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Comparison 

of 

RADCM 
Intercept Antennas 

From a report by Commander 0 pew/ ional 
D evelopment Force 

During and since World War II the Navy has em
ployed two outstanding electronic methods for air-surface 
d etection and early warning; 1) Radar detection and 

2) Intercept ion of radiations from electronic devices 
carried in the approaching craft, be i t surface or air. In 

the early months of the war, our prime method of de
tection was by radar, since the d evelopment and applica
tion of electronic countermeasures was not sufficiently 
advanced to be entirely reliable and efficient. H owever, 
detection by radar presented an undesirable aspect in 
that it was susceptible to intercept by the enemy forces. 
St ill another undesirable feature was that with the power 
out puts and overall detection ranges available in radars 

during those trying months and years, in itial intercept 

or detection of an approaching aircraft was in many 
cases barely sufficient to alert our forces for the im

pend ing attack. Remember, however, that the speeds at 
wh ich aircraft flew in those days are now considered slow 
in comparison with modern jet and rocket type p lanes, 
while at the same time the initial intercept range capa
biliti es of modern radars have not been increased on an 
equal ratio with the increases in plane speeds. There 
are many reasons for this fact, but those reasons are not 
considered pertinent to this discussion. 

As it became more and more evident that radar in i

tial intercepts could not afford the maximum security 

believed necessary, g reater and greater emphasis was 

placed on the second method of detect ion-interception 

of rad iat ions f rom electronic devices located in the ap

proaching craft. Early in the program, we relied almost 
whol ly on omni-directional intercept antennas in con

junction with in tercept receivers and various d isplay 

devices. The major objection to this practice was the 
fact that no bearing determination was available when 
using omni-directional antennas. This pointed up the 
desirability of develop ing and p roducing directional in
tercept anten nas. 

I n line with th is trend to improve intercept equip
ment, the O perations Evaluation Group conducted a 
series of studies on the p roblem to determine a theo
retical basis for determi nation of the optimum design 
characteristics of search receivers for use by surface 
ships and submarines against radar-equipped aircraft. 
These studies concluded that simultaneous scanning in 
both frequency and azimuth result in a negligible proba
bil ity of intercept of radar signals. The study further 
concluded, however, that the continuously rotating type 
antenna, such as used in direction finders, affords better 
than calculated results. In view of these findings, it was 

considered desirable to obtain test data to either sub

stantiate or disprove the postulate that a good D j F 
antenna can yield a higher than theoretical probability 
of intercept. Th is theory was based on the assumption 
that the high gain main lobe of the D j f antenna could 
intercept sufficient energy from the minor lobes of the 
radar antenna to make detection possible. If th is as
sumption were proven true, the need for omni -direc
tional search antennas could be elim inated insofar as 
frequenc ies covered by the D j F antenna were con

cerned. 

The Chief of Naval Operations assigned to Com

mander Operat ional D evelopment Force the project to 
"D etermine comparative probabilities of in tercept of 
radar signals by coaxial horn Dj F antenna and by 
omn i-directional antenna ." The purpose of this project 
was to determine, under ship-board operat ing conditions, 
the comparative probabilities of intercept of radar sig
nals by the Alford H orn Coaxial Antenna Type 1207-A 
as opposed to an omni-directional antenna T ype AS-

371/ S. 
T o accomplish this project the fo llowing equipment 

was utilized by Commander Operational D evelopment 

f orce : 

AS- 37l ; S Omni-directional Antenna. 
Alford H orn Coaxial An tenna Type 1207-A. 
ANj SPR-2 RADCM Intercept Receivers (2) . 
LAG Signal Generator. 
General Radio Type 715A Direct Current Amplifie r 

(2). 
Esterline-A ngus Graph ic Recorder (2). 

The AS-3 7 1/ S Omn i-d irect ional Antenna (Figu re 

1) is a double-cone type of antenna designed to provide 
wide-band characteristics. The antenna is mounted above 

a ground plane base at an angle of 4 5° , which perm its 
reception of either horizonta lly or vertically polarized 
transmiss ions. In the U.S.S. MACON installation, 
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ALFORD HORN 1207A 
mounted in 

DBM PEDESTAL 

where all the above named equipment was installed, the 
antenna mount (including cone and ground plane) was 
tilted at a 45° angle. The g round plane is only approxi
mately a 120° segment as illustrated in Fig ure 1. This 
antenna connects to the companion receiver, an AN/ 
SPR-2, through a length of RG- 18/ U coaxial cable and 
appropriate fi ttings. RG-18/ U has an attenuation of 
10 db per hundred feet at 3000 Me. 

The Alford Coaxial Horn Antenna T ype 1207-A is a 
high gain, directional antenna designed to cov~r a fre
quency range from 2200 to 10,000 Me. This extreme 
range is obtained by a clever design wherein a 3-cm 
wavegu ide, covering a frequency range from 5000 to 
10 ,000 Me, is enclosed in a 1 0-cm waveguide covering 
a frequency range from 2200 to 5000 Me (rigure 2). 
Special consideration is given in the desig n of this type 
of antenna to insure overlapping of the upper extrem1ty 
and lower extremi ty of the 10-crn and 3-cm wavegu ides 
respectively. The ends of both waveguides are flared to 
produce the desired impedance characteristics. Both 
horns are posit ioned in a vertical plane. A reflector, 
which is cylindrica l in shape, is positioned above the 
mouths of the horns at approximately a 45 angle. To 
eliminate rotat ing waveguide joints, wi th their attendant 
losses and mechanical p roblems, the refl ector is made to 
rotate about the axis of the center of the inner wave
gu ide. The f re-quency range of the horn antenna may 
be extended downward by making the upper surface 

FIGURE 1 -Alford Coaxial 
Horn Ante nna (upper} and 
A S-37 1 /S Omni-directional 
Ante nna (lower} mounted on 
mainmast of U.S.S. Macon 
(ECA-132) . 

of the rotating reflector concave and by 'mounting a small 
fish-hook antenna from the dome above this reflector. 
If the correct type of fish-hook antenna is employed the 
f reguency range may be extended to as low as 1200 Me. 
The enti re assembly is mounted on a modified D BM 
pedestal. The original DBM antenna rotation system is 
retained and provides a maximum rotation rate of 240-
rpm for the refl ector. For the Macon installation, only 
the 10-cm waveguide was installed. RG-48j U, having 
an attenuation of 1.2 db per hundred feet at 3000 Me, 
was used. The exterior of the Alford H orn and its 
pedestal is shown in Figure 3. 

The ANj SPR-2 RADCM Intercept Receiver, of 
which two were used in the evaluation, is a superhetero
dyne type receiver designed to detect sig nals in the f re
guenqr range of 1000 to 5000 Me. T he receiver em
ploys two tuning heads, TN- 56f SPR- 2 covering a range 
from 1000 to 3000 Me, and TN- 57 j SPR- 2 covering a 
range from 3000 to 6000 Me. T uning is accomplished 
manually with no fac ilities provided for automatic fre
quenqr scanning. A pulse stretcher circuit is used in 
conjunction with a d-e amplifier and Wheatstone bridge 
to energize a front panel meter for tuning indication. 
The receiver input termination is 50 ohms as is the 
vide-o output termination. 

T he LAG Signal Generator is designed to furn ish an 
r-f signal within the range of 1200 to 4000 Me. An 
unmodu lated, pu lse modulated, or freq uency modulated 

FIGURE 2-A close-up view of the 
Alford Coaxial Hor.n Antenna with 
protective cover removed, showing 
two waveguide horns immediately be
low the cylindrical-shaped reflector. 

FIGURE 3- Intercept probability 
curves of the Alford Horn and the 
AS-371 / S intercept antennas with air
craft flying at I ,000 feet, 48 db at
tenuation. 
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signal may be selected by a fron t panel switch. The out
put voltage amplitude is controlled by an attenuator 
which provides 100 db attenuation from a ma:'\imum 
output of 100,000 microvolts. A bolometer circuit, its 
incidating meter, and a calibration curve are provided so 
that the r-f output level of the unit may be d1ecked con
tinuously. Accurate determination of frequency is as
sured by the use of an absorption type wavemeter in con
junction 'vith a crystal detector and level indicating 
microammeter. Facilities a re provided for synduoniz
ing pulsing of other equipments from the LAG or for 
synchronizing the LAG from other equipments. 

The G eneral Rad io Type 715A D irect Current Ampli
fier is essentially a calibrated d-e millivolt-meter or 
microammeter used in the measurement of small d-e 
voltages and currents. This unit may also be used with 
a d-e recorder, as in this project, for the recording of any 
electrical quantity which may be translated into varia
tions in small d-e currents. The amplifier is operated 
from a 115/ 230-volt, 60-cycle supply. 

T he Esterli ne-Angus Graphic Recorder p rovides a 
visual inked record upon a 6-inch wide roll chart. T he 
chart is p ropelled by an electric clock motor with facili
ties for adjusting the speed of roll feed from 0.75" per 
hour to 12" per minute. The recorder movement is de
signed ·to provide full-scale defl ection with 1 ma of 
current. It was actuated by the d-e output f rom the 
Type 715A ampli fier described above. 
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FIGURE 4--lntercept probability curves of the Alford Horn and the AS-371 /S intercept antennas with aircraft 
flying at 5.000 feet. 48 db and 64 db attenuation. . 

Precautions were taken to insure that the operational 
tests would not be influenced by material deficiencies. 
To insure that results obtained were true indications of 
the merits of the antenna systems, it was mandatory that 
the supporting components, particularly the two re
ceivers, be maintained as nearly identical as possible. 
Throughout the period o£ the evaluation the sensitivi~ies 
of the receivers were maintained within 3 db of each 
other. It was noted that the receiver used with the AS-
371/S antenna was consistently more sensitive than that 
used with the Alford Horn. This would work to the 
advantage of the AS--371/S and further points up the 
superiority of the Alford Horn as shown in data to be 

discussed later. 
Intercept runs were conducted at three different alti-

tudes, 1,000, 5,000 and 10,000 feet with a single run 
conducted at 20,000 feet. Since it was mandatory to 
maintain radar or beacon ranging contact with the tar
get plane, and since the Alford Horn produced such 
great intercept ranges, it was necessary to introduce finite 

amounts of attenuation in the r-f input circuits of the 
two receivers. This was accomplished by using identical 
lengths of RG-21/U coaxial cable which has an attenua-

. tion of 0.8 db per foot at 3,000 Me. At different alti
tudes different lengths of this cable was used to keep 
the incoming signal to a level which would permit the 
aircraft to open beyond intercept range yet at the same 
time retain radar or beacon contact with the surface craft. 
(USS Macon). 

After the initial intercept of the closing target aircraft, 
the Alford Horn System, in spite of the continuous rota
tion of 240 rpm, had no difficulty in maintaining a con
stant interception of the AN/ AP$-20 radar, whose an
tenna was also rotating at a speed of 5 rpm. In contrast 
to the continuous intercept by the Alford Horn was the 
intermittent pickup by the AS-371/S system. This an
tenna would intercept only the main lobe of the AN 1 
APS--20, thereby affording only a very short signal (ap
proximately 0.2 second) to be heard in the operators 
headphones. This signal occurred about 5 times per 

minute at an audio frequency of 300 cps. If it were 
necessary to scan in frequency, interception of the AN/ 
APS-20 or a similar radar with the AS-371/S V.'Ould 
be highly unlikely as the operator could very easily tune 
through one of· the 12-second intervals without any 
indication whatsoever. It was necessary even during this 
project for the Alford Horn operator to coach the AS-
3 71 ;s operator on to the frequency of the intercepted 
signal. Two characteristics of the Alford Horn system 
accounted for its superior performance: 

1-The Alford Horn is a high gain directional an
tenna and consequently will intercept weaker signals than 
an omni-directional antenna such as the AS-371JS. 
Esterline-Angus tape recordings of both systems shows 
that the peak amplitude of the signal' provided by the 
horn system is greater than that provided by the AS-
371/S system. It was also noted that much of the time 
during a closing run, the side lobes from the airborne 
radar antenna, as well as the main lobe, were intercepted 
by the Alford Horn. The AS-371/S only intercepted 
the main lobes and at much less range than the horn. 

2-The Alford Horn system utilized RG-48jU wave
guide for transfer of energy from antenna to receiver, 
while the AS-371/S utilized RG-18/U coaxial cable. 
During the project, one of the major difficulties in ob
taining intercepts with the AS-371/S was the high noise 
level present, while in the Alford Horn Waveguide sys-
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tern, there was practically no noise. Obviously this would 
detract from the over-all performance of the AS--371/S. 
To obtain a true comparison of the two anten_nas it 
would be necessary to employ waveguide on both sys
tems, but the AS-371/S is not as yet designed to utilize 
waveguide. This is true for still another reason: The 
attenuation of RG-48jU is 1.2 db per hundred feet at 
3000 Me as compared to 10 db per hundred feet for 
RG-18/U at 3000 Me. It was estimated, therefore, that 
the AS-271/S system had about 16 db more transmis
siQn line loss than the Alford Horn System. From the 
average range data table (Table I) it is pointed out that 

Table I 

Altitude 
l11P11t Average (.Va11tical 

Cirelli I . Range Miles) 
Attenuation 1207-A AS-371/S 

1000 Ft. 48 db 45 19 

5000 Ft. 48 db 103 50 

5000 Ft. 64 db 90 29 

10,000 Ft. 32 db 138 57 

10,000 Ft. 48 db 126 36 

20,000 Ft. (one run) 0 db 275* 125 

*Run not completed. 

No =Total number of runs. 
.6 N Cumulative total number 

of first intercepts occ-

.5 urring at or beyond a 
given range. 

· N/No - Intercept probability. 
.4 
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FIGURE 5-lntercept probability curves of the Alford Horn and the AS-371 /S intercept antennas with aircraft 

flying at 10.000 feet. 48 db and 32 db attenuation. 
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the addition of 16 db attenuation in the AS-371/S 
System reduced average maximum intercept ranges 20 

miles. On this basis, which is not entirely reliable, we 
can assume that the ranges shown on other charts could 
be increased by approximately 20 miles if this 16 db 
attenuation were not present. 

From data obtained during numerous runs at various 
altitudes, Commander Operational Development Force 
developed intercept probability curves as shown in Fig
ures 3, 4, and 5. This data in addition to other find
ings and developments encountered during the evalua
tion were highly influential in the .final conclusions as 
outlined in the Project Report prepared by Commander 
Operational Development Force, upon which this dis
cussion is based. Some of the more important conclu
sions contained in the report are as follows: 

1-The AS-371-S Omni-directional Antenna with 
associated RG-18/U coaxial cable transmission line is 
highly susceptible to interference generated by electronic 
equipment throughout the spectrum. 

2-The Alford Horn waveguide transmission line 
greatly attenuates interference which is caused by elec
tromagnetic emissions outside its frequency range, par
ticularly on the lower end of the range. 

3-The high gain of the Alford Horn with attendant 
low interference level permits interception of minor 
lobes of airborne radar equipment. The AS-371/S 
intercepts only the major lobes of the airborne radar. 

4-Comparative probability of intercept of the Alford 
Horn system is appreciably greater than that of the AS-

In the past we have had trouble with resistors 
have changed value after being in service for a short 
period of time. After a lengthy conference with the 
manufacturers of these resistors it was definitely estab
lished that either mechanical strain or heat can cause 
this change. Certain precautions should be observ~d. 
The pigtails between the end of the resistor and the pomt 
of soldering should never be less than ~" in length 
for resistors of half watt size or smaller. Likewise, there 
should never be a sharp bend in this pigtail unless pre
cautions are taken to prevent a strain within the resistor 
body. If the pigtail must be bent, the pigtail should be 
gripped with pliers between the point of bend and the 
body of the resistor. The pigtail also should be gripped 
with some heat absorbing medium such as pliers or the 
suggested copper jaws during soldering operations. 

It has been reported that composition resistors in some 

371/S system. Comparative probability data obtained 
is a measure of the relative performance of the antennas 
and their transmission lines, not of antennas alone. The 
superiority of the Alford Horn system is due partly to 
the antenna and partly to the transmission line. 

5-The Alford Horn, in conjunction with a rea
sonably sensitive intercept receiver is capable of inter
cepting with a high probability. an AN j APS-20 or lower 
power airborne radar out to the radar horizon. Deter
mination of bearing within 5-10 degrees is possible. 

6--Replacement of presently used omni-directional 
antennas and their transmission lines ( 3000 Me and 
above) with the Alford Horn and its waveguide would 
greatly increase the efficiency of current shipboard 
RADCM systems. 

7-Since every advantage was given to the A5-371/S 
system, the results represent the minimum relative im
provement to be expected with the Alford Horn system 
over the AS-3 71 ;s system. 

The conclusions and recommendations contained in 
the final report prepared by Commander Operational 
Development Force are now being carefully analyzed by 
the Chief of Naval Operations and other cognizant ac
tivities. Future action as to replacement of certain an
tennas, transmission lines, etc., are as · yet undecided. 
The horn type intercept antenna is not as yet an accepted 
instrument and this discussion is not intended to produce 
that impression. It is merely published for the informa
tion of interested electronics personn~l to acquaint them 
with the activity and progress in this very important field. 

circuits become quite warm during operation, and al
though their ratings app~r to be adequate, the heat was 
attributed to the fact that they are mounted so that they 
lie flat against the phenolic strip thereby restricting ven
tilation. In some cases engineers have raised the resistors 
above the strip for better cooling. In addition to resistor 
failures due to heating during soldering, and to bending 
the pigtails, as well as heating due to current flowing 
through· them, there is danger that ':ibration. might either 
break the pigtails or put a mech.amcal s~r~m on th~ re
sistors. It has become an established mllttary specifica
tion that all pigtail type resistors must be mounted in 
such a way that they lie flat against the phenolic plate 
to protect them from harmful vibration. 

It is recognized that there would be somewhat better 
cooling if more air space was allowed, but we can't 
operate them in that way. It is found that some resistors 
are overheating it may be necessary to increase the wat
tage rating.-Jf/. E. Neu•.rleller 

BUSHIPS ELECTRON will devote an entire future 
issue to the FLEETII The entire issue will be written 
by and for the FLEET. So sharpen your pencils and 
collect your thoughts, boys. Details will follow next 
month. 

USN USL notes 
CENTRIFUGAL CASTING OF CERAMIC 

SLIPS FOR TRANSDUCER ELEMENTS 
Since the effectiveness of any sonar component is directly related to the effectiveness 

of its transducer, the Underwater Sound Laboratory is engaged in a program whose pur
pose is to develop new and i,mproved transducers. In connection with this program, the 
Laboratory is investigating new types of materials and new fabrication techniques with 
the object of improving transducer operating characteristics and achieving simplicity and 
economy of manufacture. Recent experiments with certain ceramics, such as barium 
titanate, as the active materials in electroacoustic transducers have indicated that the use 
of these materials may lead to economical production of transducer elements. 

As a result of the current interest in ceramics, a novel method and an apparatus for 
the formation of ceramic cylinders of homogeneous structure have been devised by David 
E. Parker, Harold A. Cramer, and Hector J. Cini of .the Laboratory staff. In the past, 
such cylinders have been formed by means of conventional molding techniques, extru
si-on through nozzles, or pressing; these methods, however, did not assure a satisfactory 
degree of homogeniety in the castings. 

The apparatus required for the new centrifugal method of casting ceramic slips is 
shown in the accompanying illustration. Considered briefly, it consists of a porous mold 
housing, a porous mold and stoppers, a housing cap, and a means of rotation. In the 
casting process, the ceramic slip is poured into the plastic mold, which has been thor
oughly saturated with water in order to prevent rapid absorption of the suspension 
medium, and the apparatus is assembled as shown in the illustration. When the com
plete assembly is rotated at high speed, the resulting centrifugal force causes the mois
ture in the mold to· be discharged through the vents which may be noted in the mold 
housing. The suspension medium is discharged through the mold and mold housing, 
and the ceramic material is deposited uniformly upon the interior wall of the cylindrical 
mold. When this step in the casting process has been completed, the plaster mold and 
the newly formed ceramic cylinder are removed from the assembly and permitted to dry 

.. at room temperature. The ceramic cylinder shrinks while drying and may be easily sepa
rated from the mold .. When dry, the cylinder is ready for final proces
sing, i.e., firing and grinding or cutting. 

It is felt that this method of molding offers distinct advantages over 
other methods in that both structural homogeniety and uniformity 
among successive products are provided. 
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by 
H AZE LTINE ELECTRONICS CORPORATION 

H azeltine Electronics Corporation is presently complet
ing the design and production of a new and improved 
shipboard receiver to be used with AEW equipment. 
This receiver includes new and highly versatile indi
cators together with other components having advanced 
and improved features. T he equipment is designated 
Radio Receiving Set ANj SRR-4 and it is expected that 
it wi ll be in service in fl eet units in a few months. 

T he complete Radio Receiving Set ANj SRR-4 con
sists of the following components. 

S ow cllclature \ 

AS-466/ SR 

SA- 215 U 

R- 360 SRR-4 

KY- 59 SRR-4 

CV- 121 SRR-4 

SG- 31 U 

IP- 98 SP A 9 

IP 97 SPA- 8 

PP 560 SR 

TF 129 SP 

Fu11ctio11 of 
Equipment 

Antenna 

Rotary Switch 

Radio Receiver 

Video Decoder 

Data Converter 

Signal Generator 

T racking Indicator 

Repeater Indicator 

Power Supply 

Power Transformer 

X umber 1'sed iu 
typical i11slallatioll 

2 

2 

1 

l 

2 

2 

The first six items of the above table are components 
of the re<.e:iving system. The last four items represent 
the display system. The receiving system features auto
matic frequency control and ci rcuits for minimizing ro
tational error and malfunctioning due to noise. The 
mechanical design is such as to permit ease of mainte
nance. 

The display system includes indicators in two forms, 
which with their power suppl ies have been designated 
Repeater Indicator ANj SPA-8 and Tracking Indicator 
ANj SPA-9. These have been designed for general use 
individually with a wide variety of radars, as well as 
for use as a pair in AEW and similar appl ications where 
an operator at one unit, tracking a friend ly craft, causes 
the motion of that craft to be cancelled out on the other 
indicator. Special attention has been paid to the prob
lems introduced by high-speed aircraft. 

Range and bearing on these indicators may be read 
directly from counters rather than from dials, affording 
eas ier reading and g reater accura~y. 

The range is continuously adJ~tsta~le from ~ to 25t0 
miles. This feature permi ts adjuSt tng the dtsplay o 
agree with map overlays and avoids losing high-spe_ed 

. I . d" tors wtth aircraft, as may occur in convent10na m tea . 
fi xed ranges when switching from range to range. It ts 
possible, by off-centering and adjusting the range, t_o 
magnify any portion of the d isplay without geographtc 
distortion. Also, the range and bearing of targets on the 
magnified display may be determined even though the 

. I b d from the location of the shtp may 1ave een remove . 
. fi . T l . 1 st tS ac-display in the process of mag n1 cat10n. 11s a 

d b . k· rs in troduced complished by range an eanng mar e 
electronically. They are time-shared with the display and 
so are continuously visible rather than appearing o_nce 

1 h a swttch every revolution of the antenna or on y w en 

is thrown. 
In one of these indicato rs, the ANJ SPA- 9, the ongm 

of the electronic range and bearing markers is not fixed 
at the ship location but may be moved about so as to 
permi t determining the range and bearing from ~ny one 
target to any any other target for fighter-direct iOn ap
plications. The information is made avai lable on s!n
chro generators for transmission to computers or plottmg 
centers. Also, tn the case: of the repeater indicator, syn-

chro data from shipboard dead-reckoning analyzers can 
be received. This information can be mixed with manual 
and AEW tracking off-centering to cancel out the mo
tion of the ship as well as that of the AEW aircraft, 
creating a fixed land-mass display with the ship moving 
relative to it. 

T he tracking and repeater ind icators are basically the 
same, the differences being primarily limited to the fea
tures required to supply and utilize AEW tracking in
formation. 

These various advantages account for the adaptability 
of these indicators to both AEW and general uses. 

The physical features of the two indicators are vir
tuall y the same, with the general appea rance shown i~ 
figure 1. As an alternative to use in the vertical posi
tion, the equipment can be installed with a forward t il t. 

M aintenance is simplifi ed through the use of a crank
operated mechanism which tilts the indicator forward 
on its base. This is shown in Figure 2 where it can also 
be seen that the individual chassis are mounted so that 
they can be swung outward to make the parts more 
accessible. 

Features of the AN/ SRR-4 Indicators 
In addition to the usual mechanical curso r, these 

indicato rs include an electronic cursor and strobe. 
T hese share time with the radar information, one out 
of nine radar sweeps being replaced by a cursor sweep. 
The operational advantage of this electronic cursor is 
not confined to the elimination of parallax, as 'v iii be 
seen shortly. Because of the electronic switching, the 
cursor appears simultaneously wi th the video and so may 
be used wi th a full y bright picture at all times, rather 
than with the fading picture that occurs w ith manual 
switching. An el ectron ic range strobe appe,trs on the 
cursor. Because it also appears all the t ime, it may be 
moved at wil l from target to target, obtain ing range 

accurately and quickly without waiting for the radar 
sweep to come around to the sector being used. 

An important advantage of the electronic cursor and 
strobe arises in the use of off-centering and magnilica
tion. When an off-centered display is used, the elec
tronic cursor and range strobe give correct readings to 
a target even though the orig in for the cursor and strobe 
may be off the face of the tube, and these readings are 
read directly from counters wi thout any calculation or 
interpolation. 

As previous standard practice, radar indicators have 
been desi oned with a number of fixed sweep ranges, and 

b . 

the operator has selected f rom these the best for h1s 
immediate need. An indicator of this sort when used 
with a variety of radars having different repeti tion rates 
and sweep ranges will often encounter unfavorable com
binations of repetition rates and sweep ranges. Either 
sweep count-down occurs (with resulting failure to 
util ize the full radar information and also the reap
pearance of nearby targets at long range) , or some of 
the useful range of the radar does not appear on the 
PPI. A continuously variable sweep-speed control is in
corpo.rated into the ANJ SPA-8 and the ANj SPA-9 
indicator equipments; this makes it possible to select 
the most useful sweep range for any particular condi
tions, without count-down, reappearance of echoes, or 
loss of radar range. 

The above advantage, though important in many 
cases, may actually be considered minor compared to 
two other advantages of continuous sweep -speed control. 
The first of these is apparent in the tracking of small 
high-speed aircraft, where the use of continuous sweep
sp eed control will reduce the probability of losing the 
target when sweep speed m ust be changed. The sweep 
range can be changed g radually, so that the target can 
be followed easily. 

Another advantage of continuous speed control is 
evident when a succession of d ifferent map overlays are 
desired on the PPI. The continuous sweep speed con
trol permits the quick fitt ing of the disp lay scale to the 
map scale by the turn of a knob, a process much easier 
than fitting the map to the display. The p hotographic 
processes of enlargement or reduction and developing 
are avoided. 

The sweep-speed control covers the range of 4 to 25 0 
miles, with a logarithmic taper, and with no switching 
by the operator. 

The indicato rs are equipped with manual off-centering 
controls which permit the bodily displacement of the 
picture so that any target within range may be brought 
to the center of the d isplay. The sweep-speed control 
may then be turned to expand the picture, g iving mag
nification up to approx imatcl r six times in li nea r dimen
sions. Thus a target at a range of 60 miles mar he seen 
on a display of ten miles r,tdius. perm it t ing an examin a-
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FIGURE !- Repeater Indicator IP-97 / SPA-8 , a unit 
of Radio Receiving Set A N/S RR-4. 

tion in which the detai l is limited only by the radar, 
rather than by the PPI. In this way, for example, a tar
get may be scrutinized to see if it consists of one or 
several vessels. 

At this point some d ifferences between the AN/ 
SPA-8 and ANj SPA- 9 indicator equipments may be 
noted. Both are provided with manual off-centering, 
continuous sweep-speed control, and the electronic cursor 
and range strobe. The tracking indicator equipment 
ANj SPA- 9 has in addition an electrohic tracking strobe. 
In AEW relay radar applications the operator of the 
tracking indicator will make the tracking strohe follow 
his own ship's position, on a plane-centered displ ay. 
The tracking information so deri ved is transmitted by 
synchros to the repeater indicator equipment (AN/ 
SPA-8) where it is utilized to off-center the display, 
cancelling the motion of the radar-bearing plane and 
placing the ship at the center of the p icture. 

The repeater indicator has an add itional synchro 
Lhannel for producing off-centering. This channel uti-

lizes information about the motion of the ship taken 
from the dead-reckoning analyzer (DRA), cancelling 
this motion so that land masses are stationary in the dis~ 
play. A map overlay on the face of the indicator may 
therefore be stationary; it will remain alig ned with land 
masses in the display, with only infrequent adjustment. 
The operator sees h is sh ip moving in the display. 

The range of sweep speeds provided is 4 to 250 miles 
per radius, and the range of repetition rates is 60 to 
2000 sweeps per second. If no provision were made 
to maintain the sweep brightness constant, switching 
from one radar to another and chang ing the sweep speed 
could result in large changes of b rightness, and would 
requi_re the operator's attention in ad justing the bright
ness. An automat ic compensating circuit keeps the back
ground brightness substantially constan t without any 
attention from the operator. 

The operation of the indicators w ill be described in 
some typical applications . in order to illustrate the use 
~nd benefits of the special design features . No attempt 
JS mad~ to cover all the possible applicat ions. 

Use 1n AEW service is shown in Figures 3 and 4, 
where the displays on the tracking and repeater indica
~ors .resfectively are g iven. The operator of the track
mg md1cator has made use of off-centering in order to 
bring his own ship into the center of the d isplay, and 
~as emplo~ed a fast sweep, thus obtain ing an enlarged 
1mage. T h1s enables him to hold the trackin a strobe over 
his own shit~ ~ore easily. This operation e~ablishes the 
reference onglll of the electronic cursor and strobe of 
tl~e repeater indicator. Figure 4 shows the resulting 
p1cture on the repeater indicator and it will be noted 
that the electronic cursor starts 'at the own-ship echo. 
The operator of this indicator has rotated th is cursor so 
as t~ pass throug h the target (the mechanical and elec
troniC cursors are rotated by the same control knob ). 
The operator has also placed the range strobe on the 
ta rget. T he bearing information thus obtained with 
t~1e electronic cursor can be transmitted to remote p lot
tlllg centers or gun- laying computers by means of a syn
chro s~stem, employing a 6G synchro; i t can also be 
r~ad. directly and accurately from the bearing counter. 
Sundarly, the range information can be transmitted to 
remote points by means of 5G and 6G synchros for tac
tical utilization. The bearing and range information will 
continue to be correct and relative to the ship, even if 
the operator of the repeater indicator uses manual off. 
centering to the extent that the ship is no longer visible 

~n t he display, so long as the operator of the t racking 
111d1cator keeps IllS trackmg st robe on the image of the 
ship. 

Add itional operating possibilities available to tl~e 
operator of the repeater indicator are to employ off
centering to bring the target nearer the center and then 
to introduce magnification. At any time he can remove 

FIGURE 2-lndicator IP- 97 / SPA- 8 with chassis opened t o reveal construction . 

th is off-centering and return to a sh ip-centered display 
for a check of nearby conditions. 

The tracking indicator is well adapted for use in 
lighter direction. In this appl ication, the operator ma)' 
place the CURSOR AND RANGE STROBE switch in 
the ON position, and the TRACKING STROBE switch 
also in the ON position . Adj ustment of the regular 
tracking controls then locates the origin of the electronic 
cursor at any point of his choice and affords range and 
bearing readings with respect to th is point. In Figure 
5, the operator has taken th is origin at the friendly p lane, 
wh ich is identified by IFF, and has adjusted the range 
strobe and also the angle of the electronic cursor onto 
the bogey plane. T he locations of both planes may be 
t ransmitted by standard synchro channels to remote sta
tions where the information is required. (The images 
of the AEW plane and the operator 's own ship in Fig
ure 5 are for a case where a tracking indicator in AEW 
service is temporarily assigned to lighter direction. T he 
tracking indicator is similarl y usable for fighter di rec

tion with a local radar.) 

Features of the Radio Receiving Set 
AN/ SRR-4 

In add ition to the indicators, a complete installat ion 
of the ANj SRR-4 consists of two antennas, an antenna 

switch, and the cabinets shown in Figure 6. These are 
shown stacked about as they would be in a rack installa
tion. The power supply is shown in Figure 7. 

The receiving system incorporates several important 
advances over the techniques previously employed. The 
receiver proper R-360j SRR-4 includes automatic fre
quency control. The video decoder utilizes a system of 
narrow gates to reduce the probability of system failure 
due to interfering pu lse signals or noise and has provi
sion for recoveri ng synchronism of the tracking gates 
should temporarily lose the synchronizing pulses. 'I11e 
data converter contains circuits to reduce the overall 
time lag of the system to zero as compared with lags of 
the order of two degrees of azimuth formerly presenr. 
In the old video decoder the sine and cosine voltages 
were modulated upon a 60-cycle carrier "vith an attendant 
dependence upon tube characteristics. In distinction, the 
new data converter employs diode switching bridges, 
which considerably reduce errors from tube changes. 

T he two main aims in the mechanical design have 
been light weight and serviceabili ty. I n the interest of 
the former, all cabinets and panel and chassis un its are 
made of aluminum, and light-weight al loys are used 
where feasible for castings and massive parts. The units 
(receivers, signal genera tor, video decoder, and dat,t 
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~aold.ng Strobe on 

BObo or OWn Ship 

FIGURE 3 -A typical Tracking Indicator Display 
{AN/ SPA-9). 

converter) which wi ll be mounted in a suitable frame
work are all drawer-type chassis, and may be withdrawn 
on rollers approximately two-thirds their length for in
spection and servicing. As far as possible, vertical-pan 
chassis are arranged with their parts exposed at the side 
when the unit is in the >vithd rawn position. Parts lo
cated below the main horizontal chassis may be inspected 
and replacements of large parts may be made by com
plete withdrawal and inversion of the unit. This may 
be accomplished without disconnecting any cables. All 
cabinets, including the indicators, are d imensioned so 
that they can pass through the hatch of a submarine. 

Since on many surface ships it will be impossible to 
obtain a single antenna location good enough to cover 
the entire horizon sat isfactoril y, two antennas are pro
vided. O ne of these is to be mounted on each side of 
the main upright structure of the ship, so that each 
wil l cover approx imatey 180o of the horizon. Each an
tenna is connected to one of the receivers through the 
manually operable coaxial switch SA-215/ U; this switch 
provides the possibil ity of interchanging antennas be
tween receivers, so that , after partial equipment damage 
or failure, a remain ing good antenna and receiver can 
always be used together. 

The provision of two antennas and receivers g ives the 
means for ' "diversity" operation, with its well-known 
advantages for obtaining good reception under difficult 
lOnditions. I n brief, if one antenna is nob getting the 
signal, the other antenna probably is and can fi ll the 
need. Two receivers are p rovided, one for each an
tenn.a, because in this way the outputs of the two re
ce•vmg channels can be combined in such a way as to 
avoid an increase of noise or interference which would 
otherwise occur. 

»•oban1oal and Eleotronto 
CUr•or• on Target 

Ship 

FIGURE 4-Repeater Indicator Display AN/SPA-8, 
part of the Radio Receiving Equipment AN/SRR-4. 

For submarines a single omni -direct ional a ntenna is 
being procured . In this case no antenna S\vi tch SA-
215/ U is requi red. Only one radio receiver R- 360/ 

SRR-4 is employed, with its switch on an additional 

position which is marked "Normal" to indicate that the 

d iversity feature is not being used. 
The relayed signal received from the search plane 

consists of three or four g roups of sync pulses, foll owed 
by video conveying the radar or IFF in formation. Each 
of these groups of sync pu lses consists of three indi 
vidual pulses. The timing of the groups conveys the 

sync data, a method known as pulse-time modulation. 

The receiver decodes the triple-pul se groups, com

prising the synchronizing signal, into single pulses, and 

passes them on to the video decoder, as shown in Figure 
8. The radar and the IFF video output, constituting the 

essential intel ligence received, is del ivered over other 

( l d f' n t 1 f tf'u 

~1l r<-b(' o n 
Bogey 

Plane 

El~c t rontr ~u r9L r 
l llt•cn;.r.l c J 1 (,; u1·:-<'r 

n l t ln U!• t') 

FIGURE 5-0perational use of tracking indicator in 
fighter direction work. 

FIGURE 6-Components of Radio Receiving Set AN/ 
SRR-4 for rack mounting. From top to bottom are 
shown two receivers, signa l generator, video decoder, 
and data converter. Not shown are antennas, ante nna 
switch, the indicators and their power supplies. 

connections d irectly to the t racking and repeater indi

cators. 

The \·ideo decod er is suppli ed by the recel\'er with 

the three or four single-pulse sync signals. The first, 
or "basic" pulse of each transmission serves to indicate 

the start of the repetition cycle and establish a basis of 

time reference. It is followed by the "s ine pulse" after 

a time interval which is a measu re of the sine of the 

azimuth angle of the radar beam. T he "cosine pulse, ' 

in tu rn, fo ll ows the sine pulse after a time interva l in

d icating the cosine of the azimuth of the beam. Si nce 

the sine ,1ncl the cosine together (each with plus or 

minus values ) uniquely establ ish the angle at any value 

from zero to 360 degrees, this information, translated 

into proper form, will synchronize the PPI rotatiOn 
with the radar beam. A fourth pulse follows the cosine 
pulse by a constant time interval and is synchronous with 
the "main bang'" of the transmitter of the airborne search 

radar. This fourth p ulse is therefore known as the 

"transmitter pulse" and is used, after processing through 

the decoder, to trigger the PPI sweeps on both indicators. 
The function of the video decoder is to translate the 

basic, sine, and cosine pulses furn ished it 'by the receiver 
into de voltages slowing varying in accordance with the 
sine and cosine of the azimuth of the radar beam. The 
decoder also furnishes enabling pu lses for the shi p's 
S-band b eacon which identifies the particular vessel on 

the display. 

The sine and cosme d-e voltages generated by the 

decoder are supplied to the data converter, where they 

are changed into standard synch ro data. T he latter are 
then ready for synchronizing the PPI sweep rotation ot 
both indicators or other remotely located indicators with 

the ANj APS--20 antenna beam. 

All uni ts of the ANj SRR-4 will operate on 115-volt 
60-cycle po\ver. The signal generator, however, which 
is intended also for testing and servicing of the airborne 

ANj ARR- 27, can be used \Vith power-supply frequ en-

FIGURE 7-Power Supply PP-560/SP used with the 
Receiving Equipment AN/SRR-4. 
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Cles from 60 to 1600 cycles. All units have their own 
power supplies, except the data converter which obtains 

part of its plate power from the video decoder. 
FIGURE a-Functional interrelation of individual com
ponents of the Radio Receiving Equipment AN/ SRR-4. 

ANTENNA """' Ff'-466"' SYNCHROj f- AS-466/ SR AZ IMUTH - L1 AZIMUTH-
RAN GE RANGE A ZIMUTHl 

~ INDICATOR INDICATOR DATA 
- -- - --- - IP-98/SPA·9 ~ I P-97/SPA·8 - --

1- RG-18/U RG-18/U (TRACKING) (REPEATER) POWER 

lr-- SUPPLY 

f- r PP-5~/SP 
I ; ill i I POWE R 
l o I TRANSFORMER 

POWER VIDEO TF- 129/SP 
SUPPLY I SIGNAL J 

ROTARY Pf'-560/SP TRIGGER POWER GENERATOR 
SWITCH 8 ~ 115V,± IO% SG-31/U 

SA-215/U POWER ~w 
Frni'GGER 

60cps 

Po1ER TRANSFORMER VIDEO 0:: 

TF-129/ SP 2!"0.5V <t 25-50V D.. TO 115V, ±IO% 

polER 
~hms 

II r~ BJS-8'NO 60- 1600cps ,, l w 
RG-10/U ' I ' RG- 10/ U 115V,±IO% 0:: II BEACON 

60cps ct. II I I I I ' 3-IOV. ,, ' • : : 75ohms (f) ' ' II 1 

'• 
,, 1-t-- :J--

:! :: PLATE POWER DATA VIDEO VIDEO 3----

~ ~ 
DECODER CONVERTER 

RADIO RADIO ~~~~~:: KY-59/ SRR-4 COSINE VOLTAGE CV-121 / SRR-4 ~ 
REGEl V ER p RECEIVER --- --- -

R-360/SRR-4 R-3 60/SRR-4 r D SINE:- VOLTAGE D (SLAVE) (MASTER) 

D P D ·--SYNC --- 4 V, 20 0onms l ~DIVERSITY VIDEO m m ' I 

AGC RG-12/U I 
I RG-12/U POWER 

DHFA-3 115V, i IO'Yo 
60cps 

The operation of the entire AEW system is shown 

in Figure 9 . T he AEW search plane carries search radar 

equipment of the AN/ APS-20 series and also carries 

Relay T ransmitter AN J ART- 26 (wh ich is to be re

placed later by the AN j ART -28 now under develop

ment.) The antenna of the radar is highly direct ive in 

the horizontal p lane, having a beam width of only 3V2 

degrees between half power points . T his directivity p lus 

the ! -megawatt power and the h ig h elevation p roduce 

the excellen t radar p ich1re which is afforded by the 

AEW system. 
Relay Transm itter ANj ART- 26 receives its data d i-

FRIENDLY l FF RESPONSE 
PLANE FROM AN/APX·6 MARK 10 IFF 

- --+-·- -- --------- -A~:.y_:·~ - ----·---- - ---. -----L --
FR0 1!4 AN I ART ·26 

AN/I~R -27 RELAY TRANSMITTE 
RE LAY RECEIVER 

A E W 
SEARCH PLANE 80GEY 

=------'-- - --~ 
FRO M AND TO 

AN/ APS·20 S·BAND RADAR 
AN D MARK 10 I FF 

AN/ APX·7 

FIGURE 9-AN AEW system ut ilizing AN/S RR-4 eq uipme nt . 

FIGURE I 0-Radio Receiver R-360/ SRR-4 o ne of 
two utilized in the Radio Receiving Equipm~nt AN/ 
SRR-4. 

rectly by coaxial cable, and wi th these signals mod u

lates _a tra~smi tter-osci llator in the 500-megacycle band. 
T he mtelbgence is thus relayed to the AN/ ARR-27 or 
the ANj SRR-4 , or to both. 

Shipboard installations in the AEW system include a 

beacon whose coded replies enable ~he surface operators 

to recognize their own ship on the d isplay. T his beacon 

receives enabling pulses from the ANj SRR- 4 decoder 

and is triggered by the regular S-hand radar pulses f rom 
the A E\Xf plane whenever the antenna of the AN / 
A PS-20 is d irected towards the ship. 

The search plane also carries a Mark-10 IFF inter-

- - --- - - -
MASTER RECEIVER 

V IDEO I 
,------ TO 

HI DICA1'0RS I 
SY NC I 

TO 
DE CODE R I· 

I· 
_ _ j 

- - - - -- --1 

I 
I 
I 
I 
I 

SLAVE RECEIVER I ___ _ _ _ __ _) 

FIGURE If-Simplified block d iagram of t wo antennas 
and receivers operating in a d ive rsity system. 

rogator-responsor (the AN/ APX-7) whid1 feeds in
formation to the relay transmitter through the radar 

synchronizer on a time-sharing basis. In this way the 

FIGURE 12- Video Decoder KY- 59/ SRR-4, a unit of 
the Radio Receiving Equipment AN/ SRR-4. 

video transmitted to the relay receivers includes both 

radar and IFF information. 

Preceding Equipment 

Following the use of the Cadillac equipment during 

World W ar II, the relay f requency assignment of about 

300 megacycles was lost for mil itary uses, and a change 

to about 500 megacycles was made. For th is purpose 

the MX- 851j SR K it and Signal Fenerator SG- 25/ U 

were furn ished. Th is signal generator, with the exist-

C05 1h£ SYN C PUL SE 

-::Jl::- 1 1.1 SEC 

COSINE:____F=L 
TRAC KIH G 

GAT C 60JIS £ C 

FIGU RE 13- Time relationship between e nabling g ate, 
tracking gate, a nd synchronizing pulse in vide o de
coder. 

ing Video Generator 60ACY - 1, constituted the availa

ble test equ ipment. It is from th is basis that the new 

assignment has been designed. Carrier frequencies in 

the neighborhood of 500 megacycles have been retained, 

but numerous improvements incorporated. 
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Radio Receive r R-360/ SRR-4 
The receiver proper of the new equipment is shown 

in Figure 10. Circuits for decoding, sync separation, 
automatic gain control (AGC), automatic frequency 
control (A FC) , and video amplification are included in 
this unit. 

The r-f head is continually tunable and covers the 
four transmission channels of the airborne relay. Each 
channel is approximately four megacycles wide, and the 
center frequencies are separated about twelve megacycles. 
The receiver sensitivity is approximately 106 decibels 
below one volt, and normal video output to the indi
cators is two volts across a load of 75 ohms. The sync 
output to the video d ecoder has a normal amplitude of 
four volts across a load of 200 ohms. 

Operation of two receivers together in a diversity 
system, each being fed by its own antenna through the 
antenna switch, is characterized by the combination of 
the outputs of the first video amplifier of each, as shown 
in Figure ll. U nder these circumstances the gain of 
hoth receivers is determined by the maximum signal in 
either receiver. N oise which would be contributed by 
the set having the weaker signal is strongly discrimi 
nated against. The sync and video signal received hy 
either receiver is handled by the video amplifier and 
dewder of the master receiver. The two receivers are 
on an equal footi ng with respect lo which is acting and 
which is suppressed at any moment. The term ··master" 
indiu1tes the receiver which has its video amplifier, 
deloder, and AGC circuit a lways working in the com-

FIGURE 14- Data Con 
verter CV-121 / SRR-4, a 
unit of the Radio Receiving 
Equipment AN/ SRR-4_ 

mon cause, while the "slave" receiver has these circu its 
inoperative. 

The signal output of the i-f amplifier of each re
ceiver is channeled into two different paths, one to the 
automatic-freqquency-control (AfC) system and the 
other to the video ci rcuits which handle the composite 
video signal. 

Video Decoder KY -59 / SRR-4 
T he video decoder obtains the sync pulses (bas ic, sine, 

cosine, and transmitter) from the master receiver R- 360.J 
SRR-4. and processes them into slowly varying de 
voltages for delivery to the data converter. Output trig
gers to the PPI sweep and to AEW S-band beacon are 
also furn ished. A view of a partia lly opened video de
coder is g iven in f igure 12. 

The input to the video decoder consists of sync pu lses 
in decoded form . The decod er is prevented [rom being 
triggered by random pulses or spikes by virtue of enab
ling gates in whose absence the respective circuits a re 
inoperative. Such an enabling g.tte for the sine c ircu it 
is present only if the immediatel y p receding basic pulse 
has been received. Likewise the cosin e circu it is enabled 
only after receipt of the sine pulse, etc. Thus, abrll pt 
variations in the output voltages, which wou ld g ive rise 
to faulty operation of the dat,t converter and the PP! 
rotation, are p revented. As shown in Fig ure 1 3, both a 
wide enabling gate and a narrow tracking gate are pro
vided, the latter straddl ing the sync pu lse and mov in.~ 
around with it inside the enahlin,g g .tte. Unl ess both 
the wide and the narrow 1-(ates arc present, no t riggering 

I 

' 

1 

' 

can occur (except when the video decoder operates in its 
sync-seeking mode). 

W hile the video decoder is properly tracking sync 
signals, a relay is energized, closing a set of contacts in 
series with a pilot light on the front panel, thereby g iv
ing an indication of proper synchronization. If for any 
reason synchronization is lost, this relay will be de-ener
gized and the pilot light will go out. At the same time 

FIGURE 15 - Signal 
Generato r SG- 31 / U 
used with the Radio Re
ceiving Equipme nt AN/ 
SRR-4. 

the video decoder automatically switches over into a 
d ifferent mode of operation, in which the narrow track
ing gates are replaced by de voltages; thus sync pulses 
are temporarily enabled to trigger the decoder irrespec
tive of their position in time. As soon as synch ronization 
is regained, the decoder automatically resumes its nor
mal mode of operation, with the wide and narrow gates 
preventing faulty triggering. The relay then is energized 
and the pilot light again illuminated. 

The output voltages which the video decoder furnishes 
to the data converter have a d-e level of about 110 volts, 
and peak amplitudes about the d-e level of approxi
mately 60 vol ts. The frequency, corresponding to the 
rotational speed of the AN/ APS-20 antenna, is about 
0. l cycle per second. 

Data Converter 
The function of the data converter is to rccei,•c the 

slowly varying d-e sine and cosine voltages ind icating 
the azimuth of the ,tirborne radar antenna, and com·ert 

them into standard synchro data. The panel and cabinet 
of the data converter are shown in Figure 14. 

T he sinusoidially varying d-e voltages are converted 
into 60-cycle square-wave d-e voltages by mea~s of two 
dual-d iode switching bridges, and the two bndge out-

! . d to the stator winding of a two-phase puts are app 1e 
control transformer on a scanner asse~1blr. The ~rror 

I f tile control transformer IS then amp It fied vo tage rom 

d l ·ed to a servo motor. The servo ampli fier in-an app 1 . . . 
eludes the improvements o f an ant1-hunt Ci rcuit and of 
a phase-shift circuit producing .a small amount of lead . 
By adjusting the amount of tl11S lead to cancel the lag 
p resent in other parts of the system, the overall phase 
error of the system can be broug ht to zero. A 6G 
synchro generator, which is geared to the control trans
former, delivers output which is standard 60-cycle 90-
volt synchro data [ or control of the two PPJ's of the 
system or other indicators aboard ship . 

The data converter obtains the regulated p.1rt of its 
plate supply [ com the video d ecoder. This arrangement 
has the advantage that the ref crence voltages withi n the 
data con verter are derived f rom the same supply volt
age \Vhich was used in produci n.g the sine and cosine 
voltages supplied as signal input. Erro1 which might 
otherwise be int roduced is thereby avoided. 

Signal G enerator SG-3 I / U 
Complete test fac ilit ies for the AN SRR- -1 .wd the 

AN 1 ARR- 27 arc furnished br means of the SG ) I U. 
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which is shown in Figure 15. This consists essentially 
of a Video Generator 60ACY-1 and an R-F Generator 
SG-25 j U with the added feature that the video wave 
from the former can be used to modulate the latter. 
With the SG- 31 / U, the overall performance of the 
relay receivers can therefore be readily observed, as 

well as tests made on the various individual components 
of the system. In order .to be usable in airborne in
stallations, its power-supply circuits have been designed 
for supply frequencies from 60 to 1600. cycles per 
second. 

The pulse repetition rate of the SG-31/ U is continu
ously variable in two ranges from 150 to 660 pulses 
per second. Each repetition cycle consists of the basic, 
sine, cosine, and transmitter pulses, followed by 50 miles 
of noise, a 100-mile gate (simulating 100 miles of 
video), and another 50 miles of noise. Sine and cosine 

pulse spacings corresponding to any produced by the 
AEW airborne synchronizer are' generated by means of 
a sine potentiometer wh ich may be manually set to any 
antenna angle or continually changed by a motor driven 
mechanism to simulate antenna scanning of an AN/ 
APS--20. The synchronizing pulses are formed in 
g roups, each having three pulses with th ree and five 
microseconds spaci ng, as in an AEW transmission. 

Video output from the SG-31/ U is available with 
synchronizing pulses either uncoded or coded, i. e., in 
either triple-pulse or sing le-pulse form. Output of RF 
is available with either complete AEW modulation, or 
CW. The frequency range is from 345 to 525 mega
cycles in ·a single band. The power output is continu
ously variable from - 110 dbm (decibels below one 
milliwatt) to + 13 dbm, into a 50-ohm load, the power 
being expressed in terms of peak sync level. The cali
bration of the p iston attenuator is correct within one 
decibel over the entire range of 123 db. A precision 
calibrator for mainta ining accurate attenuator calibration 
is also p rovided. 

MARINE GCI SQUADRON 
FIVE REPORTS 

Marine GCI Squadron Five, Cherry Point, N. C., 
wishes to report on several ANj TPS-1B maintenance 
problems which might be of interest to other activities : 

1- The upper antenna gear train in Field Change 
.:t Jl (MX-834j TPS-1B) shou ld be drained, flushed 

and refi lled with oi l after several hours of operation. 
The presence of metal particles in the oil due to "wear
ing- in"' of the gears causes intermittent binding in the 
gear train. This is reflected in objectionable voltage 
changes due to loading of the power sup_ply generator. 

2-Transporting the ANj TPS-1B radar unit causes 
bubbles to form in the mercury delay line which results 

in several hours delay in getting satisfactory operation 
after the unit is again set up. 

·3-Careful cleaning of the fingers of the TR tube 
(1B23) with a rubber eraser is recommended prior to 
installation. This eliminates any tendency for arcing 

and resulting interference. 

4-The governor assembly on several power units 

(PU-5 1) have been found unsatisfactory due to their 
lack of quick response to changes in load. This usually 
results in failure of the generator to put out the required 
voltage and frequency. 

5-Care must be taken to insure that the local oscil
lator is tuned ttbove the carrier frequency to obtain 
proper operation of the AFC unit. 

SV/-1 MODULATION 
NETWORKS 

Various instructions pertaining to replacement and 
disposition of defective SV j SV- 1 radar modulation 
networks are reviC\ved to inform all concerned. 

The Navy Type -53347 networks origina!ly supplied 
in SV j SV- 1 radars and associated repai r parts were 
found to be defective in operation. Replacement of the 
Type -53347 is made witi1 a new and improved network 
known as Navy Type - 53347-A. All the Type -53347-A 
networks bear serial numbers of 1000 and above. This 
new network can be repaired and the contractor w ill 

repair any of this type that fail. 
"The Navy Type -53347 networks, which bear serial 

numbers below 1000, cannot be repaired by the con
tractor. However, the Bureau of Ships has committed 
all defective networks of th is type to the Atomic Energy 
Commission. It is, therefore, necessary that the Bureau 
of Ships, Code 882, be advised whenever any defective 
SV j SV- 1 networks, either NT- 53347 or NT- 53347-A, 

are available for disposi tion. 
It is also imperative that the Bureau of Ships, Code 

983, receive fa ilure reports on all defective networks. 
This report should indicate the type and serial number, 
life hours, and a brief description of the failure. 

SG-IB-F.C. NO. 63 
BULLETIN ERROR 

The following error has been noted in the Field 

Change Bulletin (NavShips 98084 ) for Field Change 
Number 63-SG- l b : 

In Figure 5, Page 4, E- 946 should be changed to 

E- 926. 

Something troubling you? Send it to "Letters 
t o the Editor" and try and stump him!! 

MARK 25 MOD 2 

ATI Circuit Maintenance 
When stationary targets were placed in the range 

notch and foot switches depressed to place the system in 
" track" condition, the antenna would immediately ele
vate and train to the left ( i.e. di rector) thus losing se
lected target(s). Equipment would not track consistently 
in· range. When the signal slewed out of the notch with 
the system in "track" condition, the ATI relay "drop 
out" varied from approximately 10 to 20 seconds. This 
meant that the system would stay in "track" with no 
signal in notch . (Noted signal had tendency to run out 
of ~ ight-hand side of notch after being gated.) 

The following checks were made to determine cause 
of instability of director system to lock on targets. 

! - Antenna rotation- CCW f rom front. 

2- Target sense. 

3-Aligned tracker. 

4-Checked director operat ion in full automatic con
trol. Found T & E signals from computer were normal. 
This eliminated director and computer fire control cir
cuits 

5-Checked external wiring of 6D G synchros at 
tracker and found everyth ing normal. 

6- Checked all train and elevation error signal leads 
between t racker and uni t assembly. 

7- Checked a ll T & E error detector tubes. 

Finally reversed antenna rotation ( nmv run ning clock
w ise f rom front ) and found system tracked normally. 

W ith th is in mind the in ternal connect ions of the 2-
phase generator were investigated and found to be re
versed . Reversed phas ing of 2-phase generator (Gl) at 
TB l. (l eads 7 and 9, and 8 and 9) . T hen reversed an
tenna motor at motor cont roller ( feedhorn runn ing 

CCW from front) . After these ad justments the system 
would run normal in train and elevation. 

Found a standard 6-amp fuso being used instead of a 
5-amp Fusetron in F(14) 15 and F(15) 15. Both were 
replaced with 5-amp Fusetrons. T he tension on the ATI 
relay spring had been ad justed which necessitated a 
check on th is spri ng to insure that values were correct. 
These checks consisted of the following : 

1-ATI "pull-in" voltage found to be +95 volts. 

2-ATI "drop-out" voltage found to be + 32 volts . 

Corrected spring ad justment and obtained the correct 
values as follows: 

1-A TI "pull-i n" voltage + 63 volts . 

2-AT I " drop-out" voltage + 25 volts. 

After these adjustments had been made the ATI relay 
operated correctly. T here is no longer a delay in open
ing when signal slewed out of notch. 

The signal had a tendency to run out of the right-hand 
side of the notch. It was noted that the 30-cycle voltage 
in TP- 14 \Vhen test 2 switch was depressed, had an ab
normally large amplitude before a balance was reached . 
A check disclosed the waveform at TP- 10 was incorrect. 
Replaced V (1 2) 4, 6, 17 and 19 . 30-cycle amplitude at 
TP- 14 was then found to be normal and the target 
would no longer run out of notch.- T. R. TRIPL ETT, 
W . S. McLEAN and E. F. W OOTEN, ComSen Ltt11t . 

CORRECTION 
On Page 21 of the November BuSHIPS ELECTRON, 

the items about the U.S.S. EfJjJerso11 ( DDE-7 l9) should 
have been l isted as applying to the Mark 34 M od 2 in
stead of the Mark 25 Mod 2. 
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Since Radar Equipment Mark 12 is rapidly being 
replaced with Radar Equipment Mark 25 , an X-band 
radar, it has been necessary to develop an X-band beacon 
for use with the new radar as a reference point for shore 
bombardment purposes. The X -band beacon program 
dates back to World War II. The Bureau of Ordnance 

at that time had under development at the Radiation 
Laboratory, Massachusetts Institute of T echnology, an 
X-band tire control beacon known as the Mark 6. This 
program was cancelled at the close of the war when it 
was detided that efforts should be d irected toward the 
development of a more universal beacon for general use. 
Because of the delays encountered in attempting to in
corporate all of the requirements necessary to p rovide 
an ultimate universal beacon, it was decided that the 
Burcau of Ordnance should provide the Marine Corps 
with a suitable interim beacon for tra ining purposes . 
The AN TPQ- 7 beacon is intended to serve this 

purpose. 
The Radar Beacon ANj TPQ-7 is an interim X -band 

beawn designed primarily for use with fire control Radar 
Equipment Mk 25 in the control of ship-to-shore g un
tire. With the exception of the coder and duty cycle 
limiter, the basic circuits of the transmitter-receiver and 
power supply \vere developed by the Naval Research 
Laborarorr and first incorporated in Radar Set AN/ 

DPW-2 built by Gilfillan Brothers. ':fhe Naval Ord
nance Plant, Ind ianapol is, modified the basic circuits by 
the addition of a wder, a duty cycle limiter, and an an
tenna assembly, and mounted the units in watertight 
cases suitable for transportation on pack boards. Figure 
1 shows the beacon assembled for operation. A carry· 
ing case is provided for transporting the folded antenna 
assembly, power cables and ground lead. Figure 2 shows 
the units packed in their watertight cases, ready to be 
secured to the pack boards. Figure 3 shows the receiver
transmitter and antenna case lashed to a pack board . 
The primary source of power for the beacon is a 120-
volt, 400-cycle, 400-watt generator driven by a Lawson
Atlas gasoline engine (Figure 4 ) similar to the one 
provided with the MAR equipment now in use by the 

Marine Corps. 
The Radar Beacon ANj TPQ-7 utilizes a 2}41 magne

tron operating on a transmi tting f requency of 9310 
megacycles. The receiver f rcquency is stabil ized so that 
the beacon will be triggered only by a signal of 9280 
Me. The 2K 25 local oscillator is stabilized by means of 
a 1Q22 fixed tuned cavity and AFC unit at 9250 Me. 
+ 0.75 me; the i-f frequency is 30 Me. The two horn
type antennas, one for receiving and one for transm it
ting, have identical beam patterns o f 60° in the vertical 

plane and 120° in the horizontal plane as measured at 
the 0.1 power point of the one-way pattern. Other elec
trical characteristics of the beacon are as follows : 

Antenna gain . ....... . 
Output pmver . .. . .. . . 
Pul se length . .. ... . .. . 
Duty cycle ... ...... . . 
Receiver sensitivity . .. . 
Receiver selecti vity 

15 db 
300 watts peak 
0.5 microseconds 

0.003 
not less than -45 dbm 
over-all band width greater 

than 6 me. 

In order to identify a particular beacon reply, any one 
of four multiple-pulse coded replies may be selected by 
the beacon operator as indicated by the tactical employ
ment of the beacon. In Code 0 the beacon responds 
with a single pulse on ly. A duty cycle limite r is in
corporated to maintain the operat ion of the magnet ron 
within its du ty cycle when openiting with more than 
one Rada r Equipment Mk 25 . It is anticipated that the 
count-down resu lting from operation w ith up to four 
Radar Equipments Mk 25 wi ll not se riously affect auto

mati~ tracking. 
A 6E5 ''magic eye" tube is provided for indicating 

that the beacon receiver is being triggered . T he indicat
ing device may also be used to orient the antenna in 
the proper direction for maximum received sig nal 
strength from the ship 's radar. A neon bu lb is p rovided 
to check the operation of the transmitter. T wo storage 
chests are provided to house each beacon, includ ing its 
first and second echelon spare parts and instruction books. 

;./ 

FIGU RE !- Radar Beacon AN/ 
TPQ-7 assembled and ready for 
operat ion. 

The beacon has been designed for minimum mainte
nance and ad justment in the field. Only two operating 
controls, a power on-off switch and a code selector 
switch, are provided. Spare fuses are housed in a water· 
tight compartment on the outside of the power supply 
unit. A limited number of spare tubes are housed in 
sockets on a panel within the power supply unit. 

Tra ns m1 ttAr-Reca l·rer Co.a Englno 

Roc& i•ln& Born 

Trnna::l tt lng Horn 

PO.~!! SUPPLY GAS l!:!IG 1J1Z 

In order to trigger the beacon at 9280 Me. with Radar 
Equ ipment Mk 25, the radar transmitter must previously 
be set at that frequency, using a TS-35/ AP test set. The 
radar local oscillator must then be tuned to receive the 
beacon f requency, 9310 Me. Si nce the 2K45 local os
ci llator in the radar is a thermally tuned tube, it does 
not knd itself to rapid, accurate manual tuning. T ests 

?o\fsr Supply 

FIGURE 2-Four major 
components of the Ra
dar Beacon AN/ TPQ- 7 
in metal cases ready 
for packboard mount
ing. 
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FIGURE 3- Antenna case and transmitter-receiver of 
Radar Beacon AN/ TPQ-7 mounted on packboard for 
carrying. 

showed that it would be impractical to expect the radar 

operator to manually tu ne the local oscillator to receive 
the beacon signal and keep the received signal at 1ts 
maximum strength at all times. 

Field Change N o. 28 for the Radar Equipment Mk 
25 has, therefore, been designed to stabilize the radar 

local oscillator at 9250 Me. + 0.75 Me. for beacon re
ception by means of a reference cavity. T h is fi eld change 

provides a new local oscillator mount w ith a directional 

coupler reference cavity and beacon AFC crystal holder 

attached. A new beacon A FC chassis is mounted in the 

Mk 25 Mod 2 transmitter near the p resent AFC un1t. 

A radar-beacon switch and its associated relay provide 

the necessary switching functions for qu ickl y switching 

from radar to beacon operation, and vice versa. Pre

liminary models of the beacon AFC unit for Radar 
Equipment Mk 25 util ize a 1Q22 fixed tu ned cavity for 

use specifically with Beacon ANj TPQ-7. The produc

tion models for the radar beacon AFC unit will be pro
vided with tunable cavities in order that the radar will 

operate with the tunable beacons of the future. Figure 
4 illustrates the operation of Radar Equipment Mk 25 

and Beacon ANj TPQ-7, showing the various frequen

cies employed. 

Operational tests to evaluate the use of the Radar 

Beacon ANj TPQ-7 in conjunction with Radar Equip

ment Mk 25 p rimarily to aid in the control of Naval 

gunfire have recently been conducted by the Naval Am

phibious T est and Evaluation Unit, Li ttle Creek, Vir

ginia, with the USS Des Moines (CA-1 34), USS Gear

ing (DD- 710} and USS Gyalt (DD-712) participating. 

Four pre-production Beacons ANj TPQ-7 and four pre

liminary field changes to the associated radars were made 

avai lable for this purpose. The suitability of the Raadr 
Beacon ANj TPQ- 7 as a shore fire control beacon was 

determined to be- dependent upon: (a) its abili ty to be 
readily located over a wide sector of operation and to 
the maximum range of the radar w ith no accompanying 
land echoes; (b) its abili ty to be distinguished from 

other beacons in the vicinity ; {c) its abili ty to p rovide 

a suitable tracking point for either automatic or manual 

operation of the fi re control radars; and (d) its dura

bility, transportabi lity, etc. , in operation and mainte
nance. T he feas ibili ty of ut ilizing the beacon to estab

lish reference points on shore and off shore to aid in the 
control and guidance of landi ng craft and veh icles was 

also investigated. The official report of the operational 
tests is not yet available, but observations made by 
Bureau personnel at the tests indicated that the beacon 

satisfied operational requi rements. Saturated beacon sig-

Povt~r On- Off Sv1 t ch 

FIGURE 4-Gasoline e ngine with 400-cycle alternator 
which supplies the power for operation of the Radar 
Beacon AN/TPQ-7. 

{ 

R. E. MK. 25 
(ON SHIP) 

9310 MC. 

60 MC. 

"A" SCOPE 

BEACON AN/TPQ-7 
(ON SHORE) 

J1. 

9310 Me. 

JUUL 

FIGI.JRE 5-Biock diagram showing relationship between the Radar Equipme nt Mark 25 and the Radar Beacon 
AN/TPQ-7, as well as the signal flow in the Radar Beacon AN/ TPQ-7 and Radar Equipme nt Mark 25. 

nals were reported at maximum ranges of the radar 
equipment. Discriminat ion in both range and bearing 
was comparable to that obtained during normal radar 
operation. The coder provided a coded reply which 
could readily be distinguished from other targets. Four 
Radar Equipments Mk 25 automatically tracked one bea
con when the beacon replied with a single pulse code. 
When the beacon was responding with a coded reply of 
two or more pulses, count-down and in terference were 
sufficient to make automatic tracking d ifficu lt with more 
than th ree radars. However, the four radars used in the 

test could manually track one beacon with a coded reply. 
A few shortcomings and malfunctions were observed 
and these are expected to be corrected in p roduction 
models. 

Present plans call for the procurement of 35 Radar 
Beacons ANj TPQ-7 for use by the Marine Corps. 
Modificat ions are now being made to incorporate the 
changes deemed necessary as a result of the evaluation 
tests. It is anticipated that the production models will 
be avai lable in the fall of 1950. 

- B110rd BHIIetin of OrchMnce Info rmation 

ANTENNA GROUP AN/SRA-3 I.B. CORRECTION 

T he Electronics Supply Office re
ports that NAVSHIPS 91292, the 
Instruction Book for Antenna 
G roup ANj SRA-3, Section 5, Parts 
List, Tabl e 5- l , List o f Major 
U ni ts, should read as follows:· 

s,•mbol 
C ro up 

101- 199 

201-299 

Q uant it)• 

l 

1 

1 

Na me of Major Unit I 
Antenn:t Group 

-· 
Antenna 

Antenna Coupler I 

Na1'1' S tandar-d Navy 
T yJ>C Stock Number· 

AN/SRA-3 I FI G-A- 54461- 5300 
---

AT- 252/ SR I F 16-A- 54463- 5150 

I 

CU- 226/ SR I N IG-C- 9 1727-9345 
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The CLC-1 T ask Fleet F lagship was conceived by the 
Navy's Ship Characteristics Board as an entirely new 

kind of Naval vessel to transport, maintain, and provide 
faci li ties for the exercise of command functions over a 

Joi nt Exped itionary Force or Fleet. The concept behind 
the CLC-1-that of a major fleet ship having no other 
mission except to serve as a floating nerve center for a 
complete Task Force-marks a distinct break with Naval' 
tradition. Even the armament of the CLC- 1 has been re
duced to the minimum necessary for defensive purposes 
only; and this a rmament has been further subordinated 
by such limitations as the restricting of the arc of fire 
wherever it interferes w ith the effective accomplishment 

of flag functions. 

The procedure in planning and desig ning the CLC- 1 
also represents a new departure from tradition. For the 
first time in Naval shipbuilding history, the electronics 
engineer is being g iven an important part in the initia l 
planning of a major vessel- with authority, in effect, to 
write his own ticket. Instead of having to fit individual 
equipments into whatever space is left after the rest of 

the ship is built, he is being given the opportunity to 

incorporate into the original ship design such complete 
and integrated electronics systems as he believes are 
necessary to meet the needs of future warfare. The result 

of this design approach wi ll be the ut ilization of elec
tron ic devices to an extent never before attempted on 

any ship. 
T he CLC-1 T ask Fleet Flagship w ill be built on the 

hull of a CA- 122 class heavy cruiser. The ship will be 
664 feet long, and will have a beam of 71 feet and a 
draft of 25 feet. It will be ruggedly constructed and wi ll 

have transverse stability under all conditions of load ing. 
Its endurance will be 7000 miles at 20 knots, and, except 

for the elimination of the armored conning tower and 

tube, armor protection wi ll follow the standards estab

lished for heavy cruisers. Armament will be four 5-in/54 
twm mounts, four 3-in/70 twin mounts, and twelve free

swing ing machine gu ns. Two helicopters will be carried . 

Command facilities will include two tactical plotting 

rooms a flag tactical plot and the commanding officer's 

CLC-1 

TASK FLEET FLAGSHIPS 

ANTENNA SYSTEMS DESIGN 

by 

u. s. Na/1)' EleclrOIIirs uboraiOI") 

Sa11 Diego, Calijomir1 

tactical plot. The flag plot will be located on the flag 
bridge, from which the OTC can effectively exercise 
tactical command. I t will be equipped with radar dis
play, summary and graphic p lots, remote radio controls 
for tactical purposes, primary and secondary strategic 

p lots, tactical surface p lot, vertical and summary plot, 

DRT, combat intelligence plot, fleet fighter director sta
tion, and voice circuit recorders. The command ing 
officer's tactical plot will follow standard p ractice, and a 
joint operations room will be equipped w ith facilities to 
exercise command over all ass igned forces. 

Located close by the commanding officer's tactical plot 
wi ll be the command opera tions center, a communica
tions fi lter room, and a combat intelligence room. T he 
COC will be equipped for display and summary plot o f 
necessary information acquired from air and surface 
radar, radio, and other sou rces. Included in its facil ities 

wi ll be a ircraft-ea rly-warning radar termi nal equipment. 

The combat intelligence room will contain faci lities for 

col lecting, evaluating, and disseminating all combat 

intel ligence. 

AT THE TOP OF THIS PAGE-Profile view of 1/ 48-
scale model of proposed CLC- 1 Task Fleet Flagship. 

In remaining protected locations aboard the ship will 
be rad io rooms, a sonar room, a communications office, 

code rooms, a strateg ic intell igence room, a joint plan
ning office, a troop conference room, a radio intelligence 

room, and other special-purpose offices and rooms. Radio 
rooms I, II, and III will be equipped with radio trans
mitting and receiving equipments adequate for the needs 
of the task fleet commander. The sonar room, located 
below-decks, \vill be equipped with scanning sonar and 
a sonaramie receiver. Countermeasures facilities will in
clude equipments for intercepting, analyzing, and, if 

necessary, jamming enemy radar, communications, and 

g uided m issile control sig nals. 

The desig n and development of the multipl icity of 

electronic equipments on the CLC- 1-detection, rang

ing, communications, navigation, and countermeasures

is involving the efforts of a large number of the Navy's 

development activ ities. I ncluded among these is the 

Navy Electronics Laboratory. NEL's participation in the 

desig n p rogram was begun early in 1948 with a study 

FIGURE 

of the effects of the original superstructure on the direc

tivity of communications antennas. 1 This program has 

since been extended to include the designing of the over

al l communications system of the ship. The program 

'NEL Rc:port 1 o. 118 COl FIDENTIAL). Direclivity Effem 
of SuperJiructure 0 11 a Propoud Tmk Fleet FlagJbip (CLC-1) 
Determined by Ship AlodeiJ (Final), by V. C. Smith and H.]. 
Boot man , J 3 Apri I 1949. 

is now nearing completion, with delivery of the final 
p lans for the system scheduled for 1 January 1950. 

The Antenna Proble m 
The principal problem confronting the NEL engineers 

was the design of the antenna system for the CLC-1. 
From the very beginning of the study, it was apparent 
that there were simply not enough good antenna loca
tions on the CLC-1 to take care of the number of chan

nels requested by the Chief of Naval Operations. The 
original study of the directivity effects caused by the pro
posed superstructure of the vesel had indicated that the 
forward tower, the stac" , and the mainmast caused pro
nounced undesirable directivity in the lower and impor
tant portion of the 2-to-20 Me range. A number of 
remedial modifications to the design of the superstructure 
were p roposed, and part of these-such as a revision of 

the original rigging specifications-were adopted. How
ever, even wih these alterations, the number of suitable 

antenna locations was still far below the desired mini

mum. Thus, at the outset, a compromise was necessary, 
involving a reduction in the number of channels required 
to provide what CNO had decided were necessary facili

ties for the vessel. 
\Xfith the number of channels reduced to practicable 

limits, and the superstructure modified as far as could be 
done without inpairing the other flag functions of the 

ship, NEL began work on an integrated antenna system 

design program. Simultaneous work started on: {1) 

calibration of the several usable antenna locations found 
previously in the directivity studies; (2) development 
of a single radiator for several transmitters or receivers ; 

and (3) development of the best antenna types for both 
transmitting and receiving, consistent with location and 

frequency ranges to be accommodated. 

Transmitting Antennas 
One of the first steps taken by the CLC-1 task group 

was a model study to test and calibrate all of the usable 

antenna locations on the ship over the 2-to-20 Me range. 
This study was conducted at the NEL model range, using 

the 1/48-scale model of the CLC- 1 which had previously 
been employed in the study of superstructure directivity 
effects. The antennas used were 1-48-scale models of a 
trussed whip, a modification of the structure used for 
many years along the flight clack of aircraft carriers. 
Sufficient data has been obtained on th is type of antenna 
to indicate that its characteristics make it suitable for a 

multipurpose transmitter radiator. 
Successive directivity patterns were recorded for each 

of these antennas at each location, alone and in company 

with the rest of the antennas, one by one, un til all were 
in p lace. The patterns were recorded at small intervals 

throughout the entire 2-to-20 Me range. From these pat

terns, it was then possible to determine the position for 
any particular antenna which would permit the efficient 
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radiation of energy over any g iven portion of the com
munication frequency range, and, for each location, the 
frequency ranges over which optimum radation could 
be expected. 

Since, as has been stated, there were not enough ac
ceptable antenna locations on the CLC-1 to go around, 
the second step in the design program was to find some 
means of using each an tenna to radiate the power of 
several transmitters. This marks a considerable departure 
from convention. Previously, on shipboard, each trans
mitter has always had its own antenna. With the multi
plexing systems proposed for the CLC- 1, however, it 
is expected that one antenna will be used for as many as 
four transmitters. Thus, six or eight antennas will do 
the work that would f ormerly have required twenty to 

th irty installations. 
One proposed transmitter multiplexing circuit, which 

has al ready undergone a number of tests, makes use of 
passive filter networks to isolate the transmitters from 
each otber. The feas ibi li ty of us ing efficient filters for 
th is purpose was first indicated by studies of tuning and 
loading conditions of N avy transmitters.2 Obviously, 

2 - 3 .5 Me 
4- 6 Me 
8 - 11 Me 
12 - 16 Me 

2 - 3 Me 
3.5 - 6 Me 
8 - 11 Me 
12 - lG Me 

a very high degree of isolation is required, since there 
would be no point in simply substituting transmitter 
intereraction for antenna i ~teraction. Bridged-T and lat
tice networks were found to meet the isolation require
ment. These ci rcuits permit communication transmitters 
to be loaded properly and deliver high output at the 
operating frequency, but severely attenuate other fre
quencies. In fact, the attenuation is so great that it has 
actually been possible to operate a !-kilowatt trans
mitter and a standard Navy receiver through these net
works from a common antenna without affecting the 
receiver performance. 

A number of successful tests have been made with a 
diplexing system us ing this type of filter to connect two 
Navy transmitters operating in the 2-to-18 Me band with 
a common antenna (see Figures 1 and 2) .3 For the pro
posed four-transmitter CLC installation, additional fi lters 

: NEL Report No. 63 (UNCLASSIFIED) , Tuning and Load
iug C01tditions in General Purpose Transmillers ( Interim), by 
S. E. Parker, 20 July 1948. 

'NEL Report_ No. 115 _ (UNCLASSIFIED), A System fo r 
l\1ultiple Opera/loll of Radto Transmtl/ers and Receir1ers (Fina l ), 
by S. E. Parker, 1 Ju ly 1949. 

10 -

175 - 280 ke 
330 - 600 ke 
2 - 3 .2 -Me 

Aerial view of I /48 scale model of CLC-1 Task Fleet Flagsh ip, showing antenna sys
tem proposed as the result of the NEL antenna systems design study. Transmitting 
and receiving antennas indicated a nd recommended frequency bands for each shown. 

FIGURE 2 - Diplex
ing system using two 
transmitters and two 
receivers , success
fully tested at NEL. 
(See Figure I). 

will be needed, connected as shown in Figure 3. This 
particular arrangement min imizes the amount of tuning 
necessary in shifting operating frequencies. While the 
capabilities of the system have not as yet been fully 
proved, tests results. made with resistive loads under 
ideal ized condi tions have been very encouraging. 

Another promising type of circuit for transmitter 
multiplexing is the CAW system proposed by the Naval 
Research Laboratory. This system is based on a method 
of coupl ing the output circuits of several transmitters to 
a common coaxial transmission line by means of a series 
of single-turn loops in the line. The performance charac
teristics of this system are now being compared with the 
characteristics of the system developed at NEL. 

For p ractical multip lexing it is necessary, of course, 
to in sure that the ante.nna will radiate efficiently at all 

ANTENNA 

the different operating frequencies. I n allocating availa
ble frequencies among these antennas, two major con
siderations must be taken into account; first, the 2-to-20 
Me range must be broken down into segments and each 
antenna examined for its ability to transmit efficiently 
over one or more of these segments; second, "guard 
bands" required for. channel separations in the multi
plexing system must be provided between segments. 

Choosing the paper antenna location for any given 
frequency segment involves a survey of the antenna and 
thei r locations. This survey, as has been shown, was 
made for all the antenna locations through the use of the 
1/ 48-scale model. For each of the antennas, there were 
found certain gaps in the pattern coverage. These gaps, 
made up of pattern irregularities, d id not appear at the 
same frequency for all antennas. A single antenna, it 

(EFf'ICI!NT AT fAE QUI!NCtfS 
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was found, would exhibi t acceptable omn idirectionality 

over the range from perhaps 2 to 4 IV(c, become irregular 

or useless between 4 and 7 Me and again become ac

ceptable between 7 and 20 M~. Another antenna, at 

another location, would be inferior between 2 and 4- Me, 

excellent between 4- and 7, poor between 7 and 20, and 

so on. With this information, the antenna design engi

neer could specify the actual frequencies over which each 

antenna would operate efficiently, and the designer of 

the multiplexing system could arrange to put his 'guard 

bands" in those regions where the efficiency of the an
tenna was lowest. 

Proper knowledge of the characteristics of each an

tenna and its location makes it possible to get the most 

out of each as a radiator of power. Wi th this knowledge 

it is possible to avoid "hot" spots on coaxial transmission 

lines. It is also possible, with this knowledge, to operate 

transmitters at reduced power without reducing efficiency. 

·Although the trussed wh ip type of transmitting an

tenna was used throughout in the model s tudies of 

CLC- 1 antenna locat ion, several other types of trans

mitting antennas are also being considered for the actual 

shipboard installation. One of these types, a long-wire 

flattop radiator, will definitely be used. 

Receiving Antennas 

FIGURE 4- Short, tunable 
monopole antenna, devel
oped by University of Cali
fornia Radio Research Labo
ratory working in close co

op eration with NEL. Also 
shown are receiver and re

mote tuning control. 

I t may be shown that any antenna acting as a receiver 
of .electromagnetic energy behaves exactly as does one 
~'hi~h radiates electromagnetic ene rgy. Thus, the posi
tiOI~I~g of a receiving antenna is fully as important as the 
positionmg of a transm itting radiator if direct ivity effects 

ar~ ~o be avoided. Like the transmitting radiator, the re
ceivmg antenna is affected by nearby metall ic objects to 
such an extent that lobes and nulls occur at certain fre
guencies. Thus, like the transmitting antennas, patterns 
must be taken of each receiving antenna at each position 
to determine how best to utilize these antennas through
out .the communications freguency range. Based upon 
the Information contained in the patterns, receiving an
t~nnas may then be allocated so as to pe rform most effi
Ciently at particular freguencies or segments of the 2-to-
20-Mc spectrum . 

Unlike transmitti ng antennas, receiving antennas may 

be easily connected to a random number of receivers. 

Problems of receiver multiplexing, however, differ in 

several respects from the transmitte r case. Receivers must 

be capable of being tuned rapidl y and easily over a very 
wide frequency range. This rules out certain methods 
employed in transmitter multip lexing . O n the other 

hand, since the amount o f power involved in reception 

is small; the use of active networks-those employing 
vacuum tubes-may be feasible for purposes of isolation. 

No completely satisfactory plan for receiver multi
p lexing has yet been devised. It is apparent, however, 
that improvements over present N avy practice are pos
sible. T oday, f rom ten to twenty receivers are generally 
operated from a single untuned antenna by means of 

simple parallel connections across the transm ission line. 
Very inefficient performance usually results. Signal losses 
as h igh as 60 db are often encountered, particularly at 
low frequencies such as 15 kc. Impedance mismatd1es 
and absorption of power by other receivers in the string 
result in an unfavorable signal-to-noise ratio.·' 

Several methods of attack on this problem ·have under
gone investigation during the past year. In one of these 
methods, receivers are isolated from each other and from 
the common line by means of a vacuum-tube device 
called the "multicoupler." Properly designed multi

couplers can provide excellent isolation . They have, 
however, certain inherent d efects. When used with well
designed receivers, the signal-to-noise ratio is decreased. 

They are prone to the creation of d istortion, particularly 
spurious response and cross-modulation. They are also 
subect to blocking, so that weak signals wi ll sometimes 
be lost in the presence of strong ones. Of several com

mercial multicouplers tested , two have been fou nd to 

have features of merit-a uni t developed by the Air

borne I nstruments Laboratory,G and one known as the 

Signal Corps 52XC.G Althoug h both these multicouplers, 

and particularly the AIL unit, arc satisfactory in mod
erate interference fields (less than 0.01 volt at input to 
multicoupler), nei ther one is free from the effects of 

spurious resp~)11se. 

A second multiplexing method investigated makes use 

of pass ive filter networks for receivers. This method has 

the advantage of not i ntroducing d istortion components. 

Moreover, the number of receivers that may be added to 

the l ine is l imited only by the loss in signal strength in
troduced by each new receiver connected. Circuits have 
been developed which allow receivers to present a h igh 
impedance to the transmission line from the point of 
resonance, so that severa l receivers tuned to di fferent fre
quencies but connected to a common transmission line 
will not seriously load on e another. T hese circuits, how

ever, are l imited in design by maximum attainable Q 

'NEL Report No. 147 (RESTRICTED , Limits Imposed by 
N oise upou Multiplexed Recei f!ers iu 1he 15-Kc to 27-Aic Rtwge 
(Final), by ). H. Raleigh, (in press) . 

' N EL Report No. 94 (RESTRICTED). Etra/fl(l/ion a uri Com
pari sou of 1he AIL and 1he Nal'J M odel 1?..-'<-A Antenna Alulti
coupler Unils (Final), by J. H. Raleigh, 30 December 1948. 

" NEL Report No. !42 (RESTRICTED), Emluatiou of Sigual 
Corp M odel CU- 52XC-J /Ul?R Antenua Coupling Unit (aud 
Compariso/1 urith N ai'Y i\!lorlel I?XA Mu!tiroupler Unit) ( f ina l), 
by ]. H. Ra leigh, 24 October 1949. 

of circuit elements, and by the impracticability of placing 
all receivers at the termination of the transmission line. 

An alternative to receiver multiplexing is being tackled 
by the University of California's Radio Research Labora
tory, working in close cooperation with NEL. This is 
the use of a separate, short, tunable, monopole antenna 
for each receiver aboard ship. This device is shown in 
F igure 4. T he scheme affords excellent receiver isola

tion. The antennas can be mounted flush with the deck 
and, because of the efficient energy transfer, can feed re
ceivers over long transmission li nes. Space and installa
tion needs, therefore, may easily be solved. O ne objec
tion to the system, however, lies in the small effective 
height (perhaps one foot) of the antennas, wh ich l imits 
signal pickup. A second and perh.aps more important 
deterrent is that a complicated servo system is needed 
to tune each a~tenna to resonance in synchronism w ith 

the receiver. 

If the very short tunable monopole type of antenna is 
not used on the CLC-1, two types of long untuned re
ceiving antennas will probably be employed. These ;viii 
be the conventional long-wire and whip types, alreadly 
standard eguipment on many ships. 

Conclusion 
The CLC-1 plans afford the unusual opportunity of 

treating shipboard antennas as integral to basic ship de
sign, instead of appendages. Thus, optimLUll antenna 

sites can be selected. The multiplexing technique applied 

to transmitters promises to divide the number of an 

tennas reguired by at least a factor of four. for recep
tion, a number of likely methods of raising signal-to

noise ratios are currently under investigation. The fin al 
solution has not been completely determined, but it has 
been proved that shipboard communications faci lties can 

be greatly improved over present practice. 

The electronics art is an ever-changing on e and it is 

such continuing work as has gone into the CLC-1 sys

tems design that will keep the Navy abreast of com

munications development. It is the abili ty to integrate 
all forms of communication and intelligence-gathering 

eguipments in to a workable system that has made it pos
sible to desig n such a ship as the CLC- 1. 

ERROR IN NAVSHIPS 
900,155 

The CIC T eam Training Center, San Di ego, Cal if. 

reports an error in the "El ectronic T est Equipment H and

book, Commerc ial D esignat ions." NavShips 900,155. 

On Page 31 of Vol ume I, the first egu ipmen_t designa

tion should read 202NX rather .than 202. 
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PACKING OF CRYSTAL 
RECTIFIERS 

This office has become aware that silicon and ger
manium crystal diodes are being received in a defective 
condi t ion due to faul ty packing. 

Packing specifications require each crystal to be com
pletely enclosed in an approved, non-magnetic, electrical 
conducting shielding and packed in a telescoe-style chip
board set-up box. They must also be centrally suspended 
within the box or wrapped in shock absorbent material 
in a manner that affords full protection from shock. 
Deviations from this method of packing generally result 
in damage to t he item. 

All ships or stations receiving crystal rectifiers im
properly packed should notify the Electronic Supply 
Office, Great Lakes, Illinois, immediately following their 
receipt. 

BREAKDOWN PROGRAM 
RECAPITULATED 

The Breakdown Program has resulted in significant 
savings to the N avy since its inception. This is empha
sized by a recapitulation of the cost and value of this 
project, as of 31 December 1949. 

By means of the Breakdown Program, spare parts 
boxes are opened and each item therein removed, segre
gated, identified, and tagged with an appropriate stock 
number. The items are then placed in bins or on shelves 
and are reflected in quarterly inventories, thus being 
made available for issue by the stocking activity or for 
diversion to another activity. 

The cost of this recovery averaged only four cents a 
piece, whereas the average estimated value of each piece 
was 98 cents, or nearly 25 times the recovery cost. 

The value of the material processed for stock from 1 
September 1948 to the present is estimated at $24,660,-
313.00 or approximately 56.50 per spare parts box. 
Pieces processed for stock total 25, 163,585-an average 
monthly production of 1,572,724. 

As of 31 December, 156,175 boxes had been broken 
down and an estimated 83,000 boxes remained on hand. 
The major activities participating in this Breakdown 

E.S.O. 
Program are SSD, NSC, Oakland and NSD, Bayonne. 
The program also was carried out on a lesser scale at 
several shipyards and stations. 

BUSHIPS CONTROLLED 
COMPONENTS 

This office assumed certain responsibilities, as of 21 
May 1950, in connection with the inventory control, dis
tribution and red istribution of BuShips controlled com
ponents and parts. In addition to a revision of the re
porting procedures, which el iminated NavShips 2605 
as a reporting media, a modification in the procedures 
covering the preparation and issue of shipment orders be
came effective. 

Previous to 21 May 1950 the Bureau would, upon 
approving requests for BuShips controlled items and 
components, issue necessary shipping orders and instruc
tions. The modified procedure provides for the Bureau 
to inform ESO of all approved requests for material and 
in turn the necessary shipment orders and instructions 
are prepared by this office. 

Shipment orders issued, by this activity will, in addi
tion to other information, bear the stock number applic
able to the material. This in itself represents a departure 
from the previous method of identifying material solely 
by a Navy Type Number. Although Navy Type Num
bers, frequently referred to as nameplate nomenclature, 
wi ll continue to be used for many other purposes, it 
will be necessary to use stock numbers for inventory 
and accounting transactions. Navy Type N umber to stock 
number cross-reference data has been forwarded to cer
tain activities and will, at an early date, be g iven wider 
distribution. 

FIELD CHANGE KITS 
When a part included in a field change kit fails, that 

particular part should be ordered by stock number. A 
duplicate field change kit should not be ordered as such 
a method of replen ishment is extremely wastefu l. 

When a certain field <.hange kit is procured, the guan
tity required is determined by the number of eguipments 
in the system, and on ly one kit is obtained for each 
equipment. Repairs are to be effected by requisitioning 
only those parts required. 

MONTHLY 
COLUMN 

RADIAC PARTS STATUS 
While radiac equipments and components are under 

the control of the Bureau of Ships, parts peculiar, al
though initially purchased along with the equipments and 
components, are under the inventory control of the Elec
t ronic Supply Office, which also purchases and controls 
the parts common. 

To date common parts for the IM-3/PD, AN/ 
PDR-2; IM-7 jPD, IM-4j PD, ANj PDR-5, IM-5j PD, 
ANj PDR-8, ANj PDR-BB, ANjPDR-SC, ANj PDR-
8D, and ANj PDR-4 are under procurement at ESO. 
These parts will be distributed to the primary distribu
tion points and stock maintained in accordance with the 
Quarterly Stock Status Report. 

RUGGEDIZED TUBES 
Ruggedized tubes, which are usually designated by the 

letter "W" foJlo,ving the tube type number, were orig i
nally developed by the receiving tube manufacturing in
dustry under contract with the Bureau of Ships. As a 
result of this developmental work, many of these tubes 
are now covered by firm specifications and are available 
to both military and civilian consumers. 

The Electronic Supply Office is purchasing rugged
ized in lieu of non-ruggedized tubes to fill requirements 
for those applications where the two types arc mechan
ically and electrically interchangeable. 

The price of a ruggedized tube is considerably higher 
than that of the conventional type since special tooling 
is required and this cost is added to the price of the 
tube. H owever, the ruggedized tube's longer 1 ife and 
abili ty to withstand high impact shock and prolonged 
vibration more than offset the increase in price. 

REPROVISIONING 
T he program for reprovisioning the various Electronic 

Eguipments used th roughout the N avy and orig inally 
procured by BuShips is well underway. Each eguipment 
is researched separately and "Parts Peculiar" lists de
veloped. The tota l number of eguipments installed in 
the active and inactive fleet is considered when a stock 
level to he maintained is determined for the part pe
cu liar item. Such levels are checked aga inst current Elec-

tronic Supply System inventories to insure that the recom
mended stock level is on hand or due in the system. 

OBTAINING STOCK 
NUMBERS FOR 

CONTRACTORS 
The specification 16E6 (Ships) entitled "Electronic 

Spare Parts Requirements" is being referenced in con
tracts for the procurement of new equipments. This 
specification reflects the new Spare Parts Program under 
which parts peculiar are provided on equipment con
tracts and parts common obtained by the Electronic Sup
ply Office under separate procurements. 

The old method of procurement o f Spares on a 
straight percentage basis for all parts (common and Pe
culiar) was the best that could be provided at the t ime, 
but occupied much valuable space aboard ship. The 
16E6 . specification permits procurement of parts pecu
liar on the basis of life expectancy. Conforming to the 

. new Spare Parts Allowance Program, it takes advantage 
of the interchangeability of all parts common items. 

The new specification also requires that the Mainte
nance Parts Lists contain JANAP 109 or MBCA de
scriptions with Standard Navy Stock Numbers for each 
item (common and pecul iar ) . These parts lists will be 
a g reat aid for requisitioning replacement parts for 
eguipments. 

To meet the above-mentioned requirements, the con
tractor is asked to prepare for each maintenance item on 
the parts list, seven legible copies of a tabular descrip
tion on NavSandA Form 217 in accordance with the re
quirements of JANAP 109 or MBCA DescriptiOn 
Patterns. These descriptions, plus five dimensional 
fabrication drawings for each item, are to be forwarded 
to ESO, where they will be assignment checked for ESO 
or Standard Nav}' Stock Number counterparts. If an 
SNSN is not available, they wi ll be sent to the Navy 
Material C<ltalog Office for new assignments of Standard 
Navy Stock Numbers. If an ESO Stock Number is 
available, it will be noted, forwarded to the Navy Ma
terial Catalog Office, and, upon return, the ESO Stock 
Number wi ll be transferred to the Standard N avy Stock 
Number. 

In the past, many Spare Parts were fu rnished in equip
ments or stock spares that were not identical to the origi
nal part in the equipment and d id not meet the descrip
tion as shown in the cgu ipment instruction book. Such 
substih1tes obviously caused considerable confusion and 
delay in reguisitioni ng. identificat ion and issuing re
placement parts. Under the 16E6 specification, if the 
contractor is unable to supply the item exactly as orig i
nally described, he submits new descriptions and draw
ings, and new stock numbers arc furnished. 
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FALSE ECHOES 
Under ce rtain peculiar cond itions, any radar will pro

duce signals which are difficul t to interpret. The ease 
and speed with which these can be interpreted will de
pend l argely upon a man 's past experience andj or under
standing of the problems involved. The following dis

cussion is intended to supplement this understanding. 
It is quite possible to receive radar sig nals which do 

not behave in the normal manne r. The signal may be 
lacy and may be difficult to isolate or take a bearing on. 
These signals may give every indication that there is 
someth ing wrong within the equipment. No amount 
of ad justment within the equipment wi ll appreciably 
alter the type of signals being received except as fol
lows. If t he sensitivity of the equipment is improved, 
these pecul iar signals may become more pronounced . 
Likew ise, if the equipment is thrown out of adjustment, 

the signals may decrease or d isappear. Such signals will 
probably be evident only when a ship is operating in 

clear water at an appreciable d istance from landfall 
and when the equi pment is in top-notch condition. 

An analys is of the situation will ind icate that there is 

no target visible wi th in the range of the first sweep on 

the ind icator, w h ich may be some fifty thousand ya rds 

or so. The nearest target of any size is beyond th is dis

tance and is producing echoes which appear on the sec

ond or third sweep. T he instantaneous timing between 

successive sweeps wi ll usua lly not be uniform enough 
to produce solid echo signals. The signals will be lacy 

and not too well defi ned . 
There are several suggested means for determining 

when such signals are outside of the fi rst sweep range. 
If the sensitivity of the receiver is dec reased slightly 

these signals shou ld d isappear. Second, the signals 

should disappear if the transm itter power is red uced by 

reducing the input voltage in the mod ulator. Th ird , the 

signals should "walk" if the system rep. rate is changed . 

Fourth, such signals should occur on ly when the antenna 

is at approximately zero elevation and should d isappear 
if the antenna is raised or depressed slig htly from the 
angle of maximum return. Also when the d irector is 

trained away from the second or th ird sweep targ et it 

should disappear, showing that it is a received echo
not a fault of the radar. 

It is quite possible to observe beautiful strong signals 
on the second or third sweep from cloud formations, 
provid ing the cloud contains a high percentage of con
densed moisture. In this case the antenna elevation 
angle might not be zero. Atmospheric ''channels" can 
prod uce echoes from distant targets at elevation angles 
other than zero. The same tests as indicated above can 
be applied to determine when these signals are outside 
of the first sweep range. 

Targets which occur at the time of second or th ird 
sweep may appear superimposed upon target occurring 
within the first sweep interval. T he first sweep targets 
will be clear and distinct while the second sweep targets 
wi ll usually be lacy and indistinct. Likewise first sweep 

targets usually are strong enough to obscure second 
sweep targets. If there are no targets within the first 
sweep interval, only the second sweep targets w ill ap
pear. Signals observed on a Class A sweep wi ll be fai r! y 
easy to identify and classify as either first or second 
sweep signals. Signals presented on a Class B or PPI 
picture may not be so easily identified. Minor lobe sig 
nals added to these second sweep signals can frequently 
present a very confusing problem. 

When unusual signals are received, try analyzing the 
conditions before teari ng in to the equipment. Check 
with other radars of the same type on board, or w ith 
those on adjacent ships and see if they are receiving the 
same kind of sig nals. I t mig ht be possible to save con
side rable time and effort if you do this fi rst. 

N o TE :- If you get these hard-to-unde rstand echoes 
on, say, a Mark 25, it may not do you any good to 
look for the same thing on a search radar because of the 
difference of location, power, antenna, rep rate, sweep 

length, and other th ings. If two or three Mark 25's do 
the same th ing, it is pretty good evidence that all th ree 
are OK, and that there is a screwy atmosp heric condi
tion . Incidentally, it has been noted that atmospheric 
condit ions in the Med iterranean g ive some p retty long 
ranges, so when in that area you mig ht keep that in 
mi nd .~ IIY' . E. Ne ti'Si e!!er 




