receiver amplifies the weak r-f pulses returned by the target
and reproduces them as video pulses to be applied to the indicator.

(e) The indicator produces a visual indication of the echo pulses
in a manner which furnishes the required information.

(/) The power supply furnishes all a-c and d-c voltages necessary
for the operation of the system components.

(2) Any radar system can be subdivided on the basis of the func
tional block diagram presented in figure 16. An actual system may
contain several functional components within one physical component,
or a single function may be performed in several physical components.

it

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

5
:2

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



However, the analysis of the operation of a given set is greatly simpli
fied by applying the functional block diagram without considering the

physical location of the circuits.

8. SYSTEM CONSTANTS.
a. General. Any radar system has associated with it certain

constants. The choice of these constants for a particular system is de

termined by its tactical use, the accuracy required, the range to be

covered, the practical physical size, and the problem of generating
and receiving the signal.

t-
TIMER TRANSMITTER

If"

1 .

L POWER
SUPPLY

.

ANTENNA
SYSTEM

INOIGATOR

♦__rx
RECEIVER '1

1—m-

TL-8S54

Figure 16. Functional block diagram of fundamental radar system.

b. Carrier frequency. (1) The carrier frequency is the

frequency at which the radio energy is generated. The principal fac

tors influencing the selection of the carrier frequency are the desired

directivity and the generation and reception of r-f energy.

(2) For the determination of direction and for the concentration

of the transmitted energy so that a greater portion of it is useful,
the antenna should be highly directive. The higher the carrier fre
quency, the shorter the wavelength and hence the smaller is the an

tenna array for a given sharpness of pattern, since the individual ra
diating element is normally a half-wave long. For an antenna array
of a given physical size the pattern is sharper for a higher frequency.

(3) The problem of generating and amplifying reasonable amounts

of radio energy at extremely high frequencies is complicated by the

15
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physical construction of the tubes to be used. The common triode
becomes impractical and must be replaced by tubes of special design.

Among these are such types as the "lighthouse" triode, the grounded -

grid triode, the klystron, the magnetron, and the "doorknob," "acorn,"
and "peanut" tubes. In general, the modifications are designed to re

duce interelectrode capacitances, transit time, and stray inductance

and capacitance in the tube leads.

(4) The lowest carrier frequency normally used is 100 megacycles

per second, in order to limit the antenna array to a practical size and

yet to obtain the desired directional beam. Frequencies from 100 to

3,000 megacycles are in general use. Toward the upper end of this
band ranges are somewhat reduced because of inherent difficulties in
generating and amplifying r-f energy at extremely high frequencies.

Sets have been designed to operate up to and beyond 10,000 mega

cycles in order to produce very narrow beams or to reduce the antenna

size.

c. Pulse-repetition frequency. (1) Sufficient time must

be allowed between transmitted pulses for an echo to return from any
target located within the maximum workable range of the system.
Otherwise the reception of the echoes from the more distant targets

will be obscured by succeeding transmitted pulses. This necessary
time interval fixes the highest frequency which can be used for the

pulse repetition.

(2) When the antenna system is rotated at a constant speed, the

beam of energy strikes a target for a relatively short time. During
this time, a sufficient number of pulses of energy must be transmitted
in order to return a signal which will produce a lasting indication on

the oscilloscope screen. The persistence of the screen and the ro

tational speed of the antenna therefore determine the lowest repetition
rate that can be used.

(3) In a system in which the entire interval between transmitted
pulses is used in the indicator, the repetition frequency must be very
stable if accurate range measurement is desired. Since the oscillo
scope screen will normally have a fairly long persistence, successive
traces should appear in exactly the same position to avoid blurring.

d. Pulse width. The minimum range at which a target can be

detected is determined largely by the width of the transmitted pulse.
If a target is so close to the transmitter that the echo is returned to
the receiver before the transmitter is turned off, the reception of the
echo obviously will be masked by the transmitted pulse.

e. Power relation. ( 1 ) A radar transmitter generates radio-
frequency energy in the form of extremely short pulses and is then
turned off between pulses for comparatively long intervals. The use

ful power of the transmitter is that contained in the radiated pulses
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and is termed the peak power of the system. Power is normally
measured as an average value over a relatively long period of time.

Since the radar transmitter is resting for a time which is long with
respect to its operating time, the average power delivered during one

cycle of operation is quite low compared to the peak power available

during the pulse time.

(2) A definite relationship exists between the ayerage power dis

sipated over an extended period of time and the peak power developed

during the pulse time. The time of one cycle of operation is the re

ciprocal of the repetition frequency, T=l/f. Other factors remaining
constant, the greater the pulse width the higher the average power;
and the longer the pulse-repetition time the lower the average power.
Thus:

average power _ pulse width
peak power pulse-repetition time.

These general relationships are shown in figure 17.

EQUAL AREAS

PEAK POWER

-AVERAGE POWER
0

™™J7*
— RE9TING TIME

1

'r
>— PULSE REPETITION TIME >
A TL-8655

Figure 17. Relationship of peak and average power.

(3) The operating cycle of the radar transmitter can be described

in terms of the fraction of the total time that the r-f energy is radiated.

This time relationship is called the duty cycle and may be represented

as—

pulse width
pulse-repetition time

~~ duty ('ycle

For example, a 2-microsecond pulse repeated at the rate of 500 times

per second represents a duty cycle of 0.001, since the time for 1 cycle

is 1/500 second, or 2,000 miscroseconds:

o
0.001 = duty cycle2,000

(4) Likewise, the ratio between the average power and peak power

may be expressed in terms of the duty cycle :

average power , ,

p^aY power
" = dut? c-yi le

In the above example it may be assumed that the peak power is 200

kilowatts. For 2 microseconds, then, 200 kilowatts of power are avail -

17
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able, while for the remaining 1,998 microseconds zero power is

available.

Since :

average power = peak power X duty cycle
Then

average power = 200 X 0.001 = 0.2 kilowatts

These relationships are shown in figure 18.

DUTY CYCLE• 0.00I %

2fSEC

2.000r SEC TL-MM

200 K*

Figure 1S. Duty cycle.

(5) High peak power is desirable to produce a strong echo over the

maximum range of the equipment. Low average power enables the

transmitter tubes and circuit components to be made smaller and more

compact. Thus it is advantageous to have a low duty cycle. The

peak power which can be developed is dependent upon the interrela
tion between peak and average power, pulse width and pulse-repeti
tion time, or duty cycle.

9. TIMER.
a. General. The function of the timer is to insure that all cir

cuits connected with the radar system operate in a definite time rela

tionship with each other and that the interval between pulses is of
the proper length. In general, there are two practical methods of
supplying the timing requirements.

b. Timing by separate unit. The pulse-repetition fre

quency can be determined by an oscillator. of any stable type such as

a sine-wave oscillator, a multivibrator, or a blocking oscillator. The
output is then applied to necessary pulse-shaping circuits to produce

the required timing pulse. Figure 19 shows several typical combina

tions of circuits which may be used. The timing of associated com

ponents can be accomplished with the output of the timer or by obtain
ing a timing signal from the transmitter as it is turned on.

c. Timing within transmitter. The transmitter, with its
associated circuits, may establish its own pulse width and pulse-repeti
tion frequency and provide the synchronizing pulse for the other com

ponents of the system. This action may be accomplished by a self-
pulsing or blocking r-f oscillator with properly chosen circuit con

stants. This method of timing eliminates a number of special timing

18
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circuits, but the pulse width or pulse-repetition frequency obtained may
be less rigidly controlled than is desirable for some applications.

"V "Or
SINE-WAVE

OSCILLATOR

OVERDRIVEN DIFFEREN
CLIPPER

AMPLIFIER TIATOR

TO TRANSMITTER

TO INDICATOR

® SINE-WAVE-OSCILLATOR TIMING CIRCUIT

MULTIVIBRATOR
DIFFERENTIATOR CLIPPER

OSCILLATOR

TOINDICATORSWEEPGENERATOR
INDICATORGATE

0 MULTIVIBRATOR TIMING CIRCUIT

I
TRANSMITTER

I _ I
INDICATORSWEEP

¥U
INDICATORCATE
RANGE-NARKGENERATOR
RECEIVER GATE

@ BLOCKING-OSCILLATOR TIMING CIRCUIT SHOWING
INDIRECT SYNCHRONIZATION

'
TL-6637

Figure 19. Representative methods of timing radar systems.

lO. TRANSMITTER.
a. Self-pulsed system. In the self-pulsing radar transmitter

the functions of transmitting and timing are carried out by one com

ponent (fig. 20). This type of transmitter in effect oscillates at two
frequencies: the carrier frequency, as determined by the LC constants

of the tank circuit, and the pulsing frequency, as determined by the

RC constants of the grid circuit. The grid capacitor largely controls
the width of the pulse in that its size determines the number of posi
tive r-f swings required to charge it sufficiently to block the tube.

The grid-leak resistor controls the pulse-repetition frequency to the

extent that it determines the time required for sufficient charge to leak

out of the grid capacitor to unblock the tube (the resting time). The

timing pulse for other components is developed across a resistor in the

cathode circuit of the blocking oscillator.
b. Externally pulsed system. In the externally pulsed

type of radar transmitter the function of the r-f oscillator is relatively
simple, that is
,

to generate powerful pulses of r-f energy at regular

19
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intervals. As the resting time is very long compared to the transmit

ting time, the oscillator may be greatly overloaded during trans
mission to increase the peak power. In this type of operation the

r-f oscillator requires power in the form of a properly timed, high-
amplitude, rectangular pulse. In most cases the timing oscillator
cannot fulfill this requirement directly, and therefore it is necessary

to use a driver and a modulator (fig. 21). A driver is any circuit
which, when triggered, drives the modulator with a rectangular pulse
of accurately timed width. A modulator is a circuit which supplies

r SELF- PULSING(BLOCKING)OSCILLATOR

J J
* 1

iJt-Jt
BFtT B

TO INDICATOR

CATHODE
RESISTOR

I
I TL-8636

.J
Figure 20. Self-pulsing oscillator functioning as transmitter and timer.

TRANSMITTER

t I

1 !

FROM TIMER
DRIVER

Jl
MODULATOR

i 1

OSCILLATOR

4-
1

1
1

R-F PULSE

TL-86S9

Figure 2l. Externally pulsed transmitter.

power to the r-f oscillator in the form of a timed, high-amplitude,
rectangular pulse. The driver is triggered by the timer in order to

maintain the repetition rate of the system. The driver, when trig
gered, shapes a rectangular pulse of proper time duration which in
turn operates the modulator. The modulator then furnishes the high
plate voltage to the r-f oscillator for the predetermined pulsing time.

Thus the transmitter function may be carried out by the combined

performance of a driver, a modulator, and an r-f oscillator. The mod

ulator acts like a power amplifier for the driver and like a switch
for the r-f oscillator.
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11. ANTENNA.
a. General. (1) The function of the antenna system is to take

the energy from the transmitter, radiate it in a directional beam,

pick up the returning echo, and pass it to the receiver with a minimum
of losses. The antenna system may be considered to include the trans
mission lines from the transmitter to the antenna array, the antenna

array itself, the transmission line from the antenna array to the

receiver, and any antenna-switching device and receiver-protective

device which may be present.

(2) When a radar receiver is operated in close proximity to a power
ful radar transmitter, a certain amount of signal inevitably finds its

way into the receiver directly from the transmitter by way of the stray
capacitance of the input circuit leads. In certain instances such

signals resulting from the main transmitted pulse must be entirely
eliminated from the output of the receiver. Therefore the receiver

must be gated or turned off during the pulse time so that it may be

completely insensitive.

(3) It may be desirable to couple a small amount of the trans
mitted r-f energy to the receiver for timing purposes. However,
the signal directly available from the transmission line is so strong
that the receiver input circuit may be burned out. Because of the sen

sitivity of the receiver, the strong signal may also cause blocking of
tubes which employ R-C grid circuits. This blocking occurs because

the strong signal will overdrive the tubes, causing grid current to

flow which charges the capacitors. After the signal is removed the

charge remains for some time as a bias which is much greater than

cut-off. Both of these conditions place a limit on the permissible
amount of transmitted pulse which can reach the receiver, and are the

reasons for employing receiver-protective devices.

b. Use of two antennas. The simplest radar antenna system

would contain two separate antenna arrays: one for transmitting and

one for receiving (fig. 22). In this arrangement the receiving antenna

must be shielded from the transmitting antenna in order to protect
the receiver from the powerful pulses of energy being radiated. In
general, the directivity of the antennas is sufficiently great to permit
the location of the receiving antenna in a minimum signal region of
the transmitting pattern. In aircraft installations the fuselage can

be used to shield the receiving antenna from the transmitting antenna.

c. Use of single antenna and switch. (1) A more prac

tical radar system employs a single antenna and an antenna switch
capable of connecting the antenna to the transmitter during the trans
mission time and to the receiver during the remainder of the pulse

cycle. The switch is necessary to protect the receiver from the trans
mitter during the pulse time and also to isolate the transmitter during
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the receiving time. Otherwise the weak echoes might be wholly or
partially lost in following the transmission line back to the transmitter.
The transmitted pulse width and the repetition frequency of the system,
which may range from 60 to 4,000 cycles per second, eliminates the

possibility of using a mechanical switch. Otherwise a double-pole,
double-throw switch (fig. 23) would serve the purpose.

TARGET

TL-8660

Figure 22. Simple antenna system using separate antennas for transmitting

and receiving.

ANTENNA

© ANTENNA TRANSMITTING

Figure 23. Antenna switch

ANTENNA RECEIVING

TL-8G6I

(2) A system for using the single antenna for both transmission and

reception should be as efficient as possible. In other words, all of the

energy produced by the transmitter should reach the antenna, and all
of dhe received energy should reach the receiver. This efficiency is

most easily obtained by matching the antenna to the characteristic
impedance of the transmission line. During transmission of the

pulse, the transmitter should be matched to the transmission line and

the receiver must present an open circuit or high impedance to the
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transmission line. During the reception time the conditions should

be reversed.

(3) The problem of switching is usually simplified because most

transmitters have a different output impedance when they are on than

when they are off. If properly matched to the transmission line during
the pulse, the transmitter will be mismatched for the receiving time,

and the transmission line will become resonant. Figure 24 illustrates
a typical elementary system in which the receiver and transmitter are

connected by branch lines to the antenna feed line. The junction of
the three lines is known as the T-junction. During the off period, the

switch in the receiver branch is closed and the transmission line from
antenna to receiver is properly matched. The resistance seen from the

T-junction looking toward the transmitter can be controlled by the

length of the resonant section between them. If the transmitter im-

TRANSMITTES

DURING RECEPTION

,6
T-JUNCTION

1

J

RECEIVE*

TL-SS62

Figure 24. Elementary switching syiItem.

pedance decreases when it is turned off, the length should be a quarter-
wavelength, or some odd multiple thereof, in order to see a high
impedance. The high impedance presented by the transmitter and its

feed line to the T-junction is in parallel with the relatively low char
acteristic impedance of the remainder of the transmission line system,
but, being high, has little effect. If the transmitter impedance increases

when it is turned off, the resonant-line length should be a half-
wavelength, or a multiple thereof.

(4) When the transmitter is turned on to transmit the next pulse,
it again will be properly matched to the antenna. The open switch
(fig. 24) will prevent the pulse from reaching the receiver, and will

cause a mismatch to the line between the switch and T-junction. By
using some multiple of a half- wavelength, the open circuit of the

switch will be presented as an open circuit across the transmitter-
antenna line.
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(5) In a broad sense, then, the switching problem consists of pro
viding what amounts to a double-pole, single-throw switch (fig. 24)
for connecting the antenna alternately to the transmitter and to the

receiver. The swiching device must be capable of acting within a

time interval of a few microseconds, as the receiver should be in the

antenna circuit immediately after the transmission of the pulse in
order to detect close-range targets. This microsecond timing requires

that the device be electronic in type. Under various operational cir
cumstances it may take the form of r-f amplifiers, klystrons, spark
gaps, resonant transformers, spark-gap tubes, and (in waveguides)

resonant slits. It is commonly known as the T-R (transmit- receive)
switch or T-R box. Other terms frequently encountered are duplexer.
reprod. and, in certain instances, polyplexer.

d. Types of radiators. (1) The principal types of radiators

employed in the radar antenna system include: the stacked-dipole
array with untuned reflector the dipole with tuned reflectors and di-

TL-6663

Figure 25. Typical stacked-dipole array.

rectors (Yagi), the dipole with parabolic reflector, and various ar
rangements of dielectric radiators used in conjunction with wave

guides.

(2) Figure 25 shows a typical stacked-dipole array. This type of
array may be composed of one or more banks of dipoles and may be

adapted for lobe switching. The entire assembly usually can be ro

tated in either azimuth or elevation, or both.

(3) Figure 26 shows a type of Yagi array utilizing both director
and reflector parasitic antennas in conjunction with a driven element.

Only the driven element is connected to the transmission line. The
other elements are excited parasitically, picking up energy from the

driven element and reradiating it with such a phase relation with re

spect to the driven dipole that the field is reinforced in the forward
direction.

(4) Figure 27 shows the parabolic-reflector type of antenna, which
is a practical means of producing a narrow beam pattern in the region
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of the micro-wavelengths. The reflection of r-f energy by the parab

ola or dish is closely analogous to the reflection of light by a para
bolic mirror. The dish is large in comparison with the operating
wavelength ; in general, the larger the reflector, the narrower the beam

REFLECTOR/ DRIVEN ELEMENT

/ DIRECTORS
* / 4J

1
TL-8664

DIRECTION OF
»».

PROPAGATION

Figure 26. Yagi array.

pattern. The r-f energy is fed to a dipole located at the focal point
of the parabola. A parasitic reflector is placed about one quarter-
wavelength in front of the dipole, to reflect practically all of the ra-

Figurc 27. Dipole with parabolic reflector.

diated energy back to the dish from which it is reflected ahead in the

form of a narrow beam. Modifications of this type of radiating sys

tem include cylindrical and other types of parabolas. Parabolic re

flectors are frequently used in conjunction with waveguides.
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(5) Figure 28 shows a type of application of dielectric radiators
fed by waveguides. These radiators may be considered to be merely

extensions of the waveguides and are designed to provide the proper
termination to transfer the energy from the waveguides to space.

Fif/urc 28. Bank of dielectric radiators each of which is fed by a waveguide.

12. RECEIVER.
a. General. The function of the receiver is to take the weak

echoes from the antenna system, amplify them sufficiently, detect the

pulse envelope, amplify the pulses, and feed them to the indicator.
Since radar frequencies are high it is difficult to obtain sufficient

amplification. Therefore the receiver function of the radar system

<fTRANSMITTER PULSE

A. "HO

3~ "lAMPUFlERr*
TENNA | |

FROM
ANTENNA [

mm
LOCAL OS
CILLATOR
OSCILLATES

l-F AMPLIFIER
STASES

LOCAL
OSCILLA
TOR

VIDEO
AMPLIFIER TO

INDICATOR

n
TL-8M7

POSITIVE ENVELOPE
OF INPUT PULSES

Figure 29. Components of radar receiver.

is performed by superheterodyne components of good stability and

extreme sensitivity. The stability of operation is maintained in the

microwave range of frequencies by careful design, and the over-all

sensitivity of the receiver is greatly increased by the use of many

intermediate-frequency stages. Special types of tubes having low

interelectrode capacitances have also been developed for use in r-f,
local-oscillator, and i-f stages.
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b. Components. (1) Figure 29 illustrates the receiver compo
nents of the radar system. The r-f amplifier may not be present
in the higher frequency ranges and thus the received signal may be

fed directly to the mixer. In this case it is desirable to use as short

a receiver input transmission line as the design requirements allow.
Thus the mixer and local oscillator may be located close to the T-junc
tion of the transmission line in order that the received r-f energy may
be converted to the lower intermediate frequency before being relayed
to the remaining receiver components. One or two stages of i-f ampli
fication are sometimes located immediately after the mixer-local
oscillator stage, functioning as a preamplifier to offset the considerable

attenuation encountered in coupling the very weak received signal
to the remote receiver components.

(2) The components of the radar receiver may be distributed
throughout the system in such a manner that their physical identity
becomes lost. Figure 30 illustrates one representative distribution of
the radar receiver components which makes it possible to locate the

frequency-conversion portion in the immediate vicinity of the antenna

and the video-amplifier portion in the vicinity of the indicator.

13. INDICATOR.
a. General. The indicator uses the received signals to produce

a visual indication of the desired information. The cathode-ray os

cilloscope is an ideal instrument for the presentation of radar data

since it not only shows a variation of a single quantity such as voltage,
but gives an indication of the relative values of two or more synchro
nized variations. The usual indicator is basically the same in func
tion as the low-frequency test oscilloscope. The focusing, intensity,
and positioning controls are similar. The sweep frequency of the

radar indicator is determined by the pulse-repetition frequency of
the system and the sweep duration is established by the setting of
the range-selector switch.

b. Types of cathode-ray oscilloscopes used. (1) The
simpler systems of data presentation generally use the electrostatic

cathode-ray tube in which the electron beam is made to follow some

pattern by controlled differences in potential between pairs of deflect

ing plates.

(2) The more highly refined systems of data presentation generally
utilize the electromagnetic cathode-ray tube with a long-persistence
screen. The position of the electron beam at any instant is determined

by causing it to pass through a magnetic field produced by controlled
currents through deflecting coils mounted outside the tube. If in

tensity modulation is used, the bias is such that the tube is held just
beyond cut-off, and the video output of the receiver is applied to either

580730" —44 3
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the grid or cathode with such polarity as to release the beam and

allow the trace to appear on the screen. Thus the bright spots on the

screen represent returning echoes detected by the radar receiver.

e. Type A-seao presentation. (1) The A-scan (fig. 31)
uses an electrostatic cathode-ray tube with a linear sweep applied to

18
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the horizontal deflecting plates to establish a time base, and with the

video output of the receiver applied to the vertical deflecting plates.

Since the sweep is linear with time, a scale which is calibrated in range

may be placed on the oscilloscope screen. This scale permits the read

ing of range directly.

(2) Since the antenna beam is highly directive, the maximum re
ceived echo appears when the antenna is pointing directly at the

CRT SCREEN

RECEIVER N0IS6
(GRASS)

SWEEP CALIBRATED IN RANGE

TL-8669
Figure 31. Type A-scan presentation.

TARGETS TO THE LEFT

^TARGET DEAD AHEAD

-TARGETS TO THE RIGHT

DEAD AHEAD

AZIMUTH
TL-B670

Figure 32. Type B-soan presentation.

target. Thus, by rotating the antenna until the echo pulse produces

maximum deflections on the screen, an indication of direction in
azimuth or elevation can be obtained.

d. Type B-soan presentation. The B-scan (fig. 32) plots
range against azimuth. Usually an electromagnetic tube is. used.

The sweep current flows through the vertical deflecting coils. A posi

tioning current controlled by the antenna position flows through the

horizontal deflecting coils, so that the position of the vertical sweep
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is aligned with the position in azimuth of the antenna, which may

scan a region up to 90° on either side of dead ahead. The return

signals are used with an intensity-modulated scope to cause the target
indications to appear on the screen.

e. Type C-scan presentation. The C-scan (fig. 33), de

veloped primarily as a pilot's remote indicator, plots elevation

against azimuth. The oscilloscope is intensity-modulated by the echo

AZIMUTH

TL-867I

Figure S3. Type C-scan presentation.

I80°
TL-8672

Figure Si. Type PPI-scan presentation.

signals. Modifications which present a means of estimating the

range in addition to the indication of the elevation and bearing are

more likely to be encountered than the basic type.
f. Type PPI-scan presentation. The PPI-scan (fig. 34)

presents, in polar coordinates, a map of the area being covered with
the antenna position occupying the center of the screen. The tube

is intensity-modulated with the sweep moving from the center
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radially outward. The sweep position is controlled by and syn
chronized with the antenna position throughout 360° rotation. The
top of the screen represents dead ahead; if the antenna is pointing
dead ahead, the sweep moves from the center of the screen to the

top. Likewise, if the antenna points 90° from dead ahead, the sweep
moves from the center radially outward at an angle of 90° to the

right of dead ahead. Thus, a polar map is developed on which the

range is plotted radially against the position in azimuth, or bearing,
through 360°. The PPI-scan finds considerable application in equip
ments designed for search, harbor control, convoy keeping, ground-
controlled interception, and navigation.

g. Components. (1) The basic components of a radar in
dicator are a cathode-ray tube, a sweep circuit, and a gate circuit.
These are illustrated in figure 35. Various refinements may be added

TL-MTS

Figure 55. Basic components of radar indicator.

to improve the data presentation and to meet specific operational
requirements.

(2) In order that the data supplied by the indicator may be useful,

the indicator's performance must be synchronized with that of the

other components of the system. Thus the start of the sweep must bear

a definite time relation to the beginning of the transmitted pulse. The

gating of the cathode-ray tube also must be timed with the sweep dura

tion. Various methods of data presentation requiring sweep controls
of varying degrees of complexity may be used.

14. POWER SUPPLY.
a. Distribution. In the functional diagram of the radar

system (fig. 16). the power supply is represented as a single block.

Functionally, this block is representative ; however, it is unlikely that
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any one power supply could meet all the power requirements of a radar
set. The distribution of the physical components of the system may

be such as to make it impractical to lump the power-supply circuits
into a single physical unit. Thus, different supplies are needed to

meet the varying requirements of the system and must be designed

accordingly. The power-supply function is performed, therefore, by

various types of supplies distributed among the circuit components

of the radar equipment.
1*. Components. Figure 36 illustrates the power requirements

of a typical microwave radar equipment. It shows a representative

method of supplying the various components of any radar system '

with power.

POWER
SOURCE POWER SUPPLY CIRCUITS APPLICATIONS RATINGS

FILAMENT
TRANSFORMER

FULL-WAVE

RECTIFIER

ELECTRONIC
VOLTAGE

REGULATOR

VOLTAGE
DOUBLER

IHIGH-FREQUENCY
POWER SUPPLY

HALF- WAVE

RECTIFIER

GAS-TUSE
VOLTAGE

REGULATOR

FILAMENT
VOLTAGES

RECEIVER ANO
INDICATOR PLATE
VOLTAGES

TRANSMITTER
PLATE VOLTAGE

INDICATOR
CRT VOLTAGE

MONITOR
CRT VOLTAGE

LOCAL
OSCILLATOR

REPELLED
VOLTAGE

RELAYS
BLOWER MOTORS
ANTENNA CONTROL

MOTORS

9.3 V A-C
25 AMPS

+ 300 V

200 MA

+ I1,000 V

I0 MA

+ 8,000 V

I MA

I,300 V

2 MA

- 700 V

0 MA

+24 V

TL-8674

Figure 36. Power requirements for typical microwave equipment.
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Section III
Detailed Study of Self-Synchronized

Long- Wave Radar System

15. GENERAL.
a. Purpose. The system to be studied in this section has been

selected because it is a relatively simple system which nevertheless

illustrates the fundamental principles and circuit applications used in
radar. This self-synchronized radar system is intended for use in
medium-range search for aircraft. It can be installed in fixed loca

tions or on board ships. Because of the wavelength chosen for the

carrier frequency, the set should be installed as high as possible above

the surrounding terrain for effective operation against low-flying air
craft. The indicator permits measurement of range on both a 20,000-

yard and 100,000-yard scale. The antenna is motor-driven to track
targets in azimuth.

b. System constants. The carrier frequency selected is 100

megacycles per second, a relatively low frequency for radar. The
pulse-repetition rate is approximately 500 pulses per second, but it

may vary by plus or minus 100 pulses per second. The pulse width
is nominally 5 microseconds. The useful peak power output from the

transmitter is 15 kilowatts. The low power output limits the maxi
mum range for detecting a single aircraft to about 50 miles.

c. System components. The components which comprise

the system are shown in figure 37. The transmitter combines the func

tions of the timer and of the r-f generator into one set of circuit ele

ments. The 5-microsecond r-f pulse is radiated by a stacked-dipole

transmitting antenna. The returning echo signals are picked up by

a similar receiving antenna. A superheterodyne receiver, with a sen

sitivity of about 1 microvolt, feeds it* video output directly to the

indicator. The timing pulse from the transmitter synchronizes the

indicator sweep so that it repeats at the pulse-repetition frequency

of the transmitter. The screen of the indicator is calibrated to read

range directly. Necessary d-c voltages and the necessary heater

voltages are provided by the power supply unit.
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16. TRANSMITTER.
a. General. Perhaps the simplest type of radar transmitter

is the two-tube, tuned-grid, tuned-plate, self-pulsing triode oscillator
shown in figure 38. No auxiliary modulation equipment is required
with this transmitter because pulses of r-f energy are generated by the

blocking action in the grid circuit. The rate at which the transmitter
is pulsed is not absolutely constant, but the pulse-repetition tolerances

I

JL
i

+
TIMING PULSE

INDICATOR

A - SCAN
PRESENTATION

VIDEO PULSE

TRANSMITTER
■

SELF-PULSINC
OSCILLATOR

POWER

SUPPLY

RECEIVER

SUPERHETERODYNE

ECHO

TRANSMITTING
ANTENNA

ANTENNA

SYSTEM

RECEIVING
ANTENNA

■

i
NOTE: | INDICATES ZERO TIME IN EACH WAVEFORM

Figure 37. Self-synchronized radar set.

are broad because the action of the rest of the system depends on the

timing pulse generated by the transmitter.
b. Tubes. (1) Since this transmitter is designed to operate at

100 megacycles, triode oscillator tubes can be satisfactorily used. At
higher frequencies vacuum tubes are subject to limitations, such as

those imposed by the transit time of the electrons, the inductance of
the leads to the tube elements, and the interelectrode capacitances of
the tube (sec. II). But moderately large transmitting triodes can
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TO TWO-WIRE
TRANSMISSION

LINE TO ANTENNA

TL203
OUTPUT COUPLING
LINE

TL20I
PLATE TANK

V202
EIMAC 227 .

Hl-HH

HI-HI-
C202 C204

R20I R202

FILAMENT
I VOLTAGE

TL202
GRID TANK

ij. it
"

C305Jc207

RJ03
A/WVA

SYNC
PULSE

1
TL-8S75

Figure 38. Self-pulsing transmitter circuit.
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be used at 100 megacycles because the inductance of the tube leads

and the capacitance between elements can be used as part of the tuned

circuit of the oscillator. For this reason, when the length of a quarter-
wave Lecher-liije tank circuit is measured, it must be remembered that
the tube inductance and capacitance both tend to make the line shorter

than a simple calculation would indicate.

(2) When the time required for an electron to go from cathode to

plate (called the electron transit time) because an appreciable fraction
of one cycle of the oscillation, the plate current gets out of phase with
the grid voltage and the efficiency of the tube is lowered. The transit
time may be reduced by making the tube dimensions smaller, so that
the electrons do not have as far to travel, but this reduction in size

limits the power output of the tube. Another way of reducing the

transit time is to increase the speed of the electrons by using a greater
plate voltage, so that the electrons travel a given distance in less time.

(3) When the plate voltage is increased above the rated value, the

plate current also increases and many more electrons strike the plate.
Most of the energy of the moving electrons is transformed into
heat when they strike the plate; therefore, when the plate voltage is

made greater, the energy dissipated at the plate must also be greater.
If this increase is carried to an extreme, the plate will melt. How
ever, the plate voltage on a triode used in a radar transmitter can be

raised to a value three times greater than the rated voltage for con

tinuous operation, because the tube is not in continuous use. Since
the tube is idle most of the time, the plate has a long time in which
to cool off. A very large current can be drawn from the tube for a

few microseconds if the average power dissipated at the plate does

not exceed the rated value for the tube.

(4) The transmitter for the radar system must generate a powerful
r-f pulse. In order to do this, a very large current must flow through
the tubes. The application of higher plate voltage can increase the

output of a tube until the limit of filament emission is reached.

Beyond this limit higher voltage cannot increase plate current, since

all available electrons are already in use. The supply of electrons,

however, can be increased by heating the filament to a higher tem

perature. The type 227 tube used in this radar system has a thoriated

tungsten filament. The filament emission is increased by the use of a

slightly higher filament voltage than is recommended by the manu

facturer. Under these conditions a peak power output of 15 kilo
watts is produced.

c. Tuned circuits. (1) At frequencies normally used for
communications, oscillator-tuned circuits can be made with conven

tional inductors and capacitors. Ultra -high frequencies, however,

require similar elements so small in size that it becomes extremely
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difficult to produce a usable tank circuit. In addition, the skin effect

in the coils introduces resistance which reduces the Q of the oscilla
tor. To avoid these defects, the tuned circuit for u-h-f oscillator is

usually made of a quarter wavelength transmission line, sometimes

called a Lecher line. A quarter-wave transmission line shorted at the

far end acts like a parallel resonant circuit (sec. X, TM 11-466 and

Navships 900,016). The Q of such a tuned circuit can be made large
because the inductance and capacitance are distributed and because

the skin effect can be minimized by using large-diameter, silver-plated
rods for the quarter-wave line.

(2) The length of the quarter-wave line TL202 in the grid circuit
is physically less than the length of the quarter-wave line in the plate

circuit, because the capacitance from grid to cathode is larger than the

capacitance from plate to cathode. The larger capacitance causes

more of the tuned line to be effectively inside the tube envelope, so

Figure Sii. Standing wave of voltage across shorting bar.

that the grid line is shorter physically, although the electrical length

of both lines is very nearly a quarter-wave.

(3) The operation of the tuned-grid, tuned-plate, push-pull oscil

lator is discussed in section V, TM 11-406 and Navships 900,016.

Oscillations are generated in this transmitter in exactly the same man

ner as in a conventional tuned-grid, tuned-plate oscillator.

(4) When the tuned circuit of an oscillator is a Lecher line, it is

simplest to connect the high voltage supply to the sliding short-cir

cuit bar across the lines. Theoretically, the shorting bar has zero r-f
voltage to ground. Actually, because of its physical length, there is a

small part of the standing wave of voltage across it (fig. 39). The

true neutral point is determined by the capacitance to ground of each

plate, which changes slightly for different tubes. Changing the posi

tion of the supply voltage connection is avoided by using an r-f choke

L205 (fig. 38) to prevent feedback of any r-f voltage into the power

supply. The r-f ground is then established within the tubes by their

interelectrode capacitances.
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d. Cathode filters. The timing pulse for the indicator in this
system is produced across resistor R203 within the transmitter (fig.

38). This resistor, along with R201 and R202, forms an impedance
to the radio-frequency current thus causing a degenerative voltage
in the cathode circuit. The degenerative voltage reduces the regenera
tive feedback and therefore reduces the power output of the trans
mitter. The reduction can be partially avoided by the use of bypass

capacitor at the tube sockets to provide low-impedance paths to ground
for the r-f current. Since the filament leads of the type 227 tube are

approximately 2 inches long, the actual filament r-f voltage cannot
be reduced to zero. The impedance of the bypass capacitors is suf
ficiently low at radio frequencies, however, to increase greatly the

amplitude of oscillation and, therefore, to increase the power output,
without disturbing the pulse-forming network. In addition, C201

and C202, together with L201, form a filter which prevents the pulse

of r-f voltage from feeding back into the power line through the fila
ment transformer. This filter helps to reduce interference with other
equipment by preventing the r-f disturbance from getting on the

power line.

e. Method of coupling. (1) Energy is coupled out of the

plate tank circuit TL201 by the tuned line TL203. The magnetic field
that is set up by the r-f current in TL201 induces an r-f voltage in
TL203. Thus, TL203 is in effect the tuned secondary of a transformer
of which TL201 is the tuned primary.

(2) The shorting bar of the coupling line, TL203, is placed directly
above the shorting bar of the plate-tuned line. The degree of coupling
between the two tuned lines can be varied by raising or lowering TL203.
In order that TL203 may be adjusted for maximum energy transfer,

capacitor C210 is varied to make the line resonant at the transmitter

frequency. The two-wire transmission line is connected to the cou

pling line at a point at which the impedance of the coupling line is equal

to the impedance of the transmission line. If the match of impedance

is very close, the energy transferred from TL203 to the transmission
line is maximum.

(3) The r-f choke L206 is used to keep the coupling line, the trans
mission line, and the antenna at d-c ground potential. It prevents the

accumulation of a static charge on any of these elements.

f. Pulsing action. (1) The r-f voltage generated in the plate
tank circuit TL201 is modulated by the blocking action in the grid
circuit of V201 and V202. This action is explained in section VII,
TM 11-466, and Navships 900,016.

(2) The duration of the pulse of r-f energy is determined by the

time required to charge capacitor C209 in the grid circuit. The ca

pacitor is charged by the electrons which are attracted to the grids
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of the tubes when the r-f voltage in the grid tank circuit TL202 swings
them positive. Therefore, the time required to charge C209 is affected

by any of the factors which determine the magnitude of the r-f grid
voltage. These are: the tuning of TL202 relative to the tuning of
TL201, the magnitude of the d-c plate voltage applied to the tubes,

the tuning of the capacitor C210 in the coupling line, the position of the

transmission-line taps on TL203, and the degree of coupling between

TL203 and TL201. When the transmitter is tuned for maximum
power output, the duration of the transmitted pulse is controlled only
by the size of C209. This size is selected to give a pulse length of ap

proximately 5 microseconds.

(3) The pulse- repetition frequency of the oscillator can be varied

by most of the adjustments that control the pulse length, since chang
ing any one of them causes C209 to be charged to a slightly different

voltage, and it therefore takes a different time for C209 to discharge
to the voltage at which the tubes can again begin to conduct. The

n.-8677

Figure 40. Terminal board for mounting grid resistors.

most practical adjustment for controlling the pulse-repetition fre

quency is to short out one or more of the 100,000-ohm resistors in the

chain from R204 to R213. These resistors are mounted on a board
as shown in figure 40. The pulse-repetition frequency is nominally
500 pulses per second, but this rate may be varied easily by any of
the adjustments mentioned.

g. Timing pulse. (1) When the tubes V201 and V202 are

conducting, during the pulse time, a large current flows in the plate
circuit. In order to synchronize the indicator, the plate current is

used to generate a pulse across R203.

(2) Since the negative side of the plate-voltage power supply is

grounded, the electrons which make up the plate current flow from
ground up through R203. The resistors R201 and R202 are used in
order to divide the current equally bet ween the two filament lines. The
electrons flow through R203 and then divide, first between the two fila
ment lines, and then alternately between the two tubes, since V201

and V202 conduct alternately. Most of the electrons which flow to

V201 pass from the cathode of this tube to the plate, then out through
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half of TL201 and through L205 to the positive side of the plate power
supply. From there they are returned to ground to complete the cir

cuit. A few of the elections which leave the cathode flow into the

grid circuit to charge C209. The conduction through V202 is exactly

the same as that in V201, except that V201 conducts only when V202

does not, since the tubes are in push-pull. The current through R203

never drops to zero during the pulse because of the alternate conduc

tion of V201 and V202 and the filtering action in the filament lines.

(3) Since electrons flow from negative to positive, the upper end

of R203 must be positive. There is a voltage across R203 only during
the r-f pulse. This voltage rises at the beginning of the pulse and falls
at the end, so that a positive pulse of voltage, which occurs at the same

time as the r-f pulse, is generated across R203. The amplitude of the

pulse across R203 is approximately 120 volts. This pulse is used to

synchronize the generation of the sweep in the indicator.

17. ANTENNA SYSTEM.
a. General. (1) The functions of the antenna system are to

radiate the r-f energy supplied by the transmitter, to convert the energy
of any received electromagnetic field into a voltage, and to feed this

voltage to the receiver. To perform these functions efficiently, the

antenna must be properly designed for the frequency at which it is

operated, and the impedances of the system feeding energy to the

antenna must be properly matched.

(2) The two separate antennas used in this radar system must be

arranged so that the high-power electromagnetic field which is radiated
from the transmitting antenna does not induce a high voltage in the

receiving antenna. To minimize coupling between the antennas, the

receiving antenna is placed below the transmitting antenna.

(3) Antennas for use with radar systems are subject to many re

quirements, some of which are in direct conflict. The weight of an

antenna must be as small as possible so that it may be installed and

transported with ease. The structure must be strong to withstand the
vibration and shock to which it may be subjected by shelling and

bombing. The antenna structure must be designed to have as much

open space as possible, so that it will offer minimum resistance to the
wind. The antenna should be simple, mechanically reliable, and able
to operate over a wide frequency band because usually its location is
inaccessible for adjustment or repair. It must be directional and
rotatable, in order that accurate bearings of targets may be obtained.
All of these requirements are incorporated in the design of the an
tenna. It is not necessary to consider them in the field except in the
rare cases where a temporary antenna may have to be erected after
the original antenna has been shot away.
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b. Feed system. (1) The feed system of the transmitting an

tenna is shown schematically in figure 41. A coaxial-type line is used

to eliminate possible radiation, and thus to prevent stray pickup of r-f
energy by the receiver and indicator. The output coupling circuit
in the transmitter is tuned to the frequency of the transmitter by ad

justment of capacitor C. When this line is properly tuned, a stand

ing wave exists on it
,

and the impedance between the two wires varies

from zero at the short circuit to a high impedance at the open end.

The sliding connections A and B may be adjusted to a point at which
the impedance between them is 70 ohms, which is the characteristic
impedance of the particular transmission line used. Under this con

dition, the energy transfer from the transmitter to the coaxial line is

maximum. The open-wire line from the points A and B to the coaxial
line is very short, and has only a small effect on the impedance that

is seen looking from the output coupling into the coaxial line.

(2) The line balance converter, or bazooka as it is more commonly

called, is used to prevent the r-f energy from appearing on the out

side of the coaxial line. It does not assist in matching impedances.
The outer conductor of the coaxial line is grounded, while both sides

of the open-wire line should be above-ground potential. The ba

zooka acts as a choke or high impedance to prevent the grounding of
the connection between the outer conductor of the coaxial line and the

open-wire line.

(3) A rotating joint is necessary to allow the antenna to turn con

tinuously. Since the coaxial line must go through the center of the

pedestal on which the antenna is mounted, the rotating joint is gen

erally built into the pedestal assembly. When two coaxial lines lead

to the antenna, as in the case of this radar system, one of the lines

which form the joint is constructed inside the other. The center con

ductor of one coaxial line is a hollow tube, as shown by B in figure 42.

A third conductor is put inside the center conductor to form the sec

ond coaxial line, which will not interfere with the first because the r-f
energy travels only in a very thin skin on the copper tube. There
fore, two entirely different r-f signals may be conducted by one copper
tube : one signal on the inside skin and one on the outside skin.

(4) In order to use the signal from the inner transmission line, the

method shown in figure 42 is used. The r-f energy of signal Sx is

conducted on the inside surface of conductor A and the outside surface

of conductor B. The r-f energy of signal S-, is conducted on the inside

fairface of conductor B and the outside surface of conductor C. At
the point where it is desired to lead out the signal S2, conductors

B and C are brought out. However, since signal 5, is on the outside

of conductor B, it is necessary to extend conductor A a quarter-wave
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length along the side connection, and to short A to B at this point to

prevent signal Si from being radiated from the outside of conductor B.

(5) The rotating joint is-made by enlarging one end of each con

ductor so that it telescopes over the end of its mate as shown at D.
The enlargement is slit lengthwise into many fingers, and the metal

is specially treated to make it springy in order to insure a good wiping
contact.

(6) The characteristic impedance of the coaxial transmission line

is 70 ohms. The impedance of the antenna is approximately 190 ohms

at the feed point. In order to mtfke an approximate match of im-

Figure •}£• Rotating joint for double coaxial line.

pedance between the coaxial line and the antenna, the impedance

transformer is used (fig. 41). This transformer is a quarter-wave

length section of two-wire line whose characteristic impedance is

determined by the two impedances between which it is located. In
this case, the characteristic impedance of the transformer is :

£*=V70X 190=115 ohms.

(7) In order to reduce the standing waves on the line to a minimum,
a closer match of impedance is necessary than is usually possible with

580730°— 44 4
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the impedance transformer. The impedance-matching stub is there

fore used to correct the remaining mismatch of impedance. Its length

and position on the line is critical, and once established it should not

be moved. The adjustment is made at the factory, where elaborate

test equipment is available. By the use of this equipment both the

length and the position of the stub may be set for minimum standing
waves on the transmission line.

(8) The transmission line which connects the receiving antenna

to the receiver is shown schematically in figure 43. It is similar to
the line to the transmitting antenna, except for the termination at

the receiver. Since one side of the input transformer is grounded, no

Figure Transmitting or receiving antenna.

bazooka is needed at the receiver end. The auto-transformer is de

signed so that the impedance presented across the terminals of the

coaxial line is 70 ohms.

c. Antenna arrays. (1) The transmitting and receiving an

tennas, which are identical, are composed of arrays of stacked half-
wave elements as shown in figure 25. Because the frequency of this
radar system is 100 megacycles, the antenna must be made large in
order to obtain the desired directivity. One section of the system is

shown in figure 44.

(2) All of the dipoles are fed in phase. If at some instant the volt

age on the right-hand element at point A is at a positive maximum,

the voltage on the left-hand element at this point is at a negative maxi
mum.

' The transmission line between points A and B is a half-wave
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fore is: 1500/8=188 ohms. This value of feed impedance is approxi
mate only ; it is just as correct to round off the figure to 190 ohms.

(6) The pattern of this antenna in the horizontal plane is shown

in figure 45. Maximum signal is radiated along the line OC. The
size of the echo received from an object which lies along OC is greater
than the echo from any target of similar size in any other direc
tion. The signal radiated along either OA or OB is 70 percent of the

maximum signal. Since the signal is measured by the voltage which
it can induce in the receiving antenna, the 70-percent signal corres

ponds to one-half of the maximum received power. The points A and
B are therefore called the half-power points. The width of the beam
is given by stating the size of the angle AOB, the angle at half power,
which is about 30° in this antenna. The beam angle is generally used

to describe the directivity of the antenna..

(7) The two small lobes of energy at D and E are called secondary
lobes. They are described by stating the angle DOC and by measur

ing the length of the line OD as a percentage of the length of OC.
These secondary lobes are usually symmetrical about the axis OC of
the radiated energy. At short ranges, echoes can be obtained from
the energy radiated in the secondary lobes. These echoes are very
confusing if there are many targets close together, as in a convoy. To
prevent this confusion, antennas for radar systems which are to
be used for convoy keeping or similar work must be designed to

minimize the effect of secondary lobes. .

(8) The sketches in figures 46 and 47 show approximately how
this antenna looks when erected and ready for use. Note that the

Deflecting screen is relatively large. . If a single antenna were used,
the structure could be half as large. If the frequency were higher,
an antenna of this size could be much more directive, or equal di
rectivity could be obtained with a smaller antenna.

d. Rotating mechanism. (1) Every radar system must
have some means of pointing its radiated energy in any desired di
rection. Practically all radar systems accomplish this by rotating
the antenna.

(2) The method employed in the system under discussion is a

simple motor drive which can be controlled in direction and rate of
rotation. The position of the antenna mount in azimuth is indicated
by a scale around the base of the tower. A mechauical gear train can
be employed to transmit the data to the operating position.

18. RECEIVER.
a. General. (1) The effective range of a radar system de

pends on its ability to distinguish between the echo returned by a tar
get and other disturbances which may be present. Although the total
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radiated power may be many kilowatts, only a part reaches the target
and a still smaller amount is returned to the receiving system. The
available signal from the most distant targets may be approximately
1 microvolt or less. The receiver must be capable of amplifying this

very weak echo signal, so that it can be used to control the electron

Figure JI6. Sketch of antenna system (front view).

beam of a cathode-ray tube. Basically, the receiver is an amplifier
in which vacuum tubes are used to increase the amplitude of a very
small voltage.

(2) An amplifier tube uses a signal on its grid to control the flow

of plate current through an external load. The gain obtained depends
on the ability of the tube to control current and on the size of the
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plate load across which the increased signal voltage appears. To
obtain maximum gain a tube with high transconductance is used with
a plate-load impedance as high as practicable.

(3) The value of the plate-load impedance for all radar frequen

cies is primarily determined by the carrier frequency of the received

signal. Since the pulse consists of the carrier and side bands which

Figure }7. Sketch of antenna system (aide view).

occupy a relatively small portion of the r-f spectrum, a tuned circuit is

normally used. This circuit consists of an inductance effectively in

parallel with the tube input and output capacitances, distributed wir
ing capacitance, and any capacitance which may be added to tune the

circuit to resonance (fig. 48). The smaller the capacitance used, the

larger the inductance at a given frequency and the higher the plate-
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load impedance. As frequency is increased, the total capacitance is

reduced by eliminating any added capacitance and by careful circuit
construction and selection of tubes.

(4) If the amount of gain is to be maintained at higher frequen
cies, the tube used must have small interelectrode capacitances. The
upper limit of frequency is reached when it is physically impossible to

reduce further the interelectrode capacitances within the tube. Be
yond this limit the gain decreases with increases in the carrier fre
quency. A point is soon reached where the gain per stage is so

small that an impractical number of tubes is required to raise the
weak signal to a usable voltage.

(5) It must be possible to distinguish the received echo from any
other electrical disturbances present, most of which are produced
within the receiving system. Since noise voltages are produced by
the tubes and by circuit elements, the tubes and associated circuits must

TL- 868ft

Figure 48. Tuned circuit of r-f amplifier.

be chosen from the standpoint of noise level as well as gain. The
smallest signal to be received must equal or exceed the inherent noise

voltage present in the first amplifier stage.

b. Superheterodyne receiver. (1) The superheterodyne
receiver is used almost universally because it provides a higher over-all
gain with fewer tubes than do other types of receivers. The hetero

dyne principle involves the conversion of the higher carrier frequency
to an intermediate frequency at which the gain per stage can be made

greater. The frequency conversion is accomplished by mixing, or
beating, the received signal with a signal of different frequency gen
erated in the receiver. The mixer stage produces an output voltage
at a frequency which is the difference of the two signals applied. This
difference signal is amplified by the intermediate-frequency (i-f)
amplifier, and then is detected and amplified in the usual manner.

(2) A functional block diagram of the receiver used in this system,
which is a typical radar receiver in many ways, is shown in figure 49.
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For any given local-oscillator frequency there are two carrier fre
quencies which will produce the same intermediate frequency in the

mixer output. It is desirable, therefore, to use a tuned r-f amplifier
ahead of the mixer stage to discriminate against all but the desired

carrier frequency. When the carrier frequency is so high that the Erf

amplifier contributes more noise than gain, this stage is eliminated.
At the carrier frequency used in this system, 100 megacycles per second,

the r-f amplifier is included.

(3) The local oscillator generates a constant-amplitude signal of .85

megacycle which is mixed with the 100-megacycle input to produce a

15-megacycle intermediate frequency. The output of the mixer is

amplified selectively to eliminate the 85- and 100-megacycle signal
components which are present. In eliminating these cemponents, the

i-f amplifier must not distort the pulse shape of the received echo. A
pulse with steep sides contains voltages of many frequencies, as ex

plained in section III, TM 11-466 and Navships 900,016. When the

pulse is applied to, or produced by, an r-f generator, the transmitted

energy consists of the carrier and side bands. These side bands extend

both above and below the carrier frequency by an amount determined

by the frequency components of the pulse itself. The band width of
the i-f amplifier must be great enough to pass the required side bands.

(4) After the echo amplitude has been increased to a reasonable

value, the signal is passed through a detector to reproduce the r-f en

velope as a video pulse. The video amplifier provides the signal output

necessary to operate the indicator, reproducing the pulse shape as

faithfully as possible. Whenever a low impedance load is to be placed

across the terminals of the receiver, a cathode-follower tube is used as

a low-impedance output stage to match the load.

c. R-f amplifier. (1) The receiver circuit diagram is shown

in figure 50. The 100-megacycle echoes picked up by the receiving
antenna are applied to the grid of the first r-f amplifier through an

autotransformer L301. The input line is tapped down to provide a

match for the 70-ohm coaxial line. The autotransformer is tuned to

resonance by stray capacitance and the variable capacitor C301. A
small voltage gain is realized by transformer action. V301 is a re

mote-cut-off acorn tube, type 956, designed to have high gain, low
noise, and low interelectrode capacitance. Bias is provided by the

cathode resistor R301, which is by-passed by capacitor C303 to avoid

degeneration. A filter network, composed of L303, R302, E303. C302,

and C304, is used to prevent r-f energy on the plate and screen grid
from reaching the power supply, while supplying the necessary d-c

voltages. The capacitors C302 and T304 are connected to cathode to

insure a very short path for the r-f current to return to the tube.
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(2) The plate load for the first r-f amplifier is a transformer, L302

and L304, whose secondary is tuned by capacitor C306. The gain of

the type 956 tube is about 5 at 100 megacycles. The coupling between

the windings of the transformer is aided by capacitor C305 in order

to obtain a wider bandwidth. The second r-f tube has its grid tapped

down on the secondary to decrease the effect of the input capacitance

of the tube. Bias, screen grid, and plate voltages are obtained in a

similar manner to that used on the first r-f stage.

(3) The coupling circuit betwen the second r-f tube and the mixer

is a tuned circuit consisting of resistor R306, inductor L310, capacitor

C315, and distributed capacitance. Capacitor C310 blocks the d-c

voltage from tube V304. Resistor R306 broadens the response of the

tuned circuit. A higher supply voltage is used on the second r-f am

plifier than on the first to compensate for the voltage drop across

resistor R306.

d. Local oscillator. (1) The source of the beating signal is

a triode tube V303, a type 955 acorn, connected in a modified Hartley
circuit. The requirements for the local oscillator are that it should

be stable in frequency and should furnish a sufficient signal to provide
reliable mixer operation.

(2) The oscillator circuit may be considered as a tuned amplifier in

which part of the output is fed back into the input. The tuned circuit
consists of the inductor L307, capacitor C312, the interelectrode capaci

tance of the tube, and distributed capacitance (fig. 51). The amount

of feedback is determined by the size of capacitance Cok compared

to capacitance Cpk- Grid-leak bias is provided by resistor R308 and

capacitor C311. The r-f signal generated is kept out of the power

supply by the filter composed of R307, C313, and L309 (fig. 50).

(3) The beating signal is coupled into the mixer input circuit
through a link coupling consisting of the inductors L308 and L311

and a low-impedance line between them. The coupling is just suf
ficient to furnish the required signal without loading the oscillator
and shifting its frequency. Changes in frequency during the warm-up
period of the oscillator are corrected by the LOCAL OSCILLATOR
TUNING control, C312.

e. Mixer. A diode tube, V304, is used as a mixer for the local-

oscillator output and the echo signals. The diode loads its input
circuit during the time when the applied signals are positive. To
reduce this effect, the diode plate is tapped down on the inductor L310.

The output of the mixer tube is a current which includes components

whose frequencies are those of the applied signals, their sum, and

their difference, which is the desired intermediate frequency. This
current is passed through the primary of a transformer T301 and

induces a voltage in the secondary. The undesirable signals are elim-
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inated by tuning the secondary to the intermediate frequency of 15

megacycles and building up only the i-f voltage across resistor R310.

Resistor R309 and capacitor C314 provide a bias during individual
pulses to prevent overloading.

f. I-f amplifier. (1) Four tubes, V305, V306, V307, and V308,

are used to increase the amplitude of the i-f output of the mixer. The
tube employed, the type 6AC7, is a high-transconductance pentode
with low interelectrode capacitances. All four stages are similar in
construction except for the screen voltage supply for the first two.

(2) The signal for each stage is taken from the secondary of the

preceding coupling transformer and applied between grid of the

amplifier tube and ground. The tube itself uses cathode bias from a

bypassed resistor, and screen voltage which is supplied through a

resistor-capacitor filter to reduce interstage coupling. The plate load
is a transformer whose primary and secondary windings are tuned to
the intermediate frequency by distributed and interelectrode capaci

tance. Exact tuning is provided by iron-dust slugs which act as

' TL-8689

Figure 51. Equivalent local-oscillator circuit.

variable cores in the coils to change their inductance. Gain is sacri

ficed by resistance loading of each winding, in order to provide a

1-megacycle band-pass response, which preserves the pulse shape.

(3) The gain of the second r-f amplifier and the first two i-f ampli
fier stages are controlled together by means of the screen voltage.

This system constitutes the entire gain control for the receiver.

Potentiometer R322 provides the variable screen voltage, which can

be adjusted from zero to 125 volts.

(4) The i-f amplifier is totally inclosed in a metal shield to decrease

capacitative coupling with other parts of the receiver. This shielding

prevents regeneration and possible oscillation.
g. Detector. The detector is a diode V309, using one half of

a type 6H6 tube to rectify the i-f signal. The rectified current devel

ops a negative pulse across the load resistor R331, which is directly

coupled to the video amplifier. The i-f voltage is filtered from the

pulse envelope by series resistor R332 and interelectrode capacitance

of the video amplifier. There is a slight loss in a diode detector.
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h. Video amplifier. The video amplifier is used to raise the
detected pulse voltage to the magnitude required to operate the indi
cator. Since the detector output is always negative in polarity, the

video-amplifier tube V310 is operated without bias. The screen voltage
is supplied through resistor R333, which acts both as a dropping
resistor and as a filter. The plate load consists of resistor R334 and
inductor L312 in series. The over-all load seen by the tube tends to

increase with the frequency, and therefore increases the gain of the
tube at the higher frequencies. This inductor corrects for the shunting
effect of the output capacitance of tube V310 and the input capacitance
of tube V311, which normally decrease the gain as frequency rises.

The echo pulses therefore are amplified without change in waveform,
except for the inversion, or change in polarity.

i. Cathode follower. The cathode-follower stage, tube V311,
is used to couple the video signal to the indicator with a sufficiently
good impedance match to minimize the distortion and loss of amplitude
which would normally be encountered if a coaxial cable were used to

feed the video signal to a remotely located indicator. No voltage in

version results from the use of the cathode follower. Only a slight
loss is inserted in producing the impedance match between the high
output impedance of the video amplifier and the low impedance of the

coaxial cable.

19. INDICATOR.
a. General. (1) The function of the indicator is to measure

the time required for the transmitting pulse to travel to the target and

back and to apply this time to measure the distance between the target
and the radar set. To perform this function the trace on the cathode-

ray tube screen can be calibrated in terms of distance (sec. II). The
spot on the tube is usually deflected by a saw-tooth waveform to pro
duce a linear time base. Since zero time for each sweep is the instant
when the transmitted pulse starts, the saw-tooth wave must be very

carefully synchronized with the transmitted pulse.

(2) In order to prevent the appearance of the return trace on the
screen of the scope, a gating pulse is applied to the cathode-ray tube.

This gating pulse permits electrons to flow in the cathode-ray beam

only during the time of the forward sweep of the saw-tooth wave.
N'o electrons are permitted to strike the screen during the flyback or
return-trace time. Because this pulse, in a sense, opens and shuts a

gate through which the electrons in the cathode-ray tube must pass,
it is sometimes called an intensity -gate voltage.

(3) Radar systems used for general searching must be capable of
covering very long ranges, and therefore need a slow-speed sweep.
As targets approach the radar station, more accurate data on their
position is needed than is possible with the slow-speed sweep. To
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provide more accurate ranging on close targets, most radar systems
are provided with several speeds of sweeps.

(4) The indicator used in this radar system is composed of the es

sential circuit components for producing a type A-scan presentation
of data (fig. 52). The available ranges are 20,000 yards, shown by
the solid-line waveforms, and 100,000 yards, shown by the broken-line
waveforms. The timing pulse (fig. 52®) is limited to a fixed ampli
tude (fig. 52(5)) by diode V401. The sweep generator is timed by
this pulse to produce an exponential rise of voltage in a fixed length
of time. Since there are two ranges, two rates of rise can be selected

(fig. 52©). The remainder of the circuits in the indicator convert
the waveform of figure 52® into that of figure 53®, the actual sweep

voltage. Comparison of these waveforms shows that two changes
must be made. First, the voltage rise for each sweep must be com

pleted in the time corresponding to the range selected. The limiting
of voltage rise is accomplished in the grid of the limiter-amplifier
tube, V404 (fig. 52®). Second, the amplitudes of both sweeps must
be equal and of the proper magnitude to cover the calibrated portion
of the oscilloscope screen. The limiter-amplifier takes care of this
problem (fig. 52®). Inverter tube V405 is used to produce the effect

of a push-pull sweep by inverting the output of the limiter-amplifier
(fig. 52®) and applying the result to the right horizontal deflecting
plate. The limiter-amplifier output is applied directly to the left
horizontal deflecting plate. The limiter-amplifier output is differen
tiated and applied to the indicator' gate tube, V406. The output of
this stage is a positive-going square wave (fig. 52©) which permits
electrons to flow only during the sweep time.

b. Sweep generator. (1) The sweep generator uses a vac
uum tube to control the charging and discharging of a capacitor.
In the circuit shown in figure 53, the input timing pulse from the

transmitter is applied to the sweep generator through a diode-limiter

circuit, including tube V401. The pulse duration is approximately
5 microseconds and the magnitude is about 120 volts. The limiter is
used to provide a fixed pulse amplitude of +38 volts to the sweep-

generator tube V402. The limiter tube, V401, has its cathode raised
to a potential of +38 volts above ground by the voltage divider,
consisting of R402 and R403. As the input pulse rises to a potential
more positive than 38 volts, V401 conducts. The current which flows

in the diode also flows in R401. The voltage drop across R401 re

duces the magnitude of the pulse applied to the grid of V402.

(2) The grid of tube V402 is normally held slightly positive with

respect to cathode by a voltage divider, consisting of resistors R405

and R40G. A change in the setting of resistor R406 has little effect

on the grid potential because of grid current drawn through the
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5-meghom resistor R404, which limits the effective grid voltage sup

plied by the divider. When the positive timing pulse is applied, the

grid of V402 is swung to +38 volts instantaneously and a large grid
current is drawn, quickly charging the grid capacitor C402 through
the low grid-cathode resistance. This action can be followed in the

waveform of figure 53®. As C402 becomes charged to the full 38

volts the grid is returned to approximately zero potential. At the

end of the timing pulse the grid is instantly driven to —38 volts,
which cuts off the tube. The charge on the grid capacitor begins to

leak off through the large grid resistor, R404, to the +400- volt
supply.

Figure 54. Effect of HJO.'i on discharge rate of C.'iO2.

(3) When tube V402 is cut off because of the discharge of ca

pacitor C402, the sweep-generating capacitor, C403 or C404, begins

to charge through resistor R407 from the plate supply. The charging
continues until tube V402 conducts and acts as a parallel low resist

ance to remove the charge. The duration of sweep voltage rise there

fore depends on the length of time necessary for the negative grid
voltage caused by the discharge of capacitor C402 to reach cut-off for
tube V402. This time is made greater than the 610 microseconds

necessary for an echo to return from a target at the maximum

range of 100.000 yards. For example, in figure 54 it has been as

sumed that V402 begins to conduct 850 microseconds after the end

of the transmitted pulse. One method of causing the negative grid
voltage to reach cut-off (point C) in 850 microseconds is to discharge
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capacitor C402 through a 2-megohm resistor connected to ground.
The discharge takes place along curve A. A second method is to
use a larger resistor which is connected to a positive voltage source.

The coupling capacitor then discharges to zero and attempts to

charge in the opposite direction. Curve B represents the discharge
of C402 through a 5-megohm resistor connected to +40 volts. When
the grid voltage is reduced to zero, it is held there by grid-current
action discussed in (2) above. Figure 54 indicates that curve A and

curve B- both reach cut-off bias in 850 microseconds. However, curve

A shows that the grid of V402 can never reach ground potential
within the pulse repetition time, while curve B can. It is desirable
that the grid be returned to ground potential within the pulse-repeti
tion time in order that the plate resistance of V402 may be low for
a sufficient time to discharge the sweep capacitor. The voltage wave
form at the grid of V402 is as shown in figure 53®.

(4) While V402 conducts, the voltage between its plate and ground
is low. When the tube is cut off, the voltage from plate to ground
rises as fast as C403 can be charged. The rise follows an exponential
curve with a slope determined by the time constant involved. Curves
of two different slopes may be obtained by selecting one of the two
capacitors C403 or C404." The voltage at the plate continues to rise
exponentially toward +400 volts as long as the tube V402 remains
cut off. When the charge on C402 has decayed sufficiently to allow
the tube to conduct again, C403 discharges through the sweep-gener
ator tube, and the voltage at the plate of V402 drops rapidly to its
normal value. The waveform at the plate of V402 is shown in figure

53®. The magnitude of the plate waveform depends on the capacitor
selected.

c. Sweep clamper and limiter amplifier. (1) The
waveform in figure 53® shows that the amplitude of the 20,000-yard

sweep is much greater than that of the 100,000-yard sweep at the out

put of the sweep generator, but that the time in which both voltages
rise is the same. This- waveform is related in figure 55®. In order
to produce a sweep voltage for the 20,000-yard range, the rise in volt

age shown by the solid line must stop after 122 microseconds. Simi
larly, to produce the 100,000-yard sweep, the rise of the voltage repre
sented by the dotted line must stop after 610 microseconds. The
liiniter-amplifier accomplishes this result by limiting the applied
signal at the proper time.

(2) If a resistor were used as a grid leak, capacitor C405 would

charge to some extent during the positive swing of voltage caused by

the applied signal. This charging would distort the linear rise of

voltage. To avoid this distortion, the diode V403 is used as "one-way"

grid leak. No current can flow in this type of grid leak during the
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positive swing of the grid signal since the cathode of the diode is
more positive than the grounded plate. The action of V403 may be

considered to be that of a clamping tube which prevents the grid of
V404 from going negative with respect to ground. Any change which
is put on C405 by grid current flow is removed almost instantly with
the removal of the driving signal. Thus the grid of the amplifier
tube must be held to ground potential in the absence of a signal on the

grid.

TIME

Fii/urc 56. Grid limiting in V'/O4.

(3) Since the sweep clamper, V403, cannot conduct during the posi
tive swing of the signal (fig. 55®), the signal is applied to the grid
of tube V404 without change until grid current begins to flow. Capac
itor C405 is relatively small so that when grid current does flow the

capacitor charges as fast as the voltage rises. The result is to increase

the signal on the grid of limiter-amplifier tube V404 unt il grid current

flows, and to absorb any further increase in capacitor C405 (fig. 56).
The clamper tube, V403, removes this charge during the negative

signal swing.
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(4) The value of applied signal which will produce grid current is

controlled by varying the bias in the grid-to-cathode circuit. Figure
57 shows the effect of variation in bias on the time during which the

grid signal rises. The more negative the bias used, the longer the

time that the grid signal can rise. This bias is produced and controlled

by means of resistors R408 and R409 or R410 in series with the cathode

(fig. 55). Capacitors C406 and C407 are used to provide partial de

generation by means of which the exponential rise is made very
nearly linear. The resistors R409 and R410 are called sweep-time

controls since they set the speed with which the beam is traced across

the oscilloscope screen.

(5) The limited voltage swing which is effective between grid and

cathode is amplified and inverted by tube V404. The signal appear

ing on the plate normally has a different magnitude for the two ranges.

The amplitudes must be the same, since the length of the sweep trace

TIME

BIAS 0
BIAS (3)

BIAS (7)
TL- 8695

Figure 57. Bins control of limiter amplifier.

depends on the magnitude of the voltage applied between the deflect

ing plates. Resistor R411 is used as a plate load for producing the

20,000-yard sweep, and as a voltage divider to provide the proper
sweep amplitude for the indicator. R412 performs a similar func
tion for the 100,000-yard range. The switch S401C selects the proper
output and supplies it to the left horizontal deflecting plate of the

oscilloscope (fig. 55®).
d. Phase inverter. (1) The sweep is applied in push-pull

to the deflecting plates to avoid the defocusing effects explained in

paragraph 78a, TM 11-466, and NavShips 900,016. In order to obtain
a positive-going voltage wave to apply to the right-hand horizontal
deflecting plate, it is necessary to change the polarity of the output of
the sweep-amplifier tube (fig. 58).

(2) The voltage divider R414 and R415 reduces the amplitude of
the voltage applied to the phase inverter tube V405 by a factor equal to
the gain of this tube. The voltage divider cuts down the waveform (T)

in figure 58 by a factor of approximately 11. The small-amplitude
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waveform © is applied to the grid of V405 for amplification. By
proper design of the plate-load resistor and the cathode resistor, the

gain of this stage is made approximately equal to 11. The output
waveform ® is of the same amplitude as the waveform ®, but it is of
the opposite polarity.

e. Indicator gate. (1) It is usually desirable to have the
trace visible on the indicator screen only while the spot is being swept
from left to right. Such an arrangement eliminates both the bright
spots that could appear at the ends of the sweep and the faint return
trace. The waveforms in figures 53 and 58 show that the spot rests at
the left end of the trace until the sweep parts, and for the 20,000-yard
sweep it rests at the right end until the voltage drops. The bright
spots that would appear because of these momentarily steady voltages
would render the observation of the picture on the screen difficult.

TO RIGHT-HAND
HORIZONTAL
DEFLECTING
PLATE

Figure 58. Phase inverter.

(2) The bias on the cathode-ray tube is normally such that no elec

trons strike the screen; that is
,

the tube is normally biased beyond
cut-off and therefore no light is omitted from the screen. The output
of the gating stage reduces the bias on the grid of the cathode-ray tube

so that electrons can flow in the beam. The change in bias occurs
at the instant at which the sweep voltage begins to move the spot across

the screen. To produce this change in bias at the proper instant, the

negative-going sweep from the plate of V404 is differentiated. The
output of the differentiating circuit, C409 and R418 (fig. 59), is de

pendent on the rate of change of voltage applied to it. If the voltage

changes rapidly, a large output is obtained. If the voltage does not
change, no output is obtained. Therefore the sloping parts of wave

form ® in figure 59 produce the pulses in waveform ©, while the

horizontal parts of waveform ® produce no output. By this means,

the plate current in V406 is reduced during the actual sweep time, and
the voltage at the plate of the tube rises and remains high during the
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sweep time only. The positive pulse that appears at the plate of V406

(waveform ®, fig. 59) is applied to the grid of the cathode-ray tube.
The time relationships of these waveforms are seen in figure 60. Thus,
electrons are allowed to flow, and a trace is produced on the face of the

cathode-ray tube only during the short time that the sweep voltage is

changing. At the end of the sweep, a bright spot is prevented by the

©

r
TROM "
LIMITER-AMPLIFICR <T\ ,«06

TO OHIOOF

—1— \*6SN7
CATHODE-FWr

TUBE

F
|

TL-ae»7

Figure 59. Differentiator and amplifier as indicator gate circuit.

i i

r i time

CPor V404

Oq or V406

0p or V406-

^ ^--cons*TANTlCURRENT
1 '"7
! :

!
cut

'cut~6»

I i
i

ORID BIAS
CUT

1/

Figure GO. Voltage waveforms of indicator yule circuit.

fact that the grid voltage of the cathode-ray tube falls rapidly to a

value well beyond cut-off, eliminating the electron beam.

(3) Since the voltage changes at a slower rate for the 100,000-yard

sweep than it does for the shorter range, the output of the differen

tiating circuit would be small if the constants of the circuit were not

changed. Therefore, when the long-range sweep is used, a larger re

sistor, R419 (fig. 59). is switched into the differentiating circuit so that
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a pulse of practically the same amplitude is applied to the amplifier as

in the former case.

f. Cathode-ray tube. The circuit associated with the cath

ode-ray tube, which is shown in the complete indicator circuit diagram
(fig. 61), is quite conventional. Because push-pull deflection is used

in the horizontal direction, the centering voltage is also push-pull.
The blocking capacitors C410, C411, and C412 are used to prevent the

direct voltages on the oscilloscope elements from affecting the con

nected circuits.

g. Operation of indicator. (1) A transparent scale, on

which lines are etched at equal intervals, is placed over the face of
the cathode-ray tube (fig. 62). These lines are designed to be 2,000

yards apart for the 20,000-yard sweep and 10,000 yards apart for
the 100,000-yard sweep. The video output pulses from the receiver

20.000 i00.000

TL-07OO

Figure 62. Appearance of indicator screen.

cause vertical deflections of the trace. The ranges of the targets from

which these echo pulses come can be estimated from the position at

which they appear on the trace relative to the overlaid scale.

(2) The length of the trace is adjusted on the 20,000-yard sweep

by variation of both R409, SWEEPTIME, and R411, SWEEP AM
PLITUDE, (fig. 61). A calibrator may be used to provide range-mark

pulses, called "pips" or "blips," which are spaced at equal intervals.

The speed of the sweep is then adjusted by means of R409 to make the

range marks line up with the marks on the scale. During this process,

the SWEEP AMPLITUDE control and the HORIZONTAL POSI
TION control R430-R431 must be adjusted so that the length of the

sweep is always contained within the extreme marks on the scale.

After the sweep has once been calibrated in this way, it should need

no further adjustment except for routine checks.
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(3) The clamping diodes V407 and V408 prevent a shift in the posi

tion of the sweep trace when the range is changed. These diodes in

sure that the sweep voltage on each horizontal deflection plate always
starts from the voltage determined by the setting of the two position

ing potentiometers, resistors R430 and R431.

(4) The control knobs on the front of the indicator are the sweep

range, the focus, and the brilliance. The position potentiometers need

adjustment infrequently. They are therefore made adjustable only

by screw driver. Only the controls which the operator needs to

operate the equipment are made accessible.

(5) The SWEEP-RANGE control operates the switch S401 (fig.

61). There are four sections of this switch, which are shown as

S401A, B, C. and D. All sections are operated simultaneously since

they are all on the same shaft. The two positions of the switch are in
dicated as S and L. The letter S indicates the short or 20,000-yard

range, and the letter L indicates the long or 100.000-yard range.

20. POWER SUPPLY.
a. General. A variety of direct voltages is required to operate

the radar equipment. A high-voltage source, which is capable of deliv

ering a large current for a short interval of time, is required for the

transmitter. It is not important that the regulation or the amount

of ripple voltage of this power supply be controlled carefully. An
other source of power at a high voltage, but with an almost negligible
current drain, is needed for the accelera1ing voltage in the cathode-ray
( ube. Regulation of this source is no problem because of the constant

small load, and the ripple voltage is eliminated because the filter capac
itor is kept charged almost to the peak voltage. However, for the

plate voltage supply for the receiver and indicator, a source of good

regulation and very small ripple voltage is needed. In addition to

these power supplies which furnish the direct voltages, suitable trans
formers must be provided to supply the heater power for the vari
ous tubes. A schematic diagram of the various power-supply circuits
is shown in figure 63.

b. Transmitter. Since the average current drain of the

transmitter is low, and because it is not absolutely necessary to main
tain a constant value of direct voltage at the plates of the transmitter
tubes, a voltage-doubler power supply is adequate for the transmiter.
The action of this circuit is explained in section VI, TM 11-406. and
Navships 900.016. The resistors R601 and R602 are used to limit the

peak current that passes through the rectifier tubes to charge the capac
itors C601 and C602.

e. Cathode-ray tube. The simple half-wave rectifier V603

maintains a practically full charge on the filter capacitors because the
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NOTE: BLEEDER IS SHOWN
IN FIGURE 6I

2000V TO CATHODE
RAY TUBE

+400V TO INDICATOR

+ 2S0V TO RECEIVER

TL- 670I

63V TO HEATERSOR FILAMENTS

Figure 63. Schematic diagram of power-supply circuits.
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current drawn by the cathode-ray tube and by the bleeder, located in
the indicator, is very small. Because the current drawn is small, it
is economical to use the smoothing resistor, R605. Transformer T603,
used to step-up the line voltage, is a special type in which a few turns
near one end of the secondary winding are made of large wire. Across
these few turns a voltage of 2.5 volts is induced, so that the filament
of the type 2x2 tube may be heated from this source of power. The
other end of the winding is held at a potential 100 volts positive with
respect to ground by the voltage drop that occurs in a part of the

bleeder (fig. 61).
d. Indicator and receiver. The current drain of the re

ceiver and the indicator is fairly high. Therefore, a tube which is
capable of supplying a large continuous current must be used in this
power-supply circuit. A full-wave rectifier V604 is used to reduce the

ripple in the output, and a choke-input filter is used to improve the

regulation. Resistors R606, R607, and R608 serve as load resistance
to provide a constant load on the rectifier so that the filter capacitors
cannot charge to the peak output voltage of the rectifier when no exter

nal load is connected. These load resistors aid the voltage regulation
of the rectifier and prevent abnormally high voltages from being
impressed on the receiver and indicator tubes before they are properly
heated. These resistors serve also as a voltage divider to provide the

250 volts for the receiver.
e. Possible modifications. (1) In this simple radar set all

of the rectifier power supplies are shown lumped together in one

chassis. In practice they are seldom lumped because it is unwise to

extend high-voltage cables over a greater length than is absolutely
necessary. For this reason the rectifiers are usually distributed
throughout the equipment. In such an arrangement, only the 115-

volt primary voltage need be distributed among the several units.

(2) Generally it is desired to maintain the plate voltage on the
tubes in the receiver at a very constant value. Frequently an elec
tronic voltage regulator is used for this purpose. If a regulated power
supply is used, the rectifier connected to T605 is modified to supply only
400 volts, and a separate rectifier circuit is used with the electronic
regulator.
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Section IV
Detailed study of externally synchro

nized microwave radar system

21. GENERAL.
a. Application. (1) The radar system described in this sec

tion is designed for installation in an aircraft to enable it to search

for surface vessels. This type of radar equipment is called aircraft to

surface vessel, or simply ASV. Because the set is used in aircraft, it
must be light in weight and small in size. These limitations did not
affect the design of the radar system discussed in section III, since

that set was intended for use at a ground station where weight and

size of the equipment are of secondary importance.

(2) The indicator permits measurement of range on a 20,000-yard
scale and a 100,000-yard scale. The antenna normally is rotated at a

constant speed and a polar map of the area being searched is drawn on

the indicator screen, with the aircraft constituting the focal point or
center of the map. All reflecting objects within range of the system

appear on the screen of the cathode-ray tube as bright spots of light
whose relative position with respect to the center of the map is an in
dication of the range and bearing of the reflecting objects from the

aircraft. An indicator in which a radial sweep is rotated to produce
a plan view of an area as called a plan position indicator or PPI.

b. System constants. (1) In order to limit the antenna

array to a reasonable size for installation in an aircraft and to permit
the detection of small targets such as submarine periscopes, a carrier

frequency of 3,000 megacycles per second has been selected. A 2-

microsecond pulse of radio-frequency energy is transmitted every
1,250 microseconds. The duty cycle for the transmitter is therefore
0.0016, which permits an output peak power of 50 kilowatts to be

generated from an average input power of approximately 250 watts.

(2) The pulse-repetition frequency of 800 pulses per second allows
ample time for echoes from all targets within the maximum range of
the set to return between transmitted pulses, yet the pulses are re

peated at a sufficient rate to give a clear target definition on the indi
cator tube. By sweeping the antenna in azimuth at a maximum rate

of 20 revolutions per minute, several pulses of energy can strike each

object in the area to be searched, so that everything in that area should
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be detected. If the antenna were rotated at an excessively high speed,
the beam might be displaced in azimuth so far from one pulse to the
next that objects near the extreme range of the equipment could re
main undetected until their range was reduced.

c. System components. (1) The components which make

up the system are shown in figure 64. Note that the functions which
must be accomplished in this system are identical with those of the

system discussed in section III. The difference between the two sys
tems is in the manner of performing the necessary functions. In this
system examples of the techniques usually employed in a microwave
system are illustrated in contrast to the long-wave techniques discussed
in section III. In order to make this section as useful as possible in
showing typical radar circuits, an external timer and a different type
of indicator are shown.

(2) The system requires an 800-cycle-per-second motor-driven
generator capable of delivering approximately 10 amperes at 115 volts.

IT
TIMER transmttter

IT

INDICATOR
JL _n_

RECEIVER

ANTENNA
SYSTEM

TL-8702

Figure 64. Block diagram of externally synchronized radar set.

A 24-volt, 8-ampere, d-c source of power is required for operating the
antenna motors. Transformers and rectifiers are included in the

various components to supply the necessary voltages to the vacuum

tubes.

(3) The timer produces 800 sharp negative pulses per second to

trigger the transmitter and the indicator. The 2-microsecond r-f
pulse is generated in a magnetron and is radiated from a paraboloidal
reflector. Since the same antenna is used for transmitting and re

ceiving, a T-R switch is necessary to protect the receiver during the
transmitted pulse. The output of the receiver is applied to the grid
of an electromagnetic cathode-ray using type PPI-scan to cause a

spot of light to appear on the screen when an echo is received.

22. TIMER.
a. General. (1) The timer performs the functions of estab

lishing the pulse-repetition rate of the radar system and of synchro
nizing the actions of the other components to the transmitter. The
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most obvious synchronizing action is that of causing the sweep in
the indicator to start at exactly the same instant that the transmitter

produces a pulse of r-f energy. However, the production of the sweep
and of the gate voltage associated with the sweep will be treated during
the discussion of the indicator. The amplification of the trigger pulse

formed by the timer will be treated during the discussion of trans
mitter, with which this action is closely associated.

(2) The block diagram of figure 65 shows the circuits used in the

timer to produce the trigger pulse. The master oscillator in this sys

tem generates an 800-cycle sine-wave voltage. The sine wave is ap-

>c/s u
n ITT

R-C PEAKER
AND

PULSE

AMPLIFIER

MASTER

OSCILLATOR
LIMITER

OVERDRAW

AMPLIFER

CATHODE

FOLLOWER

SYNC PULSE
TO TRANSMITTER

SYNC PULSE
TO INDICATOR

TL-8703
Figure 65. Block diugrum of timer.

plied to a limiter stage to produce a waveshape which is approximately
square. An overdriven amplifier is used to make the sides of the

square wave more nearly vertical. In this way, a sharp pulse of

approximately 2 microseconds duration with a definite leading edge

may be derived from the R-C peaker which follows the overdriven
amplifier. The positive pulse of the peaker output is selected and

amplified. This pulse is used to trigger the transmitter and to syn
chronize the start of the indicator sweep. The complete schematic

circuit diagram of the timer is shown in figure 66.

b. Master oscillator. (1) The circuit used to control the

repetition rate is a phase-shift oscillator (fig. 67). The output of the

oscillator is a sine wave of good frequency stability, which produces
a sweep trace free from jitter.

(2) Oscillations are produced by coupling the plate of tube V101
back to the grid through an R-C bridge network. The network
reduces the signal from plate to ground by an amount equal to the

gain of the tube, and produces a 180° phase shift only at 800 cycles
per second. A negative feedback voltage, which is essentially constant
for all frequencies, is developed across the unbypassed cathode re

sistor R105. This feedback maintains a sinusoidal output at the
plate of the tube V101. The combination of a phase shift other than
180° with the negative feedback voltage reduces the tendency of the

system to oscillate at any frequency except 800 cycles per second. The
constants of the feedback network determine the frequency at which

580730°— 44 6
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oscillations take place, while the resistance of R105 determines the

amplitude of these oscillations. The output voltage is developed
across the plate load resistor R106.

(3) The combination of R107 and C106 in the plate circuit of the
tube acts as a filter to prevent feedback through the -power supply.
This filter is desirable to prevent interference with other circuits oper
ated from the same power source. The low reactance of C106 at the

frequency of the oscillator effectively short-circuits the alternating
voltage which tends to appear at the junction of R106 and R107.

Capacitor C106 can be considered as a battery, because the voltage

between its terminals cannot change until charge has been added or
removed. Since the resistance present in the circuit prohibits any

ID LIMITCI

TL-870S

Figure 67. ^Schematic circuit diagram of master oscillator.

instantaneous change, the voltage across the capacitor is held prac
tically constant.

c. Limiter. (1) The first step in producing trigger pulses

from the sine-wave voltage is to convert the sine wave into a square

wave. To make this conversion, the amplitude of both the positive
and the negative alternations of the sine wave must be limited. The
limiter used in this timer is shown in figure 68.

(2) The limiter tube is operated with zero fixed bias, and develops

grid-leak bias due to grid current. The coupling capacitor C107 is

charged during the positive swing of the applied signal by the cur
rent which flows through resistor R109 and through the internal grid
resistance of tube V102 in series with resistor R110. During the nega

tive swing the charge which has accumulated on C107 leaks off through
resistor R109. Since the resistance for discharge is greater than the

resistance for charge, a residual charge is accumulated on capacitor
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C107, which is effectively a negative bias between the grid and cath

ode of tube V102.

(3) The grid-leak bias which is produced by grid current flow re

duces the effect of the applied sine-wave voltage in driving the grid
positive. This bias represents the average about which the sinusoidal
variation takes place. Figure 69® shows the average grid-leak bias

as a negative voltage relative to ground, with the sine wave super
imposed on it. When the grid is driven positive series resistor R11O

still further limits the effective signal, because of the voltage drop
across the resistor caused by grid current. This limiting is illus
trated in figure 69® by the reduction of the positive peak from the

dotted line to the solid line.

SQUARE-WAVE
OUTPUT TO
OVERDRIVEN-

SINE-WAVE AMPLIFIER
INPUT FROM
MASTER
OSCILLATOR

6 + 250V

TL-8706

Figure 68. Schematic circuit diagram of limitcr.

(4) The tube V102 reproduces the limited grid signal as the ap

proximate square wave shown in figure 69©. The positive half cycle
of the applied sine wave increases the plate current and reduces the

plate voltage to a low value. The least positive portion of the plate
waveform corresponds to the period of grid-current flow, and is flat
tened by the grid limiting. As the grid signal swings negative, plate
current is reduced and finally ceases to flow when the combination of

signal and bias reach the cut-off value. The plate voltage rjses toward
the supply voltage during this time. Since the input circuit of tube

V103 is connected to the plate load resistor through coupling capacitor
C109, charging current flows in R111, which prevents the plate volt
age from rising instantaneously.

d. Overdriven amplifier. (1) Although the sine-wave volt

age is approximately squared by the limiter, the sides of the square

wave are not as vertical as is desired for the production of a sharp
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trigger pulse. Therefore, the square wave produced by the limiter tube

is applied to an overdriven amplifier (fig. 70) for the purpose of steep
ening the sides.

(2) The output from the limiter stage is a voltage of large ampli
tude. The plate current of amplifier tube V103 is cut off early in the

negative alternation and is driven to a maximum early in the positive
alternation. In addition, the grid current which is drawn during
the positive half cycle of the applied voltage charges C109 through the
relatively low cathode-to-grid resistance of V103. As a result, the

-GNO POTENTIAL

TL-8707

Figure 69. Waveforms in limiter tube V102.

coupling capacitor is charged to an average voltage which acts as a

high negative bias for the grid of tube V103.

(3) The only bias present in the grid circuit of tube V103 is due

to grid current. The plate waveform of tube V102 is distorted in

passing through capacitor C109 by the charging and discharging of
the capacitor (fig. 71©).

As the grid signal starts to swing positively, it is ineffective until, at

time ti, it drives the grid above cut-off. At time t2, when the grid
signal drives the grid to zero bias, grid current flows, limiting the signal
until t3. The grid is then swung negative, reaching cut-off again at tt.

(4) Plate current begins to flow at tx, rises to a maximum at t2, re

mains practically constant until ta
,

then decreases to zero at tt. The
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drop in voltage produced by the current across resistor R114 causes

the plate voltage waveform shown in figure 71©. Because tube con

duction takes place entirely in the positive half cycle of grid signal,
the negative portion of the plate signal is narrower than the positive
portion. The plate signal of V103 is applied to an R-C peaker circuit.

INPUT FROM
O

CI09

LIMITER STAGE

SQUARE-WAVE
-O OUTPUT VOLTAGE

TO R-C PEAKER

CIIO
II I R"5

1
|-—*-A/VV— o tzsov

—I— ' 5K TL-TL-8708 .

Figure 70. Schematic circuit diagram of overdriven amplifier.

0

WAVEFORM
AT CRIO

-«- GNO POTENTIAL

CUT-OFF BIAS
VOLTAGE

AVERAGE GRID-
LEAK BIAS

WAVEFORM
AT PLATE

CND POTENTIAL

TL-8709

Figure 71. Waveforms in overdriven amplifier tube V103.

The important feature of the peaker is its ability to charge and dis

charge completely in the available time betwen signal alterations. The

plate signal can therefore rise to the supply voltage only after the

peaker circuit is charged. The leading edges of both positive and neg

ative portions of the waveform are slightly rounded because of the

short time used for charge and discharge.
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e. R-C peaker and pulse amplifier. (1) In order to pro
duce a sharp pulse from the square-wave output of the overdriven
amplifier, the time constant of the coupling circuit to the following
stage is made very short (fig. 72). Because this time constant is so

short, capacitor Cl11 charges and discharges completely and the aver

age bias produced is negligible. The grid of the tube may therefore
be considered to be at ground potential. The time constant of the

coupling circuit is approximately 2 microseconds for a negative voltage

swing at the^grid of V104, and less than 2 microseconds for a positive
swing at the grid because the low cathode-to-grid resistance shunts

R116 when grid current is drawn.

(2) When the voltage applied to the coupling capacitor rises sharply
(fig. 73®), a charge is quickly developed on C111. The voltage at

the grid of the tube follows the charging current, rising almost

instantly to its maximum value and dropping back to zero quickly (fig.

73©). In the same way. when the applied signal swings negative,

-o NEGSTIVE

-0+2SOV

"4=- TL-*7K>

Figure 72. Schematic circuit diagram of R-C peaker awl pulse amplifier.

the grid is driven below ground potential, but it returns to ground
quickly because C111 discharges rapidly. The signal on the grid thus

is a series of sharp positive and negative pulses.

(3) In order to eliminate the negative pulses at the input to the

pulse amplifier, the tube is biased beyond cut-off. Cut-off for a 6AC7
tube with a 250-volt plate supply is approximately 6 volts. A bias of

nearly 12 volts is supplied by raising the cathode potential of V104

by means of the voltage divider R117 and R118. Using this bias, the

tube does not conduct until the grid is raised to a potential of +6
volts relative to ground. ^Hence figure 73© indicates that both the

negative pulses and the broad lower portions of the positive pulses

are lost because of the bias on the tube. The portion of the grid
signal which tends to drive the grid more positive than the cathode

is lost because of the limiting action of grid current. The peaks of
the positive pulses tend to drive the grid of V104 very positive rela

tive to the cathode, and therefore cause a large current to flow in the

tube for the duration of the pulse. This large flow of current pro

ax

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

6
:4

3
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



duces a large drop of voltage at the plate of the tube (fig. 73®), so

that the output is a high amplitude negative-going pulse whose dura
tion is approximately 2 microseconds.

f. Cathode follower. (1) In this system, as in most other

radar systems, the trigger pulse is conducted to the transmitter and

indicator by means of coaxial cables. Cables in use have charac

teristic impedances in the range of 50 to 150 ohms. In order to pre-

0
WAVEFORM
APPLIED. TO
R-C PEAKER

_PLATE SUPPLY VOLTAGE

GROUND POTENTIAL

0
WAVEFORM

AT GRID

, . CATHODE POTENTIAL

I CUT-OFF BIAS
11 I

[

f GROUND POTENTIAL-
AVERAGE GRID
VOLTAGE

©
WAVEFORM
AT PLATE

PLATE SUPPLY VOLTAGE

GROUND POTENTIAL

TL-87M

Figure 73. Waveforms in R-C peaker and pulse amplifier lube V1O4.

vent reflections in the cable, the terminating impedance should be as

nearly equal to the characteristic impedance as is practical. A cathode

follower is used as a low impedance source to furnish the output pulse
of the timer to the coaxial line.

(2) Since the trigger pulse is negative-going, it is desirable to
have the cathode follower normally conduct a heavy current, so that
a pulse of large amplitude can be developed across the cathode re
sistors. The bias on V105 (fig. 74) is the voltage developed across
11123 by the plate current of the tube flowing through this resistor.
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The characteristic curves of a type 6AG7 tube show that a current of
24 milliamperes flows if the bias on the tube is —3.6 volts. Therefore,
the normal steady current in V105 is 24 milliamperes, since 150

ohms X 0.024 ampere =3.6 volts. The voltage developed across R124

does not affect the bias on the tube, since it raises both the cathode and
the grid above ground potential.

(3) Until the negative pulse is applied to the grid of V105, the
cathode is 1,950 ohms X 0.024 ampere=47 volts positive with respect
to ground. Since the output of the pulse amplifier is more than suf
ficient to cult off the cathode follower, a negative-going pulse of 47

volts is produced across R123 and R124 when V105 is cut off by the

applied signal. The negative pulse output of the cathode follower is

coupled to the transmitter and to the indicator by coaxial lines which
connect to J101 and J102.

tsov

JKM
I PULSE TO
I TRANSWITCH

J__ PULSETO
I INDICATOR

J I02

TL-87I2

Figure H. Schematic circuit diagram of cathode follower.

g. Power supply. The plate voltage for all tubes in the

timer is supplied by the 250- volt power supply in the indicator. The
heater voltage for all tubes in the timer is supplied by transformer
T502 in the indicator.

23. TRANSMITTER.
a. General. (1) The transmitter generates a 2-microsecond

pulse of r-f energy at a frequency of 3,000 megacycles per second under
control of the timer. The peak power generated in each pulse is
approximately 50 kilowatts.

(2) The r-f generator is a magnetron to which a plate voltage pulse

of 12,000 volts is applied by the modulator. The modulator acts as an
electronic switch. This switch is closed by a positive pulse from the

driver, which amplifies the trigger pulse furnished by the timer.
b. Magnetron. (1) The operation of the magnetron used here

is similar to that of the magnetrons discussed in section XII, TM
11-466 and Navships 900,016. In this tube the anode, or plate, forms
an outer metal case, within which are mounted the cathode and heater.

Electrically, the magnetron may be considered to be a diode and is
often shown as such in schematic diagrams. Two methods of sup
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plying plate voltage can be used (fig. 75). The first is to insulate the

case from ground, connect the cathode to ground and apply the high
positive potential to the case. The second and preferred method is

to ground the case, insulate the cathode, and apply a negative voltage
to the cathode^

(2) The magnetic field, which is applied parallel to the cathode,
is produced by a permanent horseshoe magnet. The magnetron is

placed between the pole faces of the magnet and fitted to them as

X

X
CATHODE GROUNDED ^) PLATE GROUNDED

TL-am

Figure 75. Methods of supplying plate voltage in magnetron circuit.

SIMPLE CIRCUIT FOR
DISCHARGE OF C20S©SIMPLE

CIRCUIT FOR /y,
CHARGE OF C20S ^

Figure 76. Equivalent circuit diagram of simple modulator.

closely as possible. The r-f energy is taken from the magnetron by

coupling the transmission line to the field inside with a small loop.
c. Modulator. (1) The modulator performs the function of

a switch which discharges a storage capacitor through the magnetron.
In figure 76. the magnetron is shown schematically as a diode V203

and the modulator tube as a simple switch S.

(2) While switch S is open (fig. 76®), electrons flow around the

circuit in the direction of the solid arrows, placing a charge on ca

pacitor C205. During the flow of electrons, a voltage is developed

OS
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across R206 which keeps the potential of point A less than the bat

tery voltage of 12,000 volts (fig. 77®). At the same time the drop
across resistor R207 places point D at a positive potential relative
to ground (fig. 77©). If the switch remains open for a long time,

capacitor C205 becomes completely charged and the electron flow
stops. C205 then has a potential across it of 12,000 volts, with

+I2KV

6N0.|
TIME

VOLTAGE BETWEEN PLATE
I 1 OF C205 AND GROUND

OSCILLATION
STARTS rOSCILLATION

STOPS

TL-OT5

•CKV

TIME

©VOLTAGE
BETWEEN PLATE B

OF C205 AND GROUND

Figure 77. Waveforms in simple modulator.

point A being positive with respect to point B. In the absence of elec

tron flow, the drop across the resistors is zero, and therefore point A
is 12,000 volts above ground while point B is at ground potential.
The magnetron does not conduct while the switch is open, because its
cathode, point B, is either positive or at zero potential with respect to
the plate, which is grounded.
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(3) If the switch is now closed (fig. 76©), point A of the capacitor
is instantly grounded (fig. 77©). Point B maintains its 12,000- volt

potential difference with respect to A by going to —12,000 volts rela

tive to ground (fig. 77©). The magnetron can now conduct, and

the capacitor is discharged through resistor R207 and the magnetron,

as shown by the broken arrows (fig. 76©). By the time the switch
is again opened, some charge has been removed from the capacitor
and the voltage across it is less. The + 12,000- volt battery starts to

charge C205, instantly raising point B to a positive potential with

respect to ground, and cutting off the magnetron. Point A also re

turns to a potential above ground.

(4) The pulse duration of the system requires that the magnetron

be turned on for 2 microseconds once every 1,250 microseconds. A
mechanical switch cannot readily be made which is able to operate so

ELECTRONICSWITCH

Figure 78. Schemutiv circuit diagram of modulator.

rapidly and at the same time handle the high power. For this reason

an electronic switch is used in place of the switch S.

(5) The modulator and transmitter used in this system are shown

in figure 78. The part of the circuit inclosed in the dotted lines is the

electronic switch which replaces the mechanical switch of figure 76.

The type 715A tube. V202, is normally nonconducting because of the
— 1,000- volt bias on its grid. In this condition it is an open switch.

During the relatively long time that V202 is nonconducting, capacitor
C205 charges to 12,000 volts.

(6) The modulator tube is made strongly conducting by a large
positive pulse applied to its grid. During the 2 microseconds when

V202 conducts, plate A of C205 is effectively connected to ground so

that capacitor C205 discharges through V202 in series with the parallel
combination of the magnetron and resistor R207. While the discharge

is taking place, plate voltage is applied to the magnetron which, there

fore, generates an r-f pulse of 2 microseconds duration.
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(7) The size of capacitor C205 is so chosen that the voltage across

it will drop only 5 percent or less during the oscillation of the mag

netron. This limit in the magnitude of the drop is important because

if the voltage applied to the magnetron changes greatly, the frequency

and the power output will change during the pulse. Such a change in

frequency and power output would cause decreased efficiency in the

transmitter, and consequently the radar equipment would be less

effective.

(8) The power supply which furnishes the 12.000 volts to the mod

ulator is a voltage doubler. The voltage regulation of this type is

extremely poor, as the output voltage decreases rapidly with increase

in output current. In order to prevent an excessive voltage drop in
the voltage doubler output, resistor R206 is wire-wound. The inductive
effect of this resistor aids in limiting the current drawn from the

POSITIVE
PULSE TO
MODULATOR

NEGATIVE
TRIGGER PULSE
FROM TIMER

6+1500
TL-87I7 "=" VOLTS

Figure 79. Schematic circuit diagram of driver.

12,000-volt power supply when it is shorted to ground through V202

during the pulse.

d. Driver. (1) The bias on the modulator tube is — 1,000 volts,

in order to keep this tube cut off between pulses. The 40-volt trigger

pulse supplied by the timer therefore must be amplified considerably
to operate the modulator tube. A pulse amplifier, called a driver, is

used to increase the amplitude of the trigger pulse (fig. 79).

(2) The driver tube V201 is a type 807, which is used to provide
the required amplification. The control grid is at zero bias, so that the

tube normally draws a plate current of about 150 milliamperes. Be
cause of the voltage drop produced across plate load resistor R203 by

the flow of this current, the voltage at the plate of V201 is 50 volts in
the absence of a signal on the grid. The resistor R202 is used to limit
the screen grid current to a safe value, and the bypass capacitor C202

is used to hold the screen grid voltage at a constant value.
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(3) Under the conditions at which V201 is operated, cut-off bias is

approximately —38 volts. The negative pulse from the timer is 40

volts or more in amplitude. The driver tube is cut off by the applica
tion of the negative trigger pulse. The voltage at the plate of V201

then rises to the 1.500-volt supply voltage. Thus, the output of the

driver is a positive-going, 2-microsecond pulse of 1,450 volts. This
large pulse is capacitively coupled to the modulator grid. The pulse

is. in effect, the control which closes and opens the electronic switch.

e. Power supply. (1) The schematic circuit diagram of the

complete transmitter, including necessary power supplies, is shown

in figure 80. The primaries of all transformers in the power supplies
are energized from the 115-volt, 800-cycle-per-second line. This line

is fed by a motor-driven generator in the plane.

(2) The +12,000 high voltage for the plate of the modulator is

supplied by a voltage-doubler circuit which uses two type 705A rec

tifier tubes. Transformer T201 is used to step up the line voltage to

supply the necessary high voltage. The filaments on the two tubes

are heated by the two separate secondary windings on T203. Since

one filament is 6,000 volts more positive than the other, and since both

filaments are at a high potential with respect to ground, the trans
former must be well insulated. The resistors R209 and R210 are pro
tective resistors which limit the peak current that can flow in the tubes

to restore the charge on the capacitors C206 and C207. Since the aver

age current drawn from the power supply is relatively small, the out

put voltage remains very close to twice the peak voltage of the second

ary of T201. The bleeder resistors R207 and R208 afford protection
to maintenance personnel since the resistors provide a path to dis

charge the high-voltage capacitors when the power is turned off.

(3) The plate voltage for the driver, the screen voltages for the
driver and modulator, and the bias for the modulator are furnished by
a full-wave rectifier. Two type 866 mercury-vapor rectifier tubes are

used in this power supply because of the high current drain of the

connected load. The high Voltage is supplied to the rectifiers by the

secondary of T202. . The filament voltage for V206 and V207 is taken

from another secondary winding on the same transformer. The
rectifier output is filtered by L201, C208, and L202, which form a choke

input filter. Capacitors C209 and C210 are used principally to stabi

lize the output voltages which are tapped off the voltage divider. No
further filtering is necessary at the voltage divider because the screen

grids which are supplied with +1,000 volts and +400 volts are each

bypassed at the tube. Resistors R211, R212. R213, and R214 are so

proportioned that the desired voltages can be tapped off at their
junctions.

>.
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(4) The heater voltage for V201 is supplied from the 6.3- volt sec

ondary winding in the indicator power supply. The heater voltage
for V202 is supplied from the 27.6-volt secondary of transformer T204.

Since the magnetron cathode is at a highly negative potential during
the pulse, the heater transformer, T205, must be specially built to
withstand this high voltage.

24. ANTENNA SYSTEM.
a. General. The antenna system includes the stub-supported

coaxial transmission line, the transmit-receive (T-R) switch, the

radiating element with its paraboloidal reflector, and the rotating
and tilting mechanisms (fig. 81). A single antenna is used for both

transmitting and receiving, in order to conserve space, since this radar

3- e (dielectric)

TL-8720

K —
4

Figure 82. Detail of rotating joint.

set is to be installed in an airplane. A T-*R switch is necessary to
connect the antenna alternately to the transmitter and to the receiver,

thereby preventing the sensitive receiver circuits from blocking during
the transmitted pulse.

b. Feed lines. (1) The r-f transmission line is of the coaxial

typo, with a characteristic impedance of 50 ohms. The inner con

ductor is held in position by means of quarter-wave, short-circuited

line sections, called stubs, which act as insulators. These supporting
stubs are shown at points B.

(2) The method of matching the magnetron to the coaxial trans

mission line during oscillation is to use a quarter-wave transformer.

The transformer, point A, is built into the output connection of the

magnetron, and is adjusted in manufacture to give an output imped

ance of 50 ohms. Since there is no way to change the transformer,

the magnetron is said to be pretuned.
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(3) The rotating joints at points E and F permit the antenna to be

rotated and tilted freely. A detailed cross-section of a joint is shown
in figure 82. The collars that are connected to the outer conductor of
the line form an r-f choke, which in effect makes the outer conductor
appear to be continuous. The two coaxial collars may be considered
to be a section of transmission line. The distance from D to C is

electrically a quarter-wavelength, although it is physically shorter
than the free-space wavelength because of the increased capacitance
introduced by the dielectric E. The short circuit at D is reflected to C
as a high impedence. The distance from C to B is also a quarter-
wavelength, so that the high impedance at C appears as a short circuit
at B. Therefore a continuous conductor for the r-f energy appears to

exist at point B. and one section of the line can turn freely relative to

the other without appreciable loss of energy. The inner conductor

IMPEDANCE
TRANSFORMER

OIPOLE —x I I CYL

Btzo7H wT y
i
—

1 f iJ CYLINDRICAL
REFLECTOR

TL- 87«l

Figure S3. Detail of antenna.

appears continuous at point A because of the low capacitive reactance

between the mating ends.

(4) The termination of the feed line is shown in the detailed sketch

of the antenna in figure 83. The center conductor is short-circuited to
the outer conductor at the cylindrical reflector J to provide mechanical

support for the line. The dipole /-/' is mounted a quarter-wave
length away from this short circuit. A hole is cut in the outer con

ductor to permit connection of the element /' to the inner line.
Bazooka H is used to isolate the grounded outer surface of the coaxial
line from the element /. The feed-point impedance of the dipole is

approximately 60 ohms. This impedance is reflected to transformer G
by the half-wave section of line connected directly to the dipole. The
transformer is a quarter-wave section of line whose characteristic im

pedance is changed to enable it to match the 50-ohm coaxial line to the

60-ohm antenna load.

e. T-R switch. (1) The T-R switch connects the transmitter to

the antenna and disconnects the receiver during the transmitted pulse.
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It reverses these connection* during the resting time while echoes are

being received.

(2) Figure 84 shows the detail of the T-R switch used in this

system. A type 721 A switch tube is mounted in a cylindrical cavity to

form the T-R switch. The tube contains two conical-shaped metal

electrodes which act as a- spark gap. These are brought out through
the glass envelope and connect to the cylindrical mount to complete

the resonant cavity. The cavity, shown lightly cross-hatched, is at

atmospheric pressure outside the glass envelope, but is partially
evacuated inside the tube.
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(3) A simplified schematic sketch of the resonant cavity with an

approximate equivalent circuit is shown in figure 85. The coupling
loops which are used to couple r-f energy into and out of the cavity are

represented as transformer windings. The resonant cavity is repre
sented as two resonant circuits in parallel. If the gap at A does not

break down, the input voltage is transformed to a high level by one

tuned circuit and reduced to its original level in the secondary wind
ing at the output. Thus the cavity acts as a highly selective trans

former with a 1 : 1 turns ratio. If the input voltage is large enough,

it is transformed to a voltage sufficient to break down the spark gap at

A. When the gap conducts, the resonant tank is short-circuited, and

a short circuit is therefore reflected into the input transformer primary.

(4) Although this conduction does not constitute a perfect short

circuit, it causes a very low impedance to appear at the input coupling
loop. This very low impedance reflects to the T-junction a quarter-

INPUT

(J) SIMPLIFIED CAVITY © EQUIVALENT CIRCUIT OF CAVITY
TL-6723

Figure 85. Equivalent circuit diagram of resonant cavity.

wavelength away as a high impedance. The circuit to the receiver

therefore is disconnected by the conduction of the T-R switch tube.

(5) Since the impedance across the gap is not a perfect short cir
cuit during the pulse, some energy from the transmitter is coupled
into the receiver. The amplitude of the voltage so coupled is re

duced by the T-R switch to a value which is low enough to prevent
harm to the crystal mixer. An added safeguard is the keep-alive

voltage. A constant negative potential of 1,000 volts is maintained
on a third electrode near the break-down gap to facilitate ionization
when the transmitted pulse is applied. This voltage keeps the vapor

and gas within the tube very slightly ionized at all times.

(6) The receiver should be reconnected to the antenna as soon as

possible after the end of the transmitted pulse so that echoes from

nearby objects can be received. The speed with which this connec

tion can be made is largely a function of the de-ionization time of the

switch tube. The pressure of the water vapor or gas within the switch
tube is selected to provide a low breakdown voltage and a short de-

ionization time.
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(7) Echoes which return to. the system find two paths in parallel at

the T-junction. One path is a matched 50-ohm line through the T-R
cavity to the receiver. The other is the coaxial line to the transmitter.
Since the impedance looking into the magnetron when it is not oscil

lating is much less than when it is oscillating, standing waves exist

on the line to the magnetron. To prevent loss of received signal,
trombone C (fig. 81) is used to vary the length of the transmission line
between the magnetron and the T-junction. The length of this sec

tion of line is adjusted to an odd number of quarter-wavelengths, so

that the low output impedance of the magnetron reflects to the T-
junction as a high impedance. Almost all of the echo signal is there

fore directed into the 50-ohm path to the receiver.

d. Radiating system. (1) All of the output power from the

transmitter is fed to a single dipole antenna. This dipole is made of
two tapered elements which are each, electrically, a quarter-wave long

Figure 86. Detail of dipole mounting.

(fig. 83). This type of dipole has a broader frequency response than
the usual thin antenna element, in order that small frequency changes

may be tolerated.

(2) One-half of the dipole, /', is connected to the center conductor
of the coaxial line through a hole cut in the outer conductor (fig. 86).
The other dipole. /. is connected to the outer conductor at the same po

sition along the line. The energy on the coaxial line is conducted on

the outer skin of the inner conductor and the inner skin of the outer

conductor. In the absence of the holes indicated at ^V. the energy to

excite element / would have to travel from the inside of the outer con

ductor out through hole M and around the outside of the outer con

ductor to the element. This extra distance would cause element / to

be more than 180° out of phase with element /', and the radiating
system would be unbalanced. Although this unbalance may be used

very profitably in some applications to produce a type of lobe switch

ing, it is undesirable in this system. Therefore, holes /V are cut in the
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outer conductor so that / and /' may be excited 180° out of phase.
Element / may now be excited directly from the inside of the outer

conductor by the energy which flows through holes N.

(3) The dipole antenna is mounted a quarter-wavelength from
the cylindrical metal reflector. This combination is placed at the

focus of a paraboloidal reflector with a 29-inch diameter, and it is

used to direct the radiated energy into the paraboloid. The para
boloid concentrates the radiated energy into a beam which is approxi
mately 10° wide.

Figure 87. Spinner assembly.

(4) In the normal attitude of the aircraft in flight, the dipole is

mounted parallel to the surface of the earth. The radiated energy is

therefore horizontally polarized.

e. Rotating mechanism. (1) A sketch of the spinner as

sembly and the base on which it is mounted is shown in figure 87.

The view shows the rear of the paraboloid in order to make clear
the physical relationship of the tilting mechanism to the spinner.
The guard plates around the mounting base are removed to show

the position of the slip rings and the mechanism for driving the

antenna in azimuth.
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ANTENNA CONTROLS (LOCATED IN INDICATOR)

TL-8725-l
©

Fiyure SS. Schematic circuit
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(2) The spinner is rotated by the 24-volt, d-c azimuth drive motor.
The pinion on the shaft of this motor engages a ring gear on which
the spinner is mounted. A second pinion which engages the same

ring gear drives the rotor of a selsyn generator. The voltages which
are induced in the stator of the selsyn are fed to the stator of a similar
machine, a selsyn motor, which turns the deflecting coils in the indi
cator. The currents that are set up in the stator windings of this

selsyn motor produces a field which causes the rotor of the motor to

align itself with the field. The rotor of the motor is always in step
with the rotor of the generator, so that the sweep line on the indicator
is always in step with the antenna.

(3) The spinner may be tilted a maximum of 20° above or below

the horizontal by operation of the tilt motor. Since this motor with
its speed-reduction gears is mounted on the rotating structure, the

spinner may be tilted while it is rotating in azimuth. The tilting is

accomplished by a connecting rod which is fastened to the paraboloid
and driven by a crank keyed to the reduction gear shift. A poten
tiometer is geared to this same shaft to provide an indication of the

angle of tilt of the spinner.

(4) The antenna control circuits are shown in figure 88. Operation
of switch S503 in the indicator permits the spinner to be rotated at

either 10 or 20 revolutions per minute. The slow speed may be used

in conjunction with the direction-control switch, S504, to search over

a small sector when one target area is to be investigated more closely
than the normal PPI allows. Usually the switches are set so that
the antenna rotates at 20 revolutions per minute in the clockwise direc
tion to provide a normal PPI indication.

(5) The tilt motor, B602, may be turned in either direction by oper

ation of tilt switch Si)05. This switch normally is open, and it can

remain closed only as long as the operator holds it closed. The volt

age tapped off the tilt potentiometer, R601, is fed to tilt meter M501

in the indicator. The voltmeter scale is graduated in degrees of tilt,

so that the operator has a constant indication of antenna position
before him. The amperite ballast tube is used to stabilize the current

flowing through the tilt potentiometer. Resistor R531 is used to

calibrate the tilt indicator by adjusting the total voltage that appears

across R601 in the antenna assembly. Note that a common ground
bus is carried through from the indicator to the antenna, and that

both the rotating and the fixed parts of the antenna assembly have

a common ground through a slip ring.

25. RECEIVER.
a. General. (1) The ultra-high-frequency superheterodyne re

ceiver used here is of the conventional wide band design intended

for pulse reception. The receiver components consist of a klystron
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local oscillator, a crystal mixer mounted in a resonant cavity, six
stages of intermediate-frequency amplifiers, a diode detector, a video
amplifier, a cathode follower, and the necessary regulated and un

regulated power supplies. The relative distribution of these com

ponents is shown in figure 89. while the complete schematic circuit
diagram is shown in figure 94. The* main features of its operation
are high gain combined with high signal-to-noise ratio, short recovery

time, ease of adjustment, and use of a separate mixer-preamplifier
section ahead of the main unit. This latter feature allows the mixer
stage to be located close to the antenna and the receiver-output stage
to be located close to the indicator.

(2) At a frequency of 3.000 megacycles per second, tubes may not
be capable of amplification because of interelectrode capacitance.
Likewise the transit time for an electron from cathode to plate is an

appreciable part of an r-f cycle. At this frequency the period of one

oscillation is approximately one-fifth of the electron transit time for
elements 1 centimeter apart and with 100 volts across them, whereas

at a much lower frequency the period of one oscillation is very long
compared to the same transit time. In order to reduce transit time

to a negligible value compared to the period at high frequencies,
small tubes, such as acorn tubes, are used. These are practical as

amplifiers up to approximately 200 megacycles. Lighthouse tubes

function as amplifiers up to approximately 2.500 megacycles. At
frequencies beyond this range r-f amplifiers are impractical and a

greater number of intermediate-frequency amplifiers are used in the

receiver in order to obtain satisfactory performance.

(3) At 3,000 megacycles (10 centimeters) the echo pulse is fed

directly to the mixer, in the absence of r-f amplifier stages. The
mixer must be located as close to the antenna as possible in order to

keep transmission line losses to a minimum. The position of the
antenna is such, as a rule, that it is impractical to mount the entire
receiver near the antenna. The mixer and local oscillator are placed
in the immediate vicinity of the antenna in this system, in order to
convert the weak echo signals to the intermediate frequency of 30

megacycles before they are attenuated appreciably by the transmission
line. The first two stages of i-f amplification follow immediately
as a preamplifier to prevent the i-f signal from being lost because of
the attenuation of the coaxial feed line to the remotely located receiver

chassis.

( 4) In radar, the received signal is of very small amplitude, usually
in the neighborhood of a few microvolts. Therefore the receiver must
have a very high gain. Because of the low amplitude of the echo

pulse, a high signal-to-noise ratio must be maintained so that weak
echoes are not obscured by internally generated noise.
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(5) In selecting the band width of the receiver several factors must

be taken into consideration, chiefly the shape of the video pulse sent

to the indicator and the response to weak echoes which may be lost
in noise. The former factor calls for a wide band response, while the

latter favors a narrow band response. The problem of compromising
between these contradictory factors is best studied with a receiver

which has a fixed signal-to-noise ratio at the mixer and a variable
band width.

(6) Figure 900 shows the output of a receiver with wide band

response displayed on a type A scope. The pulse shape is faithfully
reproduced, but the noise is equal to the signal in amplitude. Such

a wide band response is applicable to a fire-control unit in which a

sharp leading edge is important for accurate range determination.

Figure 90. Effect of receiver band widths in pulse reception.

(7) Figure 90® shows the output obtained when the same signal
is fed through a receiver with narrow band response. The pulse is
considerably distorted and has smaller amplitude, but the noise is

reduced well below the signal level. Since a much weaker signal can

be recognized in the noise, the receiver with narrow band response
is effective for extremely long range warning systems.

(8) Figure 90© shows a compromise selection between preserva
tion of the echo pulse shape and reduction of the noise level, which
produces both reasonable pulse shape and signal-to-noise ratio on the

indicator screen. In order to receive and to reproduce satisfactorily
rectangular pulses equal in amplitude to the noise voltage, the re

ceiver band width in cycles per second should be approximately 2,

divided by the pulse width in seconds. For optimum conditions in
practice, 1 megacycle per second is added to the band width to ac

comodate frequency drifts in either magnetron or local oscillator.
In this system a pulse width of 2 microseconds is developed in the

transmitting unit, and the receiver band width is established at 2

megacycles. Thus :

2
Band width = — + 1 mc/s = 1 mc/s + 1 mc/s = 2 mc/s.

b. Klystron local oscillator. (1) The operating range of
the reflex klystron employed as a local oscillator in this equipment is

from 5.0 to 11.0 centimeters. In this application, however, only a small
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portion of the frequency range is utilized in adjusting the tuning of the

receiver.

(2) The klystron, V301 (fig. 94), supplies a signal voltage to the

crystal mixer 30 megacycles lower in frequency than the incoming
signal. The tube consists of an indirectly heated cathode, a control
grid, a resonant cavity with its grids, and a repeller electrode. The
operation of the klystron is based on velocity modulation, in which
the transit time between resonator and repeller is utilized. This
principle is discussed in section XII, TM 11^466 and Navships
900,016. Whether or not oscillations occur depends 'on the phrase
of the reflected electrons when they pass between the resonator grids.
This phase is determined by the resonant frequency of the cavity, the

accelerating voltage, and the reflector voltage. Because these vari
ables are interrelated, oscillations may be obtained by adjustment
of any one of them.

(3) Rough adjustment of the klystron frequency is obtained by
tuning the resonant cavity with the threaded plug. Fine tuning over

the desired portion of the frequency range is obtained by adjusting the

repeller voltage by means of receiver tuning potentiometer R304

located on the front panel of the receiver chassis.

(4) The accelerating voltage between the cathode and the grounded
cavity is fixed at —400 volts. The control grid potential is also fixed,

and is the difference between the cathode voltage and the voltage

drop across resistor R305. This potential is between 10 and 20 volts.

Oscillation of the klystron is indicated by the crystal current meter,

M301. When the klystron is operating the crystal current should
be about 0.3 milliampere.

c. Crystal mixer. (1) The mixer is the main source of noise,

unless preceded by r-f amplifiers, since it is the input stage. Types of
mixers available at 3,000 megacycles usually have a gain of one or less,

and therefore the selection is based primarily on the output noise level.

The silicon crystal is used since it has about the lowest noise output,
even though its gain is less than unity.

(2) The signals to be mixed are applied to the crystal mixer by a

resonant cavity, which is used in place of a conventional tuned circuit.
The cavity is practical in size at the frequency used in this radar sys

tem, and has the advantage of very low losses as compared to its equiv
alent tuned circuit. Figure 91 shows the equivalent circuit diagram
of the crystal mixer. The mixing cavity is represented as the inductor
Z, tuned to the signal frequency b ythe capacitor Cv. Physically Cp is
the screw plug in the side of the resonant cavity.

(3) The output of local oscillator V301 differs in frequency from
the received signal by 30 megacycles. This output and the received

signal are combined by the mixer to produce a current which contains
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several frequency components. These components include frequen

cies of the received and local oscillator signals, their higher harmonics,
and their sum and difference. The difference frequency is selected

as the intermediate frequency of 30 megacycles, and is fed to the first
i-f amplifier, V302.

(4) Probe C„ couples the local oscillator signal into the mixer cavity
and is adjusted so that the crystal current, as read on crystal current
meter M301, is approximately 0.3 milliamperes. Final matching is
accomplished by adjusting Cp and <7„ the probe which couples the sig-

CRYSTAL CURRENT MCTER

Figure 91. Equivalent circuit diagram of crystal mixer.

nal input from the antenna into the mixer cavity. C, is set so that
maximum echo signal is injected into the cavity.

(5) The i-f signal generated in the crystal is brought out by a lead

from the base of the cavity. The high-frequency components are

bypassed by means of filter capacitor Cf, which is built into the base

of the cavity. The circuit elements L301, C304, R301, C305, L302,
K302, and C306, which form a three-stage, L-type filter, serve to filter
the intermediate frequency out of the circuit of the crystal current
meter.

d. Intermediate-frequency stages. (1) The i-f section

of the receiver includes six amplifier stages (fig. 94). The first and

second stages are employed as preamplifiers and are located with the
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mixer and local oscillator in the immediate vicinity of the antenna.

The remaining stages are located in the receiver chassis along with the

detector, video amplifier, and cathode follower. All i-f stages are ad

justed for maximum response at a center frequency of 30 megacycles
and the tuning is broadened to give an over-all band pass of 2 mega

cycles. *

(2) A simplified diagram of the i-f input circuit is shown in figure
91. Inductor L304 is tuned to resonate at 30 megacycles with its dis
tributed capacitance, tube input capacitance, and capacitors C303 and

Cf in series. The crystal mixer acts as a resistor shunted across

capacitor Cf. Its reflected resistance loading the tuned circuit is

V302
6AC7

TO FILTER TL-8729
CIRCUITS

Figure 92. Schematic circuit diagram of intermediate-frequency input.

somewhat greater because of the step-up ratio of Of to C303. The volt
age applied to the grid of V302 is the crystal voltage stepped up several

times.

(3) The two preamplifier stages (fig. 94) are conventional in opera
tion. The interstage coupling network is a resonant circuit loaded by

resistor R307 to broaden the response. The output circuit matches the

low input impedance of the coaxial transmission line to the plate of
tube V303. The circuit consists of the output capacitance of the tube

in parallel with C313, inductor L306. and resistor R311, shunted by the

impedance of the coaxial line. These elements can be considered as

a resonant, step-down autotransformer. The transmission line trans
fers the i-f signals to the rest of the receiver, and is terminated in its

proper load by resistor R313 and the tapped inductor L307.

(4) The i-f stages, V304, V305, V306, and V307. constitute an i-f
strip which is inclosed in a metal box for shielding. The entire strip,
including the shield, may be replaced easily. Since the tuning of the
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i-f inductances is not extremely critical, the replacement of individual
tubes does not necessitate retuning of the i-f strip to secure proper
receiver performance.

(5) The gain of the receiver is controlled by means of potentiometer

R316 which regulates the plate and screen voltages of the third and

fourth i-f amplifiers. This potentiometer control is brought out to

the front of the receiver panel as the receiver gain control knob.

e. Detector. (1) The i-f signals of the i-f strip are converted

to video- frequency signals by the type 6H6 double diode, V308, in order
that they can be observed on the indicator screen. The two halves of
the type 6H6 are connected in parallel so that the tube functions as. a

conventional diode detector. •

(2) The intermediate frequency across the tuned circuit of L311 is

applied between cathode and ground of the diode. The video current,
which follows the amplitude fluctuations of the intermediate fre

quency, flows through diode rectifier V308, choke coil L312, and load

resistor R329. The i-f component of the diode current is bypassed to

ground by capacitor C329. The video signal, therefore, is a negative

pulse appearing mainly across load resistor R329 and is applied to the

grid of video amplifier V309 through capacitor C330.

f. Video amplifier. (1) L312 and C329 act as a filter to

eliminate the i-f component of the rectified current from the video

input circuit, and as a series compensation to improve the frequency

response of the video amplifier.

(2) The midfrequency gain of the stage is approximately 35 and

the band width between half-power points is 0.7 megacycle. The

positive amplified video signals are developed across R333 and are

applied to the cathode-follower input circuit through C334. Resistor

R334 tends to prevent strong signals on the grid of V310 from charging

C334.

g. Cathode follower. (1) The video pulses are delivered to

the indicator grid by way of a cathode-follower stage. A beam-power

tetrode V310, type 6V6, is used in this stage because it has a fairly
high transconductance and a high current-carrying capacity.

(2) The voltage relationships in the cathode follower are shown in

figure 93. The normal bias with no signal on the grid is approximately
— 20 volts. A maximum video signal of about +90 volts on the input
of the cathode follower causes the plate current through the tube to

increase from the no-signal level of 20 milliamperes to approximately
92 milliamperes, producing an output voltage of 72 volts and reducing
the bias to 2 volts.

(3) An output impedance of approximately 200 ohms is realized
which effectively minimizes pickup by the oscilloscope lead and re

duces interstage coupling between the oscilloscope input circuit and

580730° —44 8
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the receiver circuits. In addition, the leading effect on the video am

plifier is negligible, since the input impedance of the cathode follower
is high because no grid current flows. The effective input capacitance

between grid and ground is much smaller than that of the same tube

used as an ordinary amplifier.

h. Power supply. (1) The required power supplies for the

receiver circuits (fig. 94) are contained within the main receiver

chassis with the exception of the filament voltages for tubes V301,

+90 V-

eo OF V3I0 TO GND

0-
-2V-

ea OF V3I0 TO K

-20V-

+92V-

eK OF V3I0 TO GND

+20V"
TL-8730

Figure 93. Voltage relations in cathode follower.
•

V302, and V303, for which filament transformer T301 is located near
the preamplifier stages. All plate and screen voltages are regulated

except the 200-volt supply furnished to the plates of V307, V309,

and V310.

(2) A regulated source of negative potential is required for the

cathode and repeller voltages of the local oscillator V301. Trans
former T302 supplies plate and filament voltages for rectifer tubes

V311 and V312 connected in a voltage-doubling circuit. The output
of the rectifier is regulated by the two-stage inverse feedback circuit
composed of V313 and V314, which eliminates output voltage fluc
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tuations. The klystron is supplied with a regulated cathode potential

of —400 volts and a regulated repeller potential which may be varied

between —400 volts and —550 volts by controlling the resistance of

R304. Filament voltages for other tubes in the receiver chassis are

also furnished by this supply.

(3) Some tubes in the receiver unit are not critical with respect

to regulation of plate supply. To supply them a heavy-duty power
source is used, which also furnishes the regulated screen and plate

voltages for the remaining receiver tubes which require some regu

lation. Transformer T303 supplies plate and filament voltages to

the full-wave rectifier tubes V316 and V317, and the heater voltage

for V314. The elements of V316 and V317 are connected in parallel
to accommodate the high current requirement. The rectified output
of these tubes is filtered and divided into two major components:

+ 200 volts at about 300 milliamperes lead, and +105 volts regulated

and supplying a load of about 75 milliamperes lead. This voltage is

produced from the 200-volt source by the drop through R343, and

it is held constant by regulator tube V318.

The klystron voltages and the screen and plate voltages for the two

pre-amplifier tubes are carried by two cables connected to jacks J301
and J 302.

26. INDICATOR.
a. General. (1) The indicator for this radar system is of the

PPI type, using an electromagnetic cathode-ray tube. The sweep

signal which must be produced in order to cause a linear deflection

of the electron beam is a saw-tooth current. The trace is swept radially
from the center of the tube toward the outer edge along a line which
shows the direction in which the antenna is pointing. In order to show

this direction at all times, the trace on the cathode-ray tube screen

and the antenna must rotate at exactly the same rate. One direct way
to produce a rotating sweep is to use deflection coils which may be

revolved around the cathode-ray tube.

(2) The antenna is driven by a motor at 20 revolutions per minute.

As the antenna rotates, a selsyn generator which is geared to the an

tenna causes the rotor of a selsyn motor to assume the same relative

angular position as the rotor of the generator. Then, as the antenna

is rotated, the selsyn motor rotates at the same speed and exactly in

step. The selsyn motor is used to drive the deflection coils around the

cathode-ray tube.

(3) Generally the stators of the two selsyns are aligned so that

the trace on the screen is vertical when the antenna is pointing dead

ahead. If a scale is placed around the edge of the screen, the relative

bearing of a target may be read directly.
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b. Sweep multivibrator. ( 1 ) This radar system is designed

for general searching of an area 100,000 yards in radius. When the
target comes close to the equipment, more accurate measurement of
the range of the target is desired. For this reason, an additional scale

to measure ranges from zero to 20,000 yards is included.

®

Figure 94- Schematic

(2) The time required for the radar pulse to travel out 100,000

yards, be reflected, and travel back the same distance to the receiver

is approximately 610 microseconds. The time required for the pulse
to travel out 20,000 yards and back is 122 microseconds. These times

may be calculated readily from the constants given in section I. Since
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the radar indicator must show the distance from the radar equipment

to the target, the current in the deflection coils must have a waveform
that deflects the beam from the center of the tube to the outer edge

in 610 microseconds for the long range, and in 122 microseconds for the "

short range.

©

circuit diagram of receiver.

(3) The pulse-repetition frequency is 800 pulses per second, which
means that there is an interval of 1,250 microseconds between pulses.
In order to permit a long time for the current through the sweep
coils to return to zero, it is desirable to limit the time of increase in
the current which produces the sweep to the 610 microseconds required
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for the longest range. The remainder of the 1,250-microsecond period
is used for the return trace.

(4) A multivibrator is used to control the duration of the sweep
because it,is capable of generating a pulse of exactly the proper dura
tion at a rate which can be synchronized by the pulse from the timer.
The type used in this indicator is a one-shot multivibrator, often called
a single kick or a start-stop circuit. The one-shot variety can never

"
get out of synchronism since it does not put out any signal until it is

triggered. The circuit selected is one which is triggered by a negative

pulse and from which a positive square pulse may be taken as output.

(5) The circuit of the sweep multivibrator is shown in figure 95

and the voltage waveforms are shown in figure 96. Tube V501 is

normally conducting, since it is operated without bias. Under this
condition, the plate current is about 8 milliamperes and causes a drop

NCQATIVt
TRIGGtfl PULSC
nuu timer CATCVOLTAGETO

SWCCPGENERATOR

Figure 95. Schematic circuit diagram of sweep multivibrator.

across resistor R503 of 160 volts. The effective plate voltage of V501

thus is + 90 volts. The grid voltage for tube V502 also is + 90 volts,

because of the direct coupling between the tubes. Resistor R504 is in
series with the grid of the second tube to limit grid current to a safe

value in the event of a positive signal with respect to cathode. The
cathode of V502 is connected to a voltage divider, resistors R506 and

R507, which places the cathode at approximately 125 volts above

ground. The effective grid-to-cathode voltage when V501 is con

ducting is therefore —35 volts. This voltage is more than sufficient to
cut off tube V502, which is thus normally nonconducting. The circuit
remains inactive until an external signal is applied to it.

(6) The negative trigger pulse from the timer is coupled into the

grid of V501 through capacitor C501. As a result the plate current
of V501 is decreased, and the grid of V502 rises toward +250 volts.

The cathode of V502 is held at a relatively constant potential by ca

pacitor C504, so that the increased grid voltage causes the tube to
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conduct. The current flow through resistor R505 reduces the plate

voltage across the tube and also the charging potential for capacitor
C502 (or C;>03). C502 begins to discharge, setting up a negative
voltage across resistors R501 and R502 in the grid circuit of tube
V501. The effect is cumulative and practically instantaneous in cut

ting off tube V501 and in driving V502 to maximum plate current.

(7) Tube V501 remains cut off until Cf>02 has discharged suffi

ciently to let the grid voltage of V501 return to a less negative value
than cut-off. The voltage rises exponentially toward cut-off. as
shown in figure 96®. When V501 begins to conduct, its plate voltage
decreases. This decrease in turn lowers the plate current through

i i I
o<—•— 1- i : 0

Figure 9G. Waveforms in sweep multivibrator.

V502. The plate voltage of V502 rises and swings the grid of V501

positive, returning both tubes to their normal operating condition.
The time between the turning off and turning on of VoO1 is con

trolled directly by the time constant of the circuit which includes the

plate circuit of V502. capacitor C502 (or C503), and resistors R5<>1

and R502. Switch S501A selects C502, a 400-micromicrofarad capaci

tor, for the 20,000-yard range, and C503, a capacitor five times as

large, for the 1OO.OOO-yard range.

(8) The waveform of the signal at the plate of V501 is a good

square wave the start of which is controlled by the input trigger pulse.

The duration of the positive half of the square wave is accurately

set to either of two values by the selector switch S501A, and can be

corrected for minor changes by resistor R502. This square wave is
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applied to the sweep-generator tube V503 to control the time of rise
of the sweep current.

c. Sweep generator. (1) The circuit used to generate a

saw-tooth current in the deflection coil* is shown as part of the com

plete circuit diagram of the indicator in figure 97, and is similar to that
described in section IX, TM 11-166 and Navships 900,016. The cur

rent in a circuit consisting of inductance and resistance in series builds

-O+250V

0-7SV

oo

GENERAL HEATER
SUPPLT

-o
-o

HEATER OF
V504

6 4
II 5V

J--4NVJ07

|
' 1 C5I6 C5

S535
.AW

470M
-O+4500V

R536

'ion

6

nsv
TL-B734_|

© Power supplies for PPI indicator.

Figurv 9l—Continued,

up toward a maximum value along an exponential curve. The maxi

mum is determined by the applied voltage and the constants of the

circuit. The first part of the exponential curve, which is very nearly
linear, is to be used as the sweep. Since two sweep speeds are desired,

the inductor L502 is used to limit the rise of current to that which is

just sufficient to deflect the beam linearly from the center of the screen

to the outer edge in 610 microseconds. The current through the deflec

tion coil must build up to the same magnitude for the short range, in
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order that the beam will be deflected to the edge of the screen, but the

rate of rise of current must be five times greater since the current must

rise to this value in 122 microseconds instead of 610. The rate of rise is

made faster by switch S501B, which short-circuits L502. The effective

inductance and resistance in the circuit are reduced and the current can

build up more quickly.

(2) Tube V503 is normally cut off by the — 75-volt bias applied to

the grid. This tube acts as a switch. It is turned on by the leading
edge of the positive pulse from the multivibrator, and it is turned off

by the trailing edge. Tube V503 must offer about the same resistance

to the flow of electrons at all times during the conducting period if
the sweep is to be linear. The grid voltage therefore must not change

during this time. The time constant of the input circuit, C505 and

R509, is made long relative to the duration of the positive pulse by

adding resistor R508 to limit grid current, so that the charge on C505

does not change greatly during the conducting period.

© CURRENT IN DEFLECTION © PROPER INDICATION
COILS DOES NOT FALL TO
ZERO

Figure 98. Effect on FPJ indicator of failure of current in deflection coils to fall
to zero.

(3) A beam-power tube, V503, is used as the switch tube because

a large current is required for the sweep. The tube can be cut off

by cathode bias, but the resistance between cathode and ground should
be less than 1,000 ohms, so that the build-up of current in the deflection

coil may be just as linear as possible during the conducting period.
The cut-off bias is therefore supplied by applying a negative voltage

to the grid.

(4) The current in the deflecting coil must be reduced to zero at

the end of each sweep so that the spot may return to the center of the

screen. If the current does not fall to zero, the electron beam never

quite returns to the center of the screen, and a small circle appears

there (fig. 98).

(5) When V503 is cut off, the conduction in both the tube and in

the deflection coil must stop suddenly. The energy in the magnetic
field of the deflection coil is dissipated in the damping resistor R511.

Some oscillations in the deflection coil may be caused by the shock

of interrupting the current, but these do not affect the appearance of
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the screen because the intensity of the trace is reduced at the end

of the sweep.

d. Gate inverter. (1) The method of eliminating any trace

on the oscilloscope except that produced during the actual sweep time
is to bias the cathode-ray tube beyond cut-off. A gate is then applied
which permits the tube to trace the signals. In this indicator the

output of the receiver is used to turn on the electron beam, and there

fore the gate need only bring the bias tp the point where small signals
can control the intensity of the trace.

(2) The output of the multivibrator is attenuated and inverted to

produce the gate for intensifying the indicator tube. The circuit
which couples gate-inverter tube V505 to tube V501 acts as an isolation
network to prevent distortion of the waveform at the plate of V501.

The time constant of the network is made large to prevent distortion
of the square wave when it is applied to the grid of V505. In addi
tion to isolating the inverter tube from the multivibrator, resistors

R512 and R513 form a voltage divider to reduce the signal by a ratio
of 42 to 1.

(3) The gate inverter uses a type 6AC7 pentode as a degenerative

amplifier, with resistor R514 unbypassed, to preserve the waveform.
The plate load resistor R515 is purposely small to provide a relatively
low output. The gate is a square-wave voltage of about 20 volts, the

negative portion of which corresponds in time to the sweep.

e. Cathode-ray tube. (1) The indication of the range and

relative bearing of the target appears in this radar set on the screen

of an electromagnet ically focused and deflected cathode-ray tube.

The electron beam is focused to a small spot on the screen by means

of the magnetic field set up within the tube by the current in coil
L507. The strength of the field can be varied by potentiometer R524,

since this resistance controls the amount of current in the coils.

(2) The beam in most cathode-ray tubes strikes the center of the

screen when no deflecting field acts on it. However, slight inaccu

racies in manufacture can cause the beam to strike a small distance

away from the center. It is usual, therefore, to provide two pairs of

centering coils to correct the effect of improper alignment of the ele

ments within the tube. The arrangement shown in figure 97 enables

the current in the coil to be controlled in both magnitude and direction
so that the spot may be moved to any part of the screen.

(3) The bias on the grid of the cathode-ray tube is adjusted so

that electrons cannot flow in the beam. During the actual time of
the sweep the potential of the cathode is lowered by the gate pulse,
but the effective bias is still large enough to prevent the appearance of
a trace on the screen. The output from the video amplifier in the

receiver is a series of positive pulses which are applied to the grid.
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Each pulse causes a spot of light to appeal1 on the screen, so that
the range and relative bearing of the target is indicated by the posi

tion of the bright spot on the cathode-ray tube. Any signals which
come between the end of one sweep and the beginning of the following
sweep do not appear on the screen, since the tube is biased well beyond

cut-off in the absence of the gate pulse.
f. Power supply. (1) The power supply for the indicator is

conventional. Because an electromagnetic cathode-ray tube is used

in the indicator a relatively large current is required for the focusing
and positioning coils.

(2) A single type 5U4-G tube, V506, is used in a full-wave recti

fier circuit to supply +400 volts, +250 volts, and — 75 volts. The
800-cycle line voltage is stepped up by transformer T501 and is rec

tified by the full-wave rectifier tube, V506. The output is filtered

by L507, C513, and L508. Resistors R532, R533, and R534 serve as

bleeder resistors and as a voltage divider to provide +250 volts for
use in both the indicator and the timer. A negative voltage is pro
vided by grounding the voltage divider at the junction of R533 and

R534. Capacitors C514 and C515 are used to stabilize the output
voltages.

(3) The accelerating voltage for cathode-ray tube V504 is supplied
by the half-wave rectifier circuit composed of T503 and V507. Since

the current drain of the cathode-ray tube is very small, the simple R-C
filter is adequate and economical. Note that a positive accelerating

voltage is applied to the aquadag second anode in the electromagnetic

cathode-ray tube. In the electrostatic tube discussed in section III
the accelerating voltage was a negative voltage applied to the cathode
in order that the second anode and deflection plates might be grounded.

(4) Because the cathode of cathode-ray tube V504 is not grounded,
a separate heater transformer winding is provided on T502 for this
tube. The other secondary winding on T502 is used to supply 6.3

volts to all tubes in the system which require this heater voltage.
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Section V
Timers

27. GESTRAL.
a. Introduction. (1) Circuits- which control and synchronize

the operation of the various components of radar equipments are known
as timers. The timing circuits are either assembled into a unit which
constitutes a separate component of the equipment, or, as in the usual

case, they are contained within one or more additional components,
such as the indicator, the receiver, and control circuits.

(2) For the purposes of study, timers have been divided into two

general types. One is the self-synchronized type in which the tim
ing function is performed within the transmitter circuits. The other

is the externally synchronized type in which a master oscillator in the

timer establishes the repetition rate and supplies trigger voltages
for controlling the entire system.

b. Timing signals. (1) The signals required of the timing
circuit depend largely upon the purpose of the set, the type of trans
mitter, and the method of data presentation. Typical requirements
are illustrated in figure 99. This diagram does not necessarily apply
to any particular set, but shows the more common timing pulse chan

nels in general use in many systems. In figure 100 these timing pulses
are shown in their proper time relationship.

(2) Figure 100 represents the time-reference pulse originating in
the timer circuit, and shows wave forms typical of the externally syn
chronized systems. This figure is equally typical of self-synchro
nized systems in which the time-reference pulse is developed in the

transmitter circuit. The time-reference pulse is used to trigger the

various timing circuits into operation. Thus, in the former case, the

pulse shown in figure 100(7) becomes a transmitter trigger, and in
the latter case it becomes a timer trigger. In either case it serves

as the reference point from which the other operations are timed.

(3) The second timing pulse shown in figure 100® gates the receiver

to make it operative during only the proper portion of the pulse cycle.
It may be necessary to gate the receiver in this way in some sets in
which short minimum ranges are important. The T-R switch nor
mally limits the amount of transmitter signal entering the receiver
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to a value which does not damage the crystal mixer, but it may not

prevent blocking of the receiver circuits. When blocking occurs,

the receiver remains inoperative for an interval immediately following
the transmission of the pulse. This interval is required for recovery

of the receiver to a state of normal sensitivity. If the plate and screen

roltages of the first two or three i-f stages are removed during the

transmitting time, receiver blocking is prevented and the minimum

range at which targets can be detected becomes simply a function of
the pulse width. The timing circuits are made to apply these screen

and plate potentials in the form of a positive rectangular gate voltage

TRANSMITTER
R-F PULSE

|R-F ECHO

TRANSMITTER
TRIGGER * T-R

1
I

TIMER

RECEIVER GATE RECEIVER

ANTENNA

ANTENNA
POSITION

.

SWEEP TRIGGER

INDICATOR GATE

MARKER GATE

iVIDEO PULSE
Jf

INDICATOR
E I

TL 87OT

* ESTABLISHES THE TIME REFERENCE FOR THE SYSTEM

Figure 99. Typical timing pulses of a radar timer.

during the time interval beginning just after the end of the trans
mitted pulse and ending after echoes are received from the most dis

tant targets in the operating range. Improvements in radar-receiver
and T-R switch design have shortened recovery time to such an extent

that, in many recent sets, it is unnecessary to gate the receiver.

(4) The timer starts the range sweep in the indicator circuits.
The timing pulse may be in the form of a trigger, as shown in

figure 1000, where it occurs simultaneously with the transmitter
trigger, so that the beginning of the sweep and the beginning of
the transmitter pulse coincide. If any appreciable delay occurs in

starting the sweep in a cathode-ray tube which uses magnetic de

flection, the sweep trigger may be made to precede the transmitter

120

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

9
:0

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



trigger to compensate for this inherent delny. The more commonly
encountered alternative, however, is to trigger the sweep coincidently
with the transmitter and develop a trapezoidal sweep voltage to over

come the delay.

(5) If the tube remains in an operating condition during the entire
pulse period, both the forward sweep and the return trace will be

TRANSMITTER
TRIGGER

TRANSMITTER
PULSE 0

RECEIVER
GATE

SWEEP
TRIGGER

INDICATOR

GATE

CO.

MARKER
GATE

CO:

TL-8785

Figure 100. Time relationship of pulses furnished by timer shown in figure 99.

visible, so that signals appearing on the screen from targets outside
the desired range will cause confusion in interpretation of echoes.

To avoid this, the circuits of the cathode-ray tube permit its opera
tion to be controlled by a rectangular voltage, or gate. In figure

100® this gate pulse is shown to be positive during the sweep time
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and is applied to the grid of the cathode-ray tube to reduce the bias

sufficiently tp make it operative. At the end of the sweep time the

grid is returned to a high bias condition and signals returning dur
ing the remaining portion of the pulse period cannot appear on the

oscilloscope. The same results are obtained by applying a negative

gate to the cathode of the indicator tube during the sweep time.

(6) The most commonly used method of estimating range directly
on the indicator screen involves the production of range-marker pips
in the indicator circuits and superimposing them on the video out

put of •the receiver. The oscillatory circuit which generates the

marker signals is gated by a rectangular pulse furnished by the timer,

as shown in figure 100®. The marker gate enables the marker

circuits to operate during the sweep time only and may be either

positive or negative, depending on the input requirement of the

marker generator.

(7) to provide the required timing pulses the timer must include

the following:

(a) A circuit capable of establishing the pulse repetition fre

quency. This may be simply the grid circuit of an r-f blocking os

cillator (discussed in sec. Ill), a rotary spark-gap type of modulator,

a sine-wave oscillator, a multivibrator, or a single-swing blocking
oscillator.

(b) Means of forming the desired signals with the proper time
relations. These may include such circuits as limiters, clampers,

peakers, amplifiers, controlled multivibrators, and delay networks.

(c) Circuits designed to protect one component from the loading
effect of another and to deliver pulses to the loads without distortion.
Such circuits include the buffer amplifiers and cathode followers.

28. R-F BLOCKING OSCILLATOR.
a. Repetition frequency stability. (1) The self -synchro

nized radar systems are, as a rule, simpler than those which are

externally synchronized. They are suitable for search type radar
because their inherent weakness, instability of repetition frequency,
is not an important factor. Direct timing of the rest of the system
from the transmitter prevents errors in range measurements and

prevents the blurring of target signals on the screen.

(2) The blocking action in the grid circuit of the r-f oscillator, of
the type shown in figure 38, section III, controls its operation. This
blocking action is described in detail in section VII, TM 11-466 and

Navships 900,016. The pulse duration is determined by the size of

the grid capacitor which charges through the grid-cathode resistance
of the tube during the positive swings of the r-f oscillations. After
the capacitor has become charged to the voltage at which oscillations
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cease, grid current does not flow and the capacitor discharges through
the grid-leak resistor. The value of this resistor establishes the pulse-

repetition frequeny.
b. Synchronization for stability. (1) Any small changes

in circuit constants or operating conditions affect the stability of the

pulse rate. Where its becomes desirable to maintain a pulse-repetition
frequency at a value more nearly constant than that which is possible
by grid-blocking action alone, a synchronizing signal is applied to the

grid of the oscillator. The grid constants are adjusted to produce the

approximate repetition rate, and the exact operating frequency is

established by the synchronizing voltage.

R4 R 5

fAAA—VW-
II ♦ 6

TO
OSCILLATOR

£ FILAMENTS
TIMING PULSE

(J
) TO INDICATOR TL-8786

Figure 101. (Synchronising circuit for r-f blocking oscillator.

(2) A typical example of the synchronization of an r-f blocking
oscillator is shown in figure 101. The pulse-repetition frequency

desired is 60 cycles per second; therefore the grid constants R.. and 6'2

are adjusted to a slightly lower frequency. The 60-cycle synchro

nizing voltage is supplied by transformer T1. The voltage developed

across grid capacitor C2 is shown in figure 102®. The voltage de

veloped across capacitor C1 by the transformer T1 is shown in figure

102©. The minor variation in the synchronizing voltage is due to the

charging of capacitor C1 during the transmission time. The effective

voltage at the grid is the algebraic sum of these two voltages, as shown

in figure 102®.

(3) The capacitor Cl (fig. 101) is placed across the secondary of
the synchronizing transformer to provide a low-impedance charging
path for grid capacitor C2. R1 provides a means of adjusting the

amplitude *of the synchronizing voltage. If the voltage is too low,
the oscillator will not pulse on the steep slope of the sine wave, so

580730° —44 9
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that small changes in operating conditions may cause relatively large

changes in the repetition frequency. If the synchronizing voltage is

too high, the pulse width is reduced because of excessive grid-current
flow.

Figure 102. Control of grid of self-pulsed oscillator by synchronizing voltage.

29. ROTARY SPARK GAP.
a. Self-synchronized system. (1) Radar systems utilizing

a rotary spark gap modulator may be considered to be of the self-

synchronized type, in that the timing function originates within the

transmitter circuits. The block diagram of figure 103 illustrates this

fact. The analysis of the operation of spark gap modulators is de

veloped in paragraph 35 and only the manner of establishing the

timing of the system is to be considered at this point.

(2) In contrast to the systems which are rigidly controlled by a

timing oscillator, the rotating gap operates the r-f generator at a

comparatively random rate. The approximate timing of the system

is set by the rotation of the gap, but the exact timing, over a range
of several microseconds, is determined by the random conditions of
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the air path between the electrodes. This characteristic is typical of
the inherent instability of the self -synchronized systems in general,
but these systems have one advantage over rigidly controlled types
in that the self-synchronized systems are less susceptible to ''jamming"
or interference. The transmitted and reflected pulses of all other

radar sets move on the indicator screen even if they have the same

average repetition frequency.
b. Timing function. (1) The rotary spark gap acts as a

switching device in the modulator circuit of the transmitter. The
switch consists of a fixed cathode at a highly negative potential and

a motor-driven spark wheel with regularly spaced anodes arranged
around its periphery and held at ground potential. Assuming a con
stant speed of rotation, the pulse-repetition frequency of the system
is a function of the number of anodes on the spark wheel.

— — — TL8789

Figure 104- Typical rotary spark gap modulator which provides necessary liming

for the system.

(2) In the example illustrated in figure 104, the driving motor
has a speed of 3,450 revolutions per minute and the spark wheel has

14 electrodes. Thus a pulse-repetition frequency of approximately
800 cycles per second is produced. The pulse width is determined

by the pulse shaping line, Zx. During the resting time, this pulse

shaping line is charged through the resonant charging circuit com

posed of and Zx to approximately 8,000 volts. As the gap breaks

down, the line discharges through its characteristic impedance, pro
ducing a 4-4,000- volt pulse of 1iA-microsecond duration. This pulse

is applied to a pulse transformer and stepped up to a —18,000- volt
level to operate the magnetron. A -f-40-volt pulse is taken off across

R2 and is used as a timing pulse to synchronize the indicator sweep

and gate voltages. This pulse may also be used to trigger such com

ponents as range-marker circuits and receiver-gate circuits.

PULSE SHAPING

LINE-I* LISEC

PI +4000 V

-4600 V

FROM V-DOUBLER
POWER SUPPLY
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30. SINE-WAVE OSCILLATOR.
a. As master oscillator. (1) The timing circuits are de

signed to produce synchronizing signals which are specifically adapted
to a given system. Thus it is unlikely that any two radar equip
ments are able to utilize a common design in their timing circuits.
After the specific system requirements for timing functions are estab
lished, the proper circuits can be chosen to produce the desired re

sults. The master oscillator employed in the externally synchronized
type of radar equipment largely determines the variety of shaping
circuits used.

(2) A sine-wave oscillator in which good frequency stability can
be maintained is sometimes used as the master oscillator in externally
synchronized radar systems. This is especially true of early fire-
control equipments in which the range unit uses phase-shifting net
works for accurate range measurements. The primary disadvantage
of sine-wave timing systems lies in the large number of wave-shaping
circuits required, since these contribute prohibitive weight and bulk
in some applications.

(3) The sine- wave timer represented here is designed around a

2,000-cycle per second Wien-bridge oscillator and employs circuits
which supply timing signals for A-,

B-^md
C-scan indicators in ad

dition to the transmitter-trigger and receiver-gate voltages. It is

designed for use in aircraft with short range AI equipment. The
block diagram of the complete timer is shown in figure 105.

b. Circuit analysis. (1) The Wien-bridge oscillator supplies
a 2,000-cycle-per-second sine wave through the buffer amplifier to the
diode rectifier and to a test jack. The output of the diode is a half
sine wave which is applied to the overdriven amplifier. A good

square wave of 250- volt amplitude and 250-microsecond duration ap
pears in the plate circuit. This square wave is used to produce the

A-scan sweep. It is also applied to a differentiator-amplifier circuit
to produce the A- and B-scan indicator gates. The output of the dif
ferentiator-amplifier is again differentiated to obtain a short' trigger
pulse for the B-scan sweep circuits, and for the remainder of the tim
ing circuits. The first of these circuits is that which generates the
receiver gate. The trigger pulse is delayed by an artificial line and

applied to a multi-vibrator, the output of which is fixed length gate.
The time of occurrence of the gate is varied by changing the delay in
troduced by the artificial line. The second group of circuits which
use the output of the differentiator-amplifier, V6, is that which gen
erates the C-scan gate and the B-scan marker pip. The gate is pro
duced directly by the variable multivibrator, and has a trailing edge

which can be varied in time. This gate eliminates targets on the
pilot's indicator which lie beyond the target in which he is interested.
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So that the operator will know what targets appear on the C-scope,

the trailing edge of the C-scan gate is differentiated to obtain a B-
scan marker pip. The transmitter trigger is produced by differenti
ating the trigger pulse from V6.

(2) In figure 106 the usual Wien-bridge circuit employing a 7N7

double triode is shown. C3 is sufficiently large not to affect the phase

f
1

t 9 8

5< >

a.

r:crI fciuJ lo« go

.2
•a

*

s;

of the regenerative voltage passing from the plate of V1.2 to the grid
of V1.1. The lamp filament, R4, acting as a variable resistance, con

trols the degenerative voltage so that the oscillating frequency remains

stable at 2,000 cycles per second. The buffer amplifier V2 provides a

constant load for the Wien-bridge oscillator.
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(3) In figure 107 diode rectifier V3 is connected to pass the negative

half of the buffer-amplifier output. The negative half-sine wave is
applied directly to the grid of V4.1, driving it beyond cut-off. Plate
current limiting results are shown in figure 108. The leading edge of
the negative-going square wave which appears across the load of V4.2

500 [I SEC-

0

+ 350V
|

. .

eP V4.2

+ iooV ' ' V i

o

TL-8793

Figure 108. Voltage waveforms in overdriven amplifier.

is used as the zero-time reference for the operation of the various

circuits of the timer.

(4) The output of the overdriven amplifier is applied simulta

neously to the sweep generator in the A-scan indicator which produces

either a 2.000-yard or a 10,000-yard sweep, and to the differentiator

input to V5. One section of the range-selector switch places the proper

resistor, Rl7 or R1M. in the circuit. The R-C time constant for the

short-range position of the switch is 5 microseconds, and for the long-

range position is 25 microseconds. The grid of V5 is driven beyond
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cutoff by the negative pulse produced by the differentiator, and is held

in this condition for approximately 2.5 R-C seconds. A positive gate

pulse appears in the plate circuit which is used to intensify the A- and

B-scan indicators (fig. 109).

(5) The gate output of V5 is applied also through the differentiator
circuit, C11 and R21, to V6 of figure 110, which is biased close to cut-off

by the voltage drop across R22. The output of this amplifier stage, at

point C, is a very sharp negative-going trigger pulse of approximately

O

TL-8794

Figure 109. Grid and plate voltage waveforms of V5.

160- volt amplitude. This trigger is used to start the sweep generator
in the B-scan indicator. It is applied simultaneously to the delay line
in the plate circuit of V6 and to the input circuits of the variable
multivibrator V7 and the differentiator amplifier V12.

(6) The C-scan indicator gate voltage is produced by the multi
vibrator V7 (fig. 111). The operation of the multivibrator is syn
chronized by the application of the negative pulse, introduced from
point C in figure 110 to the grid of V7.2, by way of the voltage-divider
network consisting of R24, R28, and R29. V7.2 is cut off by this pulse
and remains in a nonconducting state during the time required for

132

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

9
:0

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

9
:1

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



134

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

9
:1

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



C14 to discharge sufficiently to return its grid above cut-off. The
plate waveform of V7.2 during its cut-off time is used as the gate.
The discharge rate of C14 is adjusted by the setting of R29, thus
determining the width of the gate at point E. This variable-width
intensifier gate is applied to the C-scope by way of the cathode fol
lower V8. R31 is adjusted to produce a cathode-follower output of
approximately 40-volt amplitude.

(7) The gate pulse with a variable trailing edge at point E (fig.

111) is applied also to the differentiator input to V9 (fig. 112), which
produces a sharp positive peak from the leading edge and a sharp
negative peak from the trailing edge. These signals are passed on to
the grid of the amplifier V9, which is operating at zero bias. The

Figure 112. Circuit diagram of marker pip section of sine-icave timer.

trailing peak drives the grid of V9 below cut-off, slightly flattening
the positive peak on the plate. The R-C time constant of the grid
input circuit of the cathode follower V11 is approximately 100 micro
seconds, which is long compared to the duration of the pulses applied
by the preceding stage, but is short compared to the pulse repetition
time as established by the Wien-bridge oscillator. The diode V10 acts

as a positive limiter at a potential determined by the setting of the

potentiometer R35. The cathode follower passes the positive pulse

(fig. 113©). This pulse is applied to the grid of the electromagnetic

B-scope, producing horizontally across the face of the oscilloscope a

bnght line, the position of which the operator may control by adjust

ing R29. As this range pip is produced by the trailing edge of the

C-scan indicator gate pulse, it allows the operator to control the range

coverage of the pilot's oscilloscope.
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(8) The negative trigger pulse at point G of figure 110 is applied
to the differentiator-amplifier V12 of figure 114. The input circuit
has a time constant of five microseconds which further sharpens the

applied pulse. The amplifier is driven to cut-off during the pulse

time, producing in the plate circuit a positive pulse with a very steep

leading edge. This pulse is coupled to a coaxial cable by cathode fol-

© epV6 T T

© epV72

. 500 SEC —

ecV9 o
ea-

1 , r
® e.V9 X 7^

eKVio

© eyfll +3SV-

T

» eKvti

MARKER PIP
TO B SCOPE TL-8798

Figure 113. Voltage waveforms of marker pip circuit.

lower V13, and is fed to the transmitter whore the steep lending edge

serves to trigger the driver circuits into operation.

(9) The negative trigger produced by the differentiator-amplifier
V6 (fig. 110) is fed directly to the delay network in the plate circuit,
where it is delayed sufficiently to insure its appearance at point D

immediately following the end of the transmitter pulse. From point
1) the delayed negative trigger pulse is fed to the grid of V15 (fig. 115)

where it serves to synchronize the operation of the asymmetrical

multivibrator composed of V14 and V15. The circuit constants of
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this electron-coupled multivibrator are such that the output taken

from the plate of V15 is a positive rectangular pulse with a leading
edge determined by the position of the tap D on the delay line and a

I I TLS79*
,

— 4+350V

Figure 114- Circuit diagram of transmitter-trigger section of sine-wave timer.

Figure 115. Circuit diagram of reeeicer-gate section of sine-nave timer.

trailing edge occurring at a fixed later time. This positive gate is

coupled by the cathode follower Vl(i to the early i-f amplifier stages

in the receiver to provide screen and plate voltages during the time

that it is desired to receive returning echoes.

1.17
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31. SINGLE-SWING BLOCKING OSCILLATOR.
a. As master oscillator. (1) The complexity of a timer is

dependent on the complexity of the radar system. However, less

weight and space are required if the master oscillator is a single-swing

blocking oscillator instead of a sine-wave oscillator. The saving re-
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suits from the elimination of the wave-shaping circuits that are

required to produce a square wave from a sine wave.

(2) The block diagram (fig. 116) represents the use of a blocking
oscillator in the timer previously discussed. The similarity is ap

parent between the timing signals produced here and those produced

in figure 105. The waveforms produced in the blocking oscillator
timer are shown in figure 117.
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b. Indirect timing. (1) The blocking oscillator is employed
as the master oscillator in some recent designs in which critical timing
and simplic
possible pr
that the var:

ty are important factors. Simplification of the timer is

ncipally because only one type of indicator is used, so

ety of timing signals is reduced. The block diagram (fig.
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RECEIVER GATE PULSE
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Figure 117. Timing pulses produced by circuits represented in figure 116.

118) illustrates such a timer in which the blocking oscillator estab

lishes the frequency and indirectly controls the required timing signals
which synchronize the various components of the equipment. The
transmitter is triggered into operation by the master oscillator and a

portion of the modulation pulse is coupled to the timing circuits to

control their operation.
580730°— 44 10
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(2) The advantages of the repetition frequency stability of the

externally synchronized system are realized in this timer. At the

same time simplicity is gained by utilizing the modulation pulse as

a triggering voltage to operate a multivibrator capable of producing
the required timing pulses. The voltage pulses produced within the

timer are shown in figure 119 in the proper time relation to the
master-oscillator pulse.

TRANSMITTER

■PULSE
| SHAPING

ORIVCB
Ml

■— j

DELAY
UPC
» lista

rOLLCWCR

VI i 6SN7GT

BLOCKING

OSCILLATOR

ntnifi

UNC
TSLLBEC

■MUIU

AMPLIFIER

V< 6A07

CATHOOC

FOLLOWER

V7 6AC7

t

I =. _J

MULIiRATOK

V3 6A67 !V46A67

CATMOOC -

FOLLOWCft

VS ?6SN7

T

OATETO OHIOOF

INDICATOR
OATETO
CATHOOCOF I

GATETO SCREENS

AM) PLATES OF

hF AMPLIFIERS

Figure 118. Block diagram of blocking-oscillator timer employing indirect
synchronization.

Cm Circuit analysis. (1) The output of the blocking oscillator

(V1 of fig. 120), developed across secondary S2 of transformer Tl
is applied directly to the grid of the biased cathode follower. The

operation of the single-swing blocking oscillator is discussed in section

VII, TM 11-466, and Navships 900,016. The sharp positive pulse

output of the cathode follower is applied directly to the IFF inter
rogator equipment, but is delayed nine microseconds before triggering
the transmitter to compensate for the inherent delays in the IFF
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system and to insure that any returning IFF signal appears on the

indicator at the proper range.

(2) The modulation pulse is formed in the driver and amplified
in the modulator, after which it is applied to the magnetron. A
pick-up plate in the modulator which is capacitively coupled to the

®

©

©

©

K- 9LISEC

|»- 7SU.SEC

K

250
|JS

I

i

u

K

TIMINGPULSEFROM
BLOCKINGOSCILLATOR

DRIVERTRIGGER
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• RECEIVERGATEPULSE
TO SCREENSANO
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AMPLIFIER
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Figure 119. Timing pulses produced by circuits represented in figure 118.

high-voltage capacitor delivers a negative pulse to the grid of V3

(fig. 121) of sufficient amplitude to trigger the electron-coupled

multivibrator V3 and V4. The grid of V4 is normally biased beyond

cut-off so that V3 is the conducting tube of the one-shot multivibrator.

The grid of V3 is returned to +300 volts and the circuit constants

are such that the trigger pulse causes V4 to conduct and V3 to re-
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main cut-off for the proper time duration as determined by the setting

of the range-selector switch. Thus, coincident with the transmitter

pulse, the plate of V3 delivers a positive pulse to the sweep-generat

ing network, and the plate of V4 delivers a negative gate of equal

width which establishes the operating time of the range-marker
generator, the indicator tube, and the receiver.

(3) The negative gate pulse, at point E (fig. 121), is applied di
rectly to the range-marker generator in the indicator unit, which is

of the shock-excited oscillator type described in section IX. It is

applied also through the cathode follower, V5, to the cathode of the

INVERTER AMPLIFIER-

CIO

CATHODE FOLLOWER —>.

>
—

11
—' 1

.0I ve
6AG7f

i h

RI5

5I0 K RECEIVER GATE
TO SCREENS AND
PLATES OF IST
AND 20 I F
AMPLIFIERS

-±r +300Vo +200V4 TL 8807

Figure Receiver-gate amplifier section of blocking-oscillator timer.

indicator tube, reducing the bias to a value which will permit the

video signals to modulate the intensity of the cathode-ray tube. The
cathode follower is cut off as the leading edge of the negative gate

pulse is applied to the grid. The voltage on the cathode of the

cathode-ray tube drops to approximately +87 volts because of the

voltage-divider action of R14 and R16. This reduces the bias on the

cathode-ray tube to a value just beyond cut-off and enables any posi

tive video signals to produce fluorescence. As the trailing edge of
the negative gate pulse is applied to the grid of V5 it is returned to its

normal potential of +105 volts and the cathode rises toward this

value, increasing the bias on the cathode-ray tube to a point well

beyond cut-off.
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(4) At point E (fig. 121) the negative-going gate pulse is fed

through another lead to an artificial transmission line which introduces

a delay of 0.75 microsecond. This delay enables the receiver to remain

inoperative during the transmission time and thus prevents blocking
of the video stages as a result of the strong transmittal signal. The

delayed gate pulse is then fed to the inverter-amplifier stage (V6 of

fig. 122). The screen grid of this tube is returned to a voltage higher
than the plate supply which produces a large plate current, holding
the grid of the directly coupled cathode follower V7 at a low positive
potential. The positive gate pulse developed across the plate load of
V6 is coupled to a coaxial cable through V7, and is fed to the receiver-

gain control circuits in the receiver chassis where it furnishes the

plate and screen voltages for the first and second i-f amplifier stages.

As the receiver is unable to amplify and detect any signals received

during the time the plate and screen voltages are removed from the

i-f amplifiers, its operation is effectively gated in this manner. Video
signals are produced and fed to the indicator only during the time

of the positive receiver-gate voltage.

32. MULTIVIBRATOR.
a. As master oscillator. (1) A multivibrator is sometimes

employed in radar equipment as the master oscillator in the timing

system. The major factor which favors the use of this type of timer
is the simplicity with which the required timing signals can be pro
duced for the various components. Both positive- and negative-going
rectangular pulses of equal but controllable width are produced simul

taneously at the two plates of the multivibrator. Thus it is possible

to perform the timing functions of the radar system with a minimum
of additional timing circuits.

(2) The block diagram of a multivibrator timer is shown in figure

123. The master oscillator consists of a free-running, asymmetrical

multivibrator which furnishes directly the following rectangular
pulses :

(a) Positive pulses (.4, fig. 123).
1. To the delay tube V2.
2. To the peaking circuit in the PPI sweep generator.

(b) Negative pulses (E, fig. 123).
1. To the PPI sweep generator.
2. To the A-scope sweep generator.
3. To the sweep clamping circuits for synchronization.

4. To the paraphase amplifier V6.

(3) The output of the delay tube, ®, is fed simultaneously to the

cathode of the PPI oscilloscope as a gating pulse, ® . and to a differen

tiator circuit to produce a trigger for the transmitter, ©. The nega

I4r,
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tive pulse output of the paraphase amplifier is placed on the cathode

of the A-scope as a gating pulse, ®, and the positive pulse output is

differentiated to produce a trigger for the IFF equipment, @.
b. Circuit analysis. (1) The master oscillator circuit is

shown in figure 124. The asymmetrical multivibrator employs a 6SN7

double triode and the necessary circuit constants to produce an oscil

lating frequency of approximately 650 cycles per second for radar
operation. Provision is made for switching to beacon operation by
reducing the oscillating frequency to approximately 325 cycles per
second. The multivibrator is free running and is unconventional only

14«
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in the mamrer of switching to different ranges. By means of bal

anced grouping of resistors in each grid circuit the range switch con

trols the time constants in the grid circuits without changing the

repetition frequency of the circuit.

z

3 < Q. 9) X

< XL .

>
o
♦O-

'5

o

S
v.
O

ts

"v

c

(2) Four ranges, 5, 20, 50. and 90 miles, are available. One section

of the range-selector switch establishes the proper ratio of grid resist

ances to produce pulses at the plates of V1. 1 and V1.2 which are slightly
wider than the operating range requires. The time during which V1. 1

is conducting and V1.2 is cut off is utilized in producing the timing
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signals for the system components. Tims the leading edges of the

pulses which occur simultaneously at points A and E establish the
zero-time reference of the system.

(3) The plate and grid waveforms of Vl.l and V1.2 for the four
settings of the range switch are shown in figure 125.

(4) The positive gate voltage produced at point A is fed to the peak

ing circuit in the PPI sweep network and to the input of the delay tube

I660 p. SEC.

I365
p.

SEC-

h— 635 U.SEC— I

330

(J
. SEC. •

80

(J
. SEC ►

0

-I8V

e6vi.i

-I35V

epvu

eGvi.2

+ 240

+ I56
+ I05

0 K
-

-I8V J-

-I35V

f-H-ca

+240V

epvi.2

+ I56V
+ I05V

TL 86I0

Figure 125. Grid and plate voltage waveforms of Vl.l and V1.2.

V2. The delay circuit is shown in figure 126. The cathode is tied to

a positive potential of 105 volts and the grid is directly connected to

the plate of V1.1. During the time V1.l is conducting, the voltage

at the grid is not sufficient to hold the grid above cut-off. A delay of

approximately 10 microseconds is produced by using an integrator

input circuit consisting of R1O and C3. As V1.l is cut off, the rise

in plate voltage is applied across R1O and C3. The capacitor charges
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at a rate determined by the R-C time constant of the charging path.

Thus the grid of V2 can reach cut-off only after a time delay determined

by the rate at which C3 charges. Figure 127 illustrates the delay

action occurring in the input circuit of V2.

(5) The delayed negative-going pulse output of V2 ((g), fig. 126)
is delivered to the range-marker generator for the purpose of starting
and controlling the duration of its operation. It is applied simul
taneously to amplifier V3 through the differentiator circuit consisting

+ 240 V

ep vi.i

+ 156 V .

+ I05V
CO.

eGv2(eC3)
+ 70V

+ 240V

eP V2

+ 120 V

Figure 127. Orid and plate voltage waveforms of delay tube VZ.

of R13 and C4. The differentiated leading edge drives the grid of
V3 beyond cut-off, stopping the flow of plate current. The differenti
ated trailing edge is limited to a low-amplitude value by the flow of
grid current. The output of the amplifier is essentially a positive
pulse with a steep leading edge and a flat top of four or five micro
seconds. This positive pulse is coupled to a coaxial cable by the cath
ode follower V4 and is delivered to the transmitter as a driver trigger.
The grid-input to V3 and cathode-follower output waveforms are
shown in figure 128.

(C) The negative pulse occurring at point B (fig. 126) is fed also to
the zero-biased cathode follower V5 (fig. 129), which couples it with
out inversion to the cathode of the PPI oscilloscope. There are ap
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proximately 20 volts across R18 with no signal on the grid of the
cathode follower. This places the cathode of the PPI tube at +20
volts. The grid potential may be adjusted to a potential sufficiently
negative to hold the tube well beyond cut-off. As the negative pulse
from the delay tube is applied to the grid of V5, the cathode of the
oscilloscope tube drops to zero voltage, thus reducing the negative
grid bias on the cathode-ray tube sufficiently to permit any positive
video signals on the grid to produce fluorescence. The ip vs. e9 char

acteristic of the cathode-ray tube is employed in figure 130 to illus
trate the grid- and cathode-voltage relationships.

(7) The plate of V1.2 produces a negative-going pulse (©, fig.

124), coincident with the positive pulse produced at point®. This
pulse times the operation of both A-scope and PPI sweep generators

and provides a synchronizing voltage for the PPI sweep-clamping
circuits. It also is fed to the paraphase amplifier shown in figure
131. The voltage across cathode resistor R20 is approximately 30

volts with no signal on the grid. The negative pulse on the grid
drives the tube to cut-off, causing a 30-volt pulse to be developed across

K20. This negative pulse is applied to the cathode of the A-scope to

TL 88I3

Figure I28. Transmitter trigger waveforms.
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TL.-88I4

Figure 189. Circuit diagram of PPI gate section of multivibrator timer.

-OPERATING BIAS

\(BRILLIANCE CONTROL ADJUSTMENT)

NEGATIVE GATE^I
ON CATHODE OF >».
CRT DURING
OPERATING TIMES

TL-8815

Figure 1SO. The ip vs. ee characteristics illustrating means of controlling bias

of indicator.

remove the bias voltage and to intensify the tube for the duration of

the sweep.

(8) A positive rectangular pulse is produced across the plate load

R21 of V6 simultaneously with the pulse across R20. This pulse is
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applied through the differentiator, consisting of R22 and C8, to the

grid of cathode follower V7. The differentiated leading edge of the
input pulse is used to trigger the interrogator equipment of the IFF
system. The amplitude of the positive trigger at point H with the
coaxial cable connected is approximately 15 volts.

TL »•!»

Figure 131. Circuit diagram of A-soope gate and IFF trigger section of multi
vibrator tinier.

(9) The multivibrator timer provides the means of starting the in
dicator-sweep voltages ahead of the transmitter pulse. This, how
ever, does not affect the over-all range accuracy, since the PPI indi
cator gate circuit and the range-marker generator are operated by the
same delayed pulse that produces the transmitter trigger.
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Section VI
Transmitters

33. GENERAL.
a. Selection of r-f generator. (1) The selection of the r-f

generator is governed chiefly by the carrier frequency at which the

system is to operate. The carrier frequency depends on several fac

tors, among which are the desired directivity of the antenna, the ef

fect of frequency on propagation, and the tactical application of the

system.

('2) After determining the carrier frequency, the next step is to
select the r-f generator. The triode oscillator is able to produce high
peak power in pulse operation up to 400 megacycles per second. Be

cause of interelectrode capacitances, electron transit time, lead in

ductances, and stray capacitances, the triode is incapable of producing
a pulse of large peak power at higher frequencies. However, triode
oscillators may be used to produce pulses of relatively low peak power
at frequencies up to 600 megacycles per second. Such an r-f generator

is useful in lightweight sets where high-power output is not essential.

Above 600 megacycles, the magnetron is by far the most efficient r-f
generator known at present, and is used almost exclusively in micro
wave radar. In a few cases a special form of triode, called the light
house triode, is used in low-power transportable microwave radar
sets.

b. Selection of method of pulsing. ( 1 ) Three important
pulsing methods are in use at present : self-pulsing in a triode blocking
oscillator; production of a low-power pulse which is shaped and am

plified to the proper magnitude to operate the r-f generator: and the

production of a high-power pulse which is applied directly to the r-f
generator. The method used depends on the type of r-f generator,

the accuracy of range measurement to be obtained, and the minimum
range desired.

(2) The triode oscillator is pulsed equally well by all three of the

above methods. The method which is used with a magnetron, how

ever, must produce a rectangular pulse with very steep sides in order

to apply a fairly constant voltage to the magnetron during the pulse

time. Otherwise power is wasted by the production of oscillations of
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several different frequencies. Early pulsing systems for magnetrons

were of the type that produced a low-power pulse and amplified it to

the proper magnitude.

(3) The limitation on the use of such pulse-amplifier systems is the

amount of pulse power which can be produced without the use of many
tubes in complicated circuits. This upper limit is about 300 kilowatts.
The high-power pulse-generating systems use spark gaps capable of

controlling enormous peak powers. Radar sets are now available
which by using rotary gaps to extend the life of the system, produce

r-f pulses of peak power exceeding a megawatt.

(4) If extreme precision of range measurement is necessary, the

leading edge of the transmitted pulse must be as steep as possible in
order that the zero time for each sweep may be accurately determined.

In applications where very short ranges must be measured —for exam

ple, in aircraft interception—the transmitted pulse must be short
and the trailing edge of the pulse must be very steep. This is neces

sary so that the change-over from the transmitting condition to the

receiving condition may be made as rapidly as possible to avoid mask

ing of nearby targets. The self-pulsing triode oscillator does not

meet either of these requirements well enough to permit its use in

precise range-measuring systems. However, because of its simplicity,
this type of pulsing is of considerable value in search systems where

a high degree of accuracy and measurement of very short ranges are

not required.

34. R-F GENERATORS.
a. Triode oscillators. (1) Although triode tubes may be

operated with their control grids positive to produce very high fre

quency oscillations, as in the Barkhausen-Kurz oscillator, such cir
cuits are not used in radar transmitters because they are too inefficient

to supply the high peak power necessary. The triode oscillators
which are used are of the negative-grid type, connected in a two-

tube, push-pull circuit.

(2) The tuned circuits used in triode radar transmitter circuits are

usually short-circuited quarter-wave sections of two-wire transmis
sion line. These tuned circuits may be connected in the oscillator cir

cuit in any of the ways shown in figure 132. Oscillations are pro
duced by feedback through interelectrode capacitances. Other con

nections may be used, particularly when the length of the filament

leads within the tube is such that special precautions must be taken

to eliminate degeneration in the cathode circuit and the feedback of

r-f energy into the power line.

(3) All the oscillators as being shown are self-pulsed. In 0 the

grid is connected to B+ through a high resistance in order to establish

580730°— 44 11
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a slightly more stable pulse-repetition frequency than is possible
with the connections shown in © or ®. In all cases the flow of grid
current charges capacitor C to produce a bias large enough to stop
oscillation. A reduction in the size of the grid-leak resistor or an
increase in the size of the capacitor will prevent self-blocking; all
types may then be pulsed by common forms of modulators.

RF
OUTPUT

OUTPUTCOUPLING

R IM

•VW-
-|l£

PLATE TANK

Bt

0TUNED-GRIO TUNED-PLATE OSCILLATOR, LOAD INDUCTIVELY COUPLED TO GRID

caTHoae TANK

© TUNED-PLATE TUNED-CATHODE OSCILLATOR; LOAO INDUCTIVELY COUPLED TO PLATE.

caTHOOc raNK
I 1

RF
OUTPUT

p II.003

I ^

TL-88I7

@ TUNEO-GRlO TUNED-CATHODE OSCILLATOR, LOAO COUPLED DIRECTLY TO CATHODE.

Figure 132. Representative circuits of push-pull oseillators.

(4) Energy may be coupled out of the oscillator inductively, capaci-

tively, or by direct connection. Capacitive coupling is seldom used

alone, but it may be used in conjunction with inductive coupling.
Inductive coupling to the grid circuit is used in some radar trans!
mitters, but usually this type of coupling reduces the Q of the grid
tank circuit so much that it cannot be used to control the frequency

156

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

9
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



of the oscillator effectively. One important difficulty that arises from
inductive coupling to the plate tank circuit (fig. 132©) is that the

voltage between the coupling line and the plate tank circuit is the sum

of the d-c voltage and the r-f voltage. Because of this large voltage,
the coupling line cannot be moved too close to the plate tank because
of the possibility of an arc-over. The degree of coupling is so limited
in some cases Chat optimum coupling cannot be obtained. This diffi

culty is overcome in the direct coupling arrangement shown in ®.
There is no d-c voltage on the cathode; therefore, the transmission
line may be coupled to the cathode tank to any desired degree by

adjusting the position of the output tap.

b. Ring oscillator. (1) The power output of a two-tube
push-pull oscillator is limited by the peak plate current that can flow

in the tubes and the power dissipation of the plate. To increase the

power output it is necessary to increase the current-carrying capacity
of the tubes, or to increase the number of tubes in the circuit. Be
cause of electron transit time, interelectrode capacitance, and lead

inductance, it is undesirable to increase the physical size of the tube

to provide greater current-carrying capacity. Although increasing
the temperature of the filament will permit greater emission, this
change greatly shortens the life of the tube. Increasing the number

of tubes by paralleling allows a higher peak power to be generated,
but it also increases the effect of the interelectrode capacitances.

When it is necessary to build an oscillator of high power, tubes are

added in pairs in series to form a ring circuit (fig. 133).

(2) The ring oscillator shown is an extension of the oscillator of
figure 132®. The effect of the interelectrode capacitances in this

type of circuit is half of that for the same tubes connected in a push-

pull parallel circuit. Addition of tubes in series to form a ring
therefore permits a given type of tube to be used at a higher frequency

or allows the use of tubes which are physically large.

(3) The ring oscillator functions because of the feedback of energy

from plate to grid through interelectrode capacitance and because

of the voltage distribution on the plate and grid lines. As discussed

in TM 11-466 and Navships 900.016, proper adjustment of the tank
circuits causes a regenerative voltage to be fed back through the

grid-plate capacitance. At the same time standing waves of voltage

are established on the sections of transmission lines which cause the

voltage at one end of the line to be out of phase with the voltage at

the other end. Assume that the grid signal of V1 (fig. 133) is posi

tive at a given instant. The plate signal of V1 will be at a minimum,

or negative maximum. The plate of V2, approximately a half-wave

length away, is positive because of the standing wave of voltage on

the tuned transmission line. The signal on the grid of V2 is pro
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duced by interelectrode capacitance as a negative maximum, in order
to reinforce the plate current. Continuing around the ring in this

manner, the grid of V4 is at a negative maximum to close properly
with the grid V1, a half-wavelength away. Plate relations are main
tained by always adding tubes in pairs, if a larger number is needed.

(4) The physical construction of the ring oscillator normally is

arranged to have the tubes placed in an approximate circle with the

tank circuits on the inside of the circle. This arrangement permits

WV
R3 I0

"±- TL-8SI8

Figure 1SS. Diagram of tuned-grid tuned-pl-ate ring oscillator.

symmetrical connections between circuit elements, and allows the out

put coupling to the transmission line to be of relatively simple con

struction. Figure 134 shows one method for obtaining energy from
the tank circuits. The plate lines are supported vertically between the

tubes, with the shorting bars at the lower ends. The polarity of voltage

at the plates is as indicated and this causes the currents in the shorting
bars to have the relative direction of flow shown by the arrows. A
transmission line with a loop in the end is lowered between the plate

lines so as to place the loop near the shorting bars, to provide inductive
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coupling. The magnetic fields produced by the currents in the short
ing bars reinforce each other in inducing the r-f voltage in the loop.
The line and loop can be made resonant by using a shorting bar a half-
wavelength from the loop to insure maximum transfer of energy. The
feed line is tapped across the the resonant section in this case.

(5) Any of the push-pull oscillators shown in figure 1 may be con

nected in a ring circuit to produce a high-peak power output. Since

the ring connection reduces the effect of the interelectrode capacitance,

tubes of fairly large physical size may be used to produce high-peak
output power at frequencies up to 400 megacycles. In order to produce

TRANSMISSION LINE
TO ANTENNA

PLATE LINES

COUPLING LOOP

TL-88I9

Figure 134. Coupling in a ring oscillator.

even greater peak output power than is possible with the four-tube
ring oscillator, additional tubes may be added in pairs to the circuit.

(6) The ring oscillator has the disadvantage of having many tuning
adjustments in its circuit. If the several adjustments are not made

properly, inefficiency will result. Because the ring circuit permits
mechanical symmetry in construction, the tuning adjustments may be

ganged to a few controls, and the oscillator is relatively simple to

operate.
e. Magnetron. (1) The magnetron is used as an r-f generator

at frequencies above 600 megacycles per second. Since statement of
the frequency in this range may involve rather large numbers, magne

trons are usually described in terms of the wavelength of the r-f energy

159

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

8
 1

9
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



they produce. The general range of wavelengths in which magnetrons

are practical is called the microwave region. For use in this region
magnetrons have been manufactured which are capable of producing
peak output power as high as a megawatt. The efficiency of the mag
netron as a device for converting d-c energy to radio frequency energy
is approximately 30 to 50 percent.

(2) Magnetrons for radar use require high plate voltages to cause

oscillation. During the oscillating period, the current drawn is 10

amperes or more. The effective impedance of the magnetron while
it is oscillating is approximately 1,000 ohms. Although it is desirable

to reduce the magnetron impedance to a low value to eliminate the

necessity for extremely high plat* voltage, it has been impossible to

reduce the effective plate impedance below approximately 500 ohms,

even by special design.

(3) It is charac teristic of the magnetron that, if the plate voltage
falls very greatly during the pulse, modes of oscillation other than

the one desired may result. Oscillation in this manner causes serious

loss of power, lowered magnetron efficiency, and difficulties in tuning
the system, since unwanted frequency components are produced in the

output. Therefore, the voltage applied to the magnetron must rise to

the full value as soon as possible and remain constant during the pulse,

and decrease to zero in a short time at the end of the pulse. Hence the

magnetron requires a fairly rectangular modulating pulse.

35. DRIVER MODULATOR SYSTEMS.
a. General. ( 1 ) The triode type of r-f generator may be either

self-pulsed or externally pulsed, while the magnetron is always ex

ternally pulsed. The general requirements of the modulating or

pulsing system are about the same for both types. When the pulse is

formed in low-power circuits and then amplified to produce the actual

transmitter pulse, a driver is commonly employed to shape the pulse
and a modulator is employed to produce the required amplification
and apply it to the r-f generator.

(2) If the shape of the modulating pulse need not be controlled
accurately, the trigger pulse from the timer may be amplified in a

power amplifier, as illustrated by the system of section IV. This is

the simplest form of driver modulator. When the pulse shape and

duration must be accurately controlled, as in radar sets of short

range, more elaborate circuits are used. Such applications generally
require a driver in which the pulse is formed by an artificial trans
mission line, and then applied to a modulator. The occurrence of
the pulse is controlled by the output of the timer.

b. Bootstrap drivers. (1) The bootstrap driver uses the

trigger pulse from the timer to start the discharge of an artificial line
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through a gas tube. The pulse formed is amplified by a bootstrap
amplifier from which the driver takes its name, and is applied to a

conventional modulator.

(2) A simplified circuit for producing a rectangular pulse by the
use of an artificial transmission line is shown in figure 135. The char
acteristic impedance of the transmission line is 2.500 ohms. The re

sistor. R2. across which the output pulse is to be developed is equal to
this characteristic impedance. Resistor Rl, through which the line is
charged, is made very much larger than the characteristic impedance
so that it is an apparent open circuit during the discharge of the line.
The capacitors are all charged to 600 volts if switch S is left open for
a sufficient time. If the switch is closed after the line has been

charged, a current immediately starts to flow through R2. The line
may be considered as a battery with an internal impedance of 2.500

ohms during the discharge time (fig. 136). The voltage across R2 is

k pA/W~r
500 K

50V ^ |

i I '

ARTIFICIAL TRANSMISSION LINE

L
TL 8820

Figure 135. Simple circuit for producing a pulse from an artificial transmission

line.

one-half the voltage to which the line was charged, or 300 volts, since

half the available voltage is lost across the 2,500-ohm internal im

pedance, Z0. If the network consisted only of capacitors, the dis
charge would follow an exponential curve, and the voltage across R2
would not be constant. However, the inductance and capacitance of
the line are so designated that the discharge rate is practically
constant.

(3) The discharge of the artificial line can be explained best as fol
lows: At the instant that the switch (fig. 135) is closed, the voltage at

point A falls to 300 volts. This can be looked upon as a traveling
wave of —300 volts applied at point A to reduce the voltage there im

mediately from 600 to 300 volts. As the wave moves from A to B the

voltage across the line is rtdueed from 600 to 300 volts. On reaching
point B, the wave sees an open circuit, since resistor Rl is very large.

The wave is reflected without change in sign, and immediately reduces

the voltage at point B from 300 volts to zero as the wave travels back
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to point A; and the remaining 300 volts across the line is canceled

out. On reaching point A, the wave has reduced the voltage across all

sections to zero, the wave itself disappearing because it is absorbed

by a load which matches the characteristic impedance of the line.

The pulse formed across R2 by the line discharged lasts for the time

required for the traveling wave to move from the switch end of the

line to the open end and back.

(4) The complete circuit diagram of the transmitter with a boot

strap driver is shown in figure 137. A thyratron, V2, is used instead

of the mechanical switch shown in figure 135, to discharge the arti
ficial transmission line. The line is connected between the —500- volt

and — 1,100-volt taps on the power supply, so that it is charged to a

voltage of 600 volts through resistor R5.

(5) A positive-going timing pulse with a steep leading edge is ap

plied to the driver through coupling capacitor Cl and isolating diode

TL 682I

Figure 1-36. Equivalent circuit of artificial transmission line during discharge.

V1. The positive trigger pulse causes the t hyratron V2 to ionize. The
current which flows through V2 must come from the discharge of the

artificial line because R5 is too large to allow the flow of current suf
ficient to maintain ionization. The discharge of the artificial line

through V2 and R6 produces a —300-volt pulse across R6 during the

discharge.

(6) Tube V3 is a double beam-power tube but for convenience it is

shown in figure 137 as a single tube. The tube normally is cut off,

since its cathode is connected to the —1,100-volt tap and its grid is

connected to the — 1,250- volt tap on the power supply. The net bias

on the tube is therefore —150 volts, which is ample to prevent conduc

tion. When the artificial line discharges, the —300-volt pulse de

veloped across R6 is coupled to the grid of V3 through C10, causing
the tube to conduct strongly. The cathode of V3 rises from 1,100 volts
below ground to a positive potential with respect to ground because

of the voltage drop across R9.
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(7) The life of thyratron V2 is shortened by positive ion bombard

ment of the cathode if the grid is driven sufficiently negative to cause

acceleration of the ions toward the cathode. This condition is avoided

by using diode V1 and capacitor C3. The trigger pulse is coupled to

the grid of V2 through capacitor Cl and diode V1. The positive swing
of the pulse causes diode V1 to conduct and produce a signal voltage
across R2 and R3. The drop across R2 is applied directly between

grid and cathode of V2 through C3. When the pulse is removed

capacitor Cl discharges, but, since the diode cannot conduct, the nega
tive voltage resulting does not appear at the grid of V2. The pulse
developed in the cathode of V2 is coupled back into the grid through
C3, causing the grid to rise with the cathode, and thus prevents a

negative voltage on the grid from this source. Resistor R4 is used

to limit grid current through V2. Since gain is essential in the opera

tion of this driver, a bootstrap amplifier is used. The bootstrap
circuit includes elements which cause the voltage on the grid of the

amplifier tube to rise with the cathode voltage, maintaining a constant

signal voltage from grid to cathode. These elements include a source

of plate voltage for the preceding tube which is not tied directly to

ground, and a means of coupling the rise in potential of the cathode
to this plate supply.

(8) The artificial line is the source of plate voltage for tube V2
during the pulse, and is isolated from ground by resistor R5. The
only other path to ground is through resistor R9 in the cathode of
tube V3. Therefore as the cathode of V3 rises during the pulse, the

entire circuit of V2 is raised the same amount above ground. The
drop across R6 is maintained by the discharge of the line, and is

applied directly between the grid and cathode of V3. This is the boot

strap action, so-called because the amplifier raises its grid-circuit
voltage in order to maintain a constant grid signal. When the arti
ficial line is completely discharged, the voltage difference across R6

disappears, and the potential of the grid of V3 at once becomes —150

volts with respect to the cathode, and the tube is made nonconducting.

The modulator tubes normally are cut off by the — 1,100 volts applied
to their grids through R9. The positive pulse produced across R9

drives V4 and V.~> into heavy conduction, so that C16 is permitted to

discharge through the magnetron to ground and through V4 and V5

in parallel. Since these tubes are in parallel, the resistors R1O, R11,

R12, and R13 are necessary to prevent parasitic oscillations. The

charge that is lost from C16 during the generation of the r-f pulse

is restored to the capacitor during the resting time by a charging
current which flows from ground through diode V6, capacitor C16, .

and resistor R14 to the —13,000- volt supply. The diode is used as a

one-way resistor which permits current to flow to charge C16, but
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which prevents loss of energy during the pulse, since none of the dis
charge current can flow in the diode. The use of the diode permits
more efficient use of the energy stored in the capacitor because a

resistor used as a charging element, as R207 in figure 80, may dissipate
as much as 20 percent of the available energy during the discharge.

c. Line-controlled blocking oscillator driver. (1) A
modification of the circuit of the single-swing blocking oscillator
may be used to produce a pulse of accurately controlled duration for
the operation of a modulator tube (tig. 138). An artificial transmis-

PULSE-FORMING LINE

C3 C2 C

ISO LIU. ISO M-M. ISO M-M-

L3 L2 LI

TL S62 3 — 0-I50V —
+ I,250 v6

Figure 1S8. Line-controlled blocking oscillator: Schematic circuit diagram.

sion line is used to control the duration of the pulse, since the blocking
oscillator itself is unable to produce a square output of controllable
duration. One advantage of this type of driver is that it requires

only one tube, which makes the driver circuit and the associated

power supply simple.

(2) The blocking oscillator tube V1 is normally cut off because its
grid is connected through R2 to the — 150-volt bins supply. A positive
timing pulse of approximately 110 volts is applied to the circuit
through a cathode follower to start the operation. This pulse is

coupled across the capacitance of the artificial transmission line and
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through winding S1 on the pulse transformer to the grid of V1.

Although the pulse suffers considerable attenuation in passing through
this network, it is of sufficient amplitude at the grid to start conduc

tion in the blocking-oscillator tube.

(3) The plate current of V1 flows through the transformer pri
mary, P, which produces a voltage across this winding. A voltage
in secondary S1 is also induced that reinforces the trigger pulse, so

that the grid is rapidly driven very positive as soon as conduction is

started. If 1,000 volts appears across P, a voltage of 500 volts is

induced in S1 because of the 2-to-l turns ratio of the transformer.

EQUIVALENT CIRCUIT
OF CHARGED |

—
TRANSMISSION LINE |

EQUIVALENT CIRCUIT
OF SI DURING PULSE

OF V,l

I50V
TL- 8824

Figure 139. Equivalent circuit of line-controlled blocking oscillator.

Since the voltage induced in S1 is relatively constant during the pulse,

it may be represented as a 500-volt battery with polarity as indicated

in figure 139.

(4) The artificial transmission line normally is charged to —150

volts through S1, and R2 from the bias supply for V1. In the

equivalent circuit, the line is shown as a resistor in series with a 150-

volt battery. Since the two batteries oppose, only 350 volts is avail
able to drive a current through the circuit. The sum of the grid-to-
cathode resistance of V1 and the output resistance of the cathode

follower is made equal to the characteristic impedance of the arti
ficial transmission line. Therefore, a current i flowing in the circuit
produces approximately 175 volts across the line and across the

combination or Rie+Rgk with polarity as indicated in figure 139. As
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long as the current i continues to flow, the voltage developed across

/?„* will keep V1 in full conduction.

(5) The additional voltage impressed on the line by the flow of
current i in the circuit is of the same polarity as the initial charge.
A traveling wave goes down the line, raising the voltage across it to

325 volts. When the wave strikes the open end of the line, it is re

flected without change of sign. The wave then comes back toward
the source, charging the line to 500 volts as it progresses. At the

instant that the reflected wave reaches the input terminals of the

line, the current i drops to zero, since the voltage across the trans
mission line equals the voltage induced in S1, at this instant making
the net voltage in the circuit zero. Although the timing-pulse volt
age may still exist across the potential of the grid of V1 drops
sharply because of the connection to the —150-volt bias supply, re

ducing the magnitude of the current flowing in the tube. The dura
tion of conduction in V1, which is equal to the output-pulse length,
is controlled by the artificial transmission line. Since the line is de

signed so that y2 microsecond is required for the wave to travel the

length of the line, the output pulse is of 1-microsecond duration.

(6) As the current in the tube starts to fall off, the voltage induced

in S1 drops to zero and the artificial line begins to discharge through
R2 and R*. Both of these effects combine to drive the grid very

sharply negative, which quickly cuts off the current in V1. The
field set up by the primary winding must therefore collapse. In
collapsing, a sharp negative surge of voltage is induced in S1 which
drives the grid even farther negative. Resistor Rl is used to damp

out the oscillations that are excited in the secondary by this negative

surge. If no damping were provided, the positive swing of the

oscillation might cause false triggering of the circuit.

(7) The waveform of the voltage at the grid of VI is shown in

figure 140©. The slight irregularities in the top of the pulse are

due to the fact that the artificial line is only an approximation to
a real line. The relatively slow recovery of the grid to its normal
bias is caused by the discharge of the capacitors in the artificial

line to their normal charge of —150 volts. The flow of current in
the primary of Tl also induces a positive pulse in secondary S2.

Since the turns ratio between windings P and S2 is 1 to 1, the output
developed across this secondary is a pulse of approximately 1,000-

volt amplitude (fig. 140©).

(8) The line-controlled blocking oscillator driver is shown in figure

141 as a component of a complete transmitter circuit. The input
to the modulator tube V2 is the 1,000-volt pulse developed across

winding S2 of the pulse transformer. V2 is normally nonconducting
because of the —850-volt bias supplied to its control grid. Capacitor
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C5 is charged from the 14,000-volt supply through V3, R7, and L4.

When the positive pulse is applied to the modulator tube, C5 dis

charges through the magnetron and V2, generating an r-f pulse.

(9) When the driver output pulse falls, V2 is sharply cut off.

Oscillations are set up in L5 and the distributed capacitance between

the magnetron filament and ground by this sudden change. The in

ductance is put in the circuit purposely to cause oscillations, so that

the pulse at the magnetron filament may have a steep trailing edge.

For example, figure 142® shows the effect of the distributed capaci

tance in prolonging the decay of voltage at the magnetron filament.

Oscillations set up in the filament circut by the addition of inductor
L5 produce a voltage of the type shown in ®. Since the negative

alternations of the oscillation, as at A and B, could cause the magnetron

to oscillate, the negative portions must be removed. Damping is

0

~t MICROSECOND

0

-I MICROSECOND

-O0V J TIME

V
O

LT
A

G
E

§ < J TIME

I c
TL-8829

© WAVEFORM AT GRID OF VI © WAVEFORM ACROSS SZ

Figure HO. Waveforms in line-controlled blocking oscillator.

usually provided by a diode, so that a waveform of the type shown at ©

is produced. The diode acts as a very low resistance across the reso

nant circuit during the positive alternation, and quickly damps out

the oscillations by absorbing the energy in the oscillatory circuit.
Therefore, no negative alternations occur to cause the magnetron to

operate.

(10) Because there is always a slight delay in starting the pulse in

a blocking-oscillator driver, it is not desirable to use the trigger pulse
for timing the rest of the radar system where short minimum ranges
are important. In order to avoid the complexity that would be

involved in attempting to match this delay by some form of delay
circuit, a timing pulse is coupled out of the transmitter from the case

of C5. Since the case of C5 is connected to one plate of the capacitor,

it changes potential abruptly when the modulator is driven into con

duction. Therefore, whenever the magnetron is pulsed, a negative
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timing pulse is coupled out to the rest of the circuit at exactly the same

instant.

d. Fixed spark-gap modulator. (1) Instead of ampli
fying a modulating pulse in a series of vacuum t ubes, a pulse may be

© TRAILING EDGE PROLONGED
BY DISCHARGE OF DISTRIBUTED
CAPACITANCE.

TRAILING EDGE STEEPENEO
BY OSCILLATIONS.

0 OSCILLATIONS DAMPED BY
CLIPPING ACTION OF DIODE.

TL 8827

Figure H2. Modulation pulses at magnetron filament.

generated at high-power level directly by discharging a pulse-forming
line through the r-f generator and a switching device. The switching
device in this type of system is usually a spark gap because of the limi
tations on the power-handling capacity or the break-down voltage of
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other devices. The obvious advantage of this system is that modu
lator tubes, with their heavy filament-power drain, are not required.
The spark itself dissipates very little energy and the power consumed

by the auxiliary controls is small, so that theoretical efficiencies of 80

or 90 percent are possible.

(2) One disadvantage of the high-level pulse-modulation system is
the fact that there is no chance to improve the shape of the pulse after
it is generated. In the vacuum-tube pulse modulator the pulse is gen
erated at low voltage and thereafter is amplified in nonlinear amplifiers
which saturate at the peak of the pulse. In this case, the artificial
transmission line used to form the pulse may be a poor approximation
of a real line because irregularities in the flat top of the pulse thus
introduced may be clipped in succeeding amplifiers. In the high-level
pulse modulator, on the other hand, no such opportunity for shape
correction exists. The line employed must be a close approximation
to a continuous transmission line.

4L2
L4 L6 L8 L I0 LIE

co p-annr^-] r-nppy^-, r-npps^-i r-nm^-, i-arcrcr^-i r-^OTT^-i Li4Jii i— ,, . i— i . >nnpr^-o

. I—n—I I—II—J I—II—I 1—II—I I—II— i 1—II— I
I ii n ii ii ii ii i

C2 04 0 6 C8 CIO CI2

TL-
Figure US. Quillemin line.

(3) If an artificial line is to meet this requirement, many sections

must be used. Since all of the capacitors must withstand the high
voltage, such a line would be very bulky. A means of reducing the
physical size of the line is found in the use of the Guillemin line,
shown in figure 143. The series capacitor is the only one that need
be insulated for high voltage since it is the only one charged. The
other capacitors are paralleled by inductances and have voltage across
them only during charge and discharge, where they divide the applied
voltage.

(4) When the Guillemin line is used in high-level pulse modulation,
a very nearly rectangular pulse may be generated with steep rise and
fall, and flat top constant within +5 percent. Modifications of the
Guillemin line which use only a few sections have been developed.
These networks are usually encased in a metal container filled with
insulating compound, and are called "potted lines."

(5) The basic circuit of the fixed spark-gap modulator is shown
in figure 144. The pulse-forming line, which may be either the
Guillemin line or the ordinary artificial transmission line, is charged
from the power supply through Ll and V1. The inductance of Ll
and the capacitance of the line form a resonant circuit so that the volt-

580730°— 44 12
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age across the line tends to oscillate. At the peak of the positive swing
the line is charged to a voltage considerably higher than the d-c sup

ply. At this instant the trigger pulse is applied to the auxiliary elec

trode, and the spark gap conducts. The characteristic impedance

of the pulse-forming line is made equal to the impedance of the mag

netron so that one-half of the voltage on the line is impressed across

the magnetron for the duration of the pulse.

(6) The spark gap (fig. 145) consists of two spherical electrodes,

one of which is hollow. Inserted in this hollow sphere, and insulated

MAGNETRON

TRIGGER PULSE TL-8829

Figure l4U- Basic circuit of fixed spurk-gap modulator.

TUNGSTEN
WIRE

TL- 8830
Figure 1$5. Fixed »purk gap.

from it
,

is a third electrode. The main gap AB is made large enough

so that the voltage between A and B will not break it down. If the

gap between trigger wire C and electrode A is broken down by a trig
ger pulse, the resulting positive ions will be attracted toward the elec

trode B and will therefore cause break-down in the space between A

and B. The instant of discharge can be controlled accurately in this
way. Experience shows that the control of the timing of the dis

charge is more accurate when the hollow electrode serves as the anode,

or plate, for the discharge. The spark stops when the network is
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almost completely discharged because the voltage across the gap is no

longer sufficient to maintain ionization.

(7) A thyratron tube may be used in place of the fixed spark gap
in the same circuit. The limitation of the thyratron is that this type
of tube cannot withstand a voltage in excess of 27,000 volts, while the
spark gap can be used for practically any voltage.

e. Rotary spark-gap modulator. (1) The spark gap is
well suited for use in a modulator circuit because it can handle peak
currents of 100 amperes or more at very high voltages. However, an
arc that takes place in air produces ozone and nitrous oxide which
corrode the metallic electrodes rapidly, especially in the presence of
water vapor. The life of a fixed spark gap is usually less than 200

hours because of the rapid corrosion of the trigger electrode.

CORONA ION
GENERATOR

FIXED
ELECTRODE

ROTATING
ELECTRODE

METAL WHEEL

TL-883I

Figure H6. Rotary spark-gap.

(2) Another way of breaking down a spark gap is to cause its
electrodes to approach each other at the time the gap is to fire. This
can be accomplished by rotating one side of the gap on a wheel in
such a way that it regularly passes a fixed electrede, as shown in

figure 146. On the same bracket with the fixed electrode which
serves as one terminal of the main discharge is mounted a small,

sharply pointed electrode called a corona ion generator. Near the

sharp point of the ion generator the voltage stress is much higher
than elsewhere, so that the air is more easily ionized at the point.
When the rotating electrode passes between the fixed electrode and

the ion generator, the gap between the two main electrodes breaks

down quickly bcause of the initial ionization provided by the ion

generator.

(3) Since the spacing of the electrodes which form the gap is not

critical, and since the corrosion of the electrodes that takes place is

1 7.1
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distributed among the several rotating electrodes, the life of the

rotary spark gap is much longer than that of the fixed spark gap.

If the corrosive gases produced by the spark are removed either by

a carbon absorber or blown away by a fan, the life of the rotary gap

should be in excess of 1,000 hours.

(4) Because radio-frequency energy is radiated from the spark,
it is necessary to inclose the mechanism within a metal container to

prevent interference with other parts of the radar circuit. In ad

dition, chokes and filters are inserted in all leads to and from the

rotary gap circuit to prevent transmission of r-f energy to other
parts of the equipment. The spark gap should be kept at constant

pressure in order to operate consistently. It is especially important
that the pressure be maintained in aircraft installations, because the

break-down voltage of air is considerably reduced at high altitudes

where the air pressure is low.

(5) The pulse-forming network used with a spark-gap modulator
may be charged from either an a-c or a d-c source. Since the charge
is stored on the capacitors in the network, a capacitive reactance is

offered by the network during the charging time. An inductor con

nected in series with this capacitance produces an oscillatory circuit
(fig. 147). If switch SW is closed sometime before t0 (fig. 148), the

pulse-forming network, which is represented by C, will discharge

i through R and SW and the potential at A will be zero. If the

switch is opened at t„
,

a potential of —4.600 volts is suddenly applied
to the RLC circuit. This sudden change of voltage sets up a train
of damped oscillations. The initial surge of energy oscillates between

the magnetic field around the inductor and the charge on the capacitor.
If there were no resistance in the ciravit, the current would be an

undamped sine wave (fig. 148©), and the voltage at point A would

L

4600V

(7) CHARGING CIRCUIT

Figure Equivalent circuit of spark-gap modulator.

LOAD RESISTANCE
OF MAGNETRON
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vary between O and twice the applied voltage, curve ©. However,
with resistance in the circuit, the voltage at point A is a damped
sine-wave curve ©, which will ultimately die out, leaving the capac
itor charged to the supply potential of —4,600 volts.

(6) The damping caused by the resistance in the circuit limits the
first swing of voltage at point A to about — 8,000 volts. The induc tance
is adjusted to make the frequency of the oscillation equal to one-half
the pulse-repetition frequency, so that the voltage at point A will be a

maximum at time t,. If the switch is closed at this instant, the voltage-
at point A falls to zero (curve ®), and the pulse-forming network dis
charges through R. Since R is equal to the characteristic impedance
of the network, a pulse of 4,000-volt amplitude is produced across it

by t he discharge.

TL-8833

Figure H8. Capacitor charge and discharge.

(7) The exact instant of striking the arc in a rotary spark gap is

not easily controllable and the arc may not strike at exactly tx for every

pulse. Although the voltage at point A does not change greatly within
several microseconds before or after tu is is sometimes desirable to

connect a diode in the circuit to prevent this voltage from decreasing

(fig. 149). The diode permits electrons to flow in the direction for
charging the network, but at tx when the current attempts to reverse

direction (fig. 148©), the diode becomes nonconducting and prevents

any further change of charge on the network. By this means, the net

work can be charged to nearly twice the applied voltage, and as it will
remain at this voltage there is no need of synchronizing the firing of
the spark gap with the period of the charging oscillation.

(8) The pulse-forming network may be charged directly from a

transformer when connected in a circuit similar to that shown in figure

150. In this case the circuit is not resonant, but the frequency of the

applied power corresponds to the d-c resonance charging of the type
previously discussed. The same variations in the basic circuit can be

made.
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(9) Improvement in the performance of spark-gap modulators can

be had by using transformers which are specially designed to pass a

pulse waveform without introducing substantial changes in its shape.

Such transformers serve several important purposes in modulator
equipment. In the first place they may be used to change the impedance

level in pulse circuits, changing from a high-voltage, low-current
source to a low-voltage, high-current output, or vice versa. In the

o PULSe o-
I FORMING

~*"

|
LINE C

|

oyj I I

•
R=EQUIVALENT

. LOAO RESISTANCE

OF MAGNETRON

TL- 8835

Figure 150. A-c charging through inductance.

° PULSE
5 TRANSFORMER
O

TL 6636

Figure 151. Pulse transformer in spark-gap modulator circuit.

second place, the transformer may be used as a polarity reversing

device, as in the blocking oscillator discussed in paragraph b above.

In the third place, the transformer may serve to isolate d-c sources.

( 10) The most common use of the pulse transformer is illustrated by

figure 151. The pulse is formed by a rotary gap discharging an arti

ficial line through the primary of the transformer. The turns ratio

is such as to step up the primary voltage to a much higher value to be

applied to the magnetron. Since the magnetron impedance as seen
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by the line is stepped down as well, the pulse-forming network need

not be built to withstand the high voltage of the pulse reaching the

magnetron, and can have a lower characteristic impedance. The volt
age of the power source for charging the pulse-forming line is corres
pondingly smaller.

(11) In many radar installations, particularly those in aircraft, it
is desirable to separate the antenna and the bulky power units of the
transmitter by a considerable distance. This can be accomplished by
running a long coaxial line or waveguide from the magnetron to the
antenna. However, long r-f lines tend to make the operation of the
magnetron unstable and such long lines should be avoided if possible.
An alternative to long r-f lines is to separate the magnetron from the
modulator and power supplies, and to connect them by a long cable

(fig. 152) . It is necessary to terminate the pulse cable in its character-

PULSE
FORMING

NETWORK

n HEATER
TRANS
FORMER

'

Figure 152. Separation of magnetron and modulator circuits, using 50-ohm

coaxial cable and pulse transformer.

istic impedance to prevent reflection of the pulse. Since it is im
practical to build a coaxial line of which the characteristic impedance

is equal to the static resistance of the magnetron (about 800 ohms),
the coaxial line must be terminated in a pulse transformer. The pulse
transformer and magnetron are not bulky, thus it is feasible to have

them near the antenna.

(12) Two secondary windings are wound on the pulse transformer.
When a pulse is applied to -the primary, the voltage induced in each

winding is negative at the cathode end of the coils. The two secondary

windings are effectively connected in parallel for the pulse voltage

by capacitors Cl and C2, so that both windings aid in driving current
through the magnetron. With two secondary windings connected in

this way, the lower ends are nearly at ground potential. Therefore
the heater transformer need not be insulated for high voltages. This
connection permits the use of conventional heater transformer in this
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circuit instead of the special transformer, insulated for the full pulse
voltage, that was required in the transmitter discussed in section IV.

(13) In figure 153 is shown the circuit diagram of a complete rotary
spark-gap modulator and transmitter. The pulse-forming network
is charged to 8,000 volts from a voltage doubler through a resonant-

charging circuit consisting of L1, V1, Zl, L2, R2, R3, and the primary
winding of T1. Although most of the discharge current flows through
the primary of the pulse transformer, some of the current flows

through R2 and R3 and through L2. The output of the modulator is
a positive-going 4,000-volt pulse. Therefore, a positive pulse of ap

proximately 125-volt amplitude is developed across R3 to be used as

the timing pulse for the rest of the system.

(14) The 4,000-volt positive pulse in the primary of the pulse trans
former induces a negative 18,000-volt pulse in the secondary windings.
Should the load be removed by disconnecting the magnetron, a voltage
much larger than 18,000 volts would be developed across the secondaries

because of the poor regulation of the transformer. To prevent damage
to the transformer from the possible high voltage, a protective spark
gap, adjusted to fire at 25,000 volts, is connected across one of the

secondaries. Should the gap fire, the transformer would be heavily
loaded, and the voltage could rise no higher.

(15) The pulse voltage induced in the two secondary windings of
the transformer is equalized by bypass capacitors Cl, C2, and C4.

Since it is desired to keep the lower ends of the two windings nearly
at ground potential, capacitors Cl and C2 are connected to ground.
The magnetron plate current passes through the magnetron to ground,
through R4 and C3 in parallel, and the pulse transformer secondaries.

The voltage developed across R4 is proportional to the average cur
rent flowing in the magnetron and the damping diode because C3

filters out the surges. If it is desired to have an approximate indica
tion of the magnetron-plate current, a meter may be connected across

R4. If no meter is desired, the circuit may be simplified by the elimi
nation of the bypass capacitors, and the center taps of the heater

transformers may be grounded to provide a closed circuit for the plate

current.

f. Saturable inductor modulator. (1) Instead of pro
ducing a low-power pulse and amplifying it, or generating a high-
power pulse from an artificial line, a saturable inductor can be used

as a switch to control the charge and discharge of a network to produce

an approximately square modulating pulse. The block diagram of

such a system is shown in figure 154.

(2) The timing input to the current control tube is a square wave.

During the positive portion of this square wave, VI is conducting, and

energy is stored in the field around inductor L1. When the tube is
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cut off, this field collapses, charging capacitor C4 through the charging
diode. At the instant that the voltage across the capacitor is a maxi
mum, the saturable inductor switch, L2, is closed and the capacitor
voltage is applied across the magnetron through C3.

(3) A saturable inductor can be used as a switch since it can be

either a very high impedance or a very low impedance, depending on

the conditions under which it operates. This wide change of im

pedance is possible because the core of the saturable inductor, or non
linear coil as it is sometimes called, is saturated by a relatively low
current in the coil. A graph, called a magnetization curve, in which
the flux density in the core is plotted against the current in the coil,
is shown in figure 155. The horizontal portions of the curve are called

the saturated region because a current more positive than A or more

negative than B cannot cause an increase in the flux density in the

core. In the region between A and B the flux density in the core is

Figure 155. Magnetisation curve of saturable inductor.

directly proportional to the current flowing in the coil. Since the

voltage across an inductor is proportional to the rate of change of the

magnetic flux that links the coil, no voltage appears across it when the

core is saturated, even though the current may be changing. With
zero voltage across the inductor, it acts as a short circuit; with a

voltage induced in the coil by a changing magnetic field, it acts as an

impedance which is made high by proper design of the coil. There
fore, when the current through a saturable inductor lies in the region
between A and B, it may be considered as an open switch; when the

current is beyond either A or B, the inductor is a closed switch.

(4) A schematic circuit diagram of a modulator which uses a

saturable inductor as a switching devise is shown in figure 156. Note

that the symbol for the saturable inductor, L2, is similar to the sym

bol for a conventional inductor with a line through it to represent

its magnetization curve, The current control tube V1 is normally

cut off by grid-leak bias developed by C1 and R1. When the timing
square wave swings the grid of V1 positive, current i, and i2 begin

to flow in plate load inductors L1 and L2. Current i2 quickly builds
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up to a value in excess of saturation value, so that L2 becomes a low
impedance.

At this time, C3 quickly discharges through L2 to the voltage at the
plate of V1. Although L2 offers very little impedance to a further
change of current in this branch of the circuit the magnitude of
is limited by resistor R3. Inductor L1 is shunted by a high impedance,
whether L2 is saturated or not, so that most of the plate current of
V1 must flow through L1. As the current ix continues to increase,

energy is stored in the magnetic field around L1.

(5) When the current-control tube is cut off by the negative swing
of the timing square wave the field around Ll starts to collapse. A
high voltage with polarity as shown on Ll is induced across L1 by
the collapsing field. This voltage is momentarily short circuited by
the low impedance of L2, C3. and the filter capacitance across the

1,200-volt power supply, tending to reverse the direction of flow of L.
When (2 decreases to saturation value, L2 becomes a high impedance,

At this instant, the energy of the collapsing magnetic field begins to

be transferred to capacitor C4 in an oscillatory transient. As energy

is transferred to C4, the voltage across it builds up along a sine curve.

This voltage reaches a maximum of about 15,000 volts, with the

polarity shown in figure 28, in approximately 10 microseconds, which
is equal to a quarter of the period of the oscillation of the resonant

circuit made up chiefly of L1 and C4. The path through which capac

itor C4 is charged from Ll is through diode V2 and the filter capaci

tance across the 1,200-volt power supply.

(6) While capacitor C4 is being charged, current i2 in the saturable

inductor decreases from saturation value A to zero and builds up

toward saturation value B in the other direction. The time required

for this reversal to take place is approximately 10 microseconds.

When L2 again is saturated, it become* a low impedance, grounding
the positive side of C4 through capacitor C3. Since the capacitance
of C3 is about 15 times greater than that of C4, and since L2 is a low

impedance, approximately 14,000 volts appears across the magnetron.
The polarity of the voltage on C4 is such that the magnetron cathode
is made negative with respect to the anode, causing oscillation.

(7) Initially inductor L3 is a very high impedance to the discharge
of capacitor C4, because the current in the inductor cannot change
instantly. However, after about 0.3 microsecond, the current through
this inductor has built up to an appreciable magnitude, and L3 ef

fectively shunts the magnetron with a constantly decreasing imped

ance. Since the impedance of L3 becomes low, the rate of discharge

of C4 is increased, causing the magnetron to go out of oscillation
quickly. Within the 0.3-microsecond period oscillations of a single

mode are produced by the magnetron in spite of the fact that the
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plate voltage decreases from 14,000 volts to approximately 8,000 volt,s

during this time. Although it was pointed out that the voltage im

pressed on a magnetron should be constant to prevent oscillation in
undesired modes, it is possible to operate improved magnetrons with
the type of voltage provided by the .saturable inductor modulator
without harmful loss of power.
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Section VII
Antenna Systems

36. INTRODUCTION.
a. General. Previous sections of this manual have indicated

that the electrical characteristics and physical appearance of radar
antenna systems may vary widely. The approximate size of the1

antenna is determined by the selection of the carrier frequency and
the type of installation. The actual design for a given equipment is
based on several considerations which control the over-all efficiency
and the angular accuracy of the data to be obtained.

b. Efficiency considerations. (1) Maximum efficiency of
the antenna system demands that each link in the path from trans
mitter to antenna, and from antenna to receiver, waste as little of
the r-f energy as possible. The transmission line used should there

fore have the smallest possible losses, consistent with the physical
types, which can be used for a reasonable size of unit.

(2) In addition to protecting the receiver circuits from burnout and
blocking, the T-K switch increases the energy transfer by guiding the

signals to their proper destination. During the transmitted pulse the
receiver path is closed, and during the resting time the transmitter path
is closed. Thus, in each case, the energy is used to produce the desired

result, without wasting power in inactive circuits.

(3) Finally, the over-all efficiency can be raised if the particular
application for which the system is to be used will permit concentration
of the energy into a narrow beam.

e. Angular accuracy. (1) The ability of a radar unit to

locate targets in azimuth or elevation depends on how well the an

tenna can select the direction of the return signal. It has been shown
in section I that « narrow beam is better able to find the maximum
return-signal direction than a wide one. Double lobe systems still
further increase the accuracy of angular measurement.

(2) Back radiation and side lobes tend to confuse the operator, and
therefore to decrease his ability to locate targets. Antenna construc
tion which will reduce unwanted lobes in antenna patterns is usually
employed to aid in this respect.
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37. ANTENNA FEED SYSTEMS.
a. Two-wire open line. (1) The simplest 'form of trans

mission line to construct is the two-wire line. Characteristic im
pedances from 150 ohms to 1.000 ohms are easily obtained. The most

common form uses wires or tubing which are accurately spaced by
means of ceramic insulators.

(2) At extremely high frequencies the insulators lose some of their
insulating qualities, and leakage currents across them waste power.

When the transmission line is made resonant, the leakage current may

Figure 157. Stub supports for an opcn-xcirc line.

actually heat and crack the ceramic. Placing the insulators at voltage

nodes, and making use of a better material, such as polystyrene, will
sometimes reduce losses to a reasonable point.

(3) A much more satisfactory form of instdator is the stub sup

port. This is simply a quarter-wave transmission line short-circuited
at one end. The other end presents a very high impedance to any
outside circuit. Stub supports can be applied in many ways. Figure
157 illustrates the use of two solid rods fastened to the side of a tower

to support a transmission line running up to the antenna. The stub

lengths are A/4 and the tower forms the shorting bar. For purposes
of mechanical strength, the feed line may be connected to the support
at some distance from the open end. This is possible with low-loss

580730°— 44 13
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stubs since their impedance is very high at the open end, decreasing
to zero at the tower. The connection point is selected to give a suffi

ciently high impedance to avoid changing the much lower impedance

of the feed line.

(4) Figure 158 shows a method of support within the operating
building consisting of two tubes of the same size as the main transmis-

Figure 1S8. Tension xupport.

sion line which are stretched from ceiling to floor. Shorting bars are

placed a quarter-wave above and below the feed line to present a high

impedance across it. Additional shorting bars are placed a quarter-
wave apart to prevent the supporting line from absorbing power from

the main feed line.

(5) Open wire lines are easy to construct and maintain, and in addi

tion are relatively inexpensive. The process of matching to both the
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antenna and the transmitter is simple, since matching stubs can be

placed anywhere on the feed line. Rotating joints generally take the

form of concentric loops formed across the line to obtain inductive
coupling from one side to the other. The main disadvantage to the

open-wire line is that, because of the spacing between conductors, the

feed lines will radiate, which results in an increase in losses. The
higher the frequency the greater are the losses.

b. Coaxial lines. (1) The coaxial line has the main advan

tage over the open-wire line of being completely shielded. The energy
is conveyed entirely within the outer conductor, so that none of it is

radiated and lost. At extremely high frequencies the saving in power

is considerable. In addition, the space occupied by the installation is

small, and the method of mounting is very simple, since the outer

surface is at ground potential.

(2) The inner conductor of the coaxial line is normally centered in
the outer conductor by means of ceramic or polystyrene spacers.

Just as in the open-wire line, the insulators become partial conductors

in the microwave region. In some lines special spacing of the insu

lators has been used to minimize losses. The more practical method

is the use of stub supports as employed in the radar system described
in section IV. Figure 81, B. illustrates the coaxial stub support.

(3) The disadvantages of the coaxial line are not great enough to
prohibit its use, but should be- considered. Since the outer conductor
completely incloses the inner, the use of stub matching is complicated.
Where necessary, two stationary stubs, adjustable in length, are used

instead of the single stub which can be adjusted in length and position.
The peak power of the transmitted pulse is high enough so that the

spacing of the conductors must be relatively large to avoid arc-over
and damage. It is general practice to seal the line and fill it with
inert gas to increase the break-down voltage. This has the added

advantage of preventing the collection of moisture which will lower the

break-down point. The connection to an antenna is normally bal

anced to ground, while the coaxial line has one grounded side, which
results in the need for a balance converter, or bazooka.

e. Waveguides. (1) The losses in a coaxial line become ex

cessive at wavelengths shorter than 10 centimeters. Fortunately the

waveguide can be constructed in a reasonable size for use at these

wavelengths. The largest dimension m cross section is normally 3

inches for 10 centimeter waveguides, while those for 3 centimeters are

correspondingly smaller. The losses are much smaller than for coax

ial lines, and waveguides have the additional advantages of simplicity
in construction and no need for gas filling.

(2) Section XI, TM 11-460 and Navships 900,016 explains the

theory of the waveguide, the types which may be used, and the modes
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iiL which they may be excited. The methods for coupling energy into
and out of waveguides are also discussed. Both the rectangular and
round waveguides are used extensively. Generally speaking, the rec-

CROSS -SECTION VIEWS
ON LINE C-d

X X X X X
XXX XXX

Tl-7963

Y////A

X. X_^ y.Jf

--AX.xx

TEn, CIRCULAR WAVEGUIDE

i^/— — o. |/> *-
. M I . x Wv ix| x

i. .1
!i i

. • V "JK lx I X.x |I|XX

gl TEU CIRCULAR WAVEGUIDE

re ™Q .I
CIRCULAR WAVEGUIDE

'c
TM^

CIRCULAR WAVEGUIDE
&ZZZZZZZZZZZZZZZZZZZZZZZZZA

V , ^-^Vx/V'y— -t—N\j

TEq) RECTANGULAR WAVEGUIDE

Figure 159. Common modes of waveguide excitation.

tangular type have less losses than the round, but the round wave

guide is very useful in the construction of a rotating joint of simple

design. The mode of excitation has considerable effect on the losses

which occur, and as a result there are three modes which are most
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commonly used. Figure 159 showe these modes. Of the two circular
modes, the TM0^ has the greater losses, but it will maintain the polar
ization of the wave in passing through a rotating joint, and is there

fore used quite often. *

(3) The use of waveguides in the antenna system involves the prob
lems of coupling energy from the r-f generator into the guide, allowing
for expansion of the system as the result of temperature changes, ro

tating of the antenna for searching, and supplying of the power to the

antenna proper. In the discussion that follows, several possible wave

guide systems will be explained in order to bring out specific problems

and their solution. The illustrations are applications of the material
described in section XI, TM 11-466 and Navships 900.016.

(4) Figure 160 shows a complete antenna system using both circular
and rectangular waveguides. The magnetron supplies its output to a

coaxial line through a small coupling loop formed by the inner con

ductor of the line. The line is then connected to the waveguide so

that the inner conductor passes through, and perpendicular to, the

wide face. The line is extended to end in a short-circuiting plunger,
which is adjusted to cause a voltage maximum in the waveguide, ap

proximately a quarter-wavelength away. Maximum output of the

magnetron is produced by means of the matching stub.

(5) The waveguide is excited in a TE0^ mode, the guide plunger
serving to control the actual coupling by adjusting the standing waves

in the guide, A 2%- by %-inch guide is used near the magnetron for

compactness, but to increase efficiency of transmission this is expanded

to a 3- by lV^-mch guide above the transmitter. Near the rotating
joint, the rectangular guide is changed to a 3-inch circular guide,

which is excited in the TEi,x mode. An expansion joint is formed
above this point by breaking the circular guide. A choke, consisting
of a flange on either side of the break, prevents radiation and loss of

energy. The side slots of the choke are a quarter-wave in depth, and

less than A/10 in width, so that they form resonant circuits which will
present an open circuit at the outer edges of the flanges. The open

circuit is reflected to the guide a quarter-wave away as a short circuit,

bridging the gap electrically. The short circuit is maintained by the ,

side slots as the expansion joint is opened or closed.

(6) The rotating joint is similar in principle to the expansion joint
except that the gap between sections is fixed, and one section turns with

respect to the other. Since the gap is fixed, the choke is simpler than

for the expansion joint. Two flat flanges are attached on either side

of the break, with a fixed spacing of less than \/10. The flanges form

the two sides of a quarter-wave line which is open-circuited at the outer

end. The energy in the guide sees this high impedance reflected as a

short circuit which confines the energy within the guide.
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PARABOLIC REFLECTOR

POLYSTYRENE WINDOW

ROTATING JOINT

EXPANSION JOINT

TL-8844

SIZE TRANSFORMER

3" X I I/2" GUIDE

2 3/»" X 3/8" GUIDE

COAX PLUNGER-

MAGNETRON

.^GUIDE PLUNGER

Figure 160. Waveguide antenna system.
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(7) The 3-inch circular guide is continued up to the antenna, where
a gentle bend in the guide directs the r-f energy at a parabolic reflector.
The waveguide terminates in a polystyrene window placed at the focal
point of the reflector. Maximum radiation through the polystyrene
is insured by selecting its dimensions to match properly the charac
teristic impedance of the waveguide to that of the reflector and free

space. The electric field is transverse in the circular guide (TEi,x)
so that in passing through the rotating joint the energy may undergo
a change in relative polarity. As shown in figure 160, the electric field

is horizontal below the rotating joint, but is turned and becomes verti-

Figure 161. Coaxial rotating joint.

cal in reaching the reflector. If the antenna is rotated i)0°. so that it

points out of the page, the electric field passes up the guide without
change and the polarization is horizontal. At other angular positions
of the antenna the polarization will vary between horizontal and verti
cal. This is the main difficulty encountered in using a circular guide
excited in the TEul mode as a rotating joint.

(8) Constant vertical polarization of the radiated energy can be

maintained if the feed system is modified to use a short section of
coaxial line as the rotating joint (fig. 161). The coaxial line is used

to couple a rectangular guide to a circular guide. The rectangular

guide is terminated in a slightly larger section which is shorted at the

end. Two tuning plugs serve to adjust for an impedance match to
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secure maximum energy transfer. The coaxial line has its inner
conductor extended into the rectagular guide as a voltage probe, and
into the circular guide as one-half of a dipole. The outer conductor
is extended about a quarter-wave into the end of the circular guide,
and has the other half of the dipole fastened to it. The rotating
joint is formed by breaking the outer conductor and using a choke to

bridge the gap. The choke slot is bent back on itself and has a total

OIPOLE AND
PLATE REFLECTOR

2"
CAVITY

PARABOLIC
REFLECTOR

'CIRCULAR ..____[—.
WITY c—

j

ROTATI NG JOINT

MAGNETRON

PROBE
AND LOOP

l"X i"
GUIDE

TL-8S46

Figure t(i2. Rectangular guide antenna feed.

length of a half-wave, so that the short at the end of the slot is re

flected as a short across the gap of the joint. Polarization is estab

lished by the position of the dipole in the circular guide, and is not

changed by rotation, since the dipole moves with the guide.

(9) Figure 162 illustrates an antenna system suitable for 3 centi

meter wavelengths which has several differences from those pre

viously discussed. The magnetron is manufactured with the inner

conductor of a coaxial line in place. This conductor is formed into
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a coupling loop inside the magnetron, and into an expanded voltage

probe on the outside. The magnetron plugs into the side of a rec

tangular guide through a collar which forms the outer conductor of
the coaxial. The length of the inner conductor is made an odd number

of quarter-waves for the specific tube frequency.

(10) A tuning plunger in the end of the rectangular guide is ad

justed for maximum transfer of energy. The guide conveys the en

ergy to a cavity rotating joint at the antenna proper, where the mode

of excitation is changed from TE„,X to TM„n. The conversion is ac

complished by means of a large diameter tuning plug in the end of
the cavity which rotates the electric field 90° in position to cause a

radial electric field in the cavity. A standard form of rotating joint
is used with a double choke to insure a good electrical short across

the joint. This is necessary because of the very short wavelength.

(11) A second plug in the other end of the cavity couples it to

the rectangular guide feeding the antenna. A metal plate is fastened

along an equipotential line across the open end of the guide to sup

port a dipole antenna. This metal plate has a second plate fastened

to it at right angles, forming a reflector for the r-f energy. A dipole
is placed a quarter-wave length in front of the reflector plate, and is

excited both by the direct and reflected fields. It, in turn, radiates

energy at the parabolic reflector, which is used to concentrate the

energy into a narrow beam. The main advantage in this system is

that the feed system enters from the back of the parabolic reflector,

and therefore large metal masses in front of the antenna are avoided.

38. T-R SWITCHES.
a. General. '

(1) Whenever a single antenna is used for both

transmitting and receiving, the problem arises of insuring that maxi
mum use is made of the available energy. The simplest solution is to

use a switch to transfer the antenna connection from the receiver to

the transmitter for the duration of the transmitted pulse. As has

been pointed out in section II, there are no practical mechanical

switches available which can open and close in a few microseconds,

or that can repeat the process at a rate comparable to the system

PRF Electronic switches, or T-R switches, must therefore be used.

(2) In selecting a switch for this task, it must be remembered that

protection of the receiver input circuit is equally as important as the

power considerations. At frequencies where r-f amplifiers may be

used, the amplifier tubes can be chosen to withstand large input powers

without damage. At microwave frequencies the input circuit is the

mixer, which is easily damaged by large applied signals, and so must

be more carefully protected. This is particularly true of crystal

mixers.
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(3) Generally speaking, if the receiver input circuit is properly
protected the remaining receiver circuits can be prevented from block
ing as the result of strong signals. A very strong main pulse signal
still appears in the receiver output unless additional precautions are

taken to eliminate it. This can be done by a receiver gate signal
which turns on the receiver during only the desired time.

b. Open- wire T-R switch. (1) The T-R method proposed
in paragraph 11c, can be used by substituting a simple spark gap for
the double-pole switch (fig. 163). The spark gap makes a reason

ably good switch because it is an open circuit until sufficient voltage
is applied to cause the gap to arc over. The arc is formed by caus

ing the gas or vapor between the electrodes to ionize. Once started,

2

TRANSMI TTER

250A

T JUNCTION

.21

i

ANTENNA
,z =25on 250A

-I

VOLTAGE

SPARK GAP

250X1

RECEIVER

TL 8847

Figure 163. Open-wire T-R switch.

the running voltage across the gap is very low, and the resistance of

the gap approaches a short circuit. The ionized gap voltage is inde

pendent of the applied power, so that the resistance varies with ap

plied power. Air at atmospheric pressure requires about 30,000 volts

per inch of gap to start the arc, while the running voltage is about 50

volts. The break-down and running voltages for inclosed gaps de

pend on the pressure and the gas or vapor used.

(2) For purposes of illustration it will be assumed that the char

acteristic impedance of the transmission line, the feed-point resistance

of the antenna, the input impedance of the receiver, and the output

impedance of the transmitter when generating r-f power, are all 250

ohms. The transmitter output impedance rises between pulses to

5,000 ohms. The resistance of the conducting gap is 50 ohms.
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(3) The pulse from the transmitter reaches the T-junction where

it finds two paths to follow. Part of the pulse power goes down the
receiver branch, and causes the spark gap to break down. As a result,
a resistance of 50 ohms is placed across the 250-ohm line a quarter-
wavelength from the T-junction. As seen from the T-junction the

quarter- wave line terminated in 50 ohms appears as a much higher im

pedance of :

Z input=^- = l,250 ohms.
5U

The pulse therefore has a choice of a 1,250-ohm path to the spark gap
and a 250-ohm path to the antenna, since the antenna terminates the

transmission line in its characteristic impedance. The pulse energy
divides so that most of the energy takes the lower resistance path to

the antenna, while the rest is used to keep the gap discharging. Be
cause the receiver branch is a resonant line, there will be a voltage dis
tribution across it as shown in figure 163. The voltage across the gap
is lower than that across the T-junction, and is the voltage of the pulse

reaching the receiver, since the rest of the receiver Hne is properly
terminated by the receiver. If the gap resistance can be made lower,
the magnitude of the pulse reaching the receiver will be reduced, and

the T-R action improved. The lower gap resistance will also require

less power from the T-junction.

(4) At the end of the transmitted pulse the gap is deionized, and

signals which are picked up by the antenna reach the T-junction.
Again there is a choice of two paths, one to the transmitter and the

other to the receiver. The receiver path has an input impedance of
250 ohms since the spark gap is an open circuit and does not affect

the receiver branch. The path to the transmitter is made a half-
wavelength, and is terminated in 5,000 ohms. The half-wave section

acts as a 1:1 transformer so that the T-junction sees 5,000 ohms.

The received signals are divided, practically all of their energy taking
the lower resistance path to the receiver. Note that if the output
impedance of the transmitter decreases below 250-ohms instead of

increasing while in the nonoscillating condition, the line from the

transmitter to the T-junction is made an odd number of quarter-
wavelengths to reflect a high resistance which effectively blocks the

transmitter branch at the T-junction.
c. Anti-T-H switch. ( 1 ) The output impedance of the trans

mitter does not always change sufficiently to permit the use of a

resonant line in blocking received signals from the transmitter. In
such cases a second spark gap is used as an anti-transmit-receive
switch to block the transmitter branch at the T-junction. Figure 164

shows the T-R system of figure 8 with an anti-T-R switch added.

The T-R switch works in the same way as in the system just described.
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(2) The transmitted pulse passes down the line to the anti-T-R
spark gap and causes it to arc over. The resulting short circuit is

reflected back to the main feed line as a high impedance by the quarter-
wave line. If the same values are used as in the previous example,

the reflected impedance of the anti-T-R gap will be 1,250 ohms in
parallel with the 250-ohm antenna line. During the transmitted
pulse, then, the anti-T-R switch simply uses a small amount of the

transmitted power.

(3) The anti-T-R gap is effectively an open circuit during the

resting period. The shorting bar which is a quarter-wave below

[TRANSMITTER

250 H

ANTI T-

SPARK
GAPS

Zo=2S0A
ANTENNA

250.0.

-T-R

250 a.

RECEIVER

TL 8848

Figure 164. Anti-T-R switch.

the gap (fig. 164). is reflected by the half- wave anti-T-R line as a

short circuit across the transmitter-feed line. This is reflected in

turn to the T-junction as a high impedance by the quarter-wave

section of the line, thus blocking this channel to received signals.

Although the transmitter is in parallel with the anti-T-R branch, it

will have no effect at this time, since it is placed across an apparent
short circuit.

(4) Both the T-R and the anti-T-R switches require some of the

transmitted-pulse power to operate them. This is undesirable, since

part of their function is to increase efficiency. The amount of power

required can be somewhat reduced, and the switching action im
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proved, by using transformers to step up the voltage applied across

the gap. Suppose that the signal is applied to the primary of a step-

up transformer, and the spark gap is placed across the secondary

(fig. 165). The secondary is tuned to obtain a very high secondary
impedance when the gap is not conducting. This impedance is

reflected to the primary as an open circuit.

(5) The voltage of the signal applied to the primary is stepped up
in the secondary, which causes the spark gap to break down sooner

than if the original signal were applied directly to the gap. The re

sistance of the conducting gap is placed across the tuned secondary,

and is stepped down into the primary as a much lower resistance.

TRANSMITTER

250 .fl

TO T-JUNCTION

TL 8849

Figure 165. Anti-T-R sicitch with transformer.

Assuming a gap resistance of 50 ohms, and a step-down of 10:1, the

primary will have an impedance of 5 ohms. The 5 ohms is reflected

by the quarter-wave line as :

Z=
250 :

=12,500 ohms.

The power taken by the gap will therefore be reduced by 10:1, as

compared to placing the gap directly across the line.

(6) Transformers of the ordinary r-f type will not function well at

the carrier frequencies used in radar, while the resonant line can be

used as an excellent auto-transformer to produce the same results.

Figure 166® shows an open wire line which uses a quarter-wave stub

to step up the voltage applied to the anti-T-R spark gap and to step

down its conducting resistance across the anti-T-R line.
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The stub can be considered as two sections of transmission line (fig.

166©), one of which is terminated in a short circuit, and the other

in an open circuit. The shorted line is less than a quarter-wave long,

which gives it an input impedance that is inductive. The open line,

also less than a quarter-wavelength, is a capacitance. The two are in

parallel, and since their total length is a quarter-wave, their reactances

are equal, thus forming a parallel resonant circuit of very high im

pedance (fig. 166®). During the resting time, with the gap ex

tinguished, the stub high impedance has very little effect in bridging
the anti-T-R line.

(7) When energy is applied to the stub, a standing wave of voltage

that is maximum across the gap is set up along its length. The received

signals are normally not large enough to break down the gap. The
transmitted pulse is large enough, however, and places a low resistance

Figure 166. Resonant line transformer anti-T-R.

across the open end of the stub by causing the gap to conduct. The
stub now consists of two lines in parallel across the anti-T-R line, each

of which is inductive (fig. 166©). The result is to place a very low

inductance across the anti-T-R line a quarter-wavelength from the

feed line, reflecting the low impedance as a very high impedance to

the feed line to limit the energy necessary to operate the gap.

d. Coaxial T-R switch. (1) The effectiveness of a T-R
switch is dependent on the resistance of the spark gap as compared
to the characteristic impedance of the transmission line system used.

It was pointed out in the preceding discussion that resonant lines acting
as transformers can be used to decrease the apparent gap resistance.

When coaxial lines are used the resonant transformers must be used,

since the impedance of a coaxial line is about 60 ohms as compared
to the gap resistance of 30 to 50 ohms.
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(2) A simple form of coaxial T-R system is shown in figure 167.

The magnetron is matched to the coaxial line during the transmitted
pulse by the tuning stub. The length of the transmitter branch is

adjusted so that the impedance seen at the T-junction looking back

toward the magnetron is high when it is not generating r-f energy.
The received signals therefore take the low impedance path to the

receiver. The receiver-feed line is broken by the insertion of a 1:1

transformer in the form of a half-wave line shorted at both ends.

(3) The half-wave line is similar to a tuned circuit (fig. 168), and

has an input impedance which is zero at the short circuit, increasing

ANTENNA

MAGETRON

TL 885I

Figure 167. Coaxial T-R switch.

to a maximum in the center. The magnitude of the impedence depends

on the Q of the half-wave line, and the connected load, in this case the

receiver. The coaxial lines on either side of the half-wave line are

connected to it at points which match the coaxial line characteristic

impedance. The receiver input circuit terminates the feed line in its

proper impedence, so that for received signals the receiver branch of
the transmission-line system is matched throughout.

(4) The half-wave transformer has a spark gap placed between the

inner and outer conductors at the middle of its length. The trans

mitted pulse passes from the T-junction down the receiver feed line,
reaches the half-wave line, and causes a large voltage at the center
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which breaks down the gap. The gap resistance effectively short-cir
cuits the center of the half-wave line, so that the input terminal of the

half-wave transformer is connected to two short-circuited lines, each

less than a quarter-wave long. The resulting impedances are in
ductive and in parallel, which presents a very low impedance to the

receiver branch. The receiver feed line branch is adjusted in length
to present the low impedance of the half-wave line as a high impedance
at the T-junction. The voltage across the gap is stepped down by
the half-wave line to a low value before being applied to the receiver.

The use of the half-wave line therefore reduces the effective gap re

sistance, thereby lowering the power necessary to operate the T-R
switch and reducing the transmitted signal applied to the receiver.

TL 8852

Figure 168. Half-toave line T-R switch.

(5) At microwave frequencies the transformer coaxial lines are

reduced to such small dimensions that they became practically cavities,

and are usually so constructed. The system discussed in section IV
illustrates the use of a T-R switch built into a cavity for efficient switch

ing action. The use of a cavity gives a higher Q for the transformer
and thus improves the over-all operation.

e. T-R spark gaps. (1) The spark gap used in a given T-R
system may vary from a simple one formed by two electrodes placed
across the transmission line to one inclosed in an evacuated glass en

velope with special features to improve operation. The requirements

of the spark gap are that its resistance shall be very high until the arc

is formed, and then be very low during conduction through the arc.

At the end of the transmitted pulse the arc should be extinguished
as rapidly as possible to remove the loss caused by the arc, and to

permit signals from nearby targets to reach the receiver.
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(2) The simple gap formed in air has a resistance during conduc

tion of from 30 to 50 ohms. This is usually too high for use with any
but an open wire transmission line. The time required for the air sur
rounding the gap to be completely deionized after the pulse voltage
has been removed is about 10 microseconds. During this time the

gap acts as an increasing resistance across the transmission line to

which it is connected. However, in a T-R system using an air gap
the received signals reaching the receiver through the gap have half
their proper magnitude after 3 microseconds. This is known as re

covery time.

(3) The value of voltage to break ,down a gap, and the running
voltage during the arc, can be lowered by reducing the pressure of
the gas surrounding the electrodes. T-R tubes are therefore used in
which the spark gap is inclosed in a glass envelope and the tube is

TL 8853

Figure 16S. T-R tube with keep-alive.

partially evacuated. The arc is formed by conduction through an

ionized gas or vapor so that the tube cannot be entirely evacuated;

thus there is an optimum pressure which will give the best T-R op

eration. The recovery time or deionization of the gap can be reduced

by introducing water vapor into the tube rather than air. A T-R
tube containing water vapor at a pressure of 1 millimeter of mercury
will recover in 0.5 microsecond.

(4) T-R tubes for use at microwave frequencies are built to fit into
and be a part of the resonant cavity or transformer, as illustrated by
the T-R box of section IV. The high Q of the cavity and the vapor
in the evacuated portion of the tube reduce the power needed to main
tain the gap and the power of the transmit ted pulse which reaches the

receiver. The speed with which this action takes place can be in
creased by placing a third electrode within one of the main electrodes

of the gap (fig. 169). This electrode is known as a keep-alive, and has

a potential of about —1,000 volts with respect to the main gap. A
580730° —14 14
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glow discharge is maintained by the keep-alive and one electrode of
the main gap to provide ions for quickly forming an arc across the

main gap when the transmitted pulse is applied. The negative volt

age of the keep-alive also prevents stray ions from reaching the main
gap to produce noises in the receiver.

(5) The life of the T-R tube is controlled by two main factors.

The first and most common cause of failure is due to a gradual build
up of metal particles knocked loose from the electrodes of Jhe gap and

TL- 8854

Figure 170. Cavity T-R box.

spattered on the inside of the glass envelope. These particles act as

small, conducting areas which lower the Q of the resonant cavity and

waste power. If the tube is continued in use for any length of time,

the particles will begin to form a detuning wall within the cavity
which will eventually prevent the T-R tube from functioning. The
second cause of failure is due to an absorption of the gas within the

tube by the metal electrodes. The result is to reduce the pressure

gradually within the tube to the point where it becomes very difficult
to break down the gap, and extremely strong signals are fed to the re
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ceiver. Because both causes of failure are only gradually noticed,

the T-R tube must be checked carefully and periodically for efficient

operation.
f. Cavity T-R switch. (1) The majority of T-R tubes are

mounted in cylindrical cavities, with the metal electrodes connected
to and forming pait of the end walls (fig. 170). The cavity is excited

in a TM0,x mode in order to produce a strong electric field across the

gap, and therefore be able to cause an arc with the minimum applied
signal. The method of excitation used in the cavity of figure 170 is to

terminate a coaxial feed line within the cavity by forming a coupling
loop with the inner conductor. The coupling loop is a low impedance
across the coaxial line so that current through the loop is large, and a

strong magnetic field is set up. The loop is placed so as to reinforce
the magnetic field within the cavity. The amount of coupling is con

trolled by rotating the loop on an axis formed by the inner conductor.

Figure 171. Slot-coupled cavity.

Signals for the receiver are removed from the cavity by a similar loop
placed on the opposite side of the gap from the input loop. This is

the coupling method used by the T-R box of section IV.
(2) A second method of feeding the cavity from a coaxial line is

to use slots which couple the field of the line to that of the cavity (fig.

171). The output of the magnetron is matched into a coaxial line

which feeds the transmitted pulse to the antenna. Near the magnetron

the outer conductor of the coaxial line is made into a sliding section

having a side aperture or slot in the center. The slot opens into the

resonant cavity of the T-R box on the periphery. Another slot on

the opposite side of the cavity is cut through into the receiver coaxial

line, which is shorted at the edge of the slot.

(3) During the transmitted pulse, energy is coupled into the cavity
and produces a large voltage across the gap. The gap breaks down,

forming an arc which short-circuits the center of the cavity. The
field built up within the cavity is very weak because of the detuning
of the cavity during the arc, and has the effect of a short circuit across

205

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

5
:0

3
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



the transmitter feed-line slot. Because the field is weak, very little

energy is coupled into the receiver feed line.

(4) At the end of the transmitted pulse the magnetron impedance

changes, s,o that received signals see a mismatch at the magnetron and

are reflected. The position of the slot into the cavity is adjusted by

means of the sliding joint to be placed at a current maximum of the

coaxial line (fig. 172). The large current produces a strong magnetic

field which leaks through the slot into the cavity to reinforce the field

of the cavity. The received signals are not strong enough to break

down the gap, and the field within the cavity is not affected by the

presence of the gap. The slot into the receiver feed line permits some

of the field of the cavity to link the inner conductor of the line at a

point which is a current maximum. By selecting the proper size and

shape of the slots, the received signals are passed with very little loss

to the receiver. The position of the antenna feed-line slot can be

MAXIMUM

TL 8856

Figure 172. Current icave reflected by magnetron.

adjusted to absorb all of the received line energy from the antenna

feed line, and therefore to prevent standing waves between the T-R
switch and the antenna.

g. Waveguide T-R switch. (1) Resonant cavity T-R
switches are applied to waveguides both directly or indirectly to obtain
switching action. The indirect method uses a coaxial line T-R sys
tem, and then couples the coaxial line into the waveguide which feeds

the antenna. When large losses might be incurred by the use of
coaxial line, the resonant cavity can be coupled directly to the wave

guide. Figure 173 shows a direct method of cavity T-R switching in

a waveguide feed system. The waveguide terminates in the antenna
on one end and a shorting plate at the other. The magnetron uses a

voltage probe to excite the waveguide. The transmitted pulse trav
els up the guide, spilling into the cavity through a slot. The cavity
builds up a strong electric field across the gap. breaking it down, and

detuning the cavity. The impedance seen at the slot by the guide is
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decreased to an approximate short circuit which effectively seals the

opening and passes the pulse energy to the antenna.

(2) The signals received during the resting time travel down the

guide to the magnetron and the shorting end plate, where they are

TO ANTENNA

Figure 173. Waveguide using cavity T-R hox.

reflected. The slot into the cavity is placed so that it is located at a

maximum of the standing wave magnetic field produced by reflections.

The maximum field therefore links the magnetic field of the cavity.

The received signals are not strong enough to cause an arc so that the
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cavity field is undisturbed by the gap, and couples into the receiver

coaxial line to give maximum energy transfer.

(3) The cavity T-R switch can also be applied to branch lines of

the waveguide (fig. 174). The magnetron is coupled to the guide

by a voltage probe to produce proper excitation. In order to insure

maximum use of the received signals an anti-T-R switch has been

included. The transmitted pulse travels from the magnetron to the

anti-T-R branch where part of the energy turns in to the gap. A
slot is placed across the waveguide a half-wavelength from the main

2

RESONANT CAVITY

ANTI-T-R SWITCH

1
- ANTENNA

RESONANT CAVITY T-R SWITCH

TL 8858

RECEIVER

Figure 17 i. Cavity T-R box applied to branch lines of waveguide.

guide, and passes the r-f energy through into the cavity. The cavity

builds up the electric field, breaks down the gap, and as a result

produces a short circuit across the coupling slot. The short circuit of

the slot is reflected back to the main guide a half-wave away to close

the mouth of the anti-T-R branch.

(4) Most of the energy is therefore directed down the guide to the

antenna. On reaching the receiver branch the same effect is produced

by the T-R switch a half- wavelength from the main guide. Since both

openings are effectively closed by the gaps, maximum energy is trans
ferred between the magnetron and the antenna.
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(5) During the resting time, the anti-T-R spark gap is not broken
down by the received signals, so that the input to the cavity is practi
cally an open circuit. This is reflected to the main guide as an open
circuit. The received signals are in effect turned back by the apparent
open circuit at the mouth of the anti-T-R branch setting up reflections
which a quarter-wave away at the T-R branch produce a short or clos

ing of the main guide. The signals are directed into the T-R branch
where they pass through the resonant cavity to the receiver.

(6) Instead of using resonant cavities and T-R tubes, the branch
waveguides can use resonant slots which also act as spark gaps (fig.

175). The resonant slot is a partition across the guide with an aper-

AGNE TRON

A.
2

TO
ANTENNA

•DIRECTION OF E FIELD

•RESONANT SLOT

TL BBSS

Tor
RECEIVER

Figure /75. Slot type T-R switch.

ture whose dimensions make it look like a parallel resonant circuit

at the carrier frequency. The dimension in the direction of the

electric field is made small so that the transmitted pulse will cause an

arc. The arc closes the conducting surface of the slot, providing a

short circuit which is reflected by the half-wave line to the main guide.

39. LOBE SWITCHING.
a. Dual antennas. (1) The accuracy of angular measure

ment depends on the sensitivity of the antenna to a change in the

direction of the arrival of the echo signals. In paragraph 5 the idea

is discussed of using two patterns the axes of which are displaced from

each other sufficiently to cause the patterns to cross over at less than
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the 85 percent maximum signal point. The advantage which is ob

tained is that of comparing two signals whose changes in magnitude
are great per degree change in azimuth, and whose directions of change
are opposite. The operator is better able to select the correct on-target
position of the antenna since he sets to a position which makes the two

signals equal for the target being tracked.

(2) An antenna system which uses the double-lobe principle must
include provisions for obtaining the two patterns displaced from each

other, and some method for comparing the received signals from
both lobes on the indicator. The simplest system is to use separate
antennas, receivers, and a common indicator. It is more economical,
however, to use a single receiver which can be switched between the
lobes. Figure 176 shows the'components of an elementary lobe-switch
ing system.

(3) Separate antennas are mounted so that their patterns overlap,
intersecting at approximately the half-power points. The feed line
from the two antennas are brought to a double-pole double-throw
switch. The switch alternately selects the signals from antenna 1

and then from antenna 2 to be amplified by the receiver. The output
of the receiver is therefore a combination of the two groups of signals
from the two antennas. These signals are separated by a single-pole
double-throw switch so that they may be compared on the indicator.
The two switches are thrown in synchronism by a switch motor.

(4) The sequence of events in the lobe-switching operation is
shown in figure 177. The echo signal from the target (fig. 176) induces
a smaller voltage in antenna 1 than antenna 2. It is assumed that

system PEF is four times the switching frequency, so that two pulses
are received while the receiver is connected to antenna 1, and two

while the receiver is connected to antenna 2. Starting from the

instant that the switch moves to the antenna 1 position, the receiver

amplifies two cycles of echo signals from antenna 1, and then switches

to antenna 2 for two cycles. Thus the output of the receiver is a

series of pulses that are alternately proportional to signals received

by antenna 1 and then to signals received by antenna 2. The indica
tor output switch separates the pulses by placing those from antenna

1 on the left deflecting plate, and those from antenna 2 on the right
deflecting plate.

(5) During the time that signals from antenna 1 are being applied
to the indicator, the right deflecting plate is effectively grounded,

and the trace produced is shown by figure 178®. When the switch
is moved to antenna 2, the left deflecting plate is grounded, and the

indication is as in ©. The indicator cathode-ray-tube screen has

sufficient persistence so that when the switch motor runs at normal

speed, the two traces appear simultaneously as in ®. The operator
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MAIN PULSE

SIGNALS
ANTENNA I

SIGNALS
ANTENNA 2

RECEIVER
INPUT

CONNECTED
TO

RECEIVER
OUTPUT

SIGNAL
LEFT PLATE

ECHO

PULSE
PERIOD

UOL/U

-ANTENNA I

UUU_

LUUI

La

U
* ANTENNA 2 - ANTENNA I

TIME

TL-886I

Figure 177. Lobe-switchini/ waveforms.
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adjusts the position of his itntenna in azimuth until the pulses repre

senting the target to be tracked cause equal deflection to right and

left (fig. 179).
b. Single antenna, externally phased. (1) The two-

antenna method of obtaining double lobes is simple and trouble-

free, but is inefficient because only half of the available antenna

0 PULSES FROM ANTENNA I. (5) PULSES FROM ANTENNA 2.

TL-8863
Figure 179. Effect of rotating the antenna.

space is used to receive echo signals at a time. The complete antenna

can be used for receiving all signals by phasing one half of the

antenna against the other half to produce a pattern whose axis is

shifted first to the right and then to the left.

(2) In figure 180, an antenna four dipoles wide is used to re

ceive echo signals from targets, and to measure their azimuth. The

antenna is divided into a left half .4, and a right half, B, connected

by an external phasing section and feed line. A signal reflected
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from a target at © travels the same distance to reach A as it does to

reach B. The r-f voltages induced in A are therefore in phase with
those induced in B. The voltages of A and B travel toward each

other over the phasing section, meeting and combining at the middle

of the phasing section where the receiver feed line is connected.

Since this junction is equidistant from A and B, the voltages are

PHASING SECTION

66

TO
RECEIVER

TL-8864

Figure 180. Echo signal paths to antenna.

still in phase and add directly to produce the voltage which reaches

the receiver.

(3) If the target moves to ©, the echo signal reaches B first, and

then travels on to A. The alternating voltages induced at A therefore

lag behind those induced at B. and 1he instant of maximum voltage
at A occurs after the maximum voltage at B. This is due to the

greater distance between © and A as compared to that between © and

B. The induced voltages travel over equal-length paths to reach the

receiver feed line, so that their phase relationship remains the same as

at the dipoles. The effective voltage which reaches the receiver from
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the target at @ is less than that from the target at © because of this
phase difference (fig. 181).

(4) If the target is moved to ® (fig. 180) the voltage induced at

A leads that induced at Z?, and the voltage reaching the receiver is

less than that produced by the target at ©. With the receiver feed

RECEIVER
VOLTAGE

RECEIVER
VOLTAGE

TARGET AT (?) TARGET AT @
TL 8865

Figure 181. Phase addition of received signals.

PHASING
SECTION

RECEIVER TL 8866

Figure 182. Off-center feed to receiver.

line connected to the center of the phasing section the target returns
maximum signal only from ®.

(5) The difference in phase between the voltages from A and B
can be controlled by varying the distance that each voltage travels in
reaching the receiver feed line. In figure 182, the target is located at

® (fig. 180) and the receiver feed line is connected to the left of the

center of the phasing section, so that the voltage from B travels
further over the phasing section than the voltage from A. The addi
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tional path of travel for the voltage from B is made electrically equal

to the additional path traveled in space by the echo signal in reach

ing A. The two voltages at the receiver feed line are therefore

in phase, and add directly.

(6) If the feed-line connection is fixed, and the target is moved

to ®, the voltages induced in the dipoles are in phase. When these

voltages reach the receiver Teed line, however, that from B lags that

from A, and the signal which reaches the receiver is not maximum.

Maximum receiver input voltage is produced only when the target

is at © when the receiver feed line is connected as shown.

LOBE 2 LOBE I

A

FEED POINT
I

I
I
I
i

6

FEED POINT 2

Figure 18-1.

TL 8867

External phasing to produce double lobes.

(7) A field pattern of the antenna system with a phase delay in
troduced in the feed line to the right half, B, is shown in figure 183.

The distance from feed point ® to B is less than a half-wavelength
more than the distance to A. The phase delay thus introduced bends

the pattern to the position of lobe ®. If the feed line is connected to

feed point © to produce the same phase delay in the path to A, a

mirror image of lobe ® is obtained as shown by lobe ©. By alternat

ing the point of connection a double lobe system is available for ac

curate azimuth measurement which uses the entire antenna for receiv

ing each echo signal. The gain realized approaches twice that of a

half section, and the beam width is reduced for more accurate bearings.

(8) The amount of phase delay introduced controls the positions of

the double lobes. When the delay path-difference is greater than a
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half-wavelength, the lohes are bent toward the feed point, rather than

away, as in the example given.

(9) The problem of shifting the feed-point connection from one side

of the antenna to the other is a difficult one to solve mechanically.
The phase delay can be introduced electrically by placing a reactance

across one of the branch feed lines. Figure 184 shows an antenna fed

by a coaxial line which branches symmetrically to each half of the

array. A half-wave line is placed across each branch line to act as a

1 : 1 transformer. The inner conductor of each line is terminated by

Figure 184. Reactance-phased doublc-lobe antcuna.

a small plate of a capacitor, A and B. The other plate, O, is a half
disk which is rotated by the lobe switch motor so as to engage each

small plate for approximately one-half of a revolution.

(10) With disk C in the position shown, plate A is isolated and

presents an open circuit across the left coaxial line. The open circuit
is reflected down to the left branch line, and has no effect. The spac

ing between B and C, however, is such as to form a small capacitor
which terminates the right coaxial line. This capacitance is reflected
to the right branch, and is shunted across the line to increase the ef
fective electrical length of the line. The result is to introduce a lag
in the echo signals received by the right half of the antenna. As
the lobe switch motor rotates the lag is placed alternately on the right
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and left branches, and therefore causes the pattern of the antenna to
shift from right to left.

(11) The signals are separated on the indicator screen by means

of a variable position voltage controlled by a cam-operated switch.
The cam is rotated by the lobe switch motor at the same rate as the
capacitor disk C. The cam is shaped to close switch D during the time
the lobe is bent to the left, and to leave the switch open while the lobe

is bent to the right. Switch D shorts resistor R2 when closed so that
the positioning voltage to the indicator is zero. Resistor R2 determines

the voltage to the indicator when D is open.

RECEIVER

fUJUJl

—*— TL-S869

Figure 185. Indicator connections for echo separation.

(12) The output of the receiver consists of pulses from both lobes

of the antenna array. These pulses are applied directly to the

vertical deflecting plates of the indicator. The horizontal deflecting

plates receive a saw-tooth sweep voltage synchronized to the PRF
of the system, and the positioning voltage from switch D (fig. 185) .

With disk C near plate B (fig. 184), the lobe is bent to the right,
and switch D is open. The positioning voltage is positive and causes

the sweep trace to appear to the right of the center of the indicator
to the left, and switch D is closed, shorting resistor R2. The posi

tioning Voltage is zero, and the sweep trace appears to the left of
the center line (fig. 186®). As the lobe switch motor rotates, the

lobe and sweep trace are moved instantly from right to left, and left
to right, building up a normal scope picture (fig. 186(5)). The
amount of separation, or spread, between echo pips is controlled by
resistor R2, which can be adjusted to from 0 to -f-50 volts as the posi

tioning voltage when switch D is open.
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c. Single antenna, internally phased. (1) The antenna

system just described provides either the left or the right lobe for
receiving echo signals, depending on the position of the lobe-switching
motor. Another choice of antenna system is available which produces
both lobes simultaneously, and which uses electronic switching. The
main advantage is to eliminate the switch contacts, and the noise

resulting from dirt and incorrect adjustment of the contacts. The
phasing is accomplished by an adjustable length line which connects
the inner dipoles (fig. 187). A separate feed line is connected to each

Figure 186. Echo separation on indicator screen.

half of the antenna. Each feed line runs to a separate input to the

receiver.

(2) Echo signals arriving at the antenna array induce voltages

which appear at A and B. The total voltage which reaches the re

ceiver over feed line A is a combination of. the voltage induced on A
and that induced on B which travels over the phasing section to A.
The phase of the voltage from B with respect to that at A depends

on the path length from B to A, including the phasing section. The
relative phase can therefore be controlled by varying the length of
the phasing section.

(3) An echo signal received from a direction perpendicular to the

face of the antenna induces in-phase voltages at A and B. This
means that the induced voltage on the right feed point at A and the

left feed point at B should be 180° out of phase. If the phasing
section is of zero length the induced voltage at B travels one wave-

680730°— 44 15
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length to reach A out of phase with the induced voltage at A, giving
cancelation. Resetting the phasing section to have an over-all length

of a half-wave produces a 1y2-wavelength path, and the voltage from
B arrives in phase with that of A to give a maximum. Setting the

phasing section to add a length to the path from A to B which is

other than an odd multiple of a half-wave makes the phase difference

between the voltages such as to produce maximum signal at some

direction other than straight ahead.

(4) Suppose that the echo signal is coming from a direction to

the right of the perpendicular to the antenna (fig. 188). The signal
induces a voltage at A which lags the voltage induced at B. By
adjusting the phasing section to the correct length the voltage at B

+

PHASING
SECTION

FEED LINE FEED LINE B

RECEIVER

| | TL 8871

Figure 187. Internally phased double-lobe antenna.

can be delayed in reaching A to reduce the phase difference to zero.

The two voltages at A will add in phase to produce a maximum. The
voltage induced at A travels to B to produce a second available volt
age for the receiver. The voltage from A, already lagging, receives

an additional delay while traveling to B, so that the total voltage
at B is not a maximum. In order to cause the receiver voltage at B
to be a maximum, the target moves position to the left of the per

pendicular. The second position of the target is at angle to the left
of the perpendicular which is equal to the angle of the first position
to the right.

(5) The use of the interval phasing section produces two lobes

which are symmetrical about the perpendicular to the array. If the

total length of path from A to B is between 1 and V/2 wavelengths, the

lobe is bent away from the side of the antenna to which the feed line
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is attached. If the length of path is between iy2 and 2 wavelengths,
the lobe is bent toward the side to which the feed line is attached.

(6) In order to make use of the two lobes whose signals reach the
receiver over separate feed lines, the receiver has two input channels
and an electronic switch to select them alternately. The output of
these channels is combined and applied to a conventional superhetero-

TL 8672

Figure 188. Adjusting phasing section for double lobes.

dyne receiver (fig. 189). The electronic switch produces two 1,000-

cycle-per-second square-wave signals that are inverted with respect
to each other. The signals are applied to the grids of the r-f amplifiers
as blocking voltages. Since they are out of phase, r-f amplifier A
conducts and amplifies while B is nonconducting. Every half cycle

of the switching voltage this condition is reversed. Thus the signal

FEED*

FEEDB

R-F AMP

A

R-F AMP

B

01

RJ

ELECTRONIC

SWITCH RECEIVER
INDICATOR

TL-8873

Figure 189. Block diagram of receiver with electronic switch.

applied to the single channel amplifier which comprises the rest of the

receiver is alternately a signal from feed line A and than a signal from
feed line B.

(7) Figure 190 shows the circuit diagram of a typical electronic

switching system. Tubes V101 and V102 are duplicate r-f amplifiers
for the signals appearing on feed lines A and B of figure 187. Trans
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former coupling is used for the input circuits to maintain a balanced

feed-line system. The plate load circuit is common to both tubes, so

that their outputs are combined as the input to the second r-f amplifier
of the receiver. The grid of tube V101 is returned to ground through

=

c

resistors R101 and R102, the plate load of V103. the first switch am

plifier. Similarly, the grid of V102 is returned to ground through
resistor R104 and plate load of the second switch amplifier.

(8) The output of the 1,000 cycle-per-second multivibrator is an

approximate square-wave of sufficient amplitude to overdrive tube
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V103. This tube and V104 form a two-stage amplifier to further
square the output of the multivibrator. The plate potential is caused
to vary between ground and a negative value by applying a negative
plate supply in the cathode instead of a positive one in the plate.
Thus, when the output of the multivibrator swings to a positive maxi
mum, tube V103 conducts, and the electrons flow from the plate to

ground through resistor R102. This causes the plate to be negative
with respect to ground. The negative voltage change across the plate
load is coupled to V104, and cuts this tube off. Since there is no elec

tron flow, there will be no voltage drop across R105 and R106, and the

plate of V104 is at ground potential. As the output of the multi
vibrator swings negative, V103 is cut off, and its plate rises to ground
potential, and a positive change is passed on to V104. V104 conducts
and its plate voltage becomes very negative. Therefore, when the

plate of V103 is at ground potential the plate of V104 is negative, and
when the plate of V103 is negative, V104 is at ground.

(9) The grids of the r-f amplifiers are directly coupled to the plates
of the switch amplifiers, so that the plate potential of V103 is a bias

for V101, and that of V104 is a bias for V102. V101 operates as' an

amplifier with cathode bias when V103 is cut off, and is cut off when

V103 conducts. V102 operates in the same manner with V104. Since

V104 inverts the signal from V103, V101 and V102 alternate in oper
ation. The signal developed across the common load inductor L103

is alternately the signal from feed line A and then from feed line B.

(10) The gains and plate currents of the two r-f amplifiers must
be equal in order for the switching system to work correctly. Other
wise, the indicated equal signal position of the antenna will not cor

respond to the correct on-target position, and a square-wave modula
tion will appear in the output. This is taken care of by balancing
the gains of the tubes, V101 and V102, with the individual gain con

trols, resistors R103 and R107. The indicator is similar to that de

scribed in the previous paragraph, and requires a square wave to mix
with the sweep voltage for spreading the echo pips. This signal
must be synchronized to the switching action, and is obtained by tak
ing the voltage drop across resistor R106 in the plate circuit of V104.

The receiver output is applied to the vertical deflecting plates of the

indicator.

40. CONICAL SCANNING.
a. General. (1) The principle of lobe switching can be ex

tended to give accurate azimuth and elevation simultaneously when

applied to antenna systems using parabaloidal reflectors. The name

given to this type of operation is conical scanning because an off-

center lobe is produced which is rotated about the axis of the reflector
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(fig. 191). The lobe axis describes a cone in space around the axis of
the reflector.

(2) The echo signal received from a target which lies on the axis

of the reflector has the same amplitude for all positions of the lobe.

If the target moves away from the reflector axis the signal received

varies approximately sinusoidally with the rotation of the lobe. As
the axis of the lobe nears the target the signal increases, and as the

axis of the lobe moves away the signal decreases. The relative phase

of the signal variation therefore indicates the direction of the target

from the reflector axis. The magnitude of the signal variation indi
cates the distance away from the reflector axis to the target.

TL 8875

Figure 191. Conical wanning.

(3) Conical scanning is applied to microwave systems which are

used for fire control against aircraft. The circuits which supply the

indicator can be used simply to indicate the relative position of the

target, or they can be made to track the target automatically as well

as indicate its position. The discussion here will be confined to the

methods for producing the conical scan.

It. Off-center dipole. (1) The simplest method to produce
conical scanning is to use a coaxial line terminated in a dipole. The

coaxial line is bent sufficiently to displace the electrical center of the

dipole slightly away from the focal point of the reflector (fig. 192).
The coaxial line and dipole are rotated by a scanning motor at a speed

of 20 to 60 revolutions per minute.

(2) The apparent source of energy for the parabaloidal reflector is

the electrical center of the dipole assembly. Since it is off center with
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respect to the reflector, the lobe produced will be off center. As the

center of the dipole rotates around the axis of the reflector, the lobe

is rotated also.

(3) The chief disadvantage of the method illustrated above is that
the dipole assembly is not balanced mechanically about the axis of
rotation. A second method has been used in which the dipole assem

bly closely resembles that of the system described in section IV. The
coaxial line is at the center of the reflector, and is perfectly straight

Figure 192. Off-center dipole.

and properly balanced. Figure 193 shows a dipole; elemant A is fed

in the normal manner by direct connection to the inner conductor.

The path for energy flow to element B is made longer by causing

the energy to flow from the inside of the outer conductor through hole

C and around the outside of the coaxial lines to element B. This man

ner of feeding, plus the position of the bazooka and the fact that the

dipole elements are of different shape, gives an uneven current distribu

tion. The uneven current distribution causes the electrical center of

the dipole to move from the physical center. • Therefore the energy is

reflected from the paraboloid at a slight angle to the axis. As the

dipole is rotated, the point at which the energy is directed describes
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a circle around the center of the reflector and the reradiated energy
describes a cone giving the desired conical scan. The bazooka or

quarter-wave balancing section mounted on the outer conductor of

the coaxial line also prevents standing waves on the transmission line.

c. Waveguide conical scan. (1) It is possible to produce

a relatively simple system of conical scanning with a round waveguide

Figure 194. Conical scanning with waveguide.

which may easily be balanced mechanically. Figure 194 shows one

type which is used. The r-f energy is supplied to a fixed round wave

guide through a coaxial line. The inner conductor extends into the

guide to act as the coupling probe, and a plunger in the end of the

guide is used to adjust the degree of the coupling. A polystyrene-

filled round waveguide is fitted in the other end of the waveguide.
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(2) The inner end of the polystyrene is of the proper size to match

the impedance of the fixed waveguide to that of the rotating wave

guide. The rotating waveguide is bent off the center line of the fixed

guide in order to produce a beam shift by supplying energy off center

to the paraboloidal reflector. The conical scan is produced by driving
the offset rotating waveguide through a plexiglass shaft coupled

to the scan motor. A small hole in the outer end of the polystyrene
filling helps to match the rotating waveguide to the paraboloid and

to free space.

(3) The system can be balanced by properly distributing the weight
of the metal plug in which the hole is bored to form the rotating
waveguide. Radiation through the rotating joint between the fixed

waveguide and the metal plug is prevented by a groove a quarter-
wavelength deep, which acts as an r-f choke.

41. NONDIRECTIONAL ANTENNAS.
a. General. There are a few applications of radar and its asso

ciated equipment that require the use of nondirectional antennas.

This type of antenna is used where a bearing indication is not neces-

T

i
TL 8879

Figure 195. Vertical dipole fed with coaxial line.

sary or is undesirable. Nondirectional antennas are used in naviga

tion aids such as beacons (Racon), some forms of IFF equipment,

and in "presence" indicators, such as radar sets for submarines which

indicate only the range of nearby aircraft.

b. Vertical dipole. (1) One of the simplest forms a non

directional antenna can take is a single vertical radiator. It gives a

uniform radiation pattern in the horizontal plane and a wide lobe

in the vertical plane. Figure 195 shows one form of vertical dipole

antenna fed by a coaxial line. The characteristic impedance of the

line is designed to match the feed impedance of the antenna.
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(2) A J-type antenna is shown in figure 196. The radiator is a

continuation of one leg of a quarter-wave matching section. The

transmission line is matched to the antenna system by varying the

position of the line on the matching section. The pattern of the J
antenna in the vertical plane is slightly broader than the first-men

tioned type of vertical radiator because of imperfect cancelation of

the field of the matching section.

c. Turnstile antenna. (1) The turnstile antenna, figure
197®, gives a fairly uniform pattern in the horizontal plane and has
the advantage of radiating horizontally polarized energy. The an

tenna is fed in such a way as to give a 90° phase shift between adjacent

radiating elements. The field strength broadside to one of the dipoles
is equal to the field from that dipole alone. The field strength at a

point at any other angle is equal to the vector sum of the fields from
the two dipoles at that angle. The vector sum of the fields from both

dipoles at any angle is nearly equal to the field strength when meas

ured broadside to one dipole. Therefore, a nearly circular horizontal
pattern is produced as shown in figure 197©.

(2) The feed system is shown in fig. 197®. Element A is fed from

the center conductor of one concentric line and element C is fed from
the outer conductor of the same line. Similarly, element B is fed

from the center conductor of the other concentric line and the outer

conductor of this line feeds element D. The characteristic impedance
of each transmission line matches the input impedance of each of the

crossed dipoles, hence standing waves are not present on the trans-

2

TL 8880

Figure 196. J-type vertical antenna.
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mission line. In effect the two branches of transmission lines are fed in
parallel at the tapped point T.' The transmission line feeding this
point must have one-half the characteristic impedance of the other lines
or the impedance must be transformed by a matching section to pre
vent standing waves on the feed line.

(3) Since the length of the concentric line between points T and S
is A/4, the energy at point S is 90° out of phase with that at T. The
distance from point S to dipole BD is the same as the distance from
point T to dipole AC. Therefore element B lags element A by 90°.

Figure 197. Turnstile antenna.

Likewise the energy fed to element D lags that fed to C by 90°. As a

result, each element is 90° out of phase with the adjacent elements.

d. Other dipole configurations. (1) Figures 198 and 199

show two other antennas that may be used where a nondirectional

pattern is desired.

(2) Figure 198 shows an antenna made of two half-wave elements,

of which the end quarter-wavelength of each is bent back 90°. The

pattern from this antenna is very much like that of the turnstile an

tenna. The field from the two quarter-wave sections that are bent

back are additive because they are 180° out of phase and are a half-
wave apart. The advantage of this antenna is the simplicity of its
feed system and construction.
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Figure 199. Antenna array of circular construction.

(3) Figure 199 shows an antenna with three dipoles bent to form a

circle. All dipoles are excited in phase and the radiation is reasonably
uniform in all directions. There is a little more interaction of the
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fields in this type than in the turnstile antenna. However, the inter
action is uniform and does not detract from the effectiveness of this
system as a non-directional antenna. The dipoles are center fed to

match the impedance of the coaxial line. A bazooka is included in the

system to prevent unbalance in the feeding of the dipole elements.

42. ECHO BOXES.
a. General. Echo boxes are resonant cavities designed to have

a very high Q, of the order of 35,000. They are used with microwave
radar sets to provide an artificial or "phantom" target which may be

used to tune the receiver to the transmitter in case no real targets are

available. The echo box may also be used to give an approximate

RINGING
TIME

© ECHO BOX SIGNAL
ON TYPE A INDICATOR

ECHO BOX SIGNAL
ON TYPE PPI INDICATOR

TL- 8884

Figure 200. Appearance of echo-box signal on radar indicator.

indication of the transmitter output relative to some arbitrary stand

ard, and if accurately calibrated, it may be used to measure frequency.

b. Theory of operation. (1) Energy from the radar an

tenna is fed into the resonant cavity to make it oscillate. Since the Q
is very high, the cavity oscillates or rings for several microseconds

after the end of the transmitted pulse. During the time that the echo

box is ringing, it feeds energy back into the radar antenna, which pro

duces an echo pulse on the indicator screen. The length of time that the

echo box oscillates is dependent on the tuning and losses in the cavity,
the pulse shape and peak power of the transmitter, and the tuning of

the receiver. Since the echo box may be tuned to the transmitter

under a given set of operating conditions, all variables except the re

ceiver tuning may be eliminated. The receiver is then tuned by

watching for maximum width of the pulse that appears on the indi

cator screen (fig. 200). False operation is prevented by designing the

echo box so that it can oscillate in only one mode within the desired
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frequency band. The usual form is a cylindrical cavity one-half
wavelength long that oscillates in the TE0,i,i mode.

(2) The echo box may be excited directly by pointing the antenna

at a hole in the cavity. However, the echo box is more useful if it is

mounted near the indicator, and the r-f energy is fed to it over a

coaxial line which is connected to a dipole placed in the antenna

field.

(3) An echo box may be improvised where a commercial type is

not available. A well-tinned 1- or 5-gallon oil can gives an echo of

approximately 3 miles width when properly tuned by denting the

sides of the can until maximum response is observed on the indicator.

TL 8865

Figure 201. Echo-box test equipment mounted in aircraft.

Coupling to the system is obtained by removing the cap and pointing
the hole in the can at the radar antenna. The can should be held
4 to 5 feet in front of the antenna to prevent overloading of the receiver.

c. Tuning by moans of ocho box. (1) Tuning by means

of permaent echoes can be satisfactorily accomplished where an

A-scope is available. When the only scopes available are type B or
PPI, tuning on permanent echoes requires judging the brilliance of
the pattern. This is extremely difficult because of the long persist
ence screen on such scopes. Therefore, some form of echo box is
desirable because it shows by an increased width or range of echo

pulse an improvement in performance resulting from an increase in

transmitter power or from improved tuning of the receiver. The
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echo box is also useful with an A-scope because it gives a reference
echo that does not change with location or other conditions. Fig
ure 200 shows the returned signal on an A-scope and PPI-scope.
In some plane and ship installations where there is the possibility
that no permanent echoes will be available, echo boxes are an integral

"
part of the installation, as shown for an aircraft in figure 201. The
echo box or pickup antenna is mounted at a point where pickup may
be obtained from the radar antenna. During the normal operation
of the set the echo box is either detuned or disconnected from the

pickup antenna.

(2) An echo box may be used for other purposes by adding a sec

ond pickup loop and coupling a crystal detector and microammeter
to it. With these additional components it is possible to calibrate the
echo-box dial for use as a wavemeter. An instrument of this type
is useful in transmitter adjustment because receiver tuning does not
enter the picture.
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Section VIII
Receivers

43. GENERAL.
a. Introduction. Improved receiver design can increase the

usefulness of radar equipment, perhaps more than any other single

factor. Only a small part of the energy radiated from the antenna

strikes a distant target, in spite of efforts to limit the transmitted

energy to a narrow beam. The reflections from the target are scattered

in random directions, causing the echo which returns to the set to be

extremely small. The receiver must accept signals of perhaps a

microvolt or less in amplitude and amplify them to useful magni

tudes. The effective range of a radar set is therefore proportional to

the ability of its receiver to utilize weak reflected signals. The weaker

the signal which the receiver can use, the greater the effective range

of the set.

b. Signal-to-noise ratio. (1) Theoretically it is possible

by using many stages of amplification to build any signal, no matter

how weak, to any desired amplitude. However, there are present in
all electrical circuits various random disturbances which produce
small voltage variations known as noise. In particular, the input
stage of the receiver generates such vol1ages. These are amplified
along with the signal voltage in the following stages of the receiver.

Noises are generated in the other stages, but these are less important
since they are not amplified as much as those which are present in the

first stage. If the signal is not at least as large in amplitude as

the noise voltage at the input stage, it cannot be recognized at the
receiver output and therefore is useless.

(2) A primary consideration in receiver design is to keep the noise

level as low as possible so that, for a given signal, the signal-to-noise
ratio is high. If the noise level is low a weak signal from a distant
target may be detected. If the noise level is high the target has to be

much closer before the echo from it is sufficiently strong to override the

noise. Thus the noise generated in the receiver is a factor which affects

the useful range of the set. Reducing noise by improved design on a

moderately good receiver may extend the range of the set much more

effectively than increasing the output power of the transmitter.
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(3) The noises which are generated in an amplifier stage include
three types. These are thermal agitation, shot effect, and induced
noises. All of these include frequency components throughout the
entire frequency spectrum, and the amount of noise therefore is af
fected by the choice of bandwidth for the receiver. (See sec. IV.) In
general, a reduction in bandwidth of the receiver reduces the noise

voltage, but does so at the expense of pulse shape. The amount of
distortion of the pulse shape which can be tolerated is the limiting
factor in increasing signal-to-noise ratio by reduction in bandwidth.

(4) Thermal agitation noises are caused by random motion of free
electrons in a conductor. At any instant there are likely to be more
electrons moving in one direction than in the other, causing a voltage
to develop across the conductor. If the temperature of the conductor
rises, the agitation of the electrons increases in both directions so that
the instantaneous current is greater. Since the noise voltage gen
erated in a conductor is the IR drop from this current, the amplitude
of the noise voltage increases with an increase of either temperature
or conductor resistance.

(5) Shot effect is caused by irregular emission from the cathode of
a tube. The electron flow in the plate circuit varies slightly in the
number of electrons reaching the plate from one instant to another,
and in the velocities of the individual electrons. This very small
current variation produces a small voltage variation across the load

impedance of the tube which is known as noise, since the irregularities
are entirely random. When a positive grid is placed in the electron

path to divide the electron flow with the plate, the shot effect is magni
fied because the division of the electrons is also irregular. For this
reason multigrid tubes are noisier than triodes. Shot effect can be

minimized by using a high mutual-conductance tube, since the signal
control of the electron stream is greater than in a low mutual-con
ductance tube for the same relative noise level. An increase in the

space charge by higher filament temperatures is sometimes helpful in

smoothing out emission variations.

(6) Stray electrostatic and electromagnetic fields may induce volt
ages and currents in resistors, leads, and even within the tubes them

selves. In addition to the shot effect in the plate circuit, the irregular
electron stream causes currents to flow in the grid circuit. The elec

trons moving past the grid induce charges on it which are dependent
on the positions of the electrons. If the flow is constant in velocity
and number of electrons, the net result of all electrons will be constant.

Actually this is not true, so that a random variation in charge on the

grid occurs, with a resulting movement of electrons to and from the

grid circuit. This takes place without electrons from the cathode

reaching the grid, but by merely passing by. The movement of elec-

580730°— 44 16
235

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

7
:3

6
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



trons in the grid circuit produces a noise voltage across the grid circuit
which is amplified by the tube. The magnitude of the noise voltage
on the grid resulting from the electron stream increases with fre

quency, so that noise from this source depends both on bandwidth and

the carrier frequency. Any other stray fields external to the tube may

produce similar effects, in addition to voltages produced by insufficient

filtering of the plate voltage supply. Long feed lines are particularly
susceptible to stray fields. Induced noise voltages are minimized by
low impedance circuits, shielding, filtering, and short leads.

c. R-f amplifiers. (1) The difficulty of obtaining useful

amplifications becomes greater as the carrier frequency becomes

higher. Because of noise considerations, screen grid tubes, which are

in common use at broadcast and lower radar frequencies, are less use

ful at the higher radar frequencies. The inductive reactance of the

cathode leads at these frequencies causes appreciable degeneration.
The signal voltage and part of the noise voltage are affected equally

by this degeneration. The noise resulting from random division of

current between the plate and screen grid, however, is not affected,

because both of the currents flow in the cathode. The result is an

over-all reduction of signal-to-noise ratio.

(2) At extremely high frequencies, the capacitive reactance between

tube elements becomes important. In triodes the grid-plate capaci

tance tends to cause instability which may set up oscillations. The

grid-to-cathode capacitance tends also to shunt the signal voltage.

The result is to limit the possible gain of the tube. The factors af
fecting the ability to produce amplification have been discussed in

section III.
(3) It was pointed out in b(6) above that the irregular emission

of the cathode caused an apparent flow of current in the grid cir
cuit without electrons reaching the grid from the cathode. This
produces an input resistance to the tube which loads the grid circuit.
The higher the carrier frequency, the lower is this input resistance.

The electron stream is varied by the applied signal voltage as well,

and this lowers the apparent input resistance. Thus the physical
grid circuit constructed from inductance and capacitance is paralleled
by the apparent input resistance and capacitance of the tube.

(4) For the above reasons, r-f amplifiers have not been used exten

sively in the microwave region. At the lower radar frequencies,
more or less satisfactory gain has been obtained by using tubes of

small physical size to reduce interelectrode capacitance and the elec

tron transit time. Multiple short leads to the cathode have been used

in an attempt to reduce the inductance. A circuit with the grid
grounded and the signal applied to the cathode is also useful in extend

ing the high frequency limit of r-f amplifiers since the plate-to-grid
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capacitance then acts only as a load on the plate circuit, rather than
as a feedback path as in a conventional circuit.

(5) A tube which lends itself well to the grounded-grid type of
circuit, or to circuits using tuned concentric lines, is the lighthouse
triode. The heater and cathode connections are made to pins in a

standard octal tube base. The plate connection is made to the cap,
and the grid connection is made to a ring encircling the tube about

halfway between the cap and the shell. This construction allows the

tube to be made rugged with less interelectrode capacitance for the

small spacing than in conventional triodes. A circuit using this tube

as an r-f amplifier is shown in figure 202. The coaxial cable carrying
the signal is connected directly to the cathode shell. The signal volt
age which appears across the tuned cathode circuit C1, L1, is coupled
to the cathode by the capacitance between the cathode and shell.

Since the grid is grounded, the application of a signal to the cathode

controls the plate current of the tube. Bias is developed across re

sistor R1. The plate coil L2 is tuned to resonance by capacitor C2.

A filter network L3, C4, C5 bypasses to ground any r-f in the plate
voltage lead. The resistors R2 and R3 permit the adjustment of the

operating voltage to the proper value of from 200 to 250 volts.

(6) Another r-f amplifier using a lighthouse triode and tuned by
concentric lines is shown in figure 203. The r-f input is tapped directly
on the grid line. The cathode is coupled to the outer conductor of
the grid cathode line by the capacitors C7 and C8 which are built into
the tube, and bypass radio frequency from the metal shell that forms
the base of the tube to the cathode. Grid bias is furnished by the

potentiometer R1 which is set to give the correct plate current. Plate

voltage is supplied through the filter made up of C4, C5, and R3
located inside the plate line. Coupling to the next stage is made by
means of a pickup coil positioned between the grid and plate lines.

Because of the grid plate line some regenerative amplification may be

realized. Oscillation is prevented by proper loading and location of
the grid input tap.

d. Blocking and recovery time. (1) The receiver, though
partially protected by a T-R device, receives a strong signal directly
from the transmitter. This signal may overdrive and block the

receiver and render it insensitive to signals which follow shortly after
ward. Thu« the minimum range may be seriously impaired by the

receiver's inability to detect signals from nearby targets. The block

ing results from excessive bias developed on one of the tubes by the

signal, usually in a video stage which is resistance coupled. The block
ing bias may be developed by grid current, or by excessive current
through a cathode biasing resistor if it is bypassed by a capacitor.
The stages preceding the»second detector are not usually subject to
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blocking because the signal has not been amplified sufficiently to over
drive the tubes, since inductors rather than resistors are used in the
grid leads, and because any cathode biasing resistors are unbypassed.

(2) Blocking in the video stages can be prevented, or its effect

minimized, in several ways. A gate pulse applied to one or more of
the i-f stages may either bias the tubes to cut-off or remove the supply
voltage for the duration of the transmitted pulse. When it is necessary
to receive weak signals at the earliest possible moment after the trans
mitted pulse, as in AI equipment, gating is used. If the second detec
tor produces negative pulses, the first video stage may be used as a

limiter. Any signal of too great amplitude merely drives this tube
to cut-off and its output is limited to a predetermined maximum ampli
tude. If the bias is supplied from the power supply through a voltage
divider which draws a large current, any excess conduction by the tube

produces only a negligible voltage change in the biasing resistor.
When blocking does occur, its duration is determined by the time con
stants involved. The effect can be made less objectionable by making
the time constants, and consequently the recovery time, as short as is
practicable. By leaving the cathode resistor unbypassed, its time
constant is made practically zero.

44. AUTOMATIC FREQUENCY CONTROL.
a. General. Any frequency drift of the carrier or local oscil

lator causes the intermediate frequency to change by the same amount.
To compensate for this drift the i-f bandwidth may be increased in
the design of the receiver. This increase in bandwidth will raise
the noise level, but if the increase is not made, the pulse will be dis
torted owing to loss of high frequency components. The performance
of the receiver can be improved by automatic frequency control which
avoids both difficulties. If the intermediate frequency changes for any
reason, the control circuit brings it back to its proper value by tuning
the local oscillator.

b. Operation. (1) In the circuit of figure 204, the input
signal is at an intermediate frequency of 60 megacycles. A drift of
the intermediate frequency produces a d-c voltage change which, after
amplification, is impressed on the repelier grid of the klystron oscil
lator to retune it to the correct frequency. Tube V1 is an i-f ampli
fier, where input comes from the regular i-f channel. The secondary
of transformer Tl is tuned to resonance at the i-f frequency. The
coupling of the primary and secondary, and the tuning of the primary
are adjusted to give a voltage across the secondary that differs by
90° in time phase with the primary voltage. The .primary is con
nected to the center tap of the secondary by means of the coupling
condenser C4.
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(2) Figure 205 shows an equivalent circuit of the discriminator and

the various voltage relations for frequencies above, below, and at

resonance. As shown in the equivalent circuit, ®, the voltage applied
between the upper diode plate and cathode is the drop across the re

sistor between A and D. This is the vector sum of the voltage across

the upper half of the secondary, A to B and the voltage of the primary,
B to D. Similarly, the voltage applied to the lower diode plate is

® EQUIVALENT R-F CIRCUIT OF A DISCRIMINATOR @ FREQUENCI AT RESONANtt

TL 8869

Figure 205. Vector diagrams and equipment circuit of discriminator.

that across the lower half of the secondary, C to B plus the primary
voltage, B to D.

(3) When the i-f signal is at its proper frequency, the voltage across

the secondary, A to C is 90° out of phase with the voltage across the

primary, B to D (fig. 205©). Thus ECB leads EBD by 90°, while
EAB lags EBD by 90°. Since the secondary is center-tapped to make

EAB equal to ECB, the vector sums are equal in magnitude. Equal
signals on the two diode plates produce equal currents in the cathodes,

which in turn produce d-c voltage drops across R5 and R6 which are

equal but of opposite polarity. The output to the d-c amplifier is

therefore zero.
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(4) If the i-f signal changes in frequency, the secondary circuit is

no longer tuned to resonance, and voltage A to C no longer differs by

90°. If the frequency decreases, a lag of more than 90° is produced ;

if the frequency increases, a lag of less than 90° occurs. In the former
case the voltage applied to the lower diode plate is greater (3) , and the

output to the d-c amplifier is negative. In the latter case conditions
are reversed (4), and a positive output is produced. After being

amplified, the d-c voltage is used to correct the klystron, or local oscil
lator frequency.

45. SUPERREGENERAITVE RECEIVERS.
a. General. Superregeneration takes place in an oscillator

when oscillations are started and stopped at a radio frequency rate
that is low in comparison with the frequency of the generated oscil
lations. This effect can be accomplished by applying a quench voltage
in the lower radio-frequency range (25 to 300 kilocycles) to the grid
or plate circuit of an oscillator in such a way that the tube oscillates

only during a portion of the positive half cycle of the quench voltage.
The oscillations build up during the positive half cycle only to be

suppressed or quenched as the low frequency voltage drops to value

at which oscillations cannot be sustained. When a superregenerative

oscillator is used in a receiver the incoming signal is impressed on the

grid of the superregenerative stage. Since the tube is in an extremely

high regenerative condition during the periods of oscillation the

amplification obtained is very great. Superregenerative receivers are

very simple in design when compared with superheterodyne receivers

and they are utilized in some instances where weight is an important
factor.

Ii. Superregenerative receiver eirenit. (1) A simpli
fied diagram of a superregenerative receiver using a triode oscillator
and a diode rectifier or detector is shown in figure 206. Regeneration
or feedback from the plate to the grid takes place through the

oscillator tank circuit. Capacitors Cl and C2 couple the grid and

plate of the tube to the tank circuit. Plate voltage is supplied through
L2 and the power supply is bypassed by capacitor C3. Grid bias

and the quench voltage are applied to the grid of tube V1 through
L4, which offers a high impedance to the high resonant frequency of
the oscillator, but is low enough to pass the quench frequency. Re
sistor Rl is a sensitivity control that varies the d-c bias on the oscil

lator Vl. R2 serves to give the oscillator some self bias and limits
the speed at which oscillations build up.

(2) The output of the oscillator is taken from the tank circuit and

coupled to the rectifier or detector tube V2 by means of capacitor C4.

L5 and R3 form the load of the detector and the output appears
across R3.

243

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

7
:3

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



c. Operation. (1) The operation of the receiver when no

signal is applied is shown diagrammatically by the voltage curves in

figure 207. The noise that is generated as a result of shot effect and

thermal agitati®n is shown- in curve ®. Curve @ shows the effective

WW

* a

» -Li

3.»v 3 K
vJUULr

1I'

ios
z <
UJ-J

o

>
s

> I

c r—»-<s

noise voltage mixed with a quench voltage applied to the grid. The
amplitude of the noise voltage as shown is extremely exaggerated for
illustrative purposes. The d-c bias applied to the superregenerative

oscillator is high enough to prevent it from oscillating until the quench

voltage is applied. The amount of this bias determines the points
on the quench cycle between which the tube oscillates. Curve ®
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shows how the oscillations started by a noise voltage build up, and
curve @ illustrates the rectified output from the detector stage. It
can be seen that though no signal is being received there is a small
output from the detector stage. It can be seen that though no signal
is being received there is a small output from the detector made up

RESPONSE DUE TO NOISE RESPONSE DUE TO
NO SIGNAL APPLIED APPLIED SIGNAL

N0ISE
, INPUT SIGNAL

RECTIFIED OUTPUT

TL-889I

Figure 207. Voltages developed in a wperregenerative receiver.

of pulses occurring at the quench frequency. When oscillations are

started by the noise voltages in the circuit, the speed at which oscil

lations build up depends upon the magnitude of the noise at that

particular instant. Since there is a great chance factor in noise

amplitude, the time oscillations start and the speed at which they

build up varies greatly, producing the hiss that is characteristic of

superregenerative receivers.
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(2) The action of the receiver when a signal is applied is illustrated
in curves © to (f). Curve @ shows the input signal mixed with the

quench voltage. It can be seen that the grid reaches its critical bias

earlier in the quench cycle when there is a signal applied. This oc

curs because the peaks of the input signal drive the grid of the tube

above the critical point. Also the voltage on the grid falls below the

critical point later in the quench cycle when a signal is applied. Con

sequently oscillations reach a greater amplitude before being quenched

and are produced in the receiver for a longer time. For this reason

the output is much greater when a signal is being received than in the

normal no-signal operation. The characteristic hiss is eliminated
when the signal is applied because oscillations are started by the peaks
of the r-f signal voltage giving a definite recurrence time. . The noise

voltage is extremely small when compared with the usual signal so

that it has practically no effect on the time oscillations start.

(3) The sensitivity control, Bl, shown in figure 206 determines the

point on the quench voltage wave at which the tube will oscillate.

The time the tube is in a regenerative condition is determined by the

grid bias and the frequency of the quench voltage. When a super-

regenerative receiver is used where pulses are to be received, the grid
voltage is adjusted to a compromise value between maximum sensi

tivity and a value at which the output pulses resulting from noise are

not large enough to interfere with the function of the set.

(4) The diode V2 functions as a detector. During the positive
half cycles of the radio frequency the impedance of the tube is ex

tremely low and very little voltage appears across the load L5 and

R3. The coupling capacitor C4 is extremely small and prevents ex

cessive loading of the superregenerative stage during the half cycles
that the detector is conducting. During the negative half cycle the

diode V2 does not conduct, and therefore considerable r-f voltage

appears across Lo and R3. The negative pulses of r-f voltage cause

current to flow through L5 and R3. The action of L5 is to store up

energy during the peaks of the r-f pulses and to release it between

r-f pulses to keep the current flowing in the same direction. The re

sult is to produce a d-c voltage across R3 during received signals in
the form of pulses as shown in figure 207 (8).

46. AUTOMATIC GAIN CONTROL.
a. General. (1) The amplitude at the input to the receiver of

the echo from a particular target may vary because of fading and

changing of the position of the target at a more or less rapid rate.

If the receiver has a constant gain there is a corresponding variation
in the amplitude of the output. If this changing amplitude is ob

jectionable, as in systems where the signal is used for automatic
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tracking, an automatic gain control may be used to give greater gain
when the signal is weak than when it is strong. Thus the amplitude
at the output is maintained relatively constant.

(2) A common type of automatic gain control, which is in use in
commercial receivers, uses the signal voltage to control the bias on one

or more tubes. A d-c voltage obtained by rectifying the signal is

used for this purpose. If the signal is too strong the grid of the

amplifier tube is made more negative to reduce the gain. A remote

cut-off tube is used to prevent excessive distortion.

(3) The voltage developed from the signal may be used to control
the gain by letting it regulate the supply voltage for the plates and

screen grids of amplifier tubes. When this method is used, several

stages of d-c amplification are needed to furnish the AGC voltage,
the last stage being a power amplifier.

(4) In radar sets where automatic gain control is used, the voltage

is developed from a particular target under observation, since the

signals from all targets vary independently of each other. For this
reason, a signal selector circuit chooses the interval of time which in
cludes the echo from the desired target. Only the signal received dur
ing this brief time interval influences the receiver gain. Thus echoes

from targets at ranges appreciably different from that of the selected

target have no effect on the gain.

In Typical AGC Circuit. (1) A circuit which provides auto

matic gain control based on the signal returned from a single target
is shown in figure 208. The operator places a range gate or notch

under the echo pulse of the target to be tracked on the indicator. He

adjusts continually the position of this gate to the movement of the

target. An AGC gate, which occurs simultaneously with the range

gate, is applied to tube V1 to select the proper echo pulse from the re

ceiver output. The output of V1 is amplified and inverted, rectified,

amplified by a three stage d-c amplifier, and applied to the receiver as

screen and plate voltage.

(2) Tube V1 is a pentagrid converter tube to which is applied the

AGC gate pulse, and the output of the receiver. In the absence of

gate and receiver output, V1 is biased beyond cut-off. The gate pulse

is adjusted in amplitude to make V1 barely conductive. The receiver

output is not large enough to cause the tube to conduct. When an echo

signal and the gate occur simultaneously, the echo signal is amplified.

All other echo signals are lost because V1 is nonconducting except

during the gate.

(3) The selected signal is amplified and inverted by tube V2 to

produce positive pulses. V3 is a diode detector which rectifies the

pulses to produce an approximately steady positive d-c voltage across
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the filter RIO and C6. The magnitude of this voltage is proportional
to the strength of the r-f signals returned by the target being tracked.

(4) The output of the diode is applied directly to the grid of V4
which in turn is directly coupled to the grid of V5. In order to obtain
direct coupling in these tubes, and to the parallel amplifier, V6 and"V7,
the required voltages for these tubes are obtained from a voltage di
vider, resistors R20, R21, R22, and R23, connected to —190 volts.
Capacitors C8, C1O, and Cl1 remove any pulse ripple to produce a

steady d-c voltage.

(5) The plate voltage of V6 and V7 depends on the magnitude of
the echo signals received from the chosen target. If the signals are

large, these tubes draw a heavy plate current, and their plate voltage is
low. If the signals become small, the plate current becomes small and
the plate voltage rises. The plates and screens of the i-f amplifiers
are connected to the plates of V6 and V7, so that the gain of the i-f
amplifier is controlled directly by signal strength.

(6) The speed with which the AGC circuit responds to a change in

signal strength is fixed by the time constants of the R-C filters used
to remove ripple. These are set so that successive pulses can be re

ceived with little change in the d-c output voltage so long as their
amplitudes are equal. If the average value of the pulses change,

however, the result is to produce a change in the d-c output which
will correct the gain of the i-f amplifier to return the selected signals
to their proper value.

47. TUNING INDICATOR.
a. General. In some cases it is difficult to tune a receiver exactly

to the frequency of the transmitter. This occurs in cases where an

A scope is not provided. The tuning indicators in general use are

operated by the average voltage of all signals being received. In the

usual circuit the output of the i-f section is rectified, filtered, and

applied to a sensitive indicator. The indicator may be either a sensi

tive d-c meter or an electron-ray tube. Where only an instantaneous

indication of maximum signal is desired and relative measurements

are not necessary an indicator of the magic eye type is used because

it is much less expensive than the meter type.

b. Magic eye. The magic-eye type of indicator is basically a

cathode-ray device in which the electrons emitted at the cathode are

attracted to the fluorescent target, causing it to glow. A sketch of a

magic eye-tube is shown in figure 209. A ray control electrode is

placed on one side of the cathode and casts an electrical shadow on the

screen. The width of the shadow depends upon the d-c voltage on

the control electrode. The output of the rectifier or detector could

be applied directly to the control electrode, but usually an amplifier
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stage is used. The amplifier may be either external or built into the

indicator tube itself.
c. Circuit analysis. A diagram of an electron-ray tube cir

cuit is shown in figure 210. The output of the detector is such that
the* voltage applied to the amplifier grid becomes more negative as the

SHADOW ANGLE

U \U \ RAY CONTROL
TL-8893 ELECTRODE

Figure 209. Magic-eye type of indicator tube.

signal voltage increases, causing the potential of the amplifier plate
and the control electrode which is tied directly to the plate to rise
as the signal increases. When the potential on the control electrode
increases the electrons passing the electrode are deflected less and
the shadow angle is decreased.
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Section IX
Indicators

48. GENERAL.
a. Types of scan. (1) The basic types of data presentation

were briefly described in section II. The use of one or more types
of scan in a radar set is governed by the application to which the set

is to be put. As more and more uses are found for radar, the indi
cators are modified from the simple basic types of scans to more com

plex scans which fulfill special needs by presenting all necessary data

on one oscilloscope.

(2) In search or early-warning sets it is desirable to view as large

an area as possible and to track several targets simultaneously. For
this application the PPI-scan is very useful, and it is frequently sup

plemented with an A-scan so that the character of the echo may be

carefully observed and both ranging and identification may be accom

plished easily.

(3) In fire-control or gun-laying sets it is usually desirable to con

centrate on only one target, so that some form of gated A-scan or

B-scan is often used. Where the target is an aircraft, the indicator
must be designed to show the altitude as well as the range and bearing.

(4) A third type of application is the use of radar in aircraft inter

ception. In this case the radar indicator must provide enough infor
mation for one airplane to be pointed at another, so that the type

C-scan, or a modification of it
,

is used in conjunction with a type B-scan.

b. Methods of ranging. (1) The accuracy with which the

range of a target must be obtained varies with the tactical employ
ment of the radar set. For example, range data for fire control must

be accurate to within a few yards, while for a reporting station the

range data need be accurate only to within 2 or 3 percent of the range.

The angular accuracy of the bearing measurement is subject to similar
limitations.

(2) Since the range need not be determined with great precision in
search radar sets, the sweep is often calibrated by the use of a trans
parent overlaid scale, as in section III. This enables the operator
to estimate the range within the required limits of accuracy. In other
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cases marker pips are used to divide the sweep into equal time inter
vals to facilitate estimation of the range of echoes.

(3) In applications that require accurate measurement of range,
some means is provided for introducing a variable delay to permit
aligning the echoes with a reference mark. The reference mark may
take the form of a hairline across the face of the oscilloscope or a notch

or step in the sweep trace. In some cases the precision of measurement
is improved by observing the desired echo on an expanded portion of
the sweep.

49. RANGE ESTIMATION
a. Methods of estimation. (1) A given range can be rep

resented by the total length of the sweep on a cathode-ray tube screen.

If the transmitted pulse occurs at the beginning of the sweep, the range
of a target may be estimated by observing the fraction of the sweep

length between the transmitted pulse and the echo. Estimations of
this kind depend on the judgment of the operator, and are made less

accurate fey any nonlinearity of the sweep.

(2) If the radar equipment is installed in a permanent location,
there may be a number of fixed targets whose ranges are known.
Thus, several points on the sweep may be accurately calibrated, and

the ranges of other echoes can be estimated with reference to these

known points.

(3) Estimation of range is made somewhat more accurate by the

use of range markers which divide the trace into equal time intervals.
Markers which appear on the sweep itself, rather than as marks on

an overlaid scale, are preferable because they compensate for the

effects of nonlinearity.

b. Shock-excited oscillator. (1) A circuit, in which the

plate current of a switch tube flows through the inductor of a tank
circuit, may be used to produce a damped train of oscillations by cut

ting off the tube, as explained in section VII, TM 11-466 and Navships
900,016. The frequency stability of this type of oscillation is excel

lent because the tank circuit is very lightly loaded and the frequency

depends in no way on the action of the tube.

(2) One system that is used for generating range markers from
the output of a shock-excited oscillator is shown in figure 211. A
negative-going square pulse drives the grid of V1 below cut-off at
the instant that the sweep starts, thus setting up oscillation in the
tank circuit made up of Ll and C2. Sharp, well-defined marker
pulses are produced by feeding the output of the tank circuit through
the remaining circuits of figure 211. The damped oscillations are
limited and amplified by V2 so that the output at the plate is a series
of approximate square waves of the same amplitude. Resistor K2
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in series with the grid limits the grid current and thus reduces any
damping effect on the L-C circuit. The cathode bias developed across
R3 and C3 prevents the grid from going extremely positive and thus

aids in keeping the grid current low. A low-plate voltage is used
to aid in the limiting action. The output of V2 is coupled to the

grid of V3 which acts as an overdriven amplifier and produces a

good square wave at its plate. The peaker-amplifier tube V4 has as

its plate load inductor L2 shunted by resistor R9. The inductor
resonates with its distributed capacitance at a frequency of the order
of 2 megacycles per second. When the tube is cut off by the negative-

going square wave the coil is shocked into oscillation. The resistance

damps the oscillation almost completely before one cycle is completed
so that a positive pulse of approximately 0.25-mierosecond duration is

produced. When the grid swings positive a negative pulse of smaller
amplitude appears at the plate. This has no significance since the

following tube is biased below cut-off so that only positive pulses
affect its operation. The grid of V4 is returned to a positive potential
rather than to ground in order to insure high conduction in the tube

just before the grid swings negative. The large resistor, R8, in the

grid circuit limits the grid current to a small value. The output of
the pulse generator is fed to a cathode follower which is biased below

cut-off. By adjusting this bias so that the positive peaks raise the

grid above cut-off by the desired amount, the amplitude of the marker

pulses can be controlled.

(3) If the oscillations in the cathode circuit of V1 are damped too

much to be useful over the entire sweep, a regenerative circuit (fig.

212) can be used to sustain their amplitude. The circuits are identi
cal with those of figure 211, with V6 and V7 added. The sustaining
circuit is in the form of a multivibrator with a natural frequency of
oscillation much lower than that of the input signal. The output
of the L-C circuit is coupled directly to the grid of V6, is amplified
in V6 and V7. and fed back to the input point in its original phase,

having been inverted twice. The degeneration in the two unbypassed
cathode resistors prevents excessive gain which would distort the

sinusoidal wave generated in the L-C circuit. The frequency of

oscillation is the resonant frequency of Ll C2, while the amplitude is

held constant by the action of the multivibrator. When current
Hows in V1 the oscillations are damped out and start again when the

current is cut off. The oscillations are used to generate positive
marker pulses as discussed in connection with figure 211.

c. Multivibrator. (1) Range markers may be generated by

the type of multivibrator circuit shown in figure 213. The circuit is

turned off and on by a signal applied through C1 to the grid of V1.

A negative pulse of relatively short duration cuts off V1 and renders
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the circuit inoperative until the signal goes positive, at which time

the sweep also starts. When V1 begins to conduct, its plate voltage

drops, and causes the grid of V2 to swing in the negative direction.

The current through V2 and consequently the voltage at its cathode

decreases. This change, which takes place almost instantaneously, is

coupled through C3 to the cathode of V1, driving it in the negative

direction. Since the grid of V1 is held at a relatively constant voltage
in respect to ground by the charge on Cl, the effect of the voltage cou-

CALT-.PJ£

£6SN7-GT

RANGE
MARKER
GATE

LIMl TER

AMPLIFIER]

OVER
DRIVEN

AMPLIFIER

PEAKER

amplifierI

XJ"
16SN 7CT I I T l

RI4<'
I0 K<
RI5< RI6< RI7<

5K<

♦4 50V

IM < 5K <

CATHODE

FOLLOWER

MARKER
OUTPUT

Figure 2il. Sustaining multivibrator.

pled through C3 is to increase further the conduction of the tube.

This cumulative action cuts off V2 very quickly and drives Vl into
saturation.

(2) The plate current of Vl must flow through the three parallel
branches in the cathode circuit of the tube. The current that flows in
the branches in which there are capacitors causes a change in the

charge of the capacitors by withdrawing electrons from one plate of
each. This flow of current produces a voltage across the cathode im
pedance that drives the cathode positive relative to ground. Since
the three branches are in parallel, the voltage across each branch
must always be the same. The change of voltage that occurs across
the branch containing L1 and C2 controls the cathode potential be

cause the rate of change of voltage in this branch is slower than in
the others.

25«

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

7
:3

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

7
:3

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



(3) As the voltage rises at the cathode of V1, its current becomes

less and its plate voltage rises, causing the voltage at the grid of V2
to rise. When the point is reached at which V2 again conducts, a

cumulative effect which is the reverse of that previously described

cuts off V1. The tube remains cut off only during the time of one

half oscillation of Ll and C2. At the end of this time the voltage

across the tank circuit has swung to its maximum negative value,

causing the start of a second cycle of the circuit action. Thus, V1
and V2 are made conducting alternately at a frequency determined

by the values of Ll and C2. Capacitor C3 is used principally as a

means of causing the change from conduction to nonconduction to be

abrupt.' Resistor R2 is used to damp the oscillatory circuit so that the

stopping of oscillation may be controlled by the gate voltage applied
to the grid of V1.

(4) Since V2 is cut on and off abruptly, sharp marker pulses can

readily be produced in the plate circuit. The action of the plate load

impedance is similar to that described in the peaker-amplifier of
figure 211. Resistor R7 is a potentiometer which provides a means

of controlling the amplitude of the markers. The cathode follower
is biased beyond cut-off so that only positive pulses appear in the

output.

d. Negative transconductance oscillator. (1) One of
the most stable of oscillators used to generate marker pulses is the

negative transconductance oscillator, often called the transitron. A
discussion of the theory of operation of the transition oscillator is

given in section V, TM 11^166 and Navships 900,016. Its stability
compares favorably with that of a crystal-controlled oscillator with
the exception that a steady drift over a long period of time is caused

by aging of the oscillator tube. It has the added advantage that its

operation can be controlled by a switch tube. A representative cir
cuit for a negative transconductance range-marker system is shown
in figure 214.

(2) The plate current of switch tube V1 and the screen current of
oscillator tube V2 flow through the inductor in the tank circuit made

up of Ll, C3. and C4. When the switch tube is cut off, the current
in Ll tends to change abruptly, causing the magnetic field around L1
to start to collapse. This collapsing magnetic field induces in the in
ductor a voltage which drives the screen grid of V2 positive. The
voltage induced in L1 sets up in the tank circuit oscillations that are
maintained by the action of V2. If the bias on V1 is adjusted to give
the proper current through Ll, the amplitude of the first cycle of the

oscillation in the tank circuit can be made equal to the steady state

amplitude. When the switch tube is again made conducting, the

tank circuit is effectively shunted by a low resistance and oscillations
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are quickly damped out. Thus, application of a negative gate volt

age to the grid of V1 Controls the length of time during which oscil

lations are generated, and insures that the first alternation is always
a positive-going half sine wave which starts at the leading edge of the

gate voltage.

(3) The output of the transition oscillator is fed into a cathode

follower because this type of circuit provides the high impedance

necessary to avoid loading the oscillator. Since the cathode follower
is biased, the output is a series of half sine waves, which are used as

range markers in some applications. The cathode follower in some

cases may feed conventional squaring amplifiers and peakers to pro
duce sharp marker pulses.

50. RANGE MEASUREMENT.
a. General. (1) The difficult problem of firing a gun accu

rately can be simplified considerably if the exact distance between gun
and target can be determined. Radar provides a means of finding
this distance by measuring the time required for r-f energy to travel
out to a target, be reflected, and to return. Precise measurement of
range requires the accurate measurement of extremely short time in

tervals. These intervals are measured by some means of introducing
an accurately calibrated variable delay between the transmitted pulse
and the echo pulses on the indicator screen.

(2) Several methods of producing a variable delay to measure

range are in use in existing radar equipment. One commonly used

method is to shift the phase of the sine wave, which times the indi
cator relative to the sine wave, which times the transmitter. The
phase shift is used to delay the action of some circuit in the indicator
by a measured number of electrical degrees, and therefore to measure

the time in terms of the period of one cycle of the sine wave. The
phase-shifting device usually is geared to a dial which is calibrated in

yards or other suitable units of range.

(3) The range of a target may also be measured by the use of a

circuit which measures the magnitude of the sweep voltage at the po
sition at which the echo pulse appears on the sweep. This method de

pends on the comparison of the sweep voltage with a calibrated vari
able d-c voltage, and it is inherently not as accurate as most phase-
shifting methods. However, it does find considerable use in search
radar sets in which it is desired to measure range to a fair degree of
precision.

(4) Other methods of measuring range include the use of a delay
multivibrator, an acoustic tank employing a fixed and a movable

crystal, and calibrated control of the position of the sweep relative to
a fixed marker on the face of the indicator.
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b. Methods of obtaining phase shift. (1) The voltage
obtained from a phase shifter should be of constant amplitude at all
phases to produce uniform operation of the circuits which follow. In
order to make accurate measurements, one degree of rotation of the
phase shifter should produce a change in phase of one electrical degree
or less. The Helmholtz coil, described in section VII, TM 11-466
and Navships 900,016, is a commonly used device for satisfying these
requirements.

(2) Another type of phase shifter using a special capacitor is also

satisfactory (fig. 215®). The reactance of capacitor C1 or C2 at the

operating frequency of 4.1 kilocycles per second is 4,314 ohms. The
resistance of both R1 and R2 is made equal to this value. The current
through either Rl-Cl or R2-C2 leads the voltage across the trans
former secondary by 45°. The voltage across either resistor is in

phase with the current and therefore leads the transformer voltage by
45°. The voltage across either capacitor lags the current by 90° and
therefore lags the transformer voltage by 45°. If the series impedance
of R and C is

z=Jr2+x}
and Xc—R
Then Z=V R2+R2= R^2
Therefore, the amplitude of the voltage across a resistor or a capaci
tor is

EK=Ec=zX 2EM = g ~|
X 2EM=EM^2

where 2EM is the voltage across the transformer, or Em is the voltage
from M to ground. If Em is taken as the reference in the vector dia

gram (fig. 215©), ER leads EM by 45°, and Er lags EM by 45°. The
voltage EP, measured from P to ground, is the vector difference.

Ezi — Ecx. This difference is found by taking — En as a vector equal
in magnitude to En, but opposite in direction, and completing the

parallelogram with En. The voltage EP leads EM by 90° and has the

same amplitude. Likewise the voltage Ex, which is measured from N
to ground, is the vector difference EM — ER. It is equal in magnitude
to EM and lags EM by 90°. The voltage E0, from O to ground, is 180°

out of phase with EM but equal in magnitude since the two points
are at opposite ends of a transformer whose center tap is grounded.

(3) Thus, four voltages at 90° intervals in phase are supplied to

the four stator sections of the phase-shifting capacitor. The rotor
plate picks up voltage components from two or three stator sections

.-imultaneously. The voltage at the output is the vector sum of these

components. In the position shown in figure 215. the components
from plates M and 0 cancel each other because they are equal in magni
tude and 180° out of phase. Consequently the output is 270° out
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of phase with the transformer voltage. The plates are shaped so that
the output voltage is of constant amplitude, and that rotation through
one degree mechanically changes the output phase one electrical
degree.

(4) A modification of this phase shifter uses voltages from the plates
and cathodes of two vacuum tubes fed 90° out of phase to supply the
excitation for the four stator plates. In addition, a stationary output
plate which meshes equally with all stators may be used. The phase
shift is then produced by rotating a dielectric plate which varies the

capacitive coupling between the output plate and the four energized
sections.

(5) The accuracy with which ranges can be measured by phase-

shifting methods depends on device used. In extreme cases, the error
of the phase shifter may be several electrical degrees. The time error
resulting from inaccurate phase shifting may be reduced by making
the freqiiency of the sine wave high so that one electrical degree repre
sents an extremely short time. This requires a means of counting
or selecting cycles as well as a means of producing an accurate phase

shift.

c. Generation of fixed range marker by phase shift.
(1) In many applications the phase shift is used to control the start
ing time of the sweep, so that as the phase of the timing voltage
to the indicator is changed the transmitted pulse and echoes appear

to move along the sweep. Some marker at a fixed position on the

sweep is used as a reference. The marker may be a hairline on the face

of the cathode-ray tube, or a step or notch generated at a fixed time

after the beginning of the sweep.

(2) In figure 2160 the timing sine wave to the transmitter and the

phase of the transmitted pulse and an echo relative to this sine wave

are shown. If the phase shifter is set to zero range, the phase of
the indicator timing sine wave and the phase of the sweep voltage
relative to the transmitted pulse are as shown in figure 216®. The
indicator is designed so that a hairline on the screen always appears in

the middle of the sweep trace. Thus, the appearance of the indicator

screen at zero range is shown in figure 216©. However, if it is desired

to find the range of an echo, the phase of the indicator timing sine wave

must be changed so that the sweep starts before the transmitted pulse

is sent out. Thus, if the indicator timing voltage is made to lead the

transmitter timing voltage by the amount shown in figure 216©, the

echo will appear at the reference hairline as in figure 216©. Note

that the transmitted pulse and echo have moved across the screen

but that the sweep still occupies the same space on the screen.

(3) Some radar equipments use a phase shift of two different fre

quencies to improve the accuracy of range measurement. The master'
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oscillator of the timer in such a system generates a sine wave which
is applied to a phase shifter to time the indicator, and from which a

modulation pulse is generated to operate the transmitter. A highly
selective filter selects a voltage of one of the harmonic frequencies of
which the pulse is composed, and this voltage is also fed to the indica
tor through a phase shifter. If the 18th harmonic is selected, one cycle
of the harmonic is equal in time to 20 electrical degrees of the repeti

tion frequency. The two phase shifters must be geared in an 18-to-1

TL-874I RANGINGON A
TARGET

Fi</ure 216. Sweep timed by phase shift.

ratio so that the shift at the harmonic frequency is 18 times as great
as that at the fundamental, in order to measure the same time interval.
In the circuits following the phase shifters the fundamental voltage is

squared and peaked; the harmonic voltage is limited, amplified, and

differentiated until only narrow peaks appear. The peaking circuit
of the fundamental is a push-pull arrangement whereby two peaked-

voltage wave forms, one the inverse of the other, are obtained.

(4) A circuit, which uses these voltages to produce both a sweep

trigger and a reference marker notch whose phase is always such that

it appears in the center of the sweep, is shown in figure 217. The peaks
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of the harmonic frequency are applied to the grid of V1, and the

peaked waveforms of the fundamental frequency are produced by the
short time constant R-C circuit consisting of R2 C2 and R3 C3. The re

sistors R4 and R5 in series with the grids of V2 and V3 limit the swing
of the grids in the positive direction. The duration of the peaks from
the fundamental is such that one and only one of the peaks of the

harmonic frequency can occur during this time. At the time indi
cated by the arrows on the wave forms the current in V2 is reduced

greatly while that in V3 is increased slightly. The total current

Figure 217. Circuit for producing fixed-phase reference notch.

through the two tubes and therefore the voltage drop across R8 are

reduced. The voltage drop across R6 is reduced, while that across

R7 is increased. The two effects in R6 and R8 are in the same direc
tion and therefore add. while in R7 and R8 they are opposite and

tend to cancel each other. The result is a definite positive pulse at the

plate of V2 and perhaps a slightly positive pulse at the plate of V3.
The reduced current in V1, caused by the negative pulses on its grid,
flows through R8 and produces positive pulses at the plates of both V2
and V3 so that the fundamental and harmonic voltages are mixed.

When the polarity of the pulses on the grids of V2 and V3 is reversed
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a half cycle of the repetition frequency later, the previously described

action of the tubes is reversed. The resulting wave form at each plate

is a series of pulses recurring at the rate of the harmonic frequency

with every 18th pulse on top of a pedestal. The two pedestal voltages

are 180° out of phase with each other, since one occurs at the positive
peak and the other at the negative peak of the fundamental sine wave.

(5) Note that the time constant of the coupling circuits into V4 and
V5 is extremely long. The grid leak bias produced in these coupling
circuits, combined with the cathode bias produced across C7 and R12,

permits only the pulses which are on the pedestals to cause conduction.
The plate load of V4 is an inductor which is shocked into oscillation
with its distributed capacitance when the tube is suddenly made

conducting. The inductor is used because a positive trigger pulse is

required for the thyratron sweep generator which follows. The posi
tive pulse is obtained from the second swing of the oscillation, so that
the use of a phase inverter tube is avoided. The slight delay intro
duced by this method is compensated for in the zero adjustment of the

phase shifter. The output of V5 is a negative notch voltage which is

applied to a vertical deflecting plate of a cathode-ray tube as a marker.
Since the marker is always generated one half cycle of the funda
mental after the generation of the sweep trigger, it appears station

ary on the screen as the phase of the sine-wave timing voltage is
changed.

d. Generation of movable range marker by phase
shift. (1) In some methods of measuring range a marker is pro
duced which is moved along the sweep to the position of the echo

whose range is desired. The control which causes this motion is
calibrated directly in yards so that the range may be read from the

setting of the control. Where a phase-shifting method is used to
produce the marker, the transmitted pulse and the sweep are timed
from the same sine wave. The phase of these voltages relative to the

timing sine wave is shown in figure 218®. The timing sine wave

is also applied through a phase shifter to a range-mark generator.
The range mark, shown as a notch in figure 218, is generat«d at some

fixed phase of the phase-shifter output in figure 218©. When the

phase shifter is adjusted to the zero-range position, the notch voltage
has the phase relative to the sweep shown in figure 218©, producing a

picture on the indicator screen like that in figure 218(5). When it is
desired to range on a target, the phase of the voltage to the noteh

generator is shifted as in figure 218® so that the notch moves along
the sweep to the position of the echo. When the echo is centered in
the notch, as in figure 218®, the range may be read from the cali
brated dial.
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(2) In many radar systems the timer does not produce a sine wave.

However, advantage may be taken of the accuracy of range measure

ment possible with phase-shifting methods by using the circuit shown
in block form in figure 219®. The timing pulse from the transmitter
(fig. 219® A) controls the operation of a one-shot multivibrator
which produces a square-wave output, B. During the negative por
tion of this square wave a timing wave, C, is generated by a shock-

3W£EP\V0LTACE

FIXED-PHASE
(T) TIMINGVOLTAGE

RECEIVEROUT
PUT VOLTAGE

VARIABLE-PHASE
TIMINGVOLTAGE
TO NOTCH
GENERATOR

NOTCHVOLTAGE

VARIABLE-PHASE
TIMINGVOLTAGE
TO NOTCH
GENERATOR

. ©

NOTCH VOLTAGE

Figure 218. Movable marker timed by phage shift.

excited oscillator, tuned to 81.955 kilocycles per second. This sine

wave is applied to a phase shifter of the type described in b above.

The shifted output, Z>, is amplified and differentiated to form a train
of sharp positive and negative pulses F. These pulses are combined

with a sawtooth voltage in a pulse-selector circuit, G. By varying
the cathode potential in this circuit the cut-off point may be shifted to

select any of the positive pulses to produce a single output marker, H.
The schematic circuit diagram of the pulse selector is shown

in figure 220. The voltage drop across V1 is very small in the absence

580730°— 44 18
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of an applied signal because the grid is connected through Rl to B + .

The negative swing of the one-shot multivibrator cuts off V1 for the
duration of the sweep, allowing capacitors C3 and C4 to charge
through R2 and R3 toward +300 volts. The timing pulses produce

IMING PULSE
FROMTRANSMITTER

ONE-SHOT
MULTIVIBRATOR

SMOCK-EXCITED
OSCILLATOR

PHASE
SHIFTER

TIMING
WAVE
AMPLIFIER

PULSE
GENERATOR

©

PULSE
SELECTOR

OUTPUT
AMPLIFIER

-SWEEP TIME-

FLYBACK

8I.955 KC/SEC.

i i i i i r J L

0
OUTPUT PULSE

Figure 219. Block diagram of method of producing movable range mark by

phase shift.

a voltage across R3 which is in series with the sawtooth voltage de

veloped across the capacitors, so that the sum of these two voltages

appears at the grid of V2. The bias on this tube is controlled by

potentiometer R6 so that V2 cannot conduct until the grid voltage
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rises above cut-off. The first timing pulse which drives the grid
above cut-off causes a sharp drop in voltage to take place at the plate

of V2. If only R6 is varied, tube V2 will be made to conduct at

intervals corresponding to 2,000 yards of range because the frequency
of the timing voltage was made 81.955 kilocycles per second. How
ever, since the phase of the timing voltage is varied, a smooth varia
tion in the time at which V2 begins to conduct can be obtained if
potentiometer R6 is geared to the phase shifter, while the phase is

changed so that the pulse one step farther up or down the slope
causes conduction. The range marker is generated at the time that

V2 first conducts. Thus the combination of phase shifter and poten
tiometer measures the interval between the transmitted pulse and

the marker. The accuracy of this measurement is improved by taper-

-I50V

Figure 221. Circuit for producing movable range marker hy phase shift.

ing potentiometer R6 to compensate for the nonlinearity of the saw

tooth voltage generated by Vl.
(4) The type of circuit discussed in c above may be adapted to

the generation of a movable range marker by the use of the circuit
shown in figure 221. The timing sine wave for the radar system and

the fortieth harmonic of the timing frequency are each fed to phase

shifters which are geared together in a 40-to-l ratio. The funda
mental is used to produce a pedestal voltage and the harmonic voltage

is converted into a series of sharp positive and negative pulses. These

voltages are capacitively coupled to the grid of a tube which is biased

so that only the pulse on the pedestal can cause conduction. Ca

pacitor C4 is discharged through V1 during the time that the pulse

makes the tube conduct. After the pulse passes, C4 charges again to

+300 volts through R6. The wave form produced is in the form of
a step which is applied to a vertical deflecting plate as a range marker
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(fig. 223). The height of the step may be controlled by adjusting
the bias on V1 to vary the effective resistance of the tube during the

conducting time. The sweep is always started at the time of the

transmitted pulse, so that the step moves as the phase shifters are

turned.

e. Generation of movable range marker from sweep
voltage. (1) A circuit which uses the sweep voltage to produce
a time delay for the generation of a range marker is shown in figure
222. The sweep voltage shown in figure 222® is coupled directly
from the sweep generator to the grid of V1. This tube is operated

as a biased cathode follower, the bias being supplied by the voltage
divider consisting of R2, R3, and R4. The bias is adjusted by means

of R3 to cause the tube to begin conducting at any instant from the

beginning to the end of the sweep. The duration of the sweep is

indicated as "«S" in the wave forms and the variable interval between

the start of the sweep and the start of conduction in V1 is shown

as H.n

(2) The voltage at the cathode of V1 (fig. 222® ) remains constant

at the level selected by delay control R3 until the instant when the

sweep voltage drives the grid more positive than cut-off. At this
time the cathode voltage begins to rise at the same rate as the sweep

voltage. The cathode voltage is coupled out through C2 and R5 to a

differentiating circuit consisting principally of C3 and R6. The

linear rise of voltage that takes place starting at time t (fig. 222©)
causes a sudden rise of voltage (d) in the output of the differentiating
circuit. This sudden rise is amplified by V2 and the resulting wave

form (E) is applied to a vertical deflecting plate of a cathode-ray tube

to serve as a range marker. The indicator screen has the appearance
shown in figure 223®. The range is measured by varying R3 until
the step coincides with the left-hand edge of the desired echo. The
shaft of R3 is geared to an indicator on which the range is shown in

yards or miles.

(3) The accuracy of the delay control may be checked by applying
to the sweep range markers such as those discussed in paragraph
50d. After the speed of the sweep is adjusted to the proper value,

the delay control may be adjusted by variation of R2 and R4 to

compensate for slight nonlinearity of the sweep.

f. Generation of movable range marker by delay
multivibrator. A one-shot multivibrator which can be used to

provide a variable delay for the measurement of range is shown in
figure 224. The operation of the circuit is very similar to that de

scribed in paragraph 26b. In the resting state V1 is conducting,
while V2 is cut off by the bias provided by the voltage divider made

up of R3 and R4. Since the grid of V1 is returned to the plate of
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V2, it tends to be positive. A charge on C2, resulting from grid cur
rent, holds the grid of V1 essentially at ground potential, and the

grid current of this tube is limited to an average value of less than

half a milliampere by resistors R2 and R6. A negative pulse, gen

erated at the time of the transmitted pulse, is applied through C1

(T)STEP PRODUCED BY CIRCUIT (?) STEP PRODUCED BY CIRCUITw OF FIG.222 OF FIG.22I

TL-8896
Figure 223. Range murker steps.

JOOV E,2

OUTPUT

+ 100V

TL-8T47

Figure 224. Delay multivibrator.

to the grid of V1. The multivibrator action causes V2 to conduct

and drives the grid of V1 below cut-off, and the charge on C2 begins

immediately to leak off through R2. As a result of this leakage the

potential at the grid of V1 returns toward that at the plate of V2 at

an expotential rate which depends on the time constant R2 C2. When

the potential at the grid reaches such a value that V1 again conducts,
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V2 is cut off, C2 is charged quickly to its normal voltage by grid
current, and the circuit is returned to its normal resting state until
another negative pulse is applied. The output, a positive pulse taken

from the plate of V1, is differentiated, and the pulse from the trail

ing edge is used as a range marker. Thus a time delay, equal to the

width in microseconds of the pulse from the multivibrator, is produced.

The width of this pulse is controlled by varying C2. The control
is made more accurate by returning the grid of V1 to a positive po

tential rather than to ground, causing the grid -potential curve to have

a steeper slope at its point of intersection with the cut-off line. The
shaft of C2 is geared to a dial calibrated to indicate range.

51. A-SCAN MODIFICATIONS.
a. Gated sweep. A sweep is said to be gated if its duration

as well as its starting time is controlled by a voltage applied to the

sweep generator. A similar voltage is usually applied to the cathode-

ray tube to intensify the screen for only the duration of the sweep.

Thus echoes which return before or after the application of the gate

voltage do not appear on the screen. In some cases the gate pulse

begins at the time of the transmitted pulse and is made sufficiently
wide to cover the desired range. In other cases the gate is designed

to select only a small part of the total range so that undesired echoes

may be excluded from the indicator screen.

b. Expanded sweep. (1) A portion of the range sweep in

the vicinity of the range marker is sometimes expanded to facilitate
accurate ranging. This result is accomplished by increasing the speed
of the sweep of the electron beam across the screen for a part of the

time. A circuit which is used in conjunction with the circuit of figure
217 to produce a fast sweep near the range markers is shown in
figure 225.

(2) The linear sweep is generated by charging capacitors C5 and C(>

through R5 and discharging them through thyratron Vl. The tim
ing of the discharge is controlled by the oscillatory trigger pulse ap

plied to the grid of the thyratron. The positive pulse which is ap

plied to the grid of V2 occurs at the same time that the marker notch was

generated in figure 217. The width of the notch is equal to the width
of the small pulse on top of the pedestal. Therefore the leading edge

of the pedestal voltage applied to the sweep-expansion generator oc

curs a few microseconds before the marker and the trailing edge a few
microseconds after it.

(3) Tube V2, which is normally cut off by the bias provided by the

voltage divider consisting of R13 and Rl4, is made to conduct by the

application of the pedestal voltage. Capacitors C11 and C12 dis
charge through the tube at a rapid rate during a time equal to the
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width of the pedestal. When V2 is not conducting, the capacitors
charge at a relatively slow rate through R15. The resulting wave form
is amplified and inverted in V3. The output of the sweep expansion

generator is combined in series with the output of the gas tube sweep
generator in the resistance network made up of R8, R9, and R1O. The
resultant voltage is the algebraic sum of the two sawtooth voltages.
Application of this sweep voltage to the horizontal deflection plates
of a cathode-ray oscilloscope produces a pattern on the indicator screen

TL-8778

Figure 225. Circuit for producing mceep expansion in vicinity of fixed range

marker.

like that shown in figure 226. Note that the sweep speed is fast on

each side of the range marker, as may be seen from the relative widths
of the echo pulses shown, and that the trace is wider and brighter
where the sweep speed is normal.

(4) The sweep may be expanded in the vicinity of a movable range

marker by the use of a circuit like that shown in figure 227. Tube V1
is normally at zero bias and therefore holds the charge on Cg at a

constant high level. When V1 is cut off by the negative sweep gate

voltage applied to the grid, C6 discharges through V2 at an essentially
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constant rate, producing a linear decrease of voltage at the plate of
the tube. When a positive pedestal signal such as that used in figure
221 is applied to the grid of V2, the rate of discharge of C6 is in
creased for the duration of the pedestal. At the end of the pedestal
the discharge rate returns to its original value for the duration of the

sweep.
c. Precision sweep. A form of expanded sweep which is

gated so that any small portion of the whole range is made to occupy
the full width of the indicator screen is termed a precision sweep.
Such a sweep may be used with the range-measuring method shown in
figure 221. The sine wave from which the pedestal is generated is

greatly amplified and applied to a double diode limiter to produce the

wave form shown in figure 228®.

0
TIMING
SINE WAVE
TO 0
RANGE
MARK
GENERATOR

©
PEDESTAL
VOLTAGE

POSITIVE
LIMITER

TL-8898

Figure 228. Production of precision sweep.

The portion of the sine wave between the limits is nearly linear, and

it is used as the sweep. The pedestal generating circuit and the sine-

wave amplifier are phased so that the step always appears at the center

of the precision sweep, and so that the pedestal voltage occurs during
the rising portion of the limited sine wave. The amplification of the

sine wave is such that the precision sweep trace corresponds to ap

proximately 2,000 yards of range. Thus, under control of the phase

shifter, any 2,000-yard portion of the range can be examined carefully
and the range of the target accurately determined.

52. B-SCAN.
a. General. It has been indicated in section II that the type

B-scan oscilloscope indicates range and azimuth. Usually a cathode-

ray tube with magnetic deflection and a long persistence screen is used,

and the tube is intensity-modulated by the signal voltage to cause the

position of the target to be indicated by a bright spot on the screen.

The scan covers a rectangular area on the screen, with the range shown
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vertically and the azimuth horizontally. Clamping may be used on

the signal voltage so that the instantaneous potential at the grid of the

cathode-ray tube depends only on the signal amplitude and not on its

waveform.
b. Azimuth sweep. The scanning in azimuth is at a relatively

slow rate—one sweep across the tube for each revolution in azimuth

of the antenna. Therefore the sweep current can be controlled by a

potentiometer mounted on the shaft which rotates the antenna (fig.

229). If contactors A and B of the potentiometer are at the same po

tential, no current flows through the horizontal deflecting coil. If the

potential at A is higher than that at B, current flows and the beam is

deflected. The maximum deflection to the right occurs when A is at

the point of application of the positive voltage and B is at ground.
If the positions of A and B are reversed, the current flow and the de

flection of the beam are in the reverse direction. The same voltage

ranges are covered whether the antenna is pointing forward or back

ward. Therefore a cam-operated switch is used to prevent signals
received from the rear from appearing on the indicator.

c. Range sweep. (1) A sawtooth voltage, which is generated
in a manner similar to the generation of an A-scan sweep, is used to

produce a range sweep by causing a linear rise of current in the de

flecting coils (fig. 230). This sawtooth voltage is coupled through C1

TO
ANTENNA

Figure 229. Sweep potentiometer.

278

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

7
:5

5
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



270

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

7
:5

5
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



to the grids of V2 and V3 which are operated in parallel. The clamp

ing action of V1 (sec. VII, TM 11-466 and Navships 900,016) insures
that the potential at the grids of these tubes is at the same level at the

beginning of each sweep. Both tubes are biased near cut-off so that
the plate current is small in the absence of a signal on the grids. This,

small current flows through L1, B14, and R1.r) to the 450-volt source.

At the same time a current flows from the 300-volt source through
the vertical deflecting coil to the 450-volt source. The magnetic

field set up by this current deflects the electron beam toward the bot

tom of the indicator screen. The range sweep is made to start from
the zero reference line by adjustment of R15 which controls the mag
nitude of this current.

(2) When the positive sawtooth voltage is applied to the grids of
V2 and V3, the current in the tubes starts to rise rapidly. The in

ductance of Ll is sufficiently large to prevent the 450-volt source from

supplying the added current. Therefore the current is supplied by the

300-volt source, and the current through the deflecting coil begins to

fall to zero and to build up in the opposite direction. Thus a cur

rent, which rises from a negative value to an equal positive value

in proportion to the applied sawtooth voltage, is produced in the

deflecting coil.

53. C-SCAN.
a. General. The type C-scan presents the azimuth angle hori

zontally and the elevation angle vertically. Its chief applications are

for aircraft interception and beam landing. The grid is intensity-
modulated by the signal. The rate of covering an area may be 15 to

20 times in azimuth for once in elevation. It is desirable to have

a fairly large number of sweeps in one direction for one in the other
in order to get good coverage of the area which is being scanned. The

circuit for the azimuth sweep is essentially the same as that for the

type B-scan.

b. Elevation sweep. Since the elevation sweep is even slower
than the azimuth, a potentiometer is used for this sweep also. An
electrical circuit identical with that for the azimuth may be used.

The potentiometer is driven by the rotation of the antenna in eleva
tion. The angular coverage in elevation may be approximately 70°

as compared to 180° in azimuth, which makes possible the use of gears
that drive the elevation potentiometer arm through as much as 2.5°

for every degree of rotation of the antenna. Without gears only
a small portion of the available voltage would be developed across the

contact arms, because of the limited motion. By the use of gears,
practically all of the voltage can be used to produce a more accurate

control of the vertical position of the spot on the indicator screen.
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c. Range gate. Because the motion of the beam is slow, the

length of the line scanned during the pulse-repetition period is very

short. All signals or noise which reach the screen during this whole

interval tend to pile up, essentially at a point. The desired signal
cannot be distinguished from the noise unless the signal-to-noise
ratio at the receiver output is very good. Most of the noise or

undesired signals can be eliminated by gating the cathode-ray tube,

if the range of the target is known. The gate voltage should be a

pulse with a time duration that is a small portion of a pulse-repeti

tion period, and a starting time that is controlled by range-measur

ing device. For example a pulse which is used to produce an ex

panded sweep, as discussed in paragraph 51b, may serve as a gating

pulse. Only the signals and noise which appear at the grid of the

cathode-ray tube during the time of the pulse are permitted to reach

the screen. Thus the effect of noises produced during the remainder
of the pulse repetition period is nullified and the target is distin

guished more readily.

54. PPI-SCAN.
a. General. The PPI-scan is similar to the B-scan in that it

indicates range and azimuth. The range sweep starts at the center of
the screen and moves outward along a radius in a direction correspond

ing to the direction in azimuth of the radiated beam. The cathode-ray
tube is of the magnetic deflection type with a long-persistence screen.

The range sweep is made linear so that range is indicated by the dis
tance from the center of the screen of the spot produced by an echo.

A deflecting yoke which is made to rotate in synchronism with the

rotation in azimuth of the antenna may be used to rotate the range

sweep in step with the antenna. Since the grid is intensity-modulated

by the received signals, a polar map of the surrounding territory is

produced on the screen if the beam is directed in the plane of the

horizon.
b. Selsyn sweep. (1) Most PPI indicators use a pair of de

flecting coils which are rotated around the cathode-ray tube to produce

a rotating sweep, as in section IV. However, if it is desired to avoid
the mechanical difficulties involved in this system, the sweep may be

rotated by the electrical means shown in figure 231. Transformer Tl
is a special selsyn transformer of which the rotor, or primary, is turned
mechanically as the antenna is rotated in azimuth. Two stator, or sec

ondary, windings are placed at right angles to each other. As a result

the amplitudes of the induced voltages vary sinusoidally with the rota

tion of the primary, and the position of the rotor which causes the

voltage in stator I to be a maximum is 90° away from the position
which induces maximum voltage in stator II. Although the altema
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tions of the voltages induced in the stators are always in phase, the

variations of the amplitudes are effectively 90° out of phase because

of the 90° separation of the stator windings. Since the output of
stator I controls horizontal deflection and the output of stator I]
controls vertical deflection, a circular motion of the spot on the screen

of the cathode-ray tube is produced in a way very similar to that

explained in section IX, TM 11-166, and Navships 900.016.

(2) The radial position of the spot at any instant is controlled by
the waveform of the signal applied to the rotor of the transformer.

o+iooV

Figure 231. Selsyn transformer circuit for producing rotating sweep.

Because the deflecting coil has resistance associated with its inductance,
it is necessary to apply a trapezoidal voltage to the rotor of the selsyn
transformer. To produce a linear sawtooth current in the deflecting
coil for a short range sweep, the trapezoid is distorted by the addition
of an extra peak at its leading edge to permit fast charging of the

distributed capacitance in the deflecting coil so that the sweep may
start at the proper velocity at the time of the transmitted pulse. A
sawtooth voltage can be used for long range sweeps because nonlinear-

ity of the sweep near zero range is of no consequence. The sweep must

be gated to provide a time interval in which the current in the deflecting
coil can return to its starting value.
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(3) Since the sweep is generated 800 times per second and the an

tenna rotates at a maximum speed of 1 revolution per second, the output
of the stator coils of the selsyn transformer is 2 trains of trapezoidal
voltages of which the amplitudes are modulated by 2 sine waves 90° out
of phase. The output of stator I controls the current in the horizontal
deflecting coils; the other output controls the current in the vertical
deflecting coils. The actual deflection is caused by the magnetic field

which is the resultant of the two fields controlled by the two outputs of
the selsyn transformer. Thus a change in the angular position of the
antenna produces an equal change in the resultant direction of the

magnetic deflecting field that causes the radial deflection of the trace.

(4) A detailed circuit for producing the horizontal component of
the magnetic deflecting field is shown in figure 231, An identical
circuit, fed by stator II, is used to produce the vertical component.

The output of stator I is applied to the grids of V5 and V6, two type

6L6 tubes operated in push-pull. The windings on the deflecting yoke
are such that when the tubes conduct equally the fields cancel. The
dotted arrows on the diagram of the yoke indicate the directions of
the magnetic lines. As the current in one tube is caused to rise by a

signal on its grid, that in the other falls, and the result is a net magnetic

field in one or the other direction.

(5) Tubes V1 and V2 are used to clamp the grid of V5 at a definite

potential in the time interval between sweeps, and V3 and V4 clamp

the grid of V6 (sec. VII, TM 11-466 and Navships 900,016). The
grid of V2 is connected to the cathode through the grid leak so that
during the time when no sweep is applied V2 has zero bias. However,
V1 is biased by the drop across V2 since the grid of V1 is connected

effectively to the cathode of V2. If at the end of the sweep time the

grid of V5 returns to a potential higher than the normal value estab

lished of VI. the bias on V2 is increased. Tube V1 then becomes ef

fectively a higher resistance, but the bias on V2 remains at zero so that
the resistance of V2 is nearly constant, making the potential at its
plate and at the grid of V5 decrease to the normal value. Conversely,

a decrease in grid potential of V5 would reduce the bias on V1, causing

Vl to become a lower resistance to raise the potential. Thus any

change in the potential at the grid of V5 is counteracted by a change in
the relative resistances of V1 and V2 which are established initially by

the voltage divider E5 and R6. In a similar way V3 and V4 clamp
the potential at the gride of V6 during the no-sweep time to a value

which is controlled by the setting of R7. During the sweep interval
the clamping tubes are held inoperative by a negative pulse on their
grids in order that the sweep voltages can be applied to the grids of
V5 and V6.

580730° —44 19
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(6) Selsyn transformer Tl in figure 231 can be replaced with a con

ventional selsyn generator by using the arrangement shown in figure
232. The primary winding is the rotor, as in T1. The three secondary

windings are spaced 120° apart physically so that the three maximum

CONVENTIONALSELSYNGENERATOR TL-87S3

Figure 2S2. Conventional selsyn used to provide two output voltages.

induced voltages occur at settings of the rotor spaced at like intervals.
The voltages induced in stators 1 and 2 combine in the resistance net

work with that induced in stator 3 in such a way that the rotor position
which causes output 1 to be a maximum is always 90° away from the

position that causes output 2 to be a maximum.
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Section X
Primary Power and Control Circuits

55. PRIMARY POWER SOURCES.
a. Requirements. (1) The amount of power necessary to

operate radar equipment will depend upon the purpose for which
the set is designed. Present large long-range installations may re

quire up to 20 kilowatts of power, using a 60-cycle, three-phase,
208-volt source. Interception and gun-laying types may require up
to 12 kilowatts of power from a 60-cycle, 120-volt source.

(2) Airborne equipment is usually operated from the plane's bat

tery and generator and requires from 40 to 125 amperes from a 24-

to 28-volt source. Since this is an excessive power drain from the

battery alone the set is normally used only when the generator is

charging the battery. Inverters, vibrators, and dynamotors are em

ployed to convert the 24-volt direct current to the various a-c and

d-c voltage ranges required.

b. Commercial power. The maintenance of an engine-

generator set frequently requires more time and personnel than the

maintenance of the radar set itself. Because of their convenience

and greater dependability, commercial sources of power are used

whenever available. Transformers can be used to give any desired

voltage, and, where power is available at all, either single-phase or
three-phase can usually be had.

c. Engine-driven generators. (1) It is standard practice
to provide an engine-driven alternator of more than ample capacity
to furnish power for a radar set where weight is not a prime consid

eration. This extra margin of capacity insures good regulation and

less trouble under field conditions. In the larger sizes, 25 kilowatt
and above, either Diesel or gasoline engines may be provided. In
the smaller sizes gasoline engines are used exclusively. The Diesel

unit has the advantage of greater fuel economy, using about half the

volume of fuel as compared to a gasoline unit of similar rating. This
is a great saving where transportation is a problem. However, a

Diesel engine requires a more complicated or heavier starting system

than a gasoline engine. The usual system in the sizes used is to pro
vide a heavy-duty starting motor operating from a 24-volt battery,
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or an ignition system for starting on a gasoline cycle. The engine

is run for about one minute on the starting motor or on the gasoline
cycle to allow it to warm up, after which it is switched over to the

Diesel cycle. From the maintenance standpoint the gasoline engine

Figure 2.1.1. Gasoline engine-driven generator set, 32 leva.

is somewhat simpler and easier to handle; however, it requires at

tention oftener. A typical gasoline-engine generator set is shown

in figure 233.

(2) An alternator consists primarily of a rotating winding, a sta

tionary winding, slip rings, and a source of direct current for the field

supply. In the most common types the rotor is the field, direct cur
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rent being supplied to it through slip rings. This allows the small
d-c field current to be handled by tb,e slip rings and brushes, while the

heavy alternating current is drawn from the stationary winding. The
d-c field supply is usually a small generator mounted on the alternator
shaft. A three-phase alternator has three stator windings spaced 120

electrical degrees apart. When such a system is used it is usually
208-volt, Y-connected. The three windings are connected as shown

in figure 234, giving 208 volts between any two of the outside ter
minals, and 120 volts between any one of the outside terminals and

the center or neutral connection. This gives both a three-phase and a

single-phase source of power, the three-phase system being more de

sirable for some motor and rectifier applications.

TL-8749
Fiiiurc 234- Y-eonneeted three-phase system.

(3) A control panel is mounted on the engine generator set or
located at some spot convenient for operation. On this panel are

located the voltmeters, ammeters, frequency meters, the voltage regu
lator, and the switches necessary for operation of the generator.

Where weight and space are of prime importance small high-speed
machines are used. Such generators may be operated at a high fre
quency, often over 1,000 cycles per second. The use of a high fre
quency allows transformers as well as the generator to be constructed

with much less iron than would be necessary for 60 cycles, resulting
in a much lighter unit. Such a generator is shown in figure 235.

d. Rotary conversion equipment. (1) To change one

d-c voltage to another, direct current to alternating current, or- one

frequency of alternating current to another, rotary conversion equip
ment may be used. Alternating current is converted to direct current
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through the use of rectifiers, unless high current is needed, when rotary
conversion may he used.

(2) A dynamotor is a rotating d-c machine used to obtain a higher
or lower voltage than is obtainable from the source. It is essentially

TL-8750

Figure 23.5. Light-weight engine-driven generator rated at 1,200 watts, 1,200

cycles per second, and 490 waits direct current.

SLIP RINGS ROTOR WINDING

i o
AC INPUT

I o

TL-875I

Figure 236. Simplified schematic diagram of rotary converter.

a motor and generator built into one unit having two or more windings
on one armature and two or more commutators. The commutators are

usually located at opposite ends of the shaft and the windings may

occupy the same armature slots. Since both input and output wind
ings are on the same armature, the field is common to both generator
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and motor winding. In some cases two separate armatures may be

used, rotating in a field whose windings and poles are extended over

both armatures.

(3) A rotary converter is a machine used to change alternating cur

rent to direct current. It is very much like a d-c generator except

that two slip rings are connected to commutator segments spaced 180

electrical degrees apart (fig. 236).
The steady d-c voltage is equal to the peak a-c voltage if there is only
one winding. If any other voltage ratio is required, separate input

r-FILTER BOX

r- HOLE FOR 23V
DC. POWER LEADS

Figure 237. Inverter unit for airborne equipment.

and output windings must be used. If the d-c output is an extremely

high voltage some provision must be made to excite the d-c field from
a separate winding .supplied by another source. The motor action
is that of a synchronous motor.

(4) The function of a rotary converter may be reversed, operating
with direct-current input and alternating current collected from the

slip rings. It is called an inverter when operating in this manner.

When the same armature and field are used for both a-c and d-c sections
the machine is very unstable. For this reason the inverters found in
radar equipment usually have two armatures and two fields, function
ing as a motor and generator built into a single unit. Figure 237
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shows a typical inverter used in aircraft equipment. A unit of this

type requires a number of filter and control circuits. Figure 238 is

a circuit diagram of an inverter unit. The field of the motor section

is compounded to give better speed regulation under a varying load

in order to provide reasonably constant frequency.

o. Vibrators* (1) Another method of obtaining alternating
current from a d-c source is to use a vibrator. In general practice,

however, a vibrator is used in a power supply to change direct current

TL-8753

Figure 238. Schematic circuit diagram of inverter.

from a low-voltage source, such as a battery, to a higher d-c voltage.
This type of power supply when used within its rated limits is very

dependable. The life of the vibrator unit itself approaches about

half that of an ordinary receiving tube. One of the chief advantages
of the vibrator power supply is that the only item wiiich has to be

replaced often is the vibrator itself, which is inexpensive and easily
installed. A full-wave vibrator is shown in figure 239. Vibrators
are available in sizes capable of handling up to 100 watts of power.

This maximum rating limits their use to applications requiring very
little power, such as small receivers.
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(2) A vibrator-circuit diagram is shown in figure 240. When
power is applied to the unit, current flows through one half of the
transformer primary, and through the magnet coil of the vibrator.
The field set up by the coil attracts the vibrator reed, closing contact
No. 1. The closing of the contacts shorts out the coil and causes a

COIL

POLE- PIECE
INTEGRAL
WITH FRAME

REED AND
ARMATURE

OUTER
CONTACT
ARMS

REED
CONTACT

ARMS

TL-8754

Figure 239. Full-wave vibrator.

CONTACT

RFC IOh

DC INPUT ANY POLARITY

TL-8755

Figure 2)0. Schematic diagram of vibrator power supply.

large current to flow through the transformer primary. The field of
the coil collapses because of the short across the coil, and releases the

vibrator reed. The reed is bent by the attraction of the coil, so that
when it is released it springs back to close contact No. 2. These con

tacts connect for a short time the other half of the transformer winding
to the d-c power. It will be noted that the instant contact No. 1 opens,
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the field of the magnet begins to attract the reed. The field builds up
slowly so that the full attraction is not felt immediately. In addition
the reed is positioned nearer to contact No. 2 than to No. 1 and the
reed need travel only a short distance beyond its normal position to

close contact No. 2. The switching action of the vibrator reed causes

current to flow first in one half of the transformer in one direction
and then to flow in the other half in the opposite direction. This
produces an alternating flux which induces an alternating voltage in

Figure HI. ~\Yaveform produced by vibrator.

TL-8757

Figure 2^2. Synchroyious or self-rectifying vibrator power supply.

the secondary. By proper design of contact springs and the vibrat
ing reed a reasonable waveshape, similar to that shown in figure 241,

may be produced.

(3) A synchronous or self-rectifying vibrator supply is shown in

figure 242. In this type an additional set of contacts is provided
for rectifying. The rectifying contacts are connected to the secondary

of the transformer. When the vibrating reed is drawn to one side

and contact D is closed, terminal A of the secondary of the trans

former is connected to ground. The polarity of the transformer
during this first half cycle is such that terminal A is negative. Dur
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ing the next half cycle the vibrator reverses, changing the direction
of the current through the primary, and reversing the polarity of
the secondary, terminal C now being negative. Contact E is closed,

which connects the negative terminal C of the secondary to ground.
The center tap of the secondary, terminal B is always positive with
respect to the particular secondary terminal that is grounded by the

vibrator contacts so that terminal B is the positive side of the d-c

output and ground is the negative side.

(4) All vibrator units require some filtering to prevent feeding
disturbances, caused by the sparking contacts, into the radar set

through the power leads. This is done by the air-core choke coils
and bypass condensers shown in figures 240 and 242.

fi Rectifiers. (1) Rectifier power supplies are used for relays

and other control-circuit applications, in field supplies for rotating
machinery, and in supplying all the various vacuum tubes in the

radar set. Their efficiency will vary from 50 percent for a small unit
to approximately 75 percent for the very large ones. From the main

tenance point of view a rectifier is more nearly trouble-free than
rotating machinery. High-vacuum rectifier tubes have a life of
from 1,000 to 4,000 hours" depending on type and application, while
the life of a mercury-vapor tube may be up to 15,000 hours. Various

types of rectifiers and rectifier circuits are discussed in section VI.
TM 11-466 and NavShips 900,016. A typical rectifier for a high-
power radar set is shown in figure 243.

(2) The power requirements for rectifier supplies vary from a

few watts to about 3,000 watts for some large transmitters. Copper
oxide and selenium rectifiers are commonly found where low voltage
and low powers are required, as in control-circuit and relay applica
tions, and in field supplies for some small rotating machines. High-
vacuum rectifier tubes are used where high voltages are required.
These vary from the small receiver power supply which produces

250 volts, to a large transmitter power supply which provides 15,000

volts. A tube capable of supplying high voltage at high power is

shown in figure 244. Mercury vapor tubes are used where a heavy

current is needed at from 700 to 5,000 volts but not for extremely high
voltages, because the inverse voltage may cause arc-back if the peak

inverse voltage exceeds about 10,000 volts.

g. Regulators. (1) Many types of regulators are used in
radar sets. Manual regulators are usually either potentiometers,
variable resistors, or variable auto transformers such as variacs and

transtats. Automatic regulators for holding the output voltage of a

generator or other source of primary power at a desired value are

usually mechanical in nature instead of electronic. Regulators are

needed because all power sources have some internal resistance or

293

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

8
:5

1
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Figure 2i3. Rectifier for early-ti arming radar set.

Figure 244. Heavy-duty high-vaccum rectifier tube.

reactance so that, as the load is varied, the output voltage changes.
The output voltage of an a-c generator is controlled by adjusting
the field rheostat of the exciter, which in turn varies the field current
of the generator. Automatic voltage regulators control the generator
by controlling the field of the exciter. There are three types in
general use: the vibrator, the carbon pile, and the silverstat.
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(2) When a vibrator type of regulator is used, the exciter field

rheostat is set so that the a-c voltage of the generator is low. If the

field rheostat of the exciter is shorted out the a-c output voltage in
creases to a point above the normal voltage. By alternately opening
and closing the short-circuit around the exciter field resistance, and

by varying the time open with respect to the time closed, the average

voltage can be held to the proper value. A vibrator-type regulator
circuit is shown in figure 245. The regulator magnet coil is excited

by the a-c output voltage of the generator, producing a 120-cycle-

per-second flux variation. The floating armature tends to vibrate

CONTACTS

Figure 245- Vibrator type voltage regulator.

at 120 cycles per second because of the flux variations. The vibration
of the armature is transmitted to the contact arm opening and closing
the contacts. When the a-c output voltage is caused to drop by an

increased load, the magnetic attraction is decreased and the weight
of the armature has more effect on the vibrator linkage, causing the

contacts to stay closed for a longer period of time during each

vibration. Closing the contacts for a longer period of time causes

the exciter field resistance to be shorted for a longer time during each

cycle and the a-c output voltage rises above its previous value. The

process is reversed when the voltage is too high. The magnetic-

attraction on the armature is greater, causing the effective weight
of the armature to decrease, so that the contacts stay open longer
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on each vibration and the voltage drops. In actual operation there

is a slight oscillation of voltage about the proper value, giving the

correct average voltage output. Adjustment to the desired regulated

a-c voltage can be obtained by varying the voltage control which is

in series with the coil of the electromagnet.

(3) The carbon-pile type regulator operates by placing in the ex

citer field circuit a resistor that can be varied automatically. This
resistor consists of a stack of carbon disks and the resistance across

> 4 VOLTAGE

ADJUSTING'\ RHEOSTAT

AC OUTPUT

DC EXCITER ALTERNATOR
ALTERNATOR FIELD

RHEOSTAT
TL-876I

Figure 246. Carbon-pile voltage regulator.

the stack depends on the pressure on the stack. The pressure change
is accomplished by an electromagnet controlled by the a-c output volt
age. A schematic diagram of such a regulator is shown in figure
246. If the load is increased and the a-c voltage drops, the current in
the electromagnet is reduced and the pressure on the disks is increased.

This reduces the resistance and the exciter field current increases. An
increase in exciter-field current increases the exciter output and conse

quently increases a-c output voltage to the correct value. The link
age between the electromagnet and the carbon pile must be properly
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adjusted to prevent overeorrecting or hunting. This would cause the
voltage to oscillate about the correct value before coming to rest. A
filter usually is provided to prevent disturbances from leaking back
through the power system. To set the output voltage to a desired
value the voltage-adjusting rheostat must be varied. Changing the
exciter field resistance or the alternator field resistance would merely
cause a voltage variation that the regulator would try to overcome.

(4) The silverstat regulator is similar in operation to the carbon-
pile regulator. A multi-tapped resistor is used in place of the stack
of carbon disks. The taps on the resistor are connected to silver con

tacts by means of flat single-leaf spring conductors which are insulated

EXCITER ALTERNATOR

TL-S762

Figure 247. Silverstat voltage regulator.

from each other. These contacts are arranged in a row so that as the

pressure is increased on one end of the row the number of contacts

closed is increased, shorting out more of the resistance. Figure 247 is
a schematic diagram of a silverstat type voltage regulator. If the

output load increases or decreases the output voltage changes. The
electromagnet then varies the pressure on the row of contacts, increas

ing or decreasing the amount of resistance in the exciter field that is

shorted out. This change in exciter-field resistance varies the exciter-

field current, bringing the a-c output voltage to the proper value. A
rectifier is normally included in the electromagnet circuit to eliminate
chatter of the regulator. In order to eliminate vibration caused by the

a-c variations, a copper oxide or selenium rectifier changes the a-c

2H7

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

8
:5

1
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



output of the generator to pulsating direct current. The current for
the electromagnet is supplied by the rectifier through a rheostat. The
pull of the electromagnet is constant and proportional to the output
voltage.

56. CONTROL DEVICES.
a. Relay Principles. (1) A relay is a switch which is oper

ated electromagnetically. It is designed to open or close a circuit
when the current through its exciting coil is started, stopped, or varied
in magnitude. The component parts of a relay are a coil wound on an

iron core and an armature that operates a set of contacts. A simple

relay and circuit are shown in figure 248. Closing the operating
switch #i allows current to flow through the coil, energizing the elec

tromagnet and drawing the armature upward. The action of the

armature closes the contacts, thereby applying power to the load.

OPERATING
SWITCH

CORE

LOAD

r^WV
CONTACTS

/COIL

ARMATURE

—i
1

1
1

r
1

I
1
1
f
i

TL-8763

Figure 2fi8. Simple relay circuit.

More contacts can be added to the armature so that other functions

may be accomplished.

(2) The operating speed of a relay is determined by the time be

tween the closing of the coil circuit and the closing of the relay con

tacts. In small, specially designed relays, the operating speed may

be as low as 1 millesecond. The operating speed of a relay may be

increased by any system that reduces eddy currents in the core. An
other method is to place a resistor in series with the relay coil and

increase the operating voltage. This will increase the speed of closing
because at the instant power is applied to the relay all the voltage

will appear across the relay coil, causing the magnetic field to build
up faster. Slow action can be obtained by placing a heavy copper
sleeve over the core which is in effect a shorted turn. The action of
the current in this shorted turn is to oppose the field as it builds up
or collapses, thus delaying the operation of the relay.

(3) A-c relays are slow in operation. primarily because they must

be made rather heavy to prevent chatter and vibration caused by the
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alternations of the field. Vibration can be eliminated to a certain
extent by placing a slot in the core and putting a heavy copper washer

around one half of it. This divides the flux passing through the arma

ture into two portions about 90° out of phase. The zero values of the

magnetic attraction do not come at the same time and a more uniform
force is applied to the armature.

(4) Various materials are used for contacts, depending on the

amount of current to be handled. Large power relays usually have

copper contacts and utilize a wiping action to insure a good connec

tion. Small relays may use silver or some silver alloy, while in some

applications tungsten or some very hard material may be used which
will prevent contact burning or oxidation. In general, relays that open

Figure 2'i9. Mercury contact power relay.

and close with a fast positive action cause much less trouble than those

that operate slowly.
b. Power relays or contaetors. (1) Heavy-duty relays

called contactors are used extensively for remote-control electromag

netic switching. For these applications a relatively small amount of

control power may be used to energize the holding coil of a contactor
whose contacts are made heavy enough to handle any required amount

of power. Such contactors are used in radar for applying power to

electrical devices such as motors, and filament and plate circuits of

vacuum tubes. For the last mentioned use the contactor is normally
connected in the primary of the filament or plate-circuit transformers.

(2) Figure 249 shows a mercury contact relay. This type relay is

used for currents between 1 and 15 amperes. The mercury and contacts

are sealed in a glass tube that is filled with some inert gas to prevent
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the contacts from oxidizing. The mercury normally rests in one end

of the tube. When the armature is actuated, the tube is tilted and

the mercury flows to the other end of the tube, either opening or closing
the contacts according to the design.

(3) Figure 2a0 shows a typical contactor of the clapper type. This
contactor has a swinging armature pivoted at one end, with the con

tacts at the other. The clapper action causes the contacts to come

together with a sliding motion which tends to make them self-cleaning.
Other auxiliary contacts for various control functions may be mounted

on contactors of this type.

(4) Figure 251 shows another type of contactor known as the

solenoid relay, which operates with an up motion in the vertical
plane. When the coil is energized the plunger or armature snaps

upward, clpsing the contacts, which are mounted on springs to insure

an even pressure where more than one set of contacts are used. Con
tactors of this type usually have silver-alloy contacts which do not

oxidize easily and consequently require little attention.

c. Circuit control relays. (1) A circuit-control relay is
used where the circuit functions become so numerous that operating
switches for each would be complicated and time-consuming. Per
forming these operations with relays eliminates operational errors
by causing the various functions to take place automatically in the

proper sequence.

(2) Circuit-control relays may be constructed in a wide variety
of shapes and sizes. The switchboard type is shown in figure 2o2.

AVhile this is a simple example of this kind of relay, several groups
of contact springs may be used and a number of different circuits
may be opened or closed. A copper sleeve giving the relay a delayed
action is also shown in this figure.

TL-8765
Figure 250. Clapper type contaetnr.
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Figure 251. Power contactor.

SPRING ASSEMBLY

TL-946A

Figure 252. Switchboard type relay.

(3) An overload relay is designed so that it will break a circuit
when the current through it reaches a predetermined value. A latch

is frequently provided to keep the circuit open following the over

load, in order to prevent the circuit from being opened and closed

repeatedly while the overload exists. An overload relay may have
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a push button attached for mechanical release or it may have an

additional electromagnet for remote push-button release of the latch.

The latter type of relay is shown in figure 253. Coil Z, is connected

in the plate circuit of the tube to be protected. Coil L2 is energized

momentarily to reset the mechanical latch after the overload relay
has operated.

d. Time-delay relays. (1) The time delay relay is used to

provide a time interval between separate operations. One common

form of time-delay relay uses a bimetallic element which bends as it
is heated. The element is made by welding together two strips of

Figure 25$. Overload relay with magnetic release.

different metals having different expansion rates. A heater is mounted
around or close to the element. Contacts are mounted on the element
itself and, as the element is caused to bend by the different expansion
rates, these contacts close to operate a relay (fig. 254). The delay
time for bimetallic strips is usually from % to iy2 minutes and is
varied by using metals with different expansion rates or by increasing
or decreasing the distance between the fixed and moving contacts.

(2) Motor-driven time-delay relays are frequently used. This type
of relay employs a small synchronous motor and a gear train to obtain
the desired delay time. A set of movable contacts is mounted on the
last gear of the train and the circuit is closed when this set of contacts
is turned enough to touch the stationary contacts (fig. 255). Other
motor-driven time-delay relays utilize a spring action to close the relay
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contacts. The spring is released by the gear train after a given time

interval.

(3) The oil dash-pot type relay is used in many time-delay applica
tions. A magnetic coil pulls a plunger through a dash pot filled with

HEATER
TERMINALS

TO FRONT HEATER
TERMINAL AND COIL

-TO CENTER FRONT RELAY

Figure 25%. Bimetal time-delay relay.

MOVABLE CON TACTS -

STATIONARY
CONTACTS

Figure 255. Motor-driven time-delay relay.

oil, the oil passing through a small hole in the plunger. The time

delay can be varied by changing the size of the hole in the plunger.
To make a relay of this type trouble-free, a snap action of some kind

must be provided for positive closing of the contacts.
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e. Circuit breakers and fuses. (1) Some form of protec

tive device is needed in nearly all circuits. In primary circuits where

the voltage is fairly low and the current rather high a circuit breaker

or fuse is generally used, and in some cases both are used. This pro
tects the source of power from overloads and short circuits, and also

prevents the equipment from being burned out.

(2) A circuit breaker is a switch that opens a circuit when a current
of a certain limiting value flows through it for a given length of time.

In the usual form for radar primary circuits the circuit breaker is

operated by a heater element and bimetallic strip or by passing current

® ON POSITION

(D TRIPPED POSITION

TL-877I

Figure 256. Low-poiccr circuit breaker.

through the bimetallic strip itself to generate the heat. A typical
circuit breaker is shown in figure 25(>. It consists essentially of a care

fully calibrated bimetallic strip, contacts, and a means of resetting.

As current flows through this strip, heat is generated and the bimetallic

strip bends. Under sufficient heat it bends enough to interrupt the

circuit by releasing a trip which opens the contacts. A circuit breaker
of this type will carry its rated load indefinitely, it will carry a 50-

percent overload for about a minute, a 100-percent overload for about

20 seconds, and a 200-percent overload for about 5 seconds. The lat

ter time usually is long enough to allow a motor to start without trip
ping the circuit breaker because of the high starting current. Mag
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netic breakers can be obtained which open almost instantly when more
than rated current flows through them.

(3) The most common over-current device is a fuse. A fuse is

merely a short length of wire or ribbon made of an alloy that has a

low melting point and of a size which will carry a given amperage

indefinitely. A larger current causes the metal to heat and melt,

opening the circuit to be protected. Most fuses designed for other
than home use have a delay time on overloads similar to that of circuit

Figure. 257. Removable-link cartridge fuses.

breakers. This delay can be accomplished by making the fuse link
of heavy construction except in one or two short portions of its length.
This allows heat to be drawn away from the small high-resistance por
tions, delaying the melting time, and giving the desired delay action.

A fuse of this type is shown in figure 257©. Fuses are made in two

types: the plug type which can be obtained in values up to 30 amperes,

and the cartridge fuse which is made in sizes from a fraction of an

ampere to 600 amperes or more. Sizes above 60 amperes are furnished

only in the knife-blade cartridge type which provides a better contact

surface.
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57. CONTROL CIRCUITS.
a. General. The primary functions of control circuits are to

provide convenient operation and to protect both personnel and

equipment. Relays are used where it is impractical to close switches

by hand because of location, voltage, size, or number of switching
operations to be accomplished. It is much more feasible to set up a

control circuit, using relays to perform switching close to the com

ponents, than to bring leads carrying high voltage or heavy current to

a more convenient operating position. A very important use of relays
is to render high-voltage circuits inoperative to eliminate the pos
sibility of personal injury when the circuits are not shielded or cov

ered properly. Time-delay relays atre used to protect expensive tubes

from the injury that would occur if the high-plate voltage were applied
before the filaments had heated sufficiently, thus eliminating personnel
errors.

b. Push-button operated relay circuits. (1) A relay
may be operated from a separate power source by closing a switch,

but whenever possible a push-button type control is used in conjunc
tion with a holding circuit which keeps the current flowing through the

relay coil after the push button is released. The hold-in is accom

plished by a set of contacts on the relay itself which short the push
"

button. The "Start" button is normally in the open position. A
"Stop" button is placed in series with the coil which is normally closed.

Whenever this button is pressed the relay-coil circuit is opened and

the relay opens.

(2) Figure 258® shows a- simple push-button circuit that could be

used to operate a filament transformer or other low-power apparatus.

When the start button is pressed the relay is energized, closing the con

tacts. The action of the relay applies power to the load and provides
a hold-in circuit to the relay, allowing the push button to be released.

The relay can be opened by pressing the stop button, thus restoring the

circuit to its original condition. This circuit has the disadvantage

that the load current must pass through the push-button contacts be

tween the time the button is pushed and the time the relay is closed.

This limits the power-handling capabilities of the circuit.

(3) Figure 258© shows a circuit suitable for a high-voltage power

supply. The push button cannot operate relay 1 until relay 2 is

closed. Relay 2 is operated by the filament and interlock circuits.

With relay 2 closed, relay 1 will close when the start button is pressed.

An alternate path through the coil of relay 1 is provided by the lower

set of contacts on relay 1 so that when the start button is released

relay 1 holds in. In this case the load current does not flow through
the start button.
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c. Overload protection. (1) Some form. of protection must

be provided for high-voltage equipment to prevent overloads caused

by misadjustment or to prevent damage to other components in case

one fails. While a great many refinements may be added to overload

relays, such as delay and automatic resetting mechanisms, the simple

type is usually found in radar equipment. A circuit giving overload

protection for a high-voltage system is shown in figure 259.

(2) The overload relay is connected in the ground or low-potential
side of the power supply to eliminate the necessity of high-voltage

START BUTTON

STOP BUTTON RELAY

POWER INPUT

O

o

START

2:
STOP
BUTTON

BUTTON

POWER INPUT

O

©

J*

RELAY 2- TO
INTERLOCK &
FIL. CIRCUIT

HV
TRANS

TL- 8773

Figure 258. Push-button operated relay circuits.

insulation. It is so adjusted that when the current reaches a certain

point the armature lifts, opening the contacts A. This opens the

power-relay circuit and disconnects the primary of the high-voltage
transformer. A latch is provided to prevent the armature from

dropping and closing the contacts before the cause of the overload

has been ascertained.

(3) Some radar units use an over-voltage relay to protect the equip
ment from voltage surges caused by poor regulation. The coil of
this relay is mounted in series with a spark gap. The two are placed
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between the highrvoltage supply and ground with the coil at the

ground end. When the voltage builds up to a value that is too high,
an arc is formed across the spark gap, causing current to flow through
the relay. This opens the contacts and disconnects the high-voltage
primary.

d. Time-delay circuits. Time-delay relays are used in cir
cuits to provide a definite time interval between operations. The
most common use of the time-delay relay in radar is to allow a

definite time to elapse after filament voltage is applied before plate
voltage is turned on. A circuit of this kind is shown in figure 260.

Figure 2->9. Overload-relay circuit.

Power is applied to the filament circuit at the same time that power
is applied to the heater unit of the time-delay relay through its

dropping resistor and the lower contacts of the time-delay relay. Af
ter the proper interval the bimetal strip bends sufficiently to close

contacts C . Closing contacts C energizes both the holding relay and

the high-voltage control relay connecting the high-voltage power
transformer to the power source. Operation of the holding relay
disconnects the heater unit so that the bimetal strip may cool to its
normal position to prevent the high voltage from being removed

and suddenly reapplied. The holding relay keeps the high voltage

relay energized while the contacts C are open.
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e. Interlock circuits. Interlock circuits are used in a radar
set to prevent one unit from being turned on before another, where

damage might occur if this order were not followed. Such circuits
are also used to prevent high-voltage equipment from being turned on

before protective covers are placed on the equipment to prevent

personal injury. In the latter case, switches are mounted behind

the doors and panels in such a manner that they are" closed when the

covers are in place. The switches are placed in series with the holding
coil of the high-voltage control relay. An interlock circuit is shown

in figure 261. Power is applied directly to the filament supply and to

the time-delay relay. After the time-delay relay has closed, power

—
V.00Q.0.J

TRANSFORMER

TL-8775

Figure 260. Time-delay relay circuit.

passes from point A through the time-delay relay contacts, and then

through the door and panel interlock switches. From here the current

goes to the transmitter and passes through the contacts of a relay which
is closed by applying power to the transmitter filaments. The current
then passes through the overload relay and the high-voltage trans
former control relay coil to the other side of the line. If all switches

and contacts are closed the control relay applies power to the high-volt
age transformer.

f. Cooling water-pressure control. Some large tubes re

quire water to dissipate the heat generated at the plate. A system of
this type requires a pump, a fan radiator, and an automatic control
that will cut off the plate and filament voltage in case the water ceases
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to flow. This is accomplished by the iaw-pressure control illustrated
in figure 262. To start operation the power is applied and the start
button is pressed to close the mercury switch. The start button is held
in place until the water pressure is sufficient to cause the bellows to

expand and hold the switch arm in the closed position. The start

•o +

HIGHVOLTAGE
OUTPUT

FILAMENT INTERLOCK
RELAY

Fiyure 261. Interlock circuits for high-voltage rectifier.

START BUTTON

MERCURY

TL-8777

Fiyure 262 Low-pressure control.

button can then be released. Should the pressure drop because of
pump failure or a leak, the bellows contracts, and the mercury switch

opens, turning off the transmitter plates and filaments. .A similar unit
can be used to turn the set off in case the pressure becomes too high, as

would be the case if the water lines were blocked.
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Section XI
Data Transmission and Servo Systems

58. REMOTE INDICATOR SYSTEMS AND SERVO
SYSTEMS.

a. General. (1) In the operation of radar equipment it is

often necessary to have the angular motion of a shaft follow accurately
the motion of another shaft some distance away. If the shafts are

not too far apart the motion can be transmitted by means of a me

chanical linkage. However, this method is in general cumbersome

and uneconomical, particularly where large amounts of torque and

power are to be transferred. A method which is more flexible and

more commonly used is to convert the motion of one shaft into electrical
currents, transfer these currents via wires, and convert them back to

mechanical motion of a second shaft.

(2) Two major applications in radar of such conversions of shaft
motion to electrical currents and back to shaft motion are found in
remote indicator system and in servo systems.

(3) The term "remote indicator system" refers to a device used for
transmitting data or information between two points. Examples are

the reading of a meter dial, the position of an antenna in azimuth or

elevation, temperature readings and similar information. For such

indications very little torque and energy are involved.

(4) The term "servo system" refers to a mechanism whereby a con

trolled shaft delivers much more power than the controlling shaft, and

the action of the power-amplifying device is regulated by the error or

discrepancy in angular position between the two shafts. An example

of the servo system is the ordinary radar antenna control. Here a

small handwheel is turned, and the angular error in degrees between

a reference point on it and a reference point on the rotating antenna

mount controls a power amplifier furnishing power to an antenna drive
motor. When the two reference points are aligned, no error is present

and there is no output from the power amplifier. At any other point
the power amplifier produces an output which swings the antenna into

alignment again. Thus the servo system has two functions: It causes

one shaft to follow another in angular motion, and it amplifies the

torque and power between the two.
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b. Basic antenna position indicator and servo sys
tem. (1) A basic position indicator and servo system for a radar
antenna is illustrated in figure 263. In the position indicator block,

Gl is a device which converts the position of a shaft attached to the

antenna into electrical currents. These currents are transmitted by a

cable to M1 which converts them back to shaft rotation. The shaft is

attached to a pointer which indicates the antenna position on a dial.

POSITIONINDCATOR SERVOSYSTEM

SELSVN
'EHftOR

CONTROL
CONTROL

TRANSFORMER SIGNAL
AMPLiriCR

CT

SELSTN

MOTOR

GENERATOR
c a

a-c input power

T L-S9M

Fiyure 26-1. Basic indicator system and servo system*

For every position of the antenna the direction of the beam in azimuth

thus is given by the dial reading. A similar arrangement can also be

applied if desired to an elevation indication or to any other data-

transmission problem.

(2) In the servo system block G2 converts the position of the

handwheel into an electrical indication which is transmitted to CT1.
CT1 is a device which compares the relative position of the antenna

shaft with the position of the handwheel as conveyed electrically over
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the cable, and which develops an error voltage proportional to the

difference between the positions. This error voltage is applied to

the control amplifier which controls the power flow to the servo motor
which rotates the antenna. Whenever the error voltage is present,

the antenna is rotated in such a direction as to make the error voltage

less. Thus when the antenna position corresponds to the handwheel

position, there is no error voltage and the antenna comes to a stop.

The control amplifier supplies the variable power to the antenna drive
motor, and usually is substantially electronic in construction.

(3) The principal method of providing the electro-mechanical con

versions necessary for operation of both the position indicator and

the servo systems is the use of the sehyn. In simple indicator systems

TL-8900

Figure 264. Mechanical demonstration of hunting.

a potentiometer also is used frequently to obtain a voltage propor
tional to the displacement of a shaft.

c. Antihunt considerations. (1) One problem in the ap

plication of the servo system is that of hunting. Hunting refers to

the tendency of a mechanical system to oscillate about a normal

position. Thus in figure 264 the steel ball, if depressed from its
normal position and suddenly released, oscillates vertically because

of its inertia and the forces exerted by the springs. In time the

oscillation is damped out by the frictional losses of the oscillating
system.

(2) A similar effect is noticed in radar equipment using a servo

system to drive the antenna. Since the connection between the hand-
wheel controlling the antenna position and the antenna itself is

effectively somewhat elastic because of the action of the electrical
and magnetic circuits involved, the inertia of the moving antenna
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causes it to overtravel its required position. An error voltage is

developed in the servo system in the opposite direction and the
antenna reverses. Successive overtravels by the antenna would be

less and less, and the mechanical oscillation would die out except for
one factor: there may be a time lag in the servo system which causes

reinforced oscillations. In such case, the antenna would continue to

oscillate or hunt about its normal position. This effect is equivalent
to regenerative feedback in a radio circuit contributing to the setting
up of an oscillatory condition.

(3) In order to eliminate hunting, which would cause harmful
mechanical vibration of the entire antenna rotating system, an anti
hunt device or circuit is introduced. These commonly consist of
arrangements to slow up the drive motor as the antenna approaches
its final position. If the drive power is reduced soon enough the
inertia of the moving parts causes the antenna to coast into its final
position- without any overtravel. In other words, the position control
is made nonoscillatory, and is thus equivalent to degenerative feed
back in a radio circuit.

59. BEARING-INDICATION EQUIPMENT.
a. Transmitting and receiving selsyns. (1) A selsyn

is a device used for the electrical transmission of an angular position.
Although the word selsyn (from self-synchronous) is actually a

(T) ROTORAND STATORPUNCHINGS

Figure 265. Mechanical dctails of selsyn.

trade name, it is commonly used to denote all apparatus of the same

general type. Other names and trade names in current use include
syncro'tie, autosyn, and synchro (United States Navy).

(2) Essentially the selsyn has the form of a small two-pole alter
nator. The rotor (fig. 265©) is turned by a shaft mounted on ball
bearings, and has a single coil of wire wound on an iron core, which is

constructed of thin sheets to minimize eddy currents. The ends of
the coil are connected to slip rings and thence to terminals Rl and R2
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on the frame. The stator is fixed in position and may act as part of
the frame. It also is constructed of thin iron sheets, and has uni
formly spaced slots (fig. 265®) into which are wound three separate
coils. The coils are spaced 120° apart around the stator and dis
tributed in several pairs of slots. A corresponding end of each coil
is connected to a common point and the other ends are connected to

terminals S1, S2, and S3 on the frame.

(3) If an alternating current is supplied to the rotor of a selsyn,
the average magnetic field during a particular half-cycle is as shown

in figure 266®. The total effect and direction of the field for "this

half-cycle are represented for convenience as the arrow in the simpli
fied diagram of figure 266©. If the rotor is placed within the stator
at A in figure 266® and turned at the angle shown, the three coils are

subjected to an alternating magnetic flux which induces voltages in
the coils by means of transformer action. The voltages induced in
coil 1 and coil 2 cause currents to flow in the direction shown by the

arrows. No voltage is induced in coil 3 since it is cut by no magnetic
flux, as it is perpendicular to the flux of the rotor. Assuming that
the voltage generated in coils 1 and 2 is 45 volts, the voltage between

the terminals of S1 and S2 is 45 volts plus 45 volts, or 90 volts as

indicated. Similarly the voltage between the terminals of S2 and S3

is 45 volts plus 0 volts, or 45 volts, and between the terminals of S3

and S1 is 0 volts plus 46 volts, or 45 volts.

(4) By applying these three line voltages to the proper terminals
of the stator of a second selsyn at B, the stator coils set up magnetic

fields in the directions shown by the dotted arrows. The combination
ef the fields gives a magnetic field in the center of the stator at B which
has the same direction and, because of losses, somewhat less magnitude
than the original field produced by the rotor at A.

(5) Figure 266® shows that a shift of rotor position at A produces
different induced voltages in the coils of the stator. The flux of the

rotor now induces equal but opposite voltages in coils 1 and 2; hence

the line voltage between the terminals of S1 to S2 is zero. However,
coil S3 has a maximum voltage, and therefore the voltages between

S2 and S3 and between S3 and S1 both equal 78 volts. Again those

voltages transferred to stator B produce a combined field which has

the same direction as the rotor field in A, as shown by the dotted

arrows. The same reasoning applies to the rotor position in figure

266®.

(6) The diagrams of figure 266 can be carried out for any rotor
position. The results show that by means of the three varying line

voltages there is a resultant magnetic field generated in B which always
has the same direction as the original rotor field in A. Thus a me

chanical motion of a shaft at A is transferred to a motion of a mag

netic field at B. In order to transfer this stator-field motion back to

580730°— 44 21
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@ ROTOR OF GENERATOR VERTICAL

© ROTOR OF GENERATOR AT 4i*

TL-8902

Figure 266. Selsyn principle.
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mechanical motion, it is necessary only to place another rotor at B
, which acts as an electromagnet and aligns itself with the stator field.

The rotor fields must alternate in direction because the operation of
the selsyn depends on the transformer action between rotor and stator.

Since the rotor fields are alternating, they must always be in phase

if the two selsyns are to keep in step. This is easily accomplished by

connecting the rotor at B to the same a-c supply source as the rotor at A.

(7) Figure 267 shows a selsyn transmitter and receiver in a simpli
fied diagram. Any motion of the shaft at A causes motion of the

stator field at B and therefore a motion of the rotor shaft at B as the

rotor attempts to follow the changing field direction. The twist or
torque on the shaft depends on the angular difference between the

stator and rotor field directions. So long as the rotor shaft at B is

free to turn without any frictional drag or load, any slight movement

of the stator field develops sufficient torque to cause the rotor to follow.

TL-8903
Figure 267. tiimple selsyn system.

A selsyn designed for a freely turning rotor would probably overheat

if the rotor were held fixed so that the angle between it and the stator
field became greater than 20°.

(8) The transmitter selsyn A (fig. 267) is frequently called a selsyn
generator, and the receiver selsyn B, a selsyn motor. Electrically, the

selsyn generator and the selsyn motor are identical. Physically, they
differ somewhat in that the motor has mounted on its rotor shaft an
oscillation damper. This damper consists of a lead ring. mounted

within friction plates on a sleeve which is secured to the rotor shaft.
The lead ring has a large amount of inertia and can be rotated on the
sleeve only with considerable difficulty. Any violent oscillation of the
rotor rotates the sleeve. The lead ring cannot follow this motion
immediately because of its inertia, so that a large damping effect is

produced on the oscillating rotor which quickly stops the movement.
It should be noted that a selsyn generator does not necessarily rotate

continuously as do most electrical generators, but may merely change
its position by a few degrees. Similarly a selsyn motor may not rotate
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continuously, but follows m step with any movement of the selsyn
generator. Currents in the three wires connecting the selsyn stators

have their maximums at the same time, but vary in magnitude accord

ing to the rotor position. Therefore, the a-c voltages and currents in

selsyns are single-phase.

(9) In radar applications the selsyn system in figure 267 is fre

quently used to transmit the antenna position. The input shaft of A
is connected to the antenna turntable in such a manner that the posi
tion of the antenna in azimuth may be continuously transmitted to B
which operates a dial and pointer at the operator's location some dis

tance away. If the antenna can be tilted in elevation, a second iden

tical selsyn system may be used to transmit the elevation angle as well.

(10) Some selsyn applications are made in which extremely accu

rate angular indication is desired. In such cases two selsyn systems

TL- 8904

Fif/ure 2(18. Rotor punching of differential zylsyn.

may be used, one directly coupled to the shaft from which position
information is desired and the other coupled through a gear ratio of,

for example, 36 to 1, so that the selsyn generator makes 36 revolutions
to 1 of the antenna shaft. The antenna position then is given on two

dials. The coarse reading is given by the first selsyn system and the

fine reading by the second. The fine-reading pointer makes one com

plete revolution for each 10° angular movement of the antenna. The

disadvantage of such a system is that the two selsyn systems may be

turned out of step when the power is off, so that the 36-speed system

may synchronize at some multiple of 10° out of step when power is

again applied. Certain special circuits and devices have been de

veloped to remedy this disadvantage by producing a combination

coarse and fine system which is completely self-synchronizing.

b. Differential selsyns. (1) The differential selsyn is sim

ilar to the basic selsyn except that the rotor has, instead of a single
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coil, a three-coil winding similar to that on the stator. The rotor

core, therefore, is slotted to accommodate the distributed windings
(fig. 268). The position of the rotor field flux with respect to the

stator is then determined by two factors: the mechanical position of
the rotor shaft, and the electrical position of the field flux within the

rotor itself as determined by the three rotor input voltages. The
differential selsyn is designated as generator or motor, the only differ
ence being the addition of a damping device on the motor shaft. The
differential selsyn is used where the receiving selsyn is to be controlled
by two or more transmitting selsyns.

(2) A control or indicator system in which a differential selsyn

generator is used is shown in figure 269. The positions of the rotors
of the generator and of the differential generator are controlled by
the connected apparatus, and the algebraic sum of the effects of these

two machines determines the position of the rotor of the motor. The

nsv 0—I
6CVo— J—. i

TL-8905

Figure 269. Control or indicator system using differential selsyn generator.

stator of the differential generator is energized by the output from
the stator of the selsyn generator, so that axes of the stator fields of
these two machines are always in the same direction. The voltages

induced in the rotor of the differential selsyn determine the direction
of the stator field of the motor, and hence the position of the rotor.

(3) If the system is at rest and all rotors are free to turn, all the

rotors will be at the zero position (fig. 270). If the rotor of generator
G is turned 60° clockwise while the rotor of differential selsyn gen
erator DG is held fixed, the stator field of G is rotated through the

same angle (fig. 271), causing the stator field of DG also to be

rotated 60°. The voltages induced in the rotor of DG are now such

as to cause the stator field of motor M to be as shown, so that the

rotor of M turns 60° clockwise. The same effect can be produced

by holding the rotor of G fixed and turning the rotor of DG counter

clockwise (fig. 272,) since this rotation causes the same relative shift
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between the axis of the rotor and the direction of stator field of DG
as was made in the first case.

(4) If the rotors of both G and DG are turned 60° clockwise, there

is no change in the voltages induced in the rotor of DG because there

is no relative shift between the axis of the rotor and the direction of

G DG M

DIRECTION OF ROTOR

STATOR FIELD POSITION

TL-8906

Figure 270. Zero position of selsvn system.

the stator field of DG (fig. 273). As a result, the rotor of M remains
at zero.

(5) Thus, the effect of the differential selsyn in the control system
is to cause the motor to turn through an angle which is equal to the

G DG M

DIRECTION OF ROTOR
STATOR FIELD POSITION

TL-8907
Figure 271. G rotor turned 60° clockwise, DO rotor held at 0".

relative shift between the axis of the rotor and the direction of the

stator field of the differential generator. Two further examples of the

action of the differential generator are shown in figure 274® and 0.
In 0 the rotor of the generator is turned 45° clockwise and the rotor
of the differential generator is turned 30° counterclockwise. As a
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result, there is a clockwise shift of 75° between the axis of the rotor
and the direction of the stator field of DG, which causes the rotor of M
to turn 75° clockwise. In © both rotors are turned counterclockwise

so that the effects of the two motions subtract. Thus, the rotor of the

motor turns only 15°, which is less than the motion of either of the

other machines.

G DG M

TL -8908

Figure £12. O rotor held at 0°. DO rotor turned 60° counterclockwise.

(6) It should be noted that the effect of the differential generator
in the circuit may be reversed by exciting the DG rotor from the

selsyn generator instead of the stator as in figure 269. In this connec

tion the DG rotor must be turned clockwise in order to neutralize a

counterclockwise motion of the G rotor.

G DG M

STATOR FIELD POSITION

TL -8909

Figure 273. O rotor and DO rotor both turned G0° clockwise.

(7) A control or indicator system in which the output is taken

from the shaft of the differential selsyn may be built by replacing the

motor in figure 269 with a generator, and by making the differential
machine a motor (fig. 275). The two end selsyns have shafts posi

tioned by equipment. The rotor shaft of the differential selsyn trans
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raits the desired information, which is the sum or difference of the other
two rotor-shaft positions.

(8) Figures 269 and 275 show that the differential selsyns are sup

plied with power from a selsyn generator. For this reason the selsyn

generator used with differential selsyns may be of heavier design to

prevent overheating. Such machines are called exciter selsyns. In

DIRECTION OF
STATOR FIELD

© G ROTOR TURNED 45" CLOCKWISE, DG ROTOR
TURNED 30' COUNTERCLOCKWISE

Figure 274.

(|
)

G ROTOR TURNED 45° COUNTERCLOCKWISE , DG RO^R
TURNED 30* COUNTERCLOCKWISE

TL-89I0

Sum and difference motion produced by action of differential
generator.

the case of complex systems involving several differential selsyns,

capacitors may also be placed across the leads to the differential selsyn

stator to counteract the lagging excitation current. Where lines be

tween selsyns are long, this practice reduces voltage drops and power

losses which may become an appreciable part of the total power

consumed.
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c. Selsyn control transformer. (1) Although different in
application, a selsyn control transformer is essentially the same in con

struction as a selsyn generator (fig. 276). In the control transformer
the rotor is held fixed, either by being attached to a shaft or by being

clamped to the frame of the selsyn itself. The rotor winding, then,

II5V
60%

SELSYNGENERATOR DIFFERENTIAL SELSYN MOTOR

q |
m-

Tl>»9!l

Figure 275. Indicator system with tiwo controlling shafts and one controlled

shaft using differential selsyn motor.

SELSYN CONTROL
SELSYN GENERATOR TRANSFORMER

READING OF A-C VOLTMETER IS .
PROPORTIONAL TO DIFFERENCE
IN SETTING OF A AND B.

TL-8912

Figure .276'. Selsyn control transformer circuit.

instead of being supplied by t he a-c line, supplies to an amplifier or
meter an alternating voltage which varies with the angle between the
stator field and the axis of the rotor.

(2) The control transformer is used to produce an error voltage
for control purposes in servo systems, since this transformer produces
a voltage proportional to the discrepancy between the stator field

position and the mechanical position of the rotor.
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d. Potentiometer systems. One of the simplest methods of
data transmission is to use a potentiometer the resistance of which

is varied by the rotation of the antenna. The indication may be

obtained by the reading of a meter (par. 24e(5) ) or the output of the

potentiometer may be used to give the azimuth or elevation sweep of
a type B- or C-scan oscilloscope.

WARD-LEONARD SYSTEMS,
a. Ward-Leonard drive. (1) In radar applications it fre

quently is necessary to drive heavy rotary equipment at varying

RHEOSTAT
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D-C SUPPLY
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ON SHUNT
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© CONSTANT ARMATURE VOLTAGE - VARIABLE FIELO FLUX

ZERO ARMATURE
CURRENT ,

MAXIMUM ARMATURE

^ CURRENT

MINIMUM FIELO
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MAXIMUM FIELD VOLTAGE "A

— DESIRABLE RANGE >
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B
1 '

1 n I r—
0 I000 2000 3000 4000

R P M

Ci) MOTOR SPEED RANGES

TL - 8913
Figure 277. Basic speed control of d-c motors.
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speeds and in either direction of rotation, and in most cases to main
tain remote control over such drives. Since the ordinary single-phase
or three-phase a-c motor is inherently a constant-speed device, the

direct current motor is commonly used for controlled drives. The
direction of rotation can be changed readily by reversing either the

armature current or the field current but not both.

(2) The speed can be controlled by at least two methods; either
the voltage on the armature can be varied as in figure 277®, or the

field voltage can be varied as in figure 277©. The first method

gives the most stable control and the most desirable range of speed

(fig. 277®), but if a variable resistor is used in series with the arma

ture, heavy power losses will occur, especially in the larger motor
sizes. The second method permits control with a physically smaller

REVERSING SWITCH

D-C FIELD SUPPLY

TL-8914

Figure S78. Ward-Leonard drive.

resistor and greatly reduced power losses, but the available motor

speeds range from a certain minimum value upward (fig. 277©),
rather than from a certain maximum value downward to zero as is

desired (fig. 277®). The motor will also be relatively unstable in
its higher speed ranges since the field is very weak.

(3) One solution to the problem is to use the circuit of figure 277®
but to replace the resistor with a voltage reducing device which will
have comparatively low power losses. The circuit shown in figure

278, commonly known as the Ward-Leonard system, accomplishes

this result. The d-c motor in this circuit is fed directly from a d-c

generator which is operated at a constant speed. The d-c field

supply to the generator is variable in both magnitude and polarity
by means of a jheostat and reversing switch as shown. Therefore,

the motor armature is supplied by a generator having smoothly
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varying voltiige output from zero to full-load value. The motor

field is supplied with a constant voltage from the same source as that

supplying the generator fields. The generator drive power could be

from a single-phase or three-phase a-c motor, from an engine, or
from any other constant speed source. In the same way the d-c

field supply can be supplied from a rectifier, from an exciter on the

end of the generator shaft, or from any other suitable d-c source.

b. Application of basic Ward-Leonard drive. (1)
The advantage of the Ward-Leonard system is that by means of the

variation of a small field current a smooth, flexible, yet stable control
can be maintained over the speed and direction of rotation of a d-c

motor. Such systems are applicable to ship propulsion, hoists and
elevators, Diesel electric equipment, and to the rotation of gun tur
rets, radar antennas, and similar heavy equipment. The action of
the system is very much like that of an amplifier since a very small

amount of power is used to control greatly increased power.

(2) A simple Ward-Leonard drive for a radar antenna is shown in

figure 279. The d-c generator in this system is driven by a 230-volt

single-phase a-c motor. The same a-c line supplies a rectifier which
furnishes field supply for both the d-c generator and the d-c motor

fields. However, the generator field is connected to a potentiometer
in such a way that the magnitude and polarity of the applied voltage
can be varied. By varying the setting of the potentiometer control
knob, the antenna can be rotated in either direction and at any speed

from zero to full rate,

(3) In practical installations the motor generator set at A could be

at any convenient location. The drive motor at B would be on the

antenna tower at the base of the rotary antenna mount. The control

box 0 would be located near the operator and the rectifier E would
probably be near or in the control box.

c. Ward-Leonard servo system. (1) The basic Ward-
Leonard system has a number of limitations when applied to antenna

control for radar systems. As a rule, it is desired to control the direc

tion in which the antenna points. The antenna may be required to

rotate continuously for normal searching or to be turned only a few

degrees in azimuth in order to determine the bearing of a target.
Where the antenna is large, the driving system should be capable also

of supplying sufficient power to make the antenna rotate in step with

the controls in spite of varying wind pressure. The adaptation of the

Ward-Leonard drive to the servo system shown in figure 280 satisfies

the requirements of a radar antenna control system.

(2) The a-c driving motor, d-c generator, and the antenna drive

motor in figure 280 make up the fundamental Ward-Leonard drive.

The field supply for both the antenna drive motor and the d-c genera
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tor is obtained from an exciter, a small self-excited d-c generator which
also is driven by the a-c driving motor.

(3) The field supply voltage for the d-e generator is obtained from a

Wheatstone bridge made up of R1. R2. R3, and R4. If the resistance

of R1 = R3 and R2 = R4, the bridge is balanced and the voltage be

tween points A and B is zero. In this condition, the output of the d-c

generator is zero, so that the antenna driving motor is stopped. How
ever, if the resistance of R1 is decreased by short-circuiting part of the
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resistor, the bridge becomes unbalanced, making point A positive with

respect to point B. The voltage across AB is impressed on the field

of the d-c generator, causing the antenna drive motor to rotate. The

speed at which the drive motor rotates is dependent on how much the

ANTENNA

36' I

SHAFT

HANDWHEEL

BEARING ,2o v AAA
230V 60^ 3$

INDICATOR 60^

Figure 280. Ward-Leonard servo system for antenna control.

TL- 89I6

resistance of Rl is reduced. The antenna may be made to rotate in
the opposite direction by reducing the resistance of R2.

(4) Resistors R1 and R2 are tapped at several points which are con

nected to a pair of Silverstat contractors as shown. The resistance

of either R1 or R2 is reduced by an amount dependent on how many
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contacts are closed. The Silverstats are operated by a lever arm, L,
which is geared to a differential selsyn motor. Thus, the speed and

direction of rotation of the antenna are determined by the lever arm
which controls the voltage impressed on the d-c generator field.

(5) When the antenna is stopped, the rotor of DMl is in a neutral

position such that no contacts on either Silverstat are closed, and the

Wheatstone bridge is balanced. If the handwheel on the rotor of
selsyn generator G3 is turned, the voltages induced in the stator will
change. Since the rotor of the differential selsyn motor is energized
from the stator of G3, the rotor of DMl turns when the handwheel is

turned. The rotation of DM1 causes a deflection of the lever arm by
the connection through bevel gears. This deflection causes the Silver
stat to ehange the resistance of either Rl or R2, so that the d-c generator

produces a voltage which causes the drive motor to turn the antenna

in the same direction that the handwheel was turned. Since the rotor
of selsyn generator G2 is geared to the antenna drive motor, the rota
tion of this motor changes the output from the stator of G2. This
change in output causes a rotation of the stator field of DM1 which
tends to bring the rotor of this machine to its neutral position.

(6) Thus, if the handwheel is turned only 10°, the antenna will turn

only 10° and stop. However, if the handwheel is turned continuously,
the antenna will turn continuously because the rotor of DMl is kept

out of its neutral position by some constant small angle. This small
angle, or error, is relatively large if the handwheel is turned fast so

that the antenna will also turn fast ; the error is small if the handwheel
is turned slowly.

(7) The position of the antenna may be indicated at a distance by
the use of the selsyn system made up of Gl and M1. If desired, selsyn

generator G1 may feed signals to several selsyn motors to indicate the

antenna position at several places simultaneously.

(8) In an actual antenna-control system, hunfingmay occur because

the inertia of the antenna may cause it to overshoot the desired po
sition. If it does so, the voltages in the stator of G2 cause the lever

arm to be displaced from its neutral position in a direction opposite
to the displacement which caused the rotation. The overshooting
causes the drive motor to reverse, and again the inertia of the system

may cause it to overshoot, but in the other direction. Thus, overshoot

ing develops a small error signal which causes the whole system to
oscillate about the desired position. The amplitude of the oscillation
is insufficient to interfere with the operation of the radar set, but the

mechanical vibration set up by the hunting can cause failure of the

antenna system.

(9) The lever arm which operates the Silverstat in the Ward-Leonard
servo system may be modified by the addition of a gyroscope (fig. 281)
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to reduce the hunting of the system. The gyroscope and its driving
motor are mounted as a unit in trunnions on the lever arm. Hie
position of the gyroscope relative to the lever arm is fixed in the static

condition by a pair of balancing springs. Projection A on the gyro
scope assembly operates the contacts of the Silverstat in a manner

similar to the action of the lever itself in figure 280.

( 10) The rotor of the gyroscope is t urned at high speed by the drive
motor. By virtue of its great momentum, the gyro rotor t«nds to re

main fixed in space. If the lever arm is turned about its pivot, the

gyro tends to precess, or rotate, about the axis through the trunnions.

(11) The over-all action of the servo system is the same whether

the gyroscope is used or not, but the gyro tends to eliminate hunting
and to increase the speed of response to the controls. For example,

if the handwheel is turned suddenly, the rotor of DM1 immediately
tends to turn to a new position. The sudden motion of the lever
arm moves A, which unbalances the Wheatstone bridge by the opera
tion of the Silverstat. In addition the gyroscope precesses about its
trunnions, causing a further motion of A in the same direction, which
further unbalances the bridge. Thus any sudden change of the con

trols causes high acceleration of the antenna-drive motor because of
the additive effect of the precession of the gyro.

(12) As the antenna rotates and the "error" in the field positions
within DMl decreases, the geared lever arm turns back toward its

Figure 281. Gyroscope antihunt system.

330

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

9
:1

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



neutral position. The gyroscope is pulled to its normal posit ion by

the balancing springs, and then it precesses in the opposite direction
as the lever arm moves toward neutral. This tilting reduces the

unbalance of the Wheatstone bridge by pulling ^4 back toward neutral
more quickly than is possible with the lever arm alone, causing the

antenna-drive motor to slow down as the antenna approaches the

desired position. This action tends to prevent the antenna from

overshooting or from oscillating about the desired position. Thus,
the action of the gyroscope is to cause the antenna-drive motor to be

accelerated rapidly to start the antenna turning, and to cause the

antenna to approach a desired position slowly to prevent hunting.

d. Electronic control of Ward-Leonard servo sys
tem. (1) The control function may be performed electronically in
a servo system using the Ward-Leonard drive. In such a case, the

differential selsyn, gyroscope, Silverstat, and Wheatstone bridge of
figure 280 can be replaced with a selsyn control transformer and an

electronic emplifier which converts the selsyn a-c voltage to direct
current of sufficient power to control the d-c generator field in the

Ward -Leonard drive.

(2) Figure 282 is a block diagram of this type of system. The

position of the handwheel and rotor of the selsyn generator G2

determines the position of the field in the stator of the selsyn control
transformer. No voltage is induced in the rotor of CT1 if it is at

right angles to the stator-field flux. However, if the rotor is in any

other position, a voltage is induced in its windings, which is fed to

the control amplifier. The output of the amplifier causes the antenna

to be rotated so that the rotor winding of CT1 is turned to a position
at right angles to the stator field flux. Therefore, the voltage no

longer is induced in the rotor of CT1, and the antenna driving power
is reduced to zero.

(3) The direction rectifier is a circuit in which the phase of the

error voltage output of the control transformer is compared with a

reference voltage to determine the polarity of the control amplifier
output. If the two voltages are in phase, the antenna is turned in

one direction; if the two voltages are 180° out of phase, the antenna

is turned in the other direction. The amplitude of the output of the

control transformer determines the magnitude of the voltage applied
to the field of the d-c generator, and therefore the speed of the an

tenna-drive motor.

(4) The feedback circuit acts to prevent hunting by reducing the

amplifier gain as the voltage on the control motor decreases, thus

causing a further decrease of voltage to the motor. In this way, the

rate of antenna rotation is rapidly reduced as the desired position
is reached, and the antenna is prevented from over-traveling.

580730°— 44 22
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ANTENNA
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DIRECTION

RECTIFIER

FEED-
o
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D-C AMPLIFIER
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SUPPLYi
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manowmeel

ELECTRONIC
CONTROL
AMPLIFIER

II5 V
60 J-x

6 6 6 6 6
II5 V 230 V 3 ♦
60./* 60^

TL- 89I8

Figure 282. Electronic control of Ward-Leonard servo system.

61. AMPLIDYNE SERVO SYSTEMS.
a. Amplidyne generator. (1) The amplidyne drive is

similar to the Ward-Leonard drive (par. 60) except that a special

d-c generator called an amplidyne (a trade name) is used in place

of the regular d-c generator. The principal difference between the

amplidyne and the ordinary generator is that the field of the ampli

dyne requires a much smaller amount of control power for the same

values of output power. In other words, the amplidyne functions
•
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as an electro mechanical power amplifier in which the amplification
is very much greater than in the Ward-Leonard generator.

(2) The ordinary generator can be regarded as a one-stage ampli
fier as shown in figure 283<J), in which a small power input to the

field controls a large power at the output terminals. The additional
power supplied to the generator shaft by an engine or motor in this
case corresponds to the power supplied to the plate of a vacuum-tube

amplifier. In order to increase the amplification the output of one

generator may be used to supply the control field of a second machine,

as in figure 283©. This arrangement acts, in effect, as a second stage

1ST. STAGE AMPLIFICATION

CONTROL
FIELO
INPUT

OUTPUT
TO L0A0

<D D-C GENERATOR ACTING AS ONE - STAGE
ELECTRO- MECHANICAL AMPLIFIER

IST STAGE 2 NO STAGE
AMPLIFICATION AMPLIFICATION

©D-C GENERATORS ACTING AS TWO- STAGE
ELECTRO-MECHANICAL AMPLIFIERS

TL-89I9
Figure 283. Generators as electromechanical amplifiers.

of amplification and the total power gain of the system is the gain

of the first stage multiplied by that of the second. The Ward-Leonard
generator may be compared to ® and the amplidyne to ©. How
ever, instead of having two separate armatures, the amplidyne has

been designed to incorporate both stages of amplification into the

one armature.

(3) Figure 284 shows the magnetic fields in a conventional d-c

generator supplying a load current of 100 amperes. The field current
required to create the necessary excitation flux may be in the neighbor
hood of 5 amperes. Because of this flux, labeled 0e in the drawings,
there is a north pole in the machine frame at the left and a south pole
in the frame at the right. Since the armature current of 100 amperes
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also flows through turns of wire on an iron core, the armature itself
becomes an electromagnet. Magnetic flux generated in this matter
is termed armature reaction flux and is shown in figure 284<T) by the

flux loops labeled 0a- If the direction of the current in the armature

ARMATURE REACTION FLUX fa
PRODUCED BY I00 AMPERES
IN ARMATURE CONDUCTORS.

FIELD COIL

EXCITATION FLUX 9*
PRODUCED BY THE
NORMAL FIELD
CURRENT.

5 AMPERES
FIELD CURRENT

© CROSS-SECTION OF GENERATOR

ELECTRON FLOW

CONTROL FIELD

5 AMPERES

I00
AMPERES

(D EQUIVALENT CIRCUIT tl- 8920

Figure 284. Magnetic fields in conventional d-c generator.

conductors is considered, it is evident that the armature reaction
flux is at right angles to the excitation flux as in figure 2840.

(4) If the external load is removed from the armature circuit and

a short circuit is connected across the brushes (fig. 285), the excita

tion or control field current must be reduced greatly to prevent dam

age to the generator because of excessive armature current. The only
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resistance in the armature circuit in this case is' that of the armature-

conductors, of the brushes, and of the short-circuit connection. There
fore, only a very small voltage need be induced in the armature to

produce 100 amperes in the armature circuit, and the control field

current must be reduced from 5 amperes to perhaps as low as Y20

ARMATURE REACTION FLUX $0
PRODUCED BY 100 AMPERES
IN ARMATURE CONDUCTORS.

Figure 285. Magnetic fields in short-circuited d-c generator.

ampere. Figure 285(7) shows the magnetic fields set up in a short-

circuited d-c generator. If the armature current is limited to 100

amperes by reducing the control field, the magnitude and direction

of the armature reaction flux are the same as in the loaded generator

of figure 284, but the control flux is very small. The currents that

flow in the armature conductors because of the short circuit are such

that the armature reaction flux remains fixed in space, just as though
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the armature were a" stationary coil with its axis at right angles to
the axis of the control field windings.

(5) Since the armature conductors are uniformly distributed about

the armature, it is evident that some of these conductors will cut across

the reaction flux at the same rate as others cut across the excitation
flux. However, because of the location and direction of the two mag
netic fields, the maximum voltage caused by the cutting of the reaction
flux appears across the armature at right angles to the voltage devel

oped by the excitation flux. Therefore by placing a second set of
brushes at right angles to the short-circuited brushes (fig. 286), suf
ficient voltage is available to supply another 100 amperes to an external

load, in addition to the 100 amperes flowing through the short-circuited

path. Since the control field flux has to build up only to a low value
and since the resistance of the short-circuited armature is very small,

SHORT CIRCUIT

TL-8922

Figure 286. Addition of second pair of brushes to short-circuited d-o generator.

full-load current may be obtained in an exceptionally short time.

Thus changes in the control-field current are amplified almost in

stantaneously by the amplidyne.

(6) However, the direction of the load current is such that it pro
duces a second armature reaction flux (0i in fig. 286) which is at

right angles to the short-circuit armature reaction flux 0a, and in direct

opposition to the original control flux 0f. The load armature reaction

flux will be much greater than the control flux, and would prevent the

control field current from controlling the output. It is very important
that the small control flux not be affected by the armature reaction if
it is to retain control over the output. Therefore a series compensating

winding through which the load current flows is wound around the

control-field poles. The number of turns in this winding usually is

adjusted so that the compensating flux (0C in fig. 287) exactly cancels

the load armature reaction flux for all values of load current in the oper

ating range. In this case, the effective magnetic fields are as shown

in figure 288. If the compensating flux is slightly under the value for
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complete neutralization, the machine has reduced power gain and acts
as a degenerative amplifier ; however, the operation may be somewhat
more stable. Overcompensation, on the other hand, creates the effect
of regenerative amplification, and the operation of the machine may
easily become unstable.

(7) Since any residual magnetism along the axis of the control field

would have a large effect on the amplidyne output, it is necessary to

demagnetize the core material. This demagnetization is accomplished

SHORT CIRCUIT

TL-8923

Figure 287. Addition of compensating winding to short-circuited d-c generator.

SHORT CIRCUIT

6 6
TL- 8924

Figure 288. Effective magnetic fields in amplidyne.

by attaching an Alnico magnet on the end of the armature. The mag

net revolves within a separate field winding and generates a small a-c

voltage which is applied to two sets of opposed windings on the field

poles (fig. 289). Thus the generated alternating current neutralizes
any residual magnetism when the control-field current is zero. The
effect of this demagntizing system is similar to that created by an a-c

coil used to demagnetize watches.

(8) Returning to the diagram of figure 2830, it may be noted that
the production of the short-circuit current and its associated armature
reaction 'flux by a small control field represents the first stage of am
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plification, which can be regarded as principally current amplification.
The use of this large current and the flux it produces to induce sufficient

voltage to drive an equally large current through the external load

circuit represents the second stage, which can be regarded as essentially

voltage amplification. The compensating winding, in addition, can

be regarded as a feedback circuit, where exact compensation corre

sponds to zero feedback. The power gain of an amplidyne may range

from 3,000 to 10,000 and perhaps higher in certain machines. This is

in contrast to the gain of ordinary generators which will likely be in
a range of from 25 to 100.

A-C DEMAGNETIZING WINDINGS

TL-8925

Figure 289. Demagnetizing windings for amplidyne generator.

b. Amplidyne drive. (1) The amplidyne drive as commonly

used consists of the basic system as shown in figure 290. Note that

the symbol used for the amplidyne generator is similar to that of the

conventional d-c generator, except that an extra set of brushes con

nected by a curved shorting bar has been added. The amplidyne gen

erator is ordinarily driven by an a-c motor. The control field is shown

as a split winding, as it is common to supply the fields by means of a

control amplifier having separate outputs for each polarity of the

applied signal. The series compensating winding is usually omitted
from schematic drawings to avoid complication. The field of the d-c

motor can be supplied by a rectifier or by a pair of permanent magnets.

In motors having a permanent-magnet field the heavy armature cur

rent creates a large armature reaction flux which tends to demagnetize

the permanent magnets. To prevent this demagnetization, compen
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sating windings are connected in series with the armature and wound

on the faces of the field poles to neutralize the armature reaction flux.

(2) Figure 291 shows the basic type of control amplifier which is

ordinarily used to supply the amplidyne control field. Such an ampli
fier is controlled by comparing an a-c error voltage from a selsyn con-

AMPUOrNE SERVOMOTOR

Figure 290. liasu- amplidyne drive.

+

TL-8927

Figure 291. Basic amplidyne control amplifier.

trol trasformer to an a-c reference voltage furnished by the a-c line

supply. Actually the 110-volt, 60-cycle, a-c line supplies both of the

transformer inputs, but the error voltage input to Tl may be varied
in magnitude'or reversed in phase with respect to the reference volt

age input of T2 by means of the selsyn transformer. The polarity
signs are shown for a particular instant. It is assumed that there is
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no phase-shift and therefore both a-c input voltages are in phase.
The plates of both tubes are positive, but the grid of V2 is below cut

off, and the grid of V1 is above cut-off. Therefore, electron flow is as

shown by the arrows from Vl, and the field coil 1 is energized. On
the next half cycle the plates are both negative and no current flows

regardless of the grid voltages, which have also reversed. Thus
the output is that of a half-wave rectifier supplying coil 1; coil 2 is

inoperative.

(3) If the phase of the voltage input to grid transformer Tl is

shifted 180° —that is reversed —while the phase of the a-c line input re

mains the same as before, the circuit acts as a half-wave rectifier for
coil 2, and coil 1 is inoperative. If the two coils are both wound on

the amplidyne field poles, but in opposite directions, a 180° shift in a-c

grid voltage changes the direction of the control field flux and hence

changes the polarity of the amplidyne output. The magnitude of the

amplidyne output is thus controlled by the magnitude of the a-c error
voltage, and the polarity by the phase of the error voltage.

c. Application of Amplidyne Drive to Servo System.
(1) The basic amplidyne drive (fig. 290) may be applied to a servo

system as shown in figure 292. Considerable similarity may be noted

between this system and the Ward-Leonard system (fig. 282). The
primary difference is the use of the amplidyne to replace the d-c gen
erator. The control amplifier is basically the same as that shown in
figure 291 except that an additional stage of amplification and an anti
hunt circuit have been added.

(2) To illustrate the action of the control amplifier, assume that the

handwheel is turned through some angle. The rotor of the selsyn

generator G2 induces in the stator winding a new direction of field

which is transmitted to the stator winding of selsyn control trans
former CT1. The rotor winding of CTl which has been in a position
of zero induced voltage now develops an error voltage which is fed

to the control amplifier input. Depending upon which way the hand-

wheel is rotated, this voltage is either in phase or 180° out of phase
with the 120-volt a-c line voltage. For the purpose of describing the

control action, an in-phase condition will be assumed as shown by the

small sine waves of input voltage in figure 292.

(3) A. positive half-cycle of the voltage from the rotor applied
to transformer T1 causes point A to be positive while point B is nega
tive. Hence the grid of V1 is positive while the grid of V2 is nega
tive. During the same time a positive half-cycle is applied to trans
former T2 causing points C and D to be positive with respect to

ground, so that the plates of both V1 and V2 are positive and the tubes

conduct according to the grid voltages. Thus, V1 conducts more

heavily than V2. The increased IR drop through R6 charges capaci
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tor C1 with a polarity as shown in figure 292. During this same posi

tive half-cycle, tubes V3 and V4 remain inoperative because the cath

odes are positive relative to the plates.

(4) On the following negative half-cycle the grids of V1 and V2
interchange in polarity, but since point D on transformer T2 is now

negative, Vl and V2 have a negative voltage on their plates due to

the reversed polarity on T2 and conduct if their grid voltages are

above cut-off. The biases on the grids of V3 and V4 are produced

by the combination of a positive voltage existing between C and D on

Figure 2i>2. Amplidyne servo system.

the transformer winding in series with negative voltages caused by

the charges on C1 and C2. Since Cl has a greater charge than C2,

the grid of V3 is more negative than that of V4. The result is that V4
conducts more than V3. Equal currents in the plate circuits of V3
and V4 would produce equal opposing fields in the amplidyne, as

shown by the arrows and the resultant field would be zero. However,

when V4 conducts more heavily than V3, there is a net field flux and the

amplidyne furnishes power to the drive motor. To rotate the drive
motor in the opposite direction, V3 must conduct more than V4. This
condition is brought about by an input into Tl inverted in phase from
the input assumed in the foregoing discussion.
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(5) As soon as the drive motor has rotated the antenna so that the

rotor winding of CT1 is again at right angles to the stator field, the

input voltage to T1 is again zero and the drive motor stops. To pre

vent overshooting of this final antenna position, with its consequent

hunting effects, a feedback voltage is taken from the amplidyne output

terminals and placed across the voltage divider R12. A portion of
this voltage is applied to resistors Rl and R2 in series by means of

capacitor C4. R13 and C3 comprise a filter network to reduce gener
ator ripple.

(6) If, as an example, the amplidyne voltage begins to build up as

a result of an input voltage from the selsyn rotor, C4 starts to charge

through R1 and R2. Since R1 is in the grid-cathode circuit of V1 and

in series with the split secondary winding of the transformer, any

voltage developed across R1 appears as additional grid voltage on

V1. The same is true of R2 with respect to V2. The polarity of the

feedback voltage is such as to aid the error voltage which is applied to

the grids from the secondaries of T1. The extra amplifier unbalance

caused by the feedback voltage is small at the start, but the effect is

cumulative. The faster the amplidyne voltage increases, the greater
the unbalance becomes to cause even further increase in output. In
this manner the antenna-drive motor receives extra power to accelerate

the antenna turntable.

(7) The charge on C4 reaches a maximum as the amplidyne output

voltage levels off to a substantially constant value, and the feedback

voltage drops to zero. As the antenna approaches the final position
required by the field position of G2, the rotor of CT1 supplies a dimin

ishing voltage to T1. As soon as this occurs capacitor C4 begins to

discharge through resistors R1 and R2, and voltages are produced

across Rl and R2 which are the reverse of those present during the

charging of C4. The feedback now tends to offset rather than to aid

the error voltage in the secondaries of T1. The reversed feedback

voltage resulting from the discharge of C4 reduces the amplidyne

output still further. Since the action is again cumulative, the result

is a rapid decrease of amplidyne output.

(8) With feedback potentiometer R12 properly adjusted, the out

put of the amplidyne falls to zero in time to compensate for the inertia
of the driving motor and rotating antenna parts. In such case the

antenna stops so that no error voltage is induced in the rotor of CTl
to unbalance the amplifier further. If the amount of feedback, as

determined by R12 is too great, the antenna stops too soon, with the

rotor of CT1 out of the zero voltage position. The drive motor then

starts up rapidly and a condition for high frequency hunting is

established. On the other hand, insufficient feedback prevents the

anti-hunt circuit from exerting enough effect to overcome inertia, and
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the system hunts at some low frequency. A condition of violent
hunting can also arise if the feedback voltage is not of the proper
polarity.

d. Aided tracking. (1) In some instances the motion of a

target may be such that its rate of change of bearing may be constant.

The operator can follow the target by continuous adjustment of the
handwheel, but he will be able to concentrate better on the task of
observing the screen if the antenna is kept on target by some mechan

ical means. A system for providing this aided tracking is shown in

Figure 293. Aided tracking system applied to amplidyne servo system.

figure 293. The rest of the amplidyne servo system is shown only
in block form because it is identical with the servo system in figure
291.

(2) The potentiometer controls the speed of a small d-c motor,

usually called a slewing motor, which is used to turn the rotor of

selsyn generator G2. This rotation produces a rotating field in the

stator of the control transformer. The output from the rotor of
CT1 causes the servo motor to turn the antenna in such a direction
that the error voltage will fall to zero. There must always be a small

lag between the axis of the rotor of CT1 and the axis of the stator
field in order to produce an error voltage while the rotor of G2 is
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being turned. Since the potentiometer controls the speed of the

slewing motor, it also controls the rate at which the antenna turns.
Thus, the operator may adjust the potentiometer to the proper rate

and then concentrate on the screen of the indicator.

(3) The instances in which the slewing motor is useful to provide
aided tracking are somewhat infrequent. However, the same circuit
is very useful in providing a means of continual search. For ex

ample, the antenna of a system using both PPI- and A-scan indicators
might have the aided tracking attachment. In searching for a target,
the antenna is rotated at a constant rate under the control of the

potentiometer. When it is desired to determine carefully the range
and bearing of the target, the slewing motor is disconnected and the
antenna rotated by use of the handwheel, and the range is determined
from the A-scan indicator.

(4) Aided tracking systems have been developed to a point where

the tracking becomes completely automatic, that is
,

the receiver is

gated so that the echo signals from a selected target may be used
to control the servo system. Thus the antenna beam locks in on
the target and follows it in azimuth and elevation within the limits of
the radar set.

e. True and* relative bearing. (1) There are certain radar
applications where the entire mount supporting the radar equipment

may change its position with respect to the target. In such cases it

may be desirable to add an automatic compensating feature which
keeps the antenna on target. Such devices are needed especially for
radar installations aboard ship.

(2) Figure 294® illustrates a ship's course which is 030° true,

degrees true referring to degrees clockwise from true north. The
radar antenna is trained on a target X which bears 35° relative, de

grees relative referring to degrees clockwise from the bow of the ship,
or 065° true. The ship now changes its course an additional 15° to

the right (fig. 294©) and proceeds on this new course of 045° true.

Therefore, to keep on target the radar antenna on the ship will have

to be rotated 15° to the left in order to keep the beam pointed 065°

true.

(3) The antenna shift may be performed automatically by replac
ing selsyn generator G2 (fig. 292) with differential selsyn generator

DG1, as shown in figure 295. In G2 (fig. 292) the position of the

stator field which establishes the antenna position is determined only
by the mechanical position of the single-winding rotor which is

turned by the handwheel. In DGI (fig. 295) the direction of the

rotor field can be varied by two means: mechanically by means of
the handwheel, and electrically by means of the voltages impressed

on the three rotor windings.
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(4) Electrical positioning is accomplished by transmitting a true

bearing indication from the ship's gyro compass through selsyn gen
erator G3. For example, in the case of the change in the ship's course

(fig. 294) the ship's gyro transmits the 15° change in course to the

right to the rotor of G3 which produces the 15° change in the rotor
field of Dl, hence in CT1, and on through the control system. The

antenna, therefore, would be shifted automatically 15° to the left

(fig. 294®).

(5) If an emergency makes it impossible to operate the radar

system with the true bearing connection from the ship's gyro, a pro-

Figure 294. True and relative bearing.

vision is made to supply the three-winding rotor of DGl from the
120-volt a-c line. DG1 then acts as a simple selsyn generator instead
of as a differential selsyn (fig. 295). For true bearing operation,
switch S1 is thrown up; for emergency operation S1 is thrown down,
and only relative bearing can be shown. An auto-transformer is
provided to furnish 78 volts, the correct voltage for the selsyn wind
ings. For the true bearing operation the excitation supplied to DG1
comes through G3, but for relative bearing operation the excitation
comes directly from the a-c line supply.

(6) It is common with systems employing true bearing correction
to provide also another complete selsyn indicator system which trans
mits a true bearing indication from the ship's gyro compass. The
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information from both indicator systems is then placed on a special

bearing indicator dial (fig. 296). The outer dial is fixed. The selsyn

at the antenna controls the position of the diamond-shaped pointer,
called a bug, and the inner dial is rotated by a selsyn controlled by

the ship's gyro compass. Thus the reading on the outer dial opposite

the pointer is the true bearing. In figure 295. M1 and G1 form one

indicator system transmitting antenna position, and M2 and G2 form
the systems giving the gyro compass position.
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Figure 2!>6. Bearing indicator.

62. TWO-PHASE A-C SERVO SYSTEMS.
a. Two-phase a-c motor. (1) The output drive motor in a

servo system should be easily reversible and should have variable
speed over a fairly wide range. Ordinarily, an a-c motor cannot ful
fill these requirements completely because the range of speed control
is limited. However, the use of an a-c motor may provide a much

simpler drive system, especially where an a-c power source is available
and where some sacrifice in range of speed control can be made.

(2) An a-c motor which can be adapted for servo-system use is the

two-phase induction motor. This motor consists of two stator wind
ings spaced 90° electrically from each other and either a wound rotor
or a squirrel cage rotor. The latter type of rotor is probably the most

common. It consists of heavy conducting bars set into the armature

slots and shorted by conducting rings at the ends. The schematic

diagram for such a motor is shown in figure 296. The voltages fed to

the two stator windings must be 90° out of phase. This 90° phase

5S07300— 4-I 23
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difference plus the effect of the 90° mechanical spacing of the windings
results in a rotating magnetic field. The rotating field induces a

voltage in the rotor by transformer action, and hence the rotor is

turned by the interaction of the magnetic fields present.

(3) Since a two-phase a-c supply is rarely available, it is customary
to operate the two-phase motor from a single-phase supply by placing a

phase-splitting capacitor in series with one of the stator coils. The
current through this coil then leads the voltage by some angle less

SINGLE PHASE
A. C. _L PHASE" SPLITTING

-T-C CAPACITOR

COIL 2

TL-8933

Figure 297. Two-phase motor operating from single phuse supply.

than 90°, while the current through the other coil lags by an angle

less than 90° because of the reactance of the winding. If a capacitor
of the proper size is chosen, the current in the two windings can be

made to have nearly 90° phase difference, as required for the rotating
field.

(4) Since the capacitors required for induction motor applications
are large in size, an equivalent effect may be obtained by the use of a

b o

a o
TL- 8934

Figure 298. Auto-transformer and capacitor used for phase splitting.

smaller, higher voltage capacitor and a small auto-transformer. Fig
ure 298 shows the circuit frequently used. The auto-transformer can

be regarded as an impedance changing devise which reduces the high
reactance of a small capacitor between A and D to the lower react

ance of a large capacitor between A and B. The output terminals of
the auto-transformer and capacitor may be connected to points A and

B in figure 297 instead of the capacitor alone.

(5) In order to give wider range of speed control and better torque

characteristics for radar antenna-drive applications, it is possible to
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make certain other modifications- of the two-phase motor. These in

clude increasing the resistance of the rotor bars and use of the stator

coil connections shown in figure 299 to give more starting torque and

greater rotor slip over the operating speed ranges. This diagram
differs from that of figure*297 in that the phase-splitting capacitor
is placed in parallel with one coil, and the combination is placed in

series with the second coil. The current through coil 1 is made up of
the current that passes through coil 2 and capacitor C via the auto-

transformer. Since the current through the capacitor is leading the

current through coil 2, the total current through coil 1 leads that

through coil 2. The capacitor is chosen to give approximately a 90°

phase shift between the* current in coils 1 and 2. Thus, the desired

rotating magnetic field is produced. A motor so connected tends to

give a more constant current input over its speed range, and a much

wider range in speed. The efficiency, however, is relatively poor.

TL-8935

Figure 299. Two-phase motor with series stator coil connections.

(6) The direction of rotation of a two-phase motor is reversed

either by reversing the connections to one stator coil or by shifting
the capacitor from one coil to the other. The speed of the motor is
varied over a limited range by changing the voltage applied to the
motor. The voltage may be changed by placing a variable impedance
in series with one or both phases. The effect of such an impedance
is to lower the voltage, and hence the current, input to the windings
without absorbing an excessive amount of power in the control
device.

b. Two-phase a-c motor applied to servo system.
(1) A servo system which is to be used for radar antenna control
should provide an output that is variable in both direction and speed of
rotation. However, in applications where it is desired only to turn
the antenna to a certain bearing, as in an IFF interrogator, without
the necessity of continuous rotation under control of a handwheel.
the servo output need not have a wide range of speed variation.
Since a two phase a-c motor has a limited range of speed variation,

it can be adapted to a servo system which is designed primarily

349

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

9
:2

5
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



for position control. The basic requirements for such a system are:
a means of using an error signal to vary an impedance in series with
the motor in order to control the speed, and a means of comparing
the phase of the error signal with a reference voltage in order to
control the direction of rotation of the motor.

(2) The block diagram of a typical servo system in which a two-
phase a-c motor is used to provide the output power is shown in figure
300. A selsyn control transformer, CT1. is used to provide an error

signal which is proportional to the difference between the actual

BEARING
INDICATOR

O A-C
SUPPLY'

O

TL-8936

Figure 300. Block diagram of servo system using tiro-phase a-c motor.

antenna position and the desired position. The rotor of CT1 is

geared to the antenna so that rotation of the antenna turns the rotor

toward the position in which no error voltage is induced. The an

tenna is rotated by turning the control handwheel on selsyn generator
G2, since this shifts the stator field of the control transformer and

thus causes an error voltage to be induced in the rotor. The error

voltage is fed to the control amplifier where it is applied in a bias

amplifier which varies the impedance in series with the a-c motor to

control the speed of rotation. The error voltage is also fed to a

direction amplifier where its phase is compared with the phase of a

reference voltage in order to control the direction of rotation. The
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load on the direction amplifier circuit is the coil of a relay which
selects the stator winding with which the phase-splitting capacitor
is connected in series.

(3) The schematic circuit diagram of the control amplifier is
shown in figure 301. The error signal is applied to Tl in the bias

amplifier. The output of the bias amplifier is a voltage that controls
the conduction of tube V5. which is across the primary winding of
transformer T3. The turns ratio of T3 is 50 to 1 step down from the

primary, so that the impedance transformation ratio is approximately
2,500 to 1. When V5 is conducting heavily, it is effectively a low

impedance, so that the impedance in series with the motor is very low,

causing it to rotate at full speed. When V5 is cut off, the impedance

across the primary of T3 is very high, so that almost all of the

line voltage appears across the secondary, preventing the motor from
rotating. In other states of conduction, the impedence reflected into
the secondary causes the motor to rotate at a speed which is dependent,
over a limited range, on the amplitude of the error signal applied to

the bias amplifier.

(4) The bias amplifier acts partly as a rectifier and filter network
and partly as a d-c amplifier. The input stage is connected as a

full-wave rectifier in order that the error signal may be effective,

irrespective of its phase. The conduction of V2.1 is controlled by
this rectified error voltage, and this conduction determines the

voltage to which Cl is charged. The following three stages of the

bias amplifier are similar to the first, so that the charge on the capacitor
in each stage is dependent on the voltage to which the preceding ca

pacitor was charged. For example, when the error signal is zero, V2.1
is almost cut off by the self bias developed across C2 and R4. In this
condition, most of the plate voltage appears across V2.1 and the volt
age across Cl is very small. The following stage is nearly at zero
bias, then, so that C3 is charged to a high voltage which cuts off

V3.1. By a similar analysis, it may be found that the voltage across

C5 is maximum when the error signal is zero, so that V5 is cut off in
this condition, preventing the motor from rotating.

(5) In the direction amplifier the phase of the error signal that is

applied to T5 is compared with the phase of the reference voltage
which appears across T6. If these voltages are in phase, V3.2 con
ducts heavily on alternate half cycles, causing C8 to be charged to a

large voltage. The voltage across C8 prevents conduction of V4.2 so

that C1O is able to discharge. Thus, V6 is operated at zero bias and
the relay is operated by the plate current of V6. The relay connects
the phase-splitting capacitor in series with stator winding S1, causing
the motor to rotate clockwise. If the error signal is 180° out of phase
with the reference voltage, V6 is cut off by the voltage that appears
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across C1O, and the relay closing coil is not energized. In this con

dition, the relay connects the phase-splitting capacitor in series with
stator winding S2, causing the motor to rotate counterclockwise.

(6) It is desirable that the antenna approach the desired position
slowly so that it may come to rest without excessive hunting. This is

accomplished by the use of C'2 and R4 in the cathode of V2.1. Ca

pacitor C2 charges through V2.1 while the error signal allows the tube

to conduct, but the capacitor must discharge through R4 when V2.1 is

cut off. As the antenna approaches the desired position, the ampli
tude of the error voltage decreases so that the output of the bias

amplifier causes the motor to slow down. At some time before the

desired position is reached V2.1 is cut off because of the increased

voltage across C2. Thus, the antenna must coast toward its ultimate

position.

(7) The R-C circuit in the cathode of V4.2 has a similar effect on

the direction amplifier. As the error voltage decreases, the charge on

C1O either builds up or decays, depending on the direction of rotation.
At the time when the antenna passes through the desired position the

relay snaps to its other position, causing the motor to reverse to coun

teract the inertia of the moving antenna. In switching from one

position to the other, the B contacts on the relay are momentarily
closed. This action reduces the time constant of the discharge of C2
by shunting R5 across R4. so that the bias on V2.1 is reduced to approx
imately its normal magnitude. The overtravel of the antenna causes

an error voltage to be produced which energizes the motor to bring
the antenna back to the desired position.

(8) The system is purposely designed to operate with small over-

travel because the critical damping condition is too hard to maintain.
The amount of overshooting that takes place is adjusted to a satisfac

tory minimum by the setting of the bias amplifier sensitivity control
R3 and the direction amplifier sensitivity control, R13.

63. HYDRAULIC DRIVE.
a. General. (1) Hydraulic methods of position control were

in use before the electrical servo systems were developed. Because

hydraulic systems are capable of controlling large amounts of power,

they are widely used to turn the rudders of ships and to control other

heavy mechanisms. The hydraulic system has the advantage of low
inertia in its moving parts which enables a very fast response to be

obtained. However, it has the disadvantage that the fluid system is

difficult to keep in good working order. The high pressures involved
tend to cause leaks at rotating joints, and extreme temperatures affect

the ease with which the hydraulic fluid can flow.

(2) The hydraulic drive consists essentially of a high-pressure
variable-flow pump using some fluid such as oil and a hydraulic motor
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connected to the pump by pipes. A typical variable-flow pump is

shown in figure 302. It consists of a rotating cylindrical block con

taining several pistons uniformly spaced in a circle around the center

of the block.

(3) The axes of the small cylinders into which these pistons fit are

parallel to the axis of the cylinder block. The whole assembly is

mounted -n a tilt box or cylinder head in which the cylinder block
rotates. As the block turns, the small cylinder openings pass under
inlet and outlet ports in a valve plate. The cylinder block is driven

by a drive plate through a universal joint so that the axis of the block

SECTIONU'

TL-8938
Figure 302. Hydraulic pump.

may be changed by an angle of as much as 30° either side of the main
drive shaft center line. This angle causes the small pistons, attached

to the drive plate by ball-and-socket joints, to move in and out of the

block as it rotates. The greater the angle of the block, the longer the

piston stroke; the smaller the angle, the shorter the stroke. At zero

angle there is no relative motion between the piston and the cylinder
block and therefore no pumping action. As the angle of the block

passes through zero to the opposite side of the drive-shaft center line,

the position of the pistons changes with respect to the inlet and outlet
ports. The piston which was on compression stroke is now on suc

tion stroke. This position change results in a reversal of direction of
the pumping action.
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(4) The pump is operated at a constant speed with the pumping
action dependent on the angle of tilt. Thus a change of the angle

by means of a mechanical linkage serves to control both the amount

and direction of flow.

(5) The hydraulic motor is similar in construction to the pump,

but the cylinder block has a fixed angle of tilt of approximately 30°

TO LOAD

TO BE ROTATED

FIXED
D-C FIELO

SUPPLY

OIL LINES

TO ELECTRICAL
CONTROL SYSTEM

CONTROLLED

D-C FIELD

SUPPLY

TO LOAD

TO BE ROTATED

D-C
. MOTOR

nnmnn

D-C
'GENERATOR\

TL-8939

Figure SOS. Comparison of hydraulic drive and Ward-Leonard drive.

with respect to the drive shaft. Other types of pumps and motors are

in use, but their principles of operation are in general similar to

those just discussed.
b. Application of hydraulic drive. (1) A comparison of

the hydraulic drive and a simple Ward-Leonard drive is shown in

figure 303. The controlled d-c field supply for the Ward-Leonard
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generator is replaced in the hydraulic drive by a mechanism which
varies the pump angle. Such a mechanism can be operated electron

ically from a selsyn error voltage as in the Ward-Leonard or ampli-
dyne servo system.

(2) At present, hydraulic drives find limited application in radar
.work and are confined chiefly to stabilization controls for main bat

tery fire-control antennas aboard ship. They are used frequently,
however, in controls for large guns and other ordnance equipment.

64. THYRATRON MOTOR CONTROL.
a. Basic thyratron mol or drive. (1) A type of d-c motor

control which is used in some radar applications employs thyratron
tubes. The basic circuit for this system is shown in figure 304®. If

SHADED AREAS INDICATE APPROXIMATE
DURATION AND MAGNITUDE OF VOLTAGE
APPLIED TO MOTOR ARMATURE

(D PLATE VOLTAGE AT THYRATRON

TL-8940

Figure 30-i. Basic thyratron motor control circuit.

the grid of the thyratron V1 is biased above the critical grid-voltage
value which corresponds to cut-off in an ordinary tube, the tube acts

as a half-way rectifier. Therefore pulsating direct current is supplied
to the armature of the d-c motor approximately in accordance with
the voltage curve (fig. 304©). However, if the grid bias is made

sufficiently negative, the thyratron will be blocked and the motor
armature will receive no current.
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(2) In the circuits as shown, the thyratron thus performs two
functions. It acts as the rectifier for the direct-current supply to the

armature, and it acts as a switch to turn the supply on and off accord

ing to whether the thyratron grid is biased above or below the critical
value, which controls the firing of the tube (sec. IV, TM 11-466 and

Navships 900,016). The transformer (fig 304®) may be omitted in
certain instances, although if standard-voltage d-c motors are used,

a transformer is usually necessary.

(3) Providing the grid voltage is properly modified, the third
function which the thyratron can accomplish is that of speed con

trol. The motor speed can be controlled by varying the rheostat

in the separately excited field circuit if the armature is supplied at
a reasonably constant voltage. It is more common, however, to con

trol the armature current and either excite the fields separately at

some constant value or provide series fields through which the con

trolled armature current may flow. »

(4) The grid of the thyratron does not directly control the magni
tude of the current flow through the tube, but merely the firing point
or the value of plate-to-cathode voltage at which tube current starts

to flow. Therefore, the bias on the grid can only cause the tube to

act as an off-on switch. However, it is possible to superimpose an

a-c voltage on the grid bias and cause the tube to conduct during
various portions of its conducting half -cycle.

(5) Figure 305® shows a bias voltage ep which is more negative
than the critical voltage, ec; therefore, no appreciable current can

flow through the tube. The horizontal line at eB, in figure 305® rep
resents the minimum plate-to-cathode voltage that can maintain ion
ization in a thyratron, irrespective of the grid potential. This voltage
is called the extinguishing voltage. In figure 305© eF has been made

less negative, and the tube conducts over a major portion of the cycle.

Conduction does not begin until the grid voltage is more positive than
the critical value and the plate-to-cathode voltage is sufficient to main
tain ionization of the gas in the tube. Conduction stops after the volt
age has dropped below the deionizing point. Therefore, the shaded

area (fig. 305©) does not occupy quite the entire half-cycle. The curve

of the critical grid voltage, ec, is not a straight line because this volt
age varies according to varying plate-to-cathode potentials. For
example, at the peak of the applied voltage wave, ec must be consider
ably more negative than at the half-voltage point on the wave, and at
very low plate-to-cathode potentials the grid must be positive to cause

the tube to fire.

(6) Figure 306® shows the result of applying an a-c grid voltage,

Co, superimposed on the bias voltage e^. At time X, the instantaneous

grid voltage reaches the critical value shown by curve ec and causes
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the thyratron to conduct. Since the grid then loses control, the tube

conducts to time T when the plate-to-cathode voltage becomes so low
that ionization cannot be maintained. The a-c grid voltage (fig.

3060) is of the same frequency as and in phase with the a-c supply to

APPLIED PLATE VOLTAGE

er CRITICAL GRID BIAS BELOW
" WHICH TUBE CANNOT CONDUCT

MINIMUM PLATE VOLTAGE
eE TO MAINTAIN IONIZATION

, TUBE CANNOT
CONDUCT ON

NEGATIVE HALF
CYCLE

SHADED AREA REPRESENTS
TIME DURING WHICH TUBE IS
CONDUCTING

TUBE
'CANNOT

CONDUCT ON
NEGATIVE HALF
CYCLE

TL- 894I

Figure 305. Control of conduction of thyratron bp grid bias.

the tube plate. If the bias is kept the same, as well as the frequency
and magnitude of e0, but the phase is caused to lag the plate supply by
45°, the condition shown in figure 306© results. The time at which
the curve of eo intersects that of e«, is later than in figure 306© and
therefore the tube conducts during less of the half-cycle. In figure
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3060 the lag is 90° so that the point of intersection of curves ea and ec

is still farther to the right, and the tube conducts over a still smaller
portion of the cycle. In fact, at a lagging phase angle of, for example,

140° (fig. 306®) the grid voltage is never sufficiently positive at the

right time to cause the tube to conduct at all. The same effect can be

(2) *P (5) 6p

I TL-894E

Figure 3O6. Control of tiring point of thyratron by sine wave on grid.

achieved by making the bias more negative (fig. 306©) or by reducing
the amplitude of the a-c component of grid voltage (fig. 306©).

(7) It can be seen from the foregoing discussion that by causing
the thyratron to fire at various points in its conducting half-cycle, the

tube can be used not only as a switch and a rectifier, but also as a
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device to control the average amount of current flowing. Thus, the

thyratron (fig. 304®) can control the starting, stopping, and speed of
the d-c motor by controlling the flow of the current to the armature.

(8) Figure 307 illustrates the way in which the thyratron may be

fired by means of a trigger pulse. In order to control the thyratron
output, it is necessary to have a phase-shifting device to vary the

u 6c

ft
1 \ TKVVW

/ e<

TL-8943
Figure SOT. Control of firing point of thyratron by pulse on grid.

position of fhe pulse with reference to ep. The bias and pulse ampli
tude are adjusted so that the pulse rises above the er curve as before.

(9) Up to this point no mention has been made of how tbe direction
of rotation of the motor of figure 304(1) is to be changed. Since a

single thyratron can function only as a half-wave rectifier, no modi
fication made on the grid voltage can change the polarity of the out
put. In order to reverse the motor, then, it is necessary either to
reverse the polarity of the field supply or to reverse the polarity of
the armature supply.
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(10) Figure 308 shows a motor-control circuit using two thyra-
trons. V1 provides current for one direction of armature rotation,
and V2 provides current for the opposite direction. It is quite im
portant in this type of circuit that only one of the tubes be permitted
to conduct at a time. If both grids are sufficiently positive to fire
the tubes on both halves of the cycle, the armature is subjected to an

alternating current, and serious damage to the motor and thyratrons
may occur. The field supply remains fixed in polarity and magnitude
in this circuit.

(11) Any circuit, such as shown in figure 308, using a separately
excited field and supplying a fairly large d-c motor, should have a

relay interlock arrangement. Thus, if the field supply becomes open-

6G2 XL- 8944
Figure 308. Reversible thyralron-controlled motor.

circuited, the armature circuit is also opened. The interlock is nec

essary because the speed of a shunt motor increases enormously, and

the armature draws excessive current when the field flux falls to zero

since the counter-emf which limits the armature current becomes zero,

and the armature resistance is usually too low to prevent a damaging
surge of current.

b. Application of thyratron motor drive. (1) The re

versible thyratron controlled motor (fig. 308) can be applied in a

remote-control radar antenna system with the addition of the proper
grid control circuits. An example of such a drive is shown in figure

309. The control section is shown in block-diagram form for sim

plicity.

(2) The grids of thyratrons V1 and V2 are supplied an alternating
voltage which is superimposed on a d-c bias. The bias voltage is

adjusted to a value that will produce the required speed of rotation
when the maximum signal is applied. The magnitude and phase of
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the a-c voltage at each grid is adjusted so that neither tube conducts

in the absence of a signal.

(3) The motor is made to rotate by the signal generated in the mag

neto. If the magneto is turned clockwise, a d-c voltage is generated

which reduces the bias on V1, and therefore causes V1 to conduct; if
the magneto is turned counterclockwise, the output is of opposite polar
ity, causing V2 to conduct. Since the average current supplied to the
armature of the motor is dependent on the fraction of the cycle during
which the thyratron conducts, a greater output from the magneto

causes a larger current to be supplied to the motor because the time of
firing is advanced by this higher voltage. Thus, the faster the mag
neto is turned, the faster the antenna turns.

PHASE
SHIFTER

Figure 309. Thyratron motor control system.

(4) Since the current-carrying capacity of the thyratrons is limited,

too great a change of bias caused by the signal from the magneto may

cause damage to these tubes. Therefore, a limiter is incorporated in
the bias supply system to prevent the bias on the thyratrons from be

coming less than that which causes the antenna to rotate at five revolu
tions per minute. As a result, the antenna cannot rotate faster than
five revolutions per minute even though the magneto may produce a

very large output voltage.

(5) The antenna rotates only as long as the handwheel on the mag
neto is turned. When the magneto is stopped, the grids of both thyra
trons are returned to their normal bias, and no conduction takes place,

causing the motor to stop. The resistor and capacitor connected

across the motor are used to absorb the transient produced when the

motor is stopped suddenly.
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APPENDIX

Glossary of Ratlar Terms

A-. U. S. Navy prefix to designate airborne equipment. Examples:
ASB, airborne search radar; ABK, airborne identification equip
ment; AYD. airborne altimeter equipment.

AFC. Automatic frequency control. (See Frequency control.)
AGL. Aircraft gun laying; radar for plane-to-plane fire control.
AI. Aircraft interception. Radar which enables a night fighter to

detect and close with an enemy aircraft.
Aided tracking. A system of tracking a signal in azimuth, elevation,

or range, or all three variables together, in which a constant rate of
motion of the tracking mechanism is maintained by mechanical

means such that an equivalent constant rate of motion of the target
can be followed. The operator adjusts the rate by controlling an

error voltage.

Alignment. (1) The process of adjusting the tuned circuits of a tuned

radio-frequency receiver to a predesignated natural frequency.

(2) The process of adjusting two or more components of a system
so that their functions are properly synchronized; for example,
antenna orientation, and PPI sweep.

Amplidyne. A special type of d-c generator used as a power amplifier
in which the response of the output voltage to changes in field excita

tion is very rapid. Used extensively as part of a servo system.

Amplidyne generator. See Amplidyne.
Angular rate. See Rate of change of bearing.

Antenna assembly. The complete equipment associated with project

ing radar energy into space and receiving it
,

consisting in general of

a mounting ba^e, gears and motors for rotating the radiator, selsyns,
potentiometers, the antenna proper, and reflector, together with as

sociated switches.

Antenna matching device. A device which matches the antenna to its
transmission line by introducing an impedance which, together
with the impedance of the antenna, equals the characteristic im
pedance of the line.

Antenna reflector. That portion of a directional array, frequently in
directly excited, which reduces the field intensity behind the array
and increases it in the forward direction.

580730°— 44 24
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Antenna switching unit. -See T-R switch.
Antihimt circuit. A circuit in which a portion of the output voltage

of a servo system, which is used to drive a rotating antenna system,
is fed back into the output circuit in such a phase and magnitude

as to prevent the antenna from oscillating about any position.
Anti-T-R Box. See Anti-T-R switch.

Anti-T-R switch. A spark gap and transmission line combination
which prevents radar echoes from feeding into the transmitter of
a radar system.

ARO. Lightweight radar range finder.

Artificial delay line. See Delay line.

Artificial transmission line. See Pulse-forming line.

A-scan. An indicator with a horizontal or vertical sweep, giving range

only. Signals appear as vertical or horizontal deflections on the

time scale.

A-scope. See A-scan.
ASV. Aircraft to surface vessel. Radar to detect surface vessels

from patrol aircraft.
Attenuation (wave). The decrease in amplitude with distance in the

direction of wave propagation.
Attenuator. A device for controlling the amplitude of a signal.
Automatic tracking. Tracking in which the servo mechanism follows

the signal automatically, and keeps the radar beam oriented on the
target.

Autosyn. A trade name. (See Selsyn.)
AVC. Automatic volume control. Automatic voltage control.

Azimuth. See True bearing.

Azimuth rate. See Rate of change of true bearing.

Azimuth-staoilized PPI. The presentation of the radar signals on a

PPI tube so that north (magnetic or true) is always at the top of
the tube.

B-. U. S. Navy prefix to designate identification equipment. Ex
amples : ABK. BK.

Bach swing. A portion of a pulse in which the voltage shifts in the

direction opposite to that of the main body of the pulse, and occurs

at the end of the main body of the pulse. Compare Tail and

Overshoot.

Baiidicidth. The number of cycles per second expressing the difference

between limiting frequencies at which the desired fraction of the

maximum output is obtained (usually determined by the half-
power point in the frequency spectrum). Term applied to receivers

or transmitters.
Base line (CRT). The horizontal (or vertical) line formed by the

movement of the sweep on the A-scope.
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Bazooka. A terminating device used to convert an unbalanced line to

.d balanced condition.
Beacon. An automatic transmitter operated by a radar signal which

enables an aircraft to determine its azimuth and range, with respect

to the beacon.

Beaded support. Ceramic and plastic beads used to support the inner
conductor in coaxial transmission lines.

Beam width. The width (the angle between half-power intensities)
in an azimuth of the effective radiation from an antenna. Used in

describing directional radiation.

Bearing. The direction of the line-of-sight from observer (radar
antenna) to the target. Bearings may be measured relative to own

fore and aft axis (own keel line), relative to true north, or relative
to compass north. All bearings, unless otherwise stated, are meas

ured clockwise at the position of the observer, from 0° to 360°.

Bedsprings. See Billboard type antenna.

Billboard type antenna. A broadside array with flat reflector.

Blanking voltage. See Indicator gating.
Blip. See Pip.
Blocking oscillator driver. A circuit which develops a square pulse

used to drive the modulator tubes, and usually contains a line-
controlled blocking oscillator, that shapes the pulse into the square

wave.

Bolometer. A type of device used in radio-frequency measurements,

for determining standing-wave ratio. The sensitive element ab

sorbs r-f power, its temperature changes, and consequently its re

sistance is altered.

Bootstrap driver. A special type of vacuum-tube circuit used to pro
duce a square pulse which drives the modulator tube. The dura

tion of the square pulse is determined by the pulse-forming line. The
circuit is called a bootstrap driver because voltages on both sides

of the pulse-forming line are raised simultaneously with voltages
in the output pulse, but their relative difference (on both sides of
the pulse-forming line) is not affected by the considerable voltage
rise in the output pulse.

B-scan. Type of presentation in which signal appears as a bright
spot with azimuth angle as the horizontal coordinate and range
as the vertical coordinate.

B-scope. See B-scan.
Calibration marker. See Range marker.
Cat whisker. A wire which touches the crystal in a crystal detector.

(See Whisker.)
Cavity resonator. A hollow metallic cavity in which electromagnetic

oscillations can exist when properly excited. These determine the

3U

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 0

9
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



oscillating frequencies of klystrons, McNally tubes, and Sheppard
tubes. Frequency is determined by the physical dimensions of the

resonator.

Centering diode. A clamping circuit used in some types of PPI
indicators. (See Clamping circuit.)

Centimeter waves. See Microwaves.
Choke-flange joint. A form of wobbly or nonrigid connection between

two waveguides, containing an L-shaped cavity.
Choke joints. Metal fittings constructed to give low-transmission

losses when joining sections of waveguides.

CIC. Combat information center. U. S. Navy designation for the

compartment aboard ship in which all radar information is screened

and disseminated. Corresponds to U. S. Army filter center.

Circular scanning. The axis of the r-f beam rotates through 360° in
a single plane.

Clamping circuit. A circuit which clamps either amplitude extreme

of a wave form to a given reference level of potential.
Clamping tube. See Clamping circuit.
Clipper circuit. See Liniiter.
Coaxial dry load. See Sand load.

Color trace crt. See Dark trace tube.

Commutator circuit. See Direction rectifier.

Compass bearing. Bearing measured relative to magnetic north. (See
Bearing.)

Compass bearing rate. See Rate of change of compass bearing.

Compass error. The angle formed by the north-south compass line
and the true meridian passing through the center of the compass.

Conical scanning. A type of scanning in which the tilt angle is fixed

so that the axis of the r-f beam generates a cone with a vertex angle

usually from 5° to 10°. •

Continuity test. An electrical test to determine the presence of a

broken connection.

Control central. See Timer.

Control transformer. A selsyn in which the electrical output of the

rotor is dependent upon both the shaft position and the electrical
input to the stator. (See Selsyn.)

Cosecant-.it/ua red beam. A radar beam pattern designed to give ap

proximately uniform signal intensity for echoes received from dis
tant and nearby objects. Such a beam is generated by a spun barrel
reflector. The beam intensity varies as the square of the cosecant of
the elevation angle.

Counter circuit. A circuit which receives uniform pulses representing
units to be counted and produces a voltage in proportion to their

frequency.
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Crystal buim-out. The impairment of a crystal by exposure to excessive

r-f power.

Crystal detector. A system composed of a metal wire and a crystal,
which offers a higher resistance to current in one direction than to

current in the other direction. Conduction depends upon traces of
impurities.

Crystal mixer. A housing containing the crystal, inputs for signal
and local oscillators, and i-f output. Used in heterodyne detection

for converting the received radar .signal to a lower frequency for
amplification.

Crystal-video receiver. A broad tuning receiver consisting of a crystal
detector, followed by a high grain video amplifier.

C-scan. Type of presentation in which the signal appears as a bright
spot with azimuth angle as the horizontal coordinate and elevation

angle as the vertical coordinate.

C-scope. See C-scan.

Cutler feed. A resonant cavity at the end of a waveguide, which feeds
r-f energy to the reflector of the spinner assembly.

Cut-off wavelength. Tbe longest space wavelength which can be con
ducted down any given waveguide.

Cut paraboloid. See Truncated paraboloid.
Dark trace tube. A CRT with a screen composed of a halide of so

dium or potassium, the traces of which may be enlarged by projection.
(See also Skitron.)

Decibel (db). The unit used to express power ratio: db=10 log Pi/P2,
where P, and P2 are the two powers being compared; for example,
3 db down means a 50 percent loss of power.

D-C restorer. See Clamping circuit.

Deflection yoke. Yoke used in magnetic cathode-ray tubes. It has
coils wound on it, and controls the electron-beam deflection.

Dehiy circuit. A circuit which introduces a time delay in the passage
of current from one part of the circuit to another.

Delay line. Usually an artificial transmission line used to introduce
a short time delay in the transfer of a signal from one circuit to
another.

Delayed sweep. See Sweep.

Differential selsyn. A selsyn in which both rotor and stator have

similar windings that are spi-ead 120° apart. The position of the

rotor corresponds to the algebraic sum of the fields produced by the

stator and rotor.

Differentiator circuit. A circuit which produces an output voltage

substantially in proportion to the rate of change of the input volt

age of current. Differentiating circuits employ short time con

stants compared to the time duration of the pulse applied.
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Diode clipper. See Limiter.
Diode mixer. A mixer in the form of a tube containing cathode and

anode, which fits into the r-f line in much the same way as a crystal
mixer and performs the same function.

Diplexer. A coupling system which allows a radar and a communica

tion transmitter to operate simultaneously or separately from the

same antenna. Not to be confused with the duplexer.

Dipole antenna. Two metallic elements, each approximately one-

fourth wavelength long, which radiate the r-f energy fed to them

by the transmission line.

Direction rectifier. A rectifier which supplies a d-c voltage varying
in magnitude and polarity with the magnitude and relative polarity
of an a-c selsyn error voltage.

Discriminator. (1) Radar: A circuit that produces a response which
depends upon the frequency of the input signal.

(2) Beacon: A circuit which accepts pulses of proper duration
and rejects others.

Dish. See Paraboloid.
Display. A CRT screen and dials which present the information

obtainable by the radar set ; for example, range, azimuth, elevation.

Double moding. Frequency jumping; changing abruptly from one

frequency to another, at irregular intervals.
Double-stub tuner. Two stubs, usually fixed three-eighth wavelength

apart, in parallel with the main transmission line. Used in match

ing an impedance to a transmission line, such impedance being, for
example, the antenna or transmitting tube.

Drift. See Warm-up drift.
Driver. The circuit in the transmitter which produces a pulse to be

delivered to the control grid of the modulator stage.

D-scan. Presentation combining B and C types. The signal appears
as a bright spot with azimuth angle as the horizontal coordinate

and elevation angle as the vertical coordinate. Each horizontal
trace is expanded slighty vertically by a compressed time sweep
to facilitate separation of signal from noise and give a rough range
indication.

D-scope. See D-scan.

Duplex cavity. See T-R switch.
Duplexing assembly. Combination of T-R switch, and sometimes an

anti-T-R switch, with transmission lines.

Duty cycle. The ratio of the pulse width to the pulse repetition time.

Echo. The portion of the energy of the transmitted pulse which is

reflected back to the source by a target.

Echo box. A high Q resonant cavity which receives r-f energy through
a pickup antenna during the transmitted pulse and reradiates this
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energy through the same antenna immediately after the pulse.

The reradiated energy is picked up by the radar set. Since this

energy from the echo box dies off exponentially, it will appear on

an A-scope indicator as a flat-topped pulse, resulting from the

saturation of the receiver by the high energy return, followed by

an exponential curve.

Electronic coupling. The method of coupling electrical energy from
one circuit to another through the stream of electrons in a tube.

Elevation. Angle of the target, above or below the radar set.

Error voltage. A voltage, usually obtained from a selsyn, the magni
tude of which is proportional to the difference between an actual

position and a desired position. This voltage controls a servo sys
tem so that the resultant motion tends to reduce the error in position.

E-scan. A modification of B-Scan. Signal appears as a bright spot
with range as the horizontal coordinate and elevation as the vertical
coordinate.

E-scope. See E-scan.

Expanded scope. A magnified portion of a given type of CRT presen
tation ; for example, PSI.

Expanded sweep. A sweep in which the movement of the electron beam

across the screen is speeded up during a selected portion of the sweep
time.

F-. U. S. Navy prefix to designate shipborne fire-control radar. Ex
amples: FC, FD, FH, etc. Designation later changed to Mark III,
Mark IV. Mark VIII, etc.

Filter center. U. S. Army designation for information center at which
all radar and other observed information concerning the movement

of friendly and enemy planes within a certain sector is screened and

disseminated. Corresponds to U. S. Navy CIC.
Firing (as applied to magnetron and T-R switch). The excitation of

the device during a brief pulse.

Free-running multivibrator. A multivibrator oscillating at the fre
quency determined by its own circuit constants.

Frequency control. The regulation of the frequency of a generating
system within a narrow range.

Freya. German early-warning radar set.

F-scan. A single signal only, appearing as a bright spot. Azimuth
error angle (relative bearing) appears as the horizontal coordinate,

elevation angle as the vertical coordinate.

E-scope. 'See F-scan.

Gate. A square- volt age wave which switches a circuit on or off elec

tronically, usually by application to a grid or cathode.

GOA. Ground control of the approach of an aircraft to an airfield.
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GO/. Ground control of. interception. The technique that is accom

plished by coordination between a land-based radar set and fighter
aircraft equipped with their own radar sets.

GCL. Ground control of the landing of aircraft.
Ghost signals. Signals appearing on the screen of the radar indicator,

the cause of which cannot readily be determined.

GL. Gun laying. Information supplied by GL equipment (range,
bearing, and elevation) is used to direct guns and to control their
firing.

Glide path. The radar beam for flying or instrument landing of
aircraft.

Grass. See Noise.

Grid pulsing. A circuit arrangement of the r-f oscillator in which
the grid of the oscillator is biased so negatively that no oscillations
take place even when plate voltage is applied to the tube, and pulsing
is accomplished by removing this negative bias through the applica
tion of a positive pulse on the grid.

Grounded-grid triode mixer. The triode in which the grid forms part
of a grounded electrostatic screen between the anode and cathode.
It is used as a mixer for centimeter wavelengths.

Ground clutter. See Ground return.
Ground return. Radiation which is reflected from the ground and is

returned as an echo to the radar set.

G-scan. A single signal only, appearing as a bright spot on which
wings grow as the distance to the target is diminished. Azimuth
angle appears as the horizontal coordinate, elevation angle as the

vertical coordinate. This has been referred to as Mark VI
indication.

G-scope. See G-scan.
Guide wavelength. The wavelength of electromagnetic energy con

ducted in a waveguide. The guide wavelength for all air-filled
guides is always greater than the corresponding free-space wave

length.
Guillemin line. The network used in high-level pulse modulation in

generating a nearly square pulse with steep rise and fall.
Gyroscope. An instrument which utilizes a rotating mass to maintain

a stable equilibrium.
Helical scanning. The scanning motion in which a point on the r-f

beam describes a distorted helix. The antenna rotates continuously
about the vertical axis while the elevation angle changes slowly
from the horizontal to the vertical.

Hollow space oscillator. See Cavity resonator.

Homing. The process of flying toward a transmitting station by
means of a radio direction finder or radar. Also homing on a

target in a radar-equipped aircraft.
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Horn radiator. An antenna .shaped like a horn.

Hot magnetron. A magnetron generating r-f energy.

H-scan. A modification of B-scan. Signal appears as a bright line
the slope of which is proportional to the sine of the angle of
elevation. Azimuth appears as the horizontal coordinate, and

range as the vertical coordinate,

H-scope. See H-scan.

I-F. See Intermediate frequency.

IFF. Identification of friend from foe. System used in conjunction
with radar for distinguishing between friendly and enemy aircraft
or surface vessels.

Indicator gate. A rectangular voltage to the grid or cathode circuit
of an indicator cathode-ray tube to sensitize it during the desired

portion of the operating cycle.

Instantaneous. A qualifying term indicating that no delay is pur
posely introduced in the action of the device.

Intensity modulation. The method of signal indication on a cathode-

ray tube used in certain types of radar indicators, such as types

B. C, and PPI, in which the grid or cathode of the CRT is con

nected to the output of the final video amplifier. During the

sweep time the CRT is biased just beyond cut-off and video signals
intensify the tube, producing bright spots to indicate the targets.

Interlock. A switch placed in the door of a cabinet, which must be

closed before this switch will make contact and permit the high
voltage to be thrown on.

Intermediate frequency (i-f). The frequency which is the difference

between that of the magnetron (or transmitter) tube, and the local

oscillator tube. In radar the intermediate frequencies range from
15 to 60 megacycles per second.

Intensity gate. See Indicator gate.

Interrogator responsor. A unit in the identification system which
consists of a- transmitter interrogator and receiver response oper

ating on IFF frequencies and synchronized with some type of
radar equipment. The receiver is designed to receive the signal
from the IFF equipment on the ship or plane interrogated and apply
that signal to the radar indicator.

I-scan. Used to depict range and direction for a system with a coni-
cally scanning antenna. Signal appears as a bright circular seg

ment with radius proportional to range. The circular length of the

segment is inversely proportional to the error of aiming this sys
tem and its position indicates the bearing of the target. True aim
results in a complete circle. Also referred to as RTB indication.

I-scope. See I-scan.
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Isolating diode. A diode used to pass signals in one direction through
a circuit but which prevents signals and voltages from being trans
mitted in the opposite direction.

Jamming. Intentional interference with normal operation of radio

communication or radar equipment.

Jitter. Instability of the signal on the CRT screen.J-scan. A modification of type A in which the time sweep produces a

circular range scale near the circumference of the CRT face. The

signal appears as a radial deflection of the time trace. No bearing
indication is given.

/-scope. See J-scan.
Junction box. An inclosed distribution panel for connecting or branch

ing one or more corresponding elecric circuits without the use of
permanent splices.

Keep-alive. An auxiliary electrode in the T-R switch, to which a nega

tive d-c potential is applied. The keep-alive is turned on before the

main r-f power, and furnishes sufficient ions for almost instanta
neous discharge across the main gap with small leakage power to

the crystal.
Klystron. A tube in which oscillations are generated by the bunching

of electrons (i
.

e., velocity modulation). This tube utilizes the

transit time between two given electrodes to deliver pulsating
energy to a cavity resonator in order to sustain oscillations within
the cavity.

K-scan. A modification of type A-Scan for aiming a double lobe sys
tem in azimuth (elevation). A horizontal (vertical) time sweep is

displaced slightly in the direction of the antenna lobe in use. The
signal appears as a double vertical (horizontal) deflection of the

time sweep with the ratio of amplitudes indicative of the error in
aiming.

K-scope. See K-scan.
Land return. See Ground return.

Leaky waveguide. A waveguide with a narrow longitudinal slot per
mitting a continuous energy leak.

Lighthouse tube. GL446 and GL464, parallel element tubes. When
used in a suitable cavity combination, is useful as an r-f amplifier
and oscillator in the microwave region.

Limiter. A circuit which limits or clips either or both the positive or
negative portion of a waveform at a predetermined level.

Linear scan. A radar beam which transfers one arc or circle only.
TAne balance con verter. See Bazooka.

Line-of-sight coverage. The distance to which radar and television
sets are. in general, limited, that is

,

do not follow the curvature of
the earth, like broadcast radio. Refraction effects on radar beams,
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similar to mirage effects observed with visible light, can take place
under certain- atmospheric conditions.

Line-of -sight stabilization. A method of compensating for roll and

pitch of the vessel or aircraft by changing the elevation of the spin
ner in order to keep the radar beam pointed at the horizon.

Lobe switching. Directing an r-f beam rapidly back and forth between

two positions. Used for accurate direction finding.
Local indicator. Radar operator's indicator as contrasted with remote

indicator for pilot or navigator.
Locking. (1) Controlling the frequency of an oscillator by means of

an applied signal of constant frequency.

(2) Automatic following of a target, by a radar antenna.

Loran. Radio system for long-range navigation.
Lossy line. A cable having large attenuation per unit length.

L-scan. A modification of type A-scan for aiming a double-lobe sys
tem in azimuth (elevation). A vertical (horizontal) time switch
indicates range. The signal from the left (lower) lobe appears as a

horizontal (vertical) deflection to the left (downward) ; the sig
nal from the right (upper) lobe as a horizontal (vertical) deflection

to the right (upward). The ratio of signal amplitudes is indicative
of the error in homing. British Mark IV.

L-scope. See L-scan.

Magnetron. A transmitter tube which produces the main pulse of
ultra-high frequency energy. . The flow of electrons is controlled by
an applied magnetic field.

Main bang. See Transmitter pulse.

Main pulse. See Transmitter pulse.

Master multivibrator. A master oscillator using multivibrator circuit.
Master oscillator. A timing oscillator which controls other circuits.
Matching diaphragm. A window consisting of an aperture (slit) in a

thin piece of metal, placed transversely across the waveguide ; used
as a matching device. The orientation of the slit (whether parallel
to the long or short dimension of the waveguide) determines whether
it is respectively capacitive or inductive.

McNally tube. A local oscillator tube. A single-cavity, velocity-
modulated tube, the frequency of which may be controlled over wide
ranges by electrical methods. (See Klystron.)

Megacycle. One million cycles. Often used conversationally to mean

megacycles per second.

Microsecond. One-millionth of a second.

Microwaves. Radio waves, the length of which is less than approxi
mately 1 meter.

Mixer. The stage of a microwave amplifier circuit, into which the sig
nal voltage and a voltage from a local oscillator are fed, and from
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which the i-f comes out to the first stage of the i-f amplifier. Com
mon mixers are crystal mixers and diode mixers. They are made in
such a form that they can be inserted in the transmission lines which
are used for the r-f circuits.

Mock-up. (1) A dummy airplane built for study of structural and in
terior arrangements prior to the construction of a real model.

(2) A dummy radar set, or part of a set, built for a preliminary
study of the arrangements of components.

Mode. Different types of electromagnetic waves that may be sustained
in a given resonant system. Each type of vibration is designated
as a particular mode, and has its own particular electric and

magnetic field configuration.
Modulator. The part of the radar set which controls the application

of plate voltage to the transmitter.

Modulator driver. See Driver.
Monitor. To perform a check on a given system by measuring or ob

serving voltages, or waveforms, or recurrence rate.

Monitoring antenna. Used to pick up r-f output, for purposes of
checking the system.

M-scan. A modification of type A-scan for accurate range finding.
A horizontal time sweep is displaced slightly vertically stepwise.
The signal appears as a vertical deflection of the time sweep. An
auxiliary device for controlling the phase of the signal or the step

is used to bring them into coincidence, at which point the device

registers range.

M-scope. See M-scan.

Multivibrator. A form of relaxation oscillation, essentially a two-
stage amplifier with feedback. Will oscillate of its own accord, or
as a result of the application of an external synchronizing voltage.

Noise. A random voltage appearing at the output terminals of the

receiver with no impressed signal, if the amplifier has sufficient gain.
On the A-scope, noise appears as random spikes (grass) on the

sweep line. It is due to random motion of electrons in the grid
circuit of the first amplifier tube, to fluctuations in emission, shock
noise at the plate, etc.

North-stabilized PPI. Used in conjunction with a gyro compass, to

keep the PPI pattern oriented to true north, and does not change
when the direction of the ship or aircraft alters. (See Azimuth-
stabilized PPI.)

N-scan. A combination of type K- and M-scan.

N-scope. See N-scan.

Overshoot. An excessive potential attained by a portion of the main
body of a pulse. Compare Back swing and Tail.
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Oum ship's course bus (0. S. C). The cable which feeds the output

of a selsyn generator controlled by the ship's gyro compass to the

radar set for producing indication of true bearing.

Pantograph (radar). System for transmitting and automatically re

cording data from CRT to a remote point.
Paraboloid. A reflecting surface formed by rotating a parabola about

its axis of symmetry. Paraboloidal reflector or dish.

Peaking circuit. A circuit used to sharpen a wave of any form,
whereas a differentiating circuit is designed to sharpen a square

wave.

Pencil beam. A radar beam in which energy is confined to a narrow,
approximately conical portion of space.

Pencil mixer. A form of crystal mixer.

Phanatron. A precision delay circuit.

Phantom signals. See Ghost signals.

Phantom target. See Echo box.

/**/. Expanded PPI presentation.

Pill box antenna. A narrow cylindrical parabolic antenna, with plain
parallel ends.

Pip. A term used to designate a signal or spec ial marker on the A-
scope type of presentation.

Plan repeater indicator. See Remote indicator.

Plate pulsing. A circuit arrangement of the r-f oscillator in which
the plate voltage is normally reduced to such a low value or com

pletely removed, so that no current flows to the plate and no oscilla
tions occur. A pulse equal to the full plate voltage is then intro
duced in series with the plate. Oscillations begin and last for the
duration of the pulse. This circuit requires a modulator capable
of supplying full plate power.

Plumbing. A term used to designate waveguides or coaxial lines and

accessory equipment for the transmission of r-f energy.

Plunger. See Waveguide plunger.

Polyplexer (aircraft). A system for combining the operations of
both duplexing and lobe switching in certain radar equipments.

Polyrod antenna-. An antenna in which the radiating element is a

rod of polystyrene. Similar to the action of a leaky waveguide.
Potted Urn. A pulse-forming network immersed in oil and inclosed

in a metal container.

PPI-scan. Plan position indicator. The sweep is a radius of the tube
face (from center of face), and moves around through 360°. It
gives azimuth by direction of the radial line, and range by the dis
tance of the signal from the center of the screen.

PPJ-scope. See PPI-scan.

375

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 1

0
:0

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Preamplifier (pre-amp.). A small unit containing the first two or
three stages of the radar receiver. It is located near the mixer so

that the i-f signal is at high enough level to be transmitted over

appreciable distances to the remainder of the receiver without being
affected by extraneous noise.

Precision sweep. A small portion of a normal sweep, usually 2,000

yards, selected and expanded over the entire screen in order to

permit precise range measurements.

Presentation. The form which the radar echo signals are made to
take on the CRT screen, which is dependent upon the nature of
the sweep circuit utilized. Examples: A-scan presentation, PPI-
scan presentation, etc.

Present range. See Range.

Pressurized component. The filling of a radar component with dry
air or other gases at a pressure greater than atmospheric. Its
purpose is to prevent break-down of the component at high alti
tudes, and to protect against transmission losses caused by materials
in the atmosphere, such as dirt and water.

PRF. Pulse recurrence frequency. (See Repetition rate.)
Probe. A projecting rod placed in the slotted section of an r-f line

and used to pick up r-f energy, in the determination of standing-
wave ratio.

P-scan. See PPI-scan.
P-scope. See PPI-scan.
Pulse. A sudden change of voltage or current of short duration.
Pulse amplifier. Video amplifier which amplifies the pulse waveform

without materially affecting its shape.
Pulse oscillator. An oscillator which is made to operate repetitively,

usually at a low-duty cycle (i
.

e., having the pulses short compared
with the intervals between them).

Pulse-forming line. A combination of inductors and capacitors used

to produce a square pulse of controlled duration.
Pulse-modulation system. Radar system in which the transmitter is

turned off before the reflected energy arrives back from the target.
Pxdse rate. See Repetition rate.

Pulse repetition frequency. See Repetition rate.

Pulse transformer. A speeial transformer designed to have a fre

quency response suitable for passing a pulse without materially
altering its shape.

Pulse width. The time duration of a pulse as measured at half
amplitude.

Racon. A radar beacon.

Radar. An abbreviation for radio direction and ranging.
Radar range. See Range.

.
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Range. Distance from the radar set to the object giving an echo.

Radar test scope. A combination synchroscope and oscilloscope pro
vided with fast sweeps, which enables the examination of waveforms
and voltages throughout the radar set.

Radome. A general name for radar turrets which inclose antenna

assemblies.

Range mark. A mark on the CRT screen which indicates distances

from the radar set of the various echoes appearing on the screen of
the CRT.

Rapid scanning. The use of narrow beams in the horizontal plane,

scanned 10 cycles per second or higher for application to gun-laying
radar.

Rate of change of hearing. Bearing rate; azimuth rate. The rate at

which bearing (true or compass) is changing with respect to time

as a result of relative motion between target and antenna position.
It may be stated in degrees per second, or in other units of angular
measure.

Rate of change of compass bearing. The rate at which compass bear

ing is changing with respect to time, as a result of relative motion.

Rate of change of trite bearing. True bearing rate ; azimuth rate. The
rate at which true bearing is changing with respect to time, as a

result of relative motion. ,

RCM. Radar counter measures.

RDF. Radio direction finding. British abbreviation for radar.
Receiver gating. Applying operating voltages to one or more stages of

intermediate frequency amplification in a receiver during that part
of a cycle of operation when reception is desired.

Recovery time. (1) Of receiver: The time required for the receiver
to recover to half sensitivity? after the end of the transmitted pulse.

(2) Of T-R switch : Time required after an r-f pulse has fired
the gap in the T-R switch, for the received signal to reach half its
maximum amplitude.

Recurrence rate. See Repetition rate.

Reference voltage (servo systems). The a-c live voltage used to deter
mine the in-phase or 180° out-of-phase condition of the selsyn error
voltage in order to provide a directional sense to the servo system.

Reflex klystron. See Klystron.
Relative bearing. Bearing measured relative to the heading of vessel

or aircraft. Measured clockwise from 0° to 360°.

Remote indicator. Additional indicator located at a station remote
from the operator's equipment.

Repetition frequency. See Repetition rate.

Repetition rate. The rate (usually given in cycles per second) at which
pulses are transmitted from the radar set.
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Reprod. See Duplexing assembly.

Resolution in azimuth. The angle by which two targets must be sepa

rated in azimuth in order to be distinguished by the radar set, when
the targets are at the same range.

Resolution in range. The distance by which two targets must be sepa

rated in range in order to be distinguished by the radar set, when
the targets are on the same line of bearing.

Resonant charging choke. In modulators, denotes the inductor, which,
with the effective capacitance of a pulse-forming network, is used

to set up an oscillation of a given charging frequency.

Resonator. See Cavity resonator.

Responsor. See Interrogator responsor.

RF-IF converter. See Preamplifier.

Rhwmbatron. See Cavity resonator.

Rotary spark gap. A device in which several electrodes mounted on

a wheel are rotated past a fixed electrode producing spark discharges

periodically.
Rotating joint A device for permitting one section of a transmission

line to rotate continuously with respect to the other and still main
tain electrical continuity.

RTB indication. See I-scan.

R-T box. See Anti-T-R switch.

R-T switch. See Anti-T-R switch.

S-. U. S. Navy prefix to designate shipborne search radar. Ex
amples : SA, SC, S J, etc.

Sand load. An attenuator used as a terminating section to dissipate

power. The space between the inner and outer conductors of a

coaxial line or in a waveguide is filled with a sand and carbon mix
ture which acts as a characteristic impedence.

Saturated signal. The maximum possible signal that may be observed

on a scope due to saturation limiting in the video output of the

receiver.

Saxaphone. A vertex-fed linear array antenna giving a cosecant-

squared radiation pattern.

Scanning. The process of directing the r-f energy successively over

all points in a given region or space.

SCI. Ship-controlled interception. Compare CCI.
SCR. U. S. Army prefix for Signal Corps radio and radar equip

ment, Examples : SCR-268, SCR- 582, etc.

Searchlight control radar (SLC). Equipment for directing search

lights onto aircraft. Permits making interceptions by illuminating
the aircraft. Also permits accurate antiaircraft fire through optical
tracking.
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Searchlighting. Projecting the radar beam continuously at any given
object or target, instead of illuminating it once during each scan

period.
Sea-return. A signal reflected back from the sea.

Seasoning. Overcoming a temporary unsteadiness of the magnetron
which may appear when it is first installed.

Sector scan. Motion of the antenna assembly back and forth through
a limited angle. In contrast to continuous (360°) rotation.

Selectivity. The ability to discriminate between radio waves of dif
ferent frequencies.

Self -synchronous. See Sclsyn.

Selsyn. A single-phase self-synchronous machine which converts

mechanical position into electrical signal, or vice versa.

Sehyn, generator. A selsyn which has an electrical output propor
tional to the position of its rotor. {Sec Sclsyn.)

Selsyn motor. A selsyn in which the rotor-shaft position is depend
ent upon the electrical input. {See Selsyn.)

Selsyn receiver. Term sometimes used to designate a selsyn motor.

Selsyn transmitter. Term sometimes used to designate a selsyn gen

erator.

Sensitivity. A measure of the minimum signal to which a device

shows a measurable response.

Servo system. A complete electromechanical system for amplifying
and transmitting accurate mechanical position from one point to

another by electrical means.

Sheppard tube. The Sheppard-Pierce tube, a trade name for an all-
metal velocity modulation tube. (See Klystron.)

Side bands. When the amplitude or frequency of a high-frequency
wave is varied at a comparatively low rate, the high-frequency wave

is said to be modulated. The resultant wave has a component of the

high-frequency plus other frequencies that depend on the modula
tion. These are the side bands.

Side lobe. A portion of the beam from a radar antenna, other than the

main lobe, and usually much smaller.

Signal-to-nohe ratio. The ratio, at any point of the circuit, of signal
power to total circuit-noise power.

Silver bullet. A silver-plated, bullet -shaped connector, for joining
two similar coaxial lines.

Single-stub tuner. A short section of transmission line terminated by
a movable short-circuiting plunger or bar. It is attached to the
main transmission line as an impedence-matching device.

Skitron. A color trace tube for projecting purposes. (See Dark trace

tube.)
580730° —14 25
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Slant range. The distance from a position on the ground to an aircraft
or to any other object not at its own level. Used in contrast to

ground range.

Slotted section. A slot in a transmission line along which a probe is

moved, to measure standing-wave ratio.
Sparkgap. An arrangement of two electrodes between which a dis

ruptive discharge of electricity may take place, and such that the

insulation is self -restoring after the passage of a discharge.

Spark-gap modulator. A modulator in which the high-current switch
takes the form of a spark gap. The spark gap may be either of the

triggered or the rotary type.

Spark-pulse modulator. See Sparkgap modulator.

Spectrum analyzer. A test instrument used to show the distribution of
the energy contained in the frequencies emitted by pulsed magna-

trons ; to measure the Q of resonant cavities or lines ; and to measure

the cold impedance of a magnetron.

Spinner. The antenna assembly, including antenna, reflector, mount

for the reflector, motors, etc.

Spiral scanning. A type of antenna rotation in which a point on the

r-f beam traces out a spiral. Only a small sector in the desired di

rection is illuminated.

Spun barrel reflector. A type of reflector used for producing a beam

narrow in azimuth, which illuminates fairly uniformly a wide strip
of terrain.

Sifueezable waveguide. A waveguide used in rapid scanning, the di

mensions of which can be altered periodically.

SSV. Ship to surface vessel. Radar to detect surface vessels from

patrol surface craft.

Stabilization (radar). A system for maintaining a radar beam in a

desired direction in space despite the roll and pitch of the ship or

aircraft.

Stable element. A gyroscopic instrument which maintains a true verti

cal, and develops angles of deviation of the ship's deck or aircraft
from the true horizontal. It normally develops roll angle and pitch

angle, or level and cross level. The stable element provides input
data to all computers or stabilization systems.

Standing wave. The resulting wave from the electric variation in a

circuit caused by periodic exchange of energy between current and

voltage forms without transmission of energy. In a radar set, a

wave passing down the transmission line and striking an obstruction

or meeting a mismatch is reflected and returns up the line. The

reflected wave combines with the initial radiant wave to form the

standing wave. Such standing waves result in increased losses,

and should be kept to a minimum.
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Standing-wave detector. An instrument containing a detecting device

(bolometer, thermocouple or crystal) which enables one to deter

mine the ratio of the maximum voltage (current) to the minimum

voltage (current) of the standing wave.

Standing -wave ratio. The ratio of current (or voltage) maxima to

the current (or voltage) minima. It is determined by the load

impedance and by the characteristic impedance of the line.

Stator. The portion of an electrical machine which contains the sta

tionary parts of the magnetic circuit with their associated windings.

Stub-supporfed line. A type of coaxial transmission line in which the

inner conductor is maintained coaxially with the outer conductor

by the use of stubs. The stub consists of a short-circuited section

of coaxial line.

Stub tuner. See Single-stub tuner; Double-stub tuner.

Sweep (time base). Trace produced on the screen of a cathode-ray
tube by linear deflection of the electron beam. In radar, the time

measured along the sweep is proportional to range since it normally
starts with the beginning of the transmitter pulse. In some circuits
the beginning of the sweep is delayed for a fixed or variable time

after the firing of the transmitter. It is then known as a delayed

sweep.

Synchro. See Selsyn.

Synchronism. The relationship between two or more periodic quanti
ties of the same frequency when the phase difference between them is
zero.

Synchronizer. See Timer.

Synchroscope (radar). An oscilloscope on which recurrent pulses or
waveforms may be observed, which incorporates a sweep-generator
that produces one sweep for each pulse, regardless of frequency,.
thus allowing no more than one cycle to be viewed on the screen.

Tail. (1) A small pulse, following the main pulse and in the same
direction. Compare Back swing and Overshoot.

(2) Slow decaying, following main body of pulse.

Target. Any object producing a radar echo.

Three-phase selsyn. A misnomer. (See Selsyn.)

Tilt. The angle which the antenna forms with the horizontal.

Time base. See Sweep.

2'ime /hitter. Variation in the synchronization of components of a

radar system, leading to variations in the position of the observed

pulse along the time base, and reducing the accuracy with which
the time of arrival of a pulse may be determined.
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Timer. That part of the radar set that initiates pulse transmission and

synchronizes this with the beginning of indicator sweeps, timing of

gates, range markers, etc.

T-junction. The section of the transmission line between the trans
mitter to the antenna where it is joined by the transmission line
from the receiver.

Tracking. Keeping the radar beams, or the cross hairs of an optical
system, set on a target.

Train. To aim or direct the radar antenna in a horizontal plane.
Tranxmit-receive. See T-R switch.

Transmitter pulse. The main transmitted pulse, in a radar set. On
the A-scan, it appears as a strong vertical pip at the extreme left
end of the sweep.

Transponder. The unit of the IFF system which receives the inter

rogator signal and automatically transmits the reply.

T-R box. See T-K switch.

T-R switch. Transmit-receive switch. A switch which prevents the

transmitted energy from getting to the receiver, but allows the

received energy, which is much weaker, to reach the receiver with
out appreciable loss. This is necessary when the same antenna is

used for both transmission and reception.

Trigger pulse. A pulse which starts a cycle of operation.

Triggered spark gap. A fixed spark gap in which the discharge passes
between two electrodes and is struck (started) by a subsidiary
electrode, the trigger, to which low-power pulses are applied at

regular intervals from a pulse amplifier, thus closing the switch.

Triggatron. High-pressure trigger spark-gap modulator.

Trip. See Trigger pulse.

True bearing (azimuth). Bearing measured relative to true north.
The angle formed by the intersection of the line-of-sight and the

true meridian passing through the observer's position. Measured

clockwise at the position of the observer from the north point of
the horizon; from 0° to 360°.

True-bearing rate. See rate of change of true bearing.

Truncated paraboloid. A paraboloid in which a portion of the top

and bottom have been cut away in order to broaden the radar beam

in the vertical plane.

Tunable echo box. An echo box consisting of an adjustable cavity

operating in a single mode. If calibrated, the setting of the

plunger at resonance will indicate the wavelength.

Turnstile antenna. Consists of two linear antennas, lying in a plane,

and crossing one another without electrical contact at their centers.

If the angle between the two is 90°, the length of each half a wave-
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length, and the currents 90° out-of -phase, the directional pattern
in the plane of the radiators is approximately a circle.

Two-phase-selsyn. A misnomer. A special selsyn having two wind
ings spaced at right angles to each other on the stator. These are

excited with a single-phase power.

Valve. British term for a vacuum tube.

Video. The intelligence of a radar echo.

Video amplifier. An amplifier which has uniform response to signals
of a very wide band of frequencies. (See Pulse amplifier.)

Warm-up drift. Change in frequency of an oscillator during the

warming-up period.
Waveguide. A hollow pipe, usually of rectangular or round cross

section used to transmit r-f energy. The dimensions of the pipe
are determined by the wavelength to be transmitted.

Waveguide elbow. A prefabricated bend in a waveguide.

Waveguide plunger. A piston which may be moved within a wave

guide to provide a short circuit at any desired point in the guide.

Whisker. The sharpened metal wire in contact with the crystal of a

crystal mixer.
Windshield. In radar, a streamlined cover placed in front of airborne

paraboloid antennas to minimize wind resistance. The cover ma

terial is such as to present no appreciable attenuation to the radia
tion of the radar energy.

Wuerzburg. German fire-control radar.
Zero-time reference. Reference point in time from which the oper

ations of the various radar circuits are measured.
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Index

• Paragraph Page

A-C relay.. . 56a (3) 208

Accurate reporting 2a (3) 1

2c (1) 2

2c (2) 2

Amplidyne:
2e (3) 3

Drive 61b 338

Generator 61a 332

Amplifier:
61 332

Bootstrap 35b (1) 160

Grounded grid . -. 43c (5) 237

If 18f 56

Overdriver . . 22d 70

Pre- 25d (1) 105

Pulse --. 22e (3) 82

R-f 18a (3), c 49, 52

Video .- 18h, 25f 57, 107

Angular accuracy 36c 186

Antenna:
41d 229

41d 229

24e (4) 100

5c 8

Dual 39a 209

35b 160

Feed system . 17b, 37 41, 187

Free-space pattern 6a (2) 10

J-type . 41b (2) 228

Lobe switching . . 39a, b, c, 40 209, 213,

219, 223

.J 40b 224

Nondirectional 41 227

Receiving ... 17c 45

5a (3) s

17d 41

Single lobe system 5b 8

24e (2) 100

Stacked dipole lid (1), (2) 24

11c 21

Tilted 6b (1), (4) 12, 13

Transmitting.. - 17c 45

Turnstile 41c 228
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Antenna —Continued. Paragraph Page

Vertical ciipole 41b 227

Yagi 24

Antenna position indicator, basic, . 58b 312

Antenna system:
Function . 7b (1), 11 14, 21

Two separate antennas.- - 17 40

Antihunt. 58c 313

Gyroscope 60c (9) 329

Anti-T-R switch 38c 197
Waveguide-. - 38g (3)

• 208

Artificial transmission line . . « 35b (2), c (2), d (1) 161, 165,

170

A-scan.. . 13c, 48a (2) 28, 252

A-scan modifications , 52 277

Expanded sweep 51b 274
Gated sweep 51a 274
Precision sweep olc 277

ASV 2c (1). 21a (1) 2, 73

Asymmetrical multivibrator. 30b (9), 32a (2), b (1) 136, 145,

146

Automatic frequency control 44 240
Automatic gain control.- . 46 246

62a (4) 348
Average power . 8e (2) 17

Azimuth:
Determination - 5 7

52b 278

Bandwidth .. 25a (2) 101

Bazooka 17b (2), 24b (4), 40b (3) 4I, 93, 225

Beacon . 2e (2) 3

Bearing:
Determination - . 5 7

59 314
Relative.- 61o 344
True 61e 344

Bent dipole 41d 229
Blocking 43d 237
Blocking oscillator.. ...... 31 138

Driver 35c 165
Timer 31 138

Bootstrap amplifier .. .. 35b (1) 160
Bootstrap driver, 35b 160
B-scan .. 13d, 48a (3), 52 29, 252,

277

Carbon-pile regulator ..- 55g (3) 296
Carrier frequency . . .- 8b (1) 15

56e (3) 305

16d 33

18i, 22f, 25g 57,83,107
Cathode-ray tube '.. 26e 117

Electromagnetic 13b (2) 27

13b (1) 27
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Paragraph Page

Circuit breaker 56e (2) 304

Circuit control relay 56c 300

Circular array 41d 229

Commercial power source 55b 385

Conical scan 40 223

Off-center dipole 40b 224

Waveguide 40c 226

Contactors 56b 299

Control circuit 57 306

Antenna 24e (4) 100

Control device 56 298

Control relay 56a 298

Control transformer 59c 323

Coupling loop 24c (3) 95

Crystal current meter 25c (5) 105

Crystal mixer 25c 104

C-9can 13e, 48a (4), 53 30,252,280

C-W radar 3a 3

Dash-pot relay 56d (3) 303

Delay multivibrator 50f 271

Detector - 18g, 25e 56, 107

Differential selsyn - 59b 318

Generator -- 59b (1) 318

Motor 59b (1) 318

Dipole 24d (2), 26b (4) 96, 112

Bent 41c 228

Direction control switch 24e (4) 100

Direction rectifier 60d (3) 331

Discriminator 44b (2) 242

Double lobe system 5c 8

Driver . 23d 88

Bootstrap 35b 160

Line-controlled blocking oscillator 35c 165

Single tube 35c 165

Driver-modulator systems 35 160

Driver tube 23d (2) 88

Dual antennas 39a 209

Duty cycle 8e (3) 17

Dynamotor 55d (2) 288

Echo box 42 231

Electrical quarter wave 24b (3) 93

Electron-ray tube 47c 250

Elevation:
Determination 6 1

Sweep 53b 280

Exciter selsyn 59b (8) 322

Expanded sweep 51b
External phasing 39b 213

Feed lines < 24b 92

Feed system:

Coaxial line 37b lMi
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Feed system— Continued. Paragraph Page

Two-wire open line 37a 187

Waveguide 37c 189

Fire control 2b Q) 2

Fixed range marker 50c 263

Fixed spark-gap modulator 35d 170

F-M radar 3b 3

Functional diagram 7b 14

Fuse 56e (3) 305

Cartridge type 56e (3) 305

Plug type 56e (3) 305

Gain control 25d (5) 107

Gate:
Indicator 26d 117

Inverter -- 26d

Receiver 38a (3) 117

Gated sweep 51a 196

Generator: 274

Engine driver 55c 285

R.f 34 155

Grid-leak bias 22c (2) 78

Grid limiting 22c (4) 79

Ground-controlled interception 2a (3) 1

Grounded grid r-f amplifier 43c (5) 237

Guillemin line 35d (4) 171

Gyroscope anti-hunt 60c (9) 329

Half-power point 17c (6), 25f (2) 47, 107

Hunting 58c (1) 313

Hydraulic drive 63 353

I-F amplifier !8f 56

IFF 2d (1) 2

I-F stages 25d 105

Indicator:
A-scan 48a (2) 252

B-scan 48a (3) 252

Components l"*g 31

C-scan 48a (4) 252

Function 7b (1), 13 14, 27

Gate . 26d, e (3); 30b (4), (6) 117, 131,

132

Gating pulse 19a (2), e 57,66
Power supply 26f 118

PPI-scan..." 48a (2) 252

Indirect timing 31b 139

Induced noise 43b (3) 235

Intensity modulation 13b (2) 27

Interlock circuit 57e 309

Internal phasing 39c 219

J-type antenna 41b (2) 228

Keep-alive voltage 38e (4) 203

Klystron local oscillator 25b I n.i
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Paragraph I'aue

Lecher line l6c (1) 30

Lighthouse tube 25a (2) 101

Limiter 22c 78

Limiter amplifier 19c 62

Line-balance converter 17b (2) 41

Lobe switching 39 209

Conical scanning 40 223

Dual antennas 39a 209

External phasing 39b 213

Internal phasing 39c 2*9

Phase delay j 39b (3) 214

Reactance phasing 39b (9) 217

Single antenna 39b, c 213,219

Local oscillator 18b (3), d 52, 53

Klystron 25b 103

Tuning 25b (3) 104

Magic eye 4 7b 249

Magnetron 23b, 34c 84, 159

Manual regulator °5g (1) 293

Master oscillator 22b 75

Multivibrator 32a I45
Sine wave 30a 127

Single swing blocking oscillator 31a 138

Meter, crystal current 25c (5) 105

Midfrequencv gain 25f (2) 107

Mixer 18e 53

Crystal 25c 104

Mode, waveguide 37c (2) 189

Modulator 23» (2), 0, 35a (1) 84,85, 160

Fixed spark gap - 35d 160

Rotary spark gap 35e 173

Saturable inductor 35f 179

Movable range marker 50d, e, f 266, 271

Multivibrator 26b 110
Asymmetrical 30b (9) 136

Delay — - 60f 271

Electronic switch 39c (6) 221

Timer 32 145

Tiigger 26b (6) 112

Navigational aid 2e(l) 2

Negative transconductance oscillator -. 49d 258

Noise, receiver 25a (2) 101

Nondircctional antenna 41 227

Off-center dipole 40b 224

Oil dash-pot relay 56d (3) 303

Oscillator:
Master 22b 75

Negative transconductance 49d 253
Phase-shift 22b 75

R-f blocking 10a. 28 19,122

Shock-excited - 49b 253
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Oscillator-Continued. ™"h
Single swing blocking 31,35c 138,16a
TPTG,pusl,Pull-- WW »
w^dge:;;:;:^:/^::^v.- .«*». •.» «7,i»

Overdriven amplifier_ , , ,
57c «JU7Overload relay

329Overshoot -

r, ,
8e (1) 16Peak power

Pha
Delay 39b (3) 214

£5fc::: » 19d 65

Phase shift:
2(UCapicitor. v '

Method of obtaining --- ™° ™
-ii 4 - - 22b 75Oscillator - — -

3Q5Plug fuse
rv

'
_24Potentiometer control °~

Potted line 35d 162

PowC;: 8e (2) 17Average ^^^^ 8.(1)
SSy:::::::::::... ™

Power supply:
Cathode-ray tube JJ ™
Commercial-

„Components

Distribution 14a
t~> * ■ - 55d (2) /osDvnamotor _ " '

. .
Function

l\™285Engine-driven generator....
Indicator
Modifications ^

-•' . • : 204 « "is
Rotarv converter
Transmitter 20b, 23e . 70, 89

ViV)rator 55e
ppilan «. «■ ». 54

Pre-amplifier 25d (1) 105« . .
51c /' >Precision sweep

Pressure control, water cooling system »" ™*„ .
25c (4) 10aProbe v '

PulSC.: ...
22e (3) 82

FoSrun;:::::::::::::::::::::::.---- 35b », . », d w i«,

Modulation 3°

Repetition frequency 8c, 16f (3) 16, 39

width. — - 86 16
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Pulsing: Paragraph Page

Action of self-pulsed system 16f 38
Methods.! 33b 154

Push-button relay 57b 306
Push-pull sweep 19a (4) 58

Quarter- wave transformer 24b (2) 92

Quench voltage 45c (2) 246

Radar la 1

Accurate reporting 2a (3) 1

Al 2c (2) 2
Airborne 2c (1) 2
Altimeter 2e (3) 3

A8V 2c (1), 21a (1) 2, 73

Beacon 2e (2) 3
C-W 3a 3
Fire control 2b (1) 2

FM 3b 3
GCI 2a (3) 1

IFF 2d (1) 2
Principle lb '

Search 2a (1), (4) 1,2

Radiator:
Dielectric lid (1), (5) 24,26
Types lid 24

Range:
Control 19g (5) 70

Determination . 4 4

Estimation 49 253

Gate 53c 281

Measurement 50 260

Sweep 53c 281

Range marker 49a (3) 253

Fixed 50c 263

Movable 50d, e, f 266,271
Range marker generator:

Multivibrator 49c 255

Negative Gm oscillator 49d 258

Shock-excited oscillator 49b 253

Ranging methods 48b 252

R-C bridge 22b 75

R-Cpealcer 22d (4), e 80,82

Reactance phasing 39b (9) 217

Receiver:
Automatic gain control 46 246

Bandwidth 25a (2) 101

Blocking 43d 237

Components 12b 27

Function 7b (1), 12 14,26

Gain 25d (5) 107

Gain control 18f (3) 56

Gate 38a (3) 196

Power supply 25h 108
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Receiver —Continued. Paragraph Page

Recovery time 43d • 237

Signal-to-noise ratio -- 43b 234

Superheterodyne 18b, 25a 50, 100

Superregenerative . . - -- 45 243

Tuning indicator 47 249

25a (2) 101

Induced.. . ._ . 43b (3) 235

Short effect . . . 43b (3) 235

Thermal agitation . - - . 43b (3) 235

43d 237

Reflector:

... 55f 293

Cylindrical . . . .. . 24b (4), d (3) 93, 97

Parabolic ..... lid (1), (4); 24d (3) 24

Tuned lid (i) 24

Untuned lid (1), 17c (4) 24, 46

Regulator . 55g 293

Carbon-pile. . ... . . 55g (3) 296

Manual - 55g (1) 293

Silverstat. . — .. . 55g (4) 297

Vibrator 55g (2) 295

Re1ative bearing. . . . 61e 344

Relay 1 56a 298

Ac 66a (3) 298

56c 300

Contactors 56b 299

56a 298

Dash-pot- . .-- 56d (3) 303

Overload 57c 307

Overvoltage- . - 57c (3) 307

Power 56b 299

57b 306

Solenoid . 56b (4) 300

..... 56d, 57a 302, 306

Remote indicator system .. 58a (3) 311

Resonant cavity, T-R switch- . 38f 205

Resonant line transformer .. 38c (6) 199

Reversible thyratron-controlled motor 64a (10) 361

R-F amplifier 18a (3), c; 43c 49, 52, 236

Grounded grid 43c (5) 237

R-F blocking oscillator. . 28 122

Frequency stability - 28a 122

28a 122

R-F generator 34 166

34b 167

Rotary converter ... 55d 287

Rotary spark-gap:
35e 173

Timing function -- . . 29b 126

Rotating joint — --. 17b (3), (5); 24b (3) 41, 43, 93

37c (5) 191

37c (5), (6) 191

24e 97
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Paragraph Page

Saturable inductor modulator 35f 179

Scan types 48a 252

Scanning motor 40b (1) 224

Search 2a W 1

Self-rectifying vibrator 55e (3) 292

Self-svnchronized transmitter 28» 122

Selsyn 58b <3), 59a (1) 313, 314

Control transformer 59c 323

Differential 59b 318

Differential generator 59b (1) 318

Differential motor 59b (1) 318
Exciter 59b (8) 322

Generator 26a (2), 59a (8) 109, 317

Motor 26a (2), 59a (8) 109, 317

Receiverl 59a 314
Rotor 59a (2) 314

Stator , 59a (2) 314
Sweep 54b 281

Transformer 54b (6) 284

Transmitter 59a 314
Servo svstcm 58a (4) 311

Basic - 58b 312
Two-phase 62 347

Ward-Leonard 60c 326

Shock-excited oscillator 49b 253
Shot effect 43b (3) 235

Signal comparison 6b (1), (3) 12. 13

Signal-to-noise ratio 25a (2), 43b 101,234

Silverstat regulator 55g (4) 297

Sine-wave timer 30 127

Single-lobe system 5b 8

Single-tube driver 35c 165

Slant range 6a (1) 10

Slot coupling 38f (2) 205

Solenoid relay 56b (4) 300

Spark-gap modulator:
Fixed .. 35d 170

Rotary 35e 173

Spark-gap timer 29 124

Spinner , 24e (2) 10°

Stacked dipole Ud (D. (2) 24

Stub 24b (1) 92

Stub supports 37b (2) 189

Superheterodyne receiver 18b, 25a 50, 100

Superregcneration 45 243

Surface search 2a (4) 2

Sweep :

Clamper 19c, g (3) 62,70

Duration 19b (3) 61

Expanded 51b 274

Expansion generator 51b (2) 274

Gated 51a 274

Generator 19b, 26c 58, 115
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Swcep—Continued. ; Paragraph Page

Multivibrator
'

26b 110

Potentiometer 52b 278

Push-pull 19a (4) 58

Selsyn 54b 281

Trigger 26b (6) 112

Switch tube 26c (3) 116

Synchronization, indirect 31b (1) 139

Synchronous vibrator .55e (3) 292

Thermal agitation 43b (3) 235

Threshold pick-up 6b (1), (2) 12, 13

Thyratron motor control 64 356

Thyratron motor drive 64a 356

Tilt:
Indicator 24e (5) 100

Motor 24e(5) 100

Potentiometer 24e (5) 100

Ti1ted antenna 6b (1), (4) 12, 13

Time-delay circuit 57d 308

Time-delay relay 56d, 57a 302, 306

Time measurement 4b (1) 5
Time-range relationship 4a (1) 4

Timer:
Components 27b (7) 122

Function 7b (1), 9a 14, 18

Multivibrator 32 145

Sine-wave oscillator 30 127

Single-swing blocking oscillator 31 138

Spark gap 29 124

Timing:
By separate unit 9b 1°

Pulse, self-pu1sed system 16g, 19a (4) 39, 58

Signal 27b 119

Within transmitter 9c 18

T-junction He (3), 38b(3) 23, 197

T-R switch . 11c (5), 24c (2), 36b (2), 38 24,94,186,

195

Cavity 38f 205

Coaxial line .- 38d . 200

Open wire 38b 196

Resonant slot 38g (6) 209

Spark gap 38e 202

Waveguide 38g 206

T-R tube 38e (4) 203

Life 38e (5) 204

Transit time 25a (2) 101

Transmission line, artifical 35b (2), c (2), d (1) 161, 165,

170Transmitter:
Externally pulsed 10b, 23 19, 84

Function 7b (1) 14

Self-pulsed 10a 19

Self-pulsing triode oscillator— 16a 34

Self-synchronized 28a 122

393

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-0

9
-1

9
 1

0
:0

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
6

9
2

2
2

8
8

6
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Paragraph Page

Triodc oscillator 34a 155

True bearing 61e 344

Tuning indicator 47 249

Tuning plunger 37c (10) 195

Turnstile antenna 41(5 228

Two-phase a-c motor S2a 347

Vertical dipole.-. -— 41b 227

Vibrator power supply 5oe 290

Vibrator type regulator 55g (2) 295

Video amplifier 18h. 25f 57 • 107

Voltage doubler 23c (§) 88

Ward-Leonard drive GOa 324

Ward-Leonard servo system 60° 326

Electronic control 60d 331

Water-cooling system, pressure control S7t 309

Wave guide:

Mode of excitation 37c (2), (5) 189, 191

Rectangular 37<= M) 191

Rotating joint 37c (5) I '.'I

, Round 37«(2> 189

Tuning plunger 37c (10) 195

Wien-bridge oscillator : 30a (3), b (1), b (2) 127, 128

Yagi Hd 0), (3) 24

o

UNIVERSITY OF MICHIGAN

3 9015 06922 2886
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long, and the wires are transposed as shown. The voltage at one end
of a half-wave line is 180° out of phase with that at the other end.
Therefore the voltage on the right-hand element at point B is at a posi
tive maximum and that on the left-hand element is a negative maxi
mum. For the instant chosen, the polarity of the voltage is shown
on all elements. The voltage distribution on half of the elements is
shown by the dotted curves.

(3) Each individual radiating element has a point of null, or zero
r-f voltage, approximately at its center. A connection between the
center point and ground (the screen reflector) can be established with
out causing a current flow because the voltage is zero. This fact
permits the use of a metal supporting rod from screen to radiating
element. The rod may be welded for strength to the screen and radiat
ing element. The rod holds the radiating element approximately
one-eighth wavelength in front of the screen.

TL-8662

Figure 45. Radiation pattern in horizontal plane.

(4) The reflector is a metal screen mounted on a suitably strong
framework. A screen is used to minimize the wind resistance. A
plate with no holes in it would be a more effective reflector than the

screen, but it would have tremendous forces exerted on it by the wind.
If the holes in the screen are not too large, it will be almost as effective
as the plate in reflecting the energy radiated by the antenna.

(5) The feed impedance of one pair of half-way elements mounted

one-eighth wavelength in front of a screen is approximately 2,000

ohms. The null on the radiator is a single point, but for mechanical

strength the supporting rods must be of fairly large diameter. A
small current is drawn by each supporting rod. The impedances of
these rods are in parallel with the impedance of the feed point, which '

is therefore reduced to approximately 1,500 ohms. There are 16 half-
wave elements in the antenna, which may be considered as eight dipoles

effectively in parallel. The net impedance of the whole array Yhere-

46
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