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A MONTHLY MAGAZINE FOR RADIO TECHNICIANS 

DISTRIBUTION: BuS111PS El ECTRON is sent to all activi ties concerned with the 
mstallaticm, operation, maintenance, and supply of electronic equipment. The quan
trty prov1ded any activity is intended to permit convenient distribution-it is not 
mtended to supply each reader with a personal copy. T o th is end, it is urged that 
new 1ss.ues be passed along quickly. They may then be filed in a convenient location 
where mterested personnel can read them more carefully. If the quantity suppl ied 
IS not correct (e1ther too few or tuo many) please advise us promptly. 

CONTRIBUTIONS: Contributions to th is magazine are a lways welcome. All 
material should be addressed to 

The Editor, BuShips ELECTRON 
Bureau of Ships (Code 993) 
Navy Department 
Washington 25, D. C. 

and forwarded via the commanding officer. \'(fheneve r possible articles should be 
a~compan1ed by appropnate sketches, d1agrams, o r photographs (preferably nega
tives) . 

CON.FIDENTIAL: BuSHtPS ELECTRON has been clas~ified confidentia l in order 
that mfo rmat10n on all types of equipment may be included. It should be shown 
only to concerned personnel as provided in the U .S. Navv Regulations . D on't fo rget 
this incl udes enlisted personnel!! • 

BuSI! !PS Er.F.CTRON contains information affecting the national defense of the United 
States w1thm the meanmg of the Espionage Act (U.S .C. SO ; 31, 32) as amended. 

BUREAU OF SHIPS NAVY DEPARTMENT 

Putting the Fox on Teletype 
• The Chid of Naval Operations has just released a 
report on a subject which should be of great interest 
to both Tedmici'ans and Radiomen throughout the fleet. 
Is it feasible and practicable to replace man11ally oper
ated Fox circ11its with a11tomatic systems on board ship? 
Many factors enter into the final conclusions and recom
mendations arrived at by tl1e tests which were conducted 
between 10 and 15 December, 1945 . 

•• Elaborate plans and arrangements were necessary for 
a completely comprehensive test in which all the points 
in question could be checked and all possible obstacles 
brought to light. Immediately following the regularly 
scheduled International Morse Washington Fleet Pri
mary Broadcast, a retransmission was made, using fre
quency-s.h ift-keyed radio-teletype code. The prime pur
pose of this test was to obtain data to provide a basis 
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A t·eport by the USS Lake Champlain, in the vici11ity of 
the English Channel, showing percent of copy at a peak 

in the vicinity of 1600 GCT. 

for t he study and investigation of the possibility of 
replacing the manual copy of these broadcasts with 
radioteletype. It is a matter of record that radioteletype 
has been used on ship-shore circuits with a certain degree 
of satisfaction in the Pacific. T his test was primarily 
made to study the problems involved in the north Atlan
tic a rea where conditions are not as favorabl~. 

Radioteletype has several advantages as well as some 
disadvantages. It affords a speed in the vicinity of 54 
words per minute after deducting time required for such 
funct ions such as line-feed, carriage-retffm, and figures, 
and on the assumption that no repeats are necessary. A 
reduction in the number of operating personnel may 
resul t. It •permits semi-automatic relay from the guard
sh ip by VHF jUHF radioteletype. I t permits automatic 
decryption as well as automatic tape perforation whi le 

encrypting. But it increases shipboard weight unless the 
operating table and typewriter are eliminated, and it 
requires specialized maintenance personnel, with com
plete reliance upon continuous performance of a me
chanical system. 

During the tests the first retransmission began at 143 2 
GCT on 10 December 1945 and the last retransmission 
at 1825 GCT on 15 December 1945, using the regular 
Washington Fox frequencies of 4045, 8090, 12135, and 
16180 kc. The very low frequency of 18 kc was not 
keyed during the tests. At the time the tests were being 
conducted, approximately thirty ships in all fleets and 
a number of shore stations were equipped to receive 
frequency-shift-keyed radioteletype t ransmissions. The 
shore stations in the Atlantic area were requested to par
ticipate, simulating shipboard receiving conditions· as 

C11rve of remits obtained by the USS Wisconsin in San 
Pedro, California. Note solid 90 percent from 1200 to 
2400 GCT as compared with copy submitted by USS 

Lake Champlain for saute period. 

nearly as possible; that is, to utilize shipboard-type 
receiving antennas rather than d irectional diversity 
equipment. Some ships in the eastern Pacific were in
vited to part icipate in order to provide information on 
the quality of reception in that area and at that distance. 
T hese ships were in ports on the \'{/est Coast. Their 
findings contributed beneficially to the tests. Of the 
total number of ships equipped to receive frequency
shift-keyed radioteletype transmissions, the followi.ng six 
contributed to the test : USS Lake Champlain (CV-39), 
USS Enterprise (CV -6), USS IJV isconsin (BB-64), USS 
Adirondack (AG C-15), USS Iowa (BB-61.), and USS 
Misso11ri (BB-63). 

I n addition to the ships, shore radio stations at Argen
tia (NWP), Londonderry (NST) , San Juan (NAU), 
T rinidad (NYS), Azores (NBP), Balboa (NBA), and 
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Bermuda (NWU) assisted materially by sending in 
their radioteletype copy. 

A careful analysis of the copy and notes submitted by 
the above stations was made. Although some of the 
shore stations did not simulate shipboard receiving con
ditions, their copy was useful in that it was analyzed 
separately for comparison. The copy made by the shore 
stations that did simulate shipboard conditions was com
bined with that submitted by the ships for the ultimate 
analysis. To insure a thorough check, various combina
tions of receivers, converters, and antenna assemblies 
were used at different locations. The Lake Champlain 
and Enterprise employed an FRC Converter, Vertical 
and Whip Antennas, and RBC receivers, while ·the 
A dirondack substituted a horizontal antenna for the 
whip. The liVisconsin used horizontal antennas with the 
FRC and RBC combination. The shore stations employed 
combinations of converters with inverted-L vertical and 
horizontal antennas. Londonderry and Bermuda ' used 

16 

14 

~12 
:r 

~10 
z 
~ 8 
s 
0: 
~6 

4 

0 

100 

90 

Sao 
!,; 
! 70 

13 
-60 .. .. 

0 g s 
... 
Z4 ... ... 0 

I 
a:30 ... .. 

0 

0 

0 

AVERAGE VALUES 

0 u 
PERCENT COPY 

...... .ct,,, li=-o---
/ ' 

.a· -I 
. . . 

a · II . 'o, . 
. \ / . 

Bi ', FREQUENCY b' 

·-. • ! !:iii I ''c) 

0 
0 ., 
0 

§ 
0 

0 
0 
2 

0 
0 
~ 

nilE - OCT. 

g 
:! 

0 
0 
~ 

g .. g 
0 .. ! .. 

c.h~r~ of percent of copy by the USS Enterprise in the 
vmmty of the English Channel. Note similarity to graph 

s11bm1tted by USS Lake Champlain in same area. 

receivers of the ANj FRR and ANjFRR3A·type respec
tively, whi le San Juan employed an HQ1 20-type re
ceiver. Balboa, Azores, and Bermuda used directional 
antenna systems with various combinations of converters 
and receivers. 

. Because of the many variables encountered, the analy
SIS was made on a very broad basis. Accurate determina
tion of exact percent copy was very difficult due to the 
nature of the text material transmitted. In view of the 
problems, the analysis was made on an estimation based 
on the following categories: 

(a) 20 to 60 percent copy-Unreadable 
(b) 60 to 80 percent copy- Fair 
(c) 80 to 90 percent copy- Good 
(d) 90 to 100 percent copy- Very Good 

Figure 1, a graph of percent of copy versus frequency 
and time, submitted hy ships and shore stations simulat
ing shipboard receiving conditions over a 24-hour period 
of each day, indicates a minimum average copy of 55 
percent and a ma-ximum of 85 percent. A total over-all 
average of 75 percent was made by these stations. No 
adjustment was made for longitude of the receiving 
stations, which should have a smoothing effect on the 
curves. It may be seen from the graph that the best 
average copy was made between 1600 and 1800 GCT. 
It is apparent that the percentage of copy was far below 
an acceptable standard. J,t should be noted that many 
ships recorded perfect copy for several hours each day, 
but the categories used and the averaging with other 
ships holds the maximum to 85 percent. 

The frequency curves on these charts do not reveal 
~uch inf~rmation since, due to the constantly-changing 
wnosphen~ ~ropagation conditions during the test, plus 
local conditJOns, the best frequencies as well as fre-

FIGURE _1- Graph of copy s11bmitted by USS Lake 
Champlam, USS Enterprise, USS Wisconsin, USS Adi
rondack, Radio Berm11da, Radio Londonderry, and Radio 
San f11an, showmg percent of copy as a f11nction of both 

jreq11ency and time. 

quency-diversity reception were utilized. They do indi
cate, however, that frequencies were selected in close 
agreement with the predictions in Navy Registered Pub
lications Memoranda, and that poor copy coincided with 
the necessity to use lower frequencies while best copy 
was made when the higher harmonics could be received. 

A graph of the copy obtained by the shore stations 
that employed di rectional antennas is shown in figu re 2. 
It wi ll be noted that the mi nimum average copy obtained 
was 80 percent, and the maximum was 90 percent (be
tween 1400 and 1800 GCT), an average of 85 percent. 
Comparison of figures 1 and 2 indicates graphically the 
difference in average copy as the resul t of the use of 
directional antennas for reception. Here again, solid 
copy was received by many stations for the best hours, 

• 
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but when averaged with poorer copy, difficulties en
countered on days of ionosphere storms and the use of 
broad categories in the averaging process, the figure was 
kept from being 100 percent in the best hours. T hese 
results compare with a low-power, point-to-point circuit, 
because the transmitting antennas were not d irectional. 

Many problems were encountered during the test, the 
more important ones being low signal-to-noise ratio, 
fading, interference from other stations, round-the-world 
echo, existing ionospheric and atmospheric conditions, 
interference f rom shipboard radar and radio transmitters, 
shipboard noise level, and various printing difficulties. 

It was .borne out conclusively by the participants in 
the test that a signal level at least 20 db above the noise 
level passing through the fi lters was necessary in order 
to attain a high percent of copy. By high percent of copy 
is meant an acceptable ultimate minimum of 99 percent 
perfect copy with unbunched errors. The statement has 
~ften been heard that it is possible to make perfect copy 

FIGl!RE 2- Grapb _showing increase in percent copy by 
Radto A zores, Radto Balboa, and Radio Tt·inidad when 

directio11al receivi11g antennas were 11sed. 

on a frequency-shift-keyed circuit when the signal can
not be heard by ear. Very likely the comparisons were 
made under unequal conditions, such as the f ailure to 
use, for reception by ear, an audio filter which is as 
selective as the audio fi lter in the FSK receiver converter. 
After several weeks of experience with this equipment, 
there was no doubt left that acceptable copy could be 
made manually on the NSS Fox circuit when only ex
tremely poor copy could be made by radio teletype. On 
the other hand, when there was d ifficulty with the man
ual circuits there never was a time wJ1en the radiotele
type equipment had a chance of making any copy at all. 
The signal defini tely had to exceed the noise for tele
type reception, whereas it d id not for manual reception. 

! he problem of low signal level with respect to a high 
no1se level, although of long standing, was again proved 

to be the main factor_encountered. Frequency-shift key
ing has similarities to voice frequency-modulation since 
noise, both man-made and that created by the elements, 
is mainly of an amplitude form, it has been claimed that 
it will not create as much interference to FSK reception. 

·The participants in the test reported, from direct obser
va~ion utilizi~g an oscilloscope to monitor the frequency
shift-keyed signal, that the mark-space pattern would 
disappear when subjected 'to noise crashes. Simultane
ously with this, the radioteletype invariably printed 
errors. Many suggestions were made to increase in 
effectiveness and reduce the errors. T hese suggestions 
are for increased transmitted power, the use of a wide
angle _directive transmission, use of shipboard diversity 
reception, use of frequency-diversity transmission and 
taking measures to reduce the noise level on board' ship. 

The effects of fadi ng on the copy received by a station 
or ship is obvious, the result being misprints and un-. 
readable garbles. Reception at the bottom of fades is a 
measure of the reliability of the system. Most of the 
p~rtic~?an~s .~til ized a system of space diversity reception 
wtth wh1p antennas or a combination of a standard 
wire antenna and a "whip" in order to reduce the depth 
of fades. Frequency diversity reception was also util
ized on numerous occasions to good advantage although 
it doubles the vulnerability to interference, and was not 
always possible when one harmonic of the series was 
clearly superior. 

Considerable interference was experienced as a result 
of echo. At times the round-the-world echo completely 
obliterated the keying, making teletype copy impossible 
and manual copy very difficult. One of the main reasons 
for this in the FSK system is the use of limiters in the 
receiver converter, which have the effect of leveling off 
the direct signal to the same volume as the round-the
world signaL One recommendation made was to re

arrange the NSS antennas so that they wi ll create less 

field strength on a bearing of about 240 true, which 
probably can be done without making any material re
duction in signal in the Atlantic extending between 
Argentia and Balboa. The transmission of a fifth har
monic of the series may also provide a cure inasmuch as 
this frequency may be less likely to carry both ways 
around the world. The echo phenomenon is reported by 
commercial companies to be encountered regularly in 
this area in November through February from about 
1300 to 1600 GCT. Careful observation of this region 
on a globe will make clear the condit ions that bring 
about round-the-world echo. It requires an approxi
mately twilight path both ways around the earth. This 
occurs when the great-circle path of the signal reaches a 
maximum northern latitude within about five or ten 
degrees of the Arctic Circle, when the sun is about 90° 
from the Arctic Circle (midwinter), and when the 
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longitude of the sun is within an hour or so of the long i
tude passing through the northernmost latitude of the 
great-circle signal path. In view of this fact , it is con
sidered possible to design a "null" in the transmitting 
antenna pattern ashore so that it will fall on the bearing 
that will create a 1(\;ger difference between the " direct" 
signal strength and the "round-the-world" signal 
strength. 

It _was noted that 14 December was a particularly bad 
day msofar as ionospheric propagation condi tions were 
concerned. All long-range North-Atlantic communica
tion circuits experienced operat_i ng di ffiCulties on that 
da~. I~asmuch as long- range high-frequency communi
catiOn IS. solely dependent upon reflection from the layers 
of the IOnosphere, the importance of this factor and 
t~e difficulties experienced as a result of ionos~heric 
disturbances, were recognized . 

Considerable interference was experienced in various 
forms due. directly to the elements. The radioteletype 
copy occasiOnally was completely obliterated by in ter
ference c_aused by snow and sleet electrostatic discharges 
and ordmary lightning crashes. Interference of this 
nature is expected · d. · . · • 111 or mary commun•cat1ons and IS a 
probl_em of long standing. Although it is mainly of an 
ampl1tude_ form, it does interfere with reception of fre
quency-sh• ft -keyed transmission as explained prev iously. 

A_ nominal amount of inte rference from radar pulses, 
spunous emissions from radio transmitters, key clicks, 
~tc.~ ~as ~ncountered. Among forms of shipboard noise, 
•gn•tlon mterference from aircraft on fl i.ght decks has 
been reported. In view of th is, it was recommended 
that new aircraft standards be set, g iving consideration 
to interference suppression. Other noises such as inter
mittent contacts bel:\veen loose metallic bodies, and from 
many electrical accessories, was objectionable and action 
should be taken to eliminate or drasticall y reduce it in 
order to lower the general level of shipboard radio 
interference. 

As a result of the analysis of the test mate ria l sub
mitted, it was concluded that the ma--ximum overall per
cent copy obtained by the part icipants is below the ac
ceptable standards. Before automatic transmission and 
recept ion of the Fk:et Primary Broadcasts by rad iotele
type can be accepted, this system must equal or surpass 
the present manual system of transmission in fidelity and 
reliability, producing not more than one percent errors 
during the least favorable hours of the day. On the 
basis of the information and data obtained f rom this test, 
it is believed that the many problems encountered can 
ultimately be overcome to the degree necessary to render 
reliability and fidelity, if aggressively attacked . 

Copies of the complete report may be obtained from 
the Ch ief of Naval Operations (Op-20-E) , Room 2547, 
Navy Department, Washington 25, D. C. 

CHECK YOUR LAF SPARES 
The Bureau has been advised that many sets of LAF 

Signal Generator spare pa rts were shipped without bolo
meter elements. This part, symbol F-10 3, stock No. 

-38149, and l isted as " Fuse, 1/ 100 amp., #8AG V<i: 
d iameter, ferrule 1" long with lug so ldered on one en 
for handling", is packed in an envelope marked "Bolo
meter Element". If this envelope is present in spare 
parts it should be opened and checked, as some ~ctiviti~s 
report ~hat it contains only t~e brass lugs. If. t~•.s cond~~ 
tion ex•sts, new replacements should be requiSitiOned 
the earliest opportunity. These parts have now been sup· 
plied by the contractor and should be available at the 

Elect ronic Pools. 

BROKEN LUGS ON TBS FILTER CHOKE 
Sometimes during the removal of the receiver chassis 

f rom TBS-Series equipments, the connecting lugs to r-f 
fi lter chokes L-407 and L-408 have become broken. 
This has occurred w hen these lugs have not been pro· 
vided with sufficient clearance f rom the receive r housing. 

A visual inspection of all TBS-Series equipments 
aboard should be made to determine whether these lugs 
·will clear the housing during hand ling of the receiver 
chassis. Greater clearance may be provided in some 
cases by bending the lugs closer to the choke case. Ade
quate care should be taken to p reclude damage to the 
chokes while doing th is. 

j 
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Electronic 
Line-Voltage 
Stabilizer 

B Until recently line-voltage stabilization systems have 
been divided into three categories; those utilizing a 
tuned circuit, those utilizing capacity and reactance, and 
those util izing a motor-driven variac. These systems 
have adequately fi lled the requirements placed upon them 
.vith the exception of a very few cases where strict ad
herence to a pure si ne wave was necessary. W ith the in
creasing number of gasoli ne-driven a-c generator installa
tions delivering power to electronic equipments, the 
stabilization requirements became more acute. These 
electronic equipments required a steady input voltage 
for the ir successfu l and correct operation. Since most 
gasoline-driven a-c generator~ have inherently poor fre
quency and voltage regulation there was a demand for a 
voltage stabil izer which would operate under such con
ditions and still maintain steady voltage output. 

The requirements for this stabilizer centered on three 
frequency coverages, 50 to 70 cycles, 360 to 440 cycles, 
and 400 to 1600 cycles. There was, and still is, a lim
ited demand for operation from 800 to 2400 cycles but 
this coverage seems to be extreme at the present time. 
To meet these requirements it was necessary to develop 
a device wh ich would take a fluctuating-f requency input 
voltage with a va riation of from 90 to 140 volts and 
furnish an output with less than 1% variation from the 
desired voltage. T he unit eventually desig ned and de
veloped is known as the Elect ronic Line-Voltage Stabi
lizer. T his unit consists of two d istinct circuits, a 
regulating transformer and saturable reactor, and an 
elect ronic system to control the saturable reactor. 

The act ion of the circuit may be fol lowed in figure I . 

The secondary of the regulating transformer aids or 
bucks the line voltage in such a manner that the mini
mum voltage at which control is to be establ ished, when 
added to the aid ing or bucking voltage, is equal to the 

required voltage output. Thus, if the desired output 
voltage is 11 5 and the I ine voltage varies from 95 to 
135, the controlling element must be able to develop a 
resultant voltage of plus or minus 20 volts. 

To control the regulating transformer and force it to 
deliver the proper secondary voltage, a variable reactance 
is used in series with the primary circuit. It consists 
essentially of an iron core reactance with an additional 
coil so situated that, by increasing or decreasing the flow 
of d irect current through it, the iron core becomes more 
or less satu rated, thereby affecting its reactance to a-c. 
The reactance of this saturable reactor must approach 
zero for the transformer to g ive its fu ll boost and must 
have ma-ximum reactance to obta in fu ll buck. The satur
able reactor is controlled by a direct current which is 
altered by any slight change in output voltage. Since 
the output voltage is to remain with in 1 volt, th is con
trol must be such that the d .c. fed into the saturable 
reactor is sufficient to maintain supply to the reactor for 
the required range of reactance variation. It becomes 
obvious then that the g reater the amplifi ication of the 
output voltage va riation, the less the output voltage 
variat ion will be. 

The method of feeding this variation of output volt
age it;to an ampli fie r tube is shown in figu re 2. The 
emission tube is a diode having a pure tungsten fil amen
tary-typ~ cathode wh ich is emission-sensitive to any 
change 111 voltage. The emission o f a filament varies as 
the fourth power o f the temperatu re, so that a change of 
fila ~n~nt voltage causes a conside rable change in the 
e~1ss •on . Thus ~he voltage of point "A " in figu re 2 
n ses and falls w1th the line voltage change, and is fed 
into the amplifier. T he output o f the amplifier is fed 
back to the satu rable reactor d -e coil in such a manner 
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FIGURE !- Schematic diagram· of the Electronic Line
V oltage Stabilizer. T-1 is the regulating transformer and. 

· L-I is the saturable t·eactor. 

that an increase in output voltage causes a decrease m 
direct current output from the amplifier. 

Referring to figure 1, assume that the circuit has been 
adjusted to give an oqtput voltage of 115 volts with an 

input variat ion from 95 to 135 volts. Now assume that 
the output tends to increase, thereby increasing the po
tential on the filament of the diode. This will cause a 
decrease in voltage on the grid of the d-e amplifie r, the 
resulting negative swing on the g rid tend ing to cause a 
decrease in current through the d-e amplifier, and the reby 
causing a decrease in current through the saturable re
actor. As the current in the d -e w ind ing of the reactor 
decreases, the reactance through the a-c winding in
creases. This w ill cause a decrease in current through 
the branch with a consequent voltage drop across one 
leg of the transformer. This will induce a voltage in 
the secondary which will tend to buck the applied volt
age, thus preventing the original tendency to rise. If the 
original tendency is toward a decrease in voltage, the 
entire process is reversed and the induced voltage tends 
to reinforce the appl ied voltage, thus keeping the output 
always constant. 

The Electronic Line-Voltage Stabilizer described above 
is now only in the laborato ry stage and is not yet 111 

production. It is therefore imposs ib le to supply any of 
this equipment at the present ti me. 

FIGURE 2-Partial schematic diagram of emiSSion tube 
and d-e ampLifier employed in the Electronic Line-V olt

aKe Stabilize1·. 
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TO OUTPUT SlOE 
OF STABI LIZER 

New Type 
Sonar Crystals 

. 
• O ne of the p romising .new p iezoelectric crystals under 
development, wh ich will be available for use in a short 
time, is lithium sulphate monohydrate, LiSO.,H 20 . Its 
value as a piezoelectric crystal was discovered by Spitzer 
of G ottingen University in 1936, and fi rst announced in 
this country in 1944 . At first only about 1 % of all 
crystals grown were usable, since minute cracks and 
flaws almost invariab ly were present. 

G rowth of these crystals by the usual process of slowly 
lowering the temperatu re of a saturated solution was im
possible because lith ium sulphate is one of those rare 
materials wh ich are more soluble at low temperatures 
than at higher temperatures. Unfortunately, this de
crease of solubility with rising temperature is too slight 
to be usable by reversing the process. 

The procedure now in use involves using a very pure 
solution, and slowly increasing the saturation by con
trolled evaporation at a constant temperature in the 
range of 95 ° to 100° Centig rade. W ith this technique, 
100% yields have been obtained. 

Lithium sulphate is of p iezoelectric interest p rincipally 
because it responds to hydrostatic pressure. It has a 
piezoelect ric constant of 40 x 10·8 esu chargej dyne, as 
compared to approximately 7 x 10 ·8 for tourmaline and 
quartz. T he dielectr ic constants of both tourmaline and 
li thium sulphate are approximately the same, so that the 
sensitivi ty of lithium sulphate will be about six t imes 
that of tourmaline. It is only about one-fou rth ~s sensi

tive as ADP (see p. 10, July 19 45 ELECTRON) . H ow
ever, since quartz, ADP, and Rochelle salt crystals do 
not respond to hyd rostatic pressure, they are used in 
d ifferent applications than are lithium sulphate and tour
maline, and should not be compared to them. 

The stability and performance of lith ium sulphate 
under condi tions of varying temperature and humidity 
are about the same as those of ADP crystals, and bette r 
than those of Rochelle salt crystals. 

The f requency constant of li thiwn sulphate for thick
ness vibrations parallel to the Z -axis is 274 kc per em 
and th!'! density is 2.06. The coupling coefficient of 
l ithium sulphate for this mode is about 0 .35, and that 

of tourmali ne less than 0.1. H ence lithium sulphate can 

replace tourmaline to advantage in blast gauges, stand 

ard hyd rophones, and other devices requiring response to 
hydrostatic pressure. 

Anti-Clutter Circuits 
• The usefulness of any radar system can be adversely 
affected by the p resence of sea return, cloud retu rn, and 
land return, all of which are referred to as "clutter" . In 
addit ion to adverse affects f rom clutter, the equipment 
may also be subject to window jamming andj or elec
tronic jamming in one or more of its various forms, 
such as noise jamming , c-w jamming, mew jamming, 
rai lings, etc. In the early receivers no provision was 
made to combat either clutter or jamming, but with the 
advent of enemy countermeasures and further develop
ment o f ou r own countermeasures prog ram certain new 
ci rcuits began to be incorporated into our radar receivers 
in an effort to reduce the effects of various types of 
clutter and jamming . The deg ree to which these types 
of interference affect a radar receiver, thus reducing its 
usefu lness, is dependent upon the methods provided 
to coun te ract such interference and the intel ligence em
ployed in their use. These circuits, designed to reduce 
t)le effectiveness of clutter and jamming, are known as 
anti-clutter circui ts. 

T he p resent ranges of shipboard sets are seriously 
limited because of the earth's curvature, and becabse 
over wate r the reflect ion from the water surface inte r

feres with the direct beam, thus setting a minimum 
elevation angle fo r the radar beam. In an airborne set 
it was found experimentally that when the radar is at an 
altitude o f 10 ,000 feet, the sea return from a rough sea 
may be as much as 60 db above no ise and may extend 
with diminishing intensity to more than 100 miles. A 
small amount of sea return makes the detect ion of an 
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aircraft difficult, and returns of about 20 db or more 
will obscure large ships even at short ranges . This type 
of interference, commonly called sea clutter, g reatly 
reduces the usefu lness o f both shipborne and airborne 

sets. 

A noth er type of interference, very common in the 
Pacific but not so common in the Atlant ic, is that of 
cloud return. This interference is caused by echoes 
from cloud formations and is referred to as cloud 
t:lutter. I t is not so det rimen tal to efficiency as is sea 
clutter but its p resence will cause a certain amount of 
confusion to the operator. In desig ning the anti -clutter 
circuits for a certa in type of a irborne equipment, a ll 
forms of clutter and jamming were taken into considera
tion. 

An equipment is said to be jammed when its effi
ciency is reduced by causes external to the system. This 
cond ition may be the result of clutter caused by sea 
return , cloud return , or land return . It may also be 
d irect ly due to reflect ions from window or other objects 
used to g ive spurious echoes. However, one of the most 
efficient types of jamming is that caused by the genera
tion of radio waves whid1 interfe re with the reception 
of the desired radar signal, common ly called elertronir 
jamming . 

These jamming sig nals usually in te rfe re w ith the radar 
operation by producing saturation somewhere in the 

receiving system. As soon as saturation is approached in 
any stage, the desired signal is either g reatly red uced in 
visib ility or en tirely lost. T hus o ne of the p ri ncipal pu r
poses of all anti-jamm ing ci rcu its is to prevent o r at 
least mini mize effects of satu ration. 
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In systems using intensity-modulated indicators, the 
most common be in <.- the plan position indicator (PPI), 
there must be \ 1deo limiting at a level not many times 
the average noise power. Therefore, any signals, either 
jamming or target-echo, of about 10 to 20 db above 
noise, will saturate the video amplifier and consequently 
the PPI. Smaller amounts of jamming will make the 
PPI screen so intense that even though the desired 
target signals do saturate, they wiH appear with less con
trast than they would in the absence of clutter. This 
makes the task of locating and tracking the targets more 
difficul t and fatiguing to the operator. 

Clutter and window have a common characteristic in 
that they consist of reflections of the system's trans
mitted power, and thus contain the frequencies present 
in the transmitter output. The returned echo, whether 
desi red signal or from clutter, when amplified under the 
usual conditions by an optimum- bandwidth i-f ampli
fier and then detected, will show very nearly the same 
frequency spectrum as does receiver noise. If the re
flecting object is an isolated target, the phase relations in 
the returning signal are essentially the same as in the 
transmitted pulse and, when properly detected and dis
played, a pulse is seen. If, however, the reflecting ob
ject is a distribution of many small reflectors arranged 
more or less at random io a large volume of space, the 
same average frequency spectrum is returned but the 
phase relationships found in the pulse are destroyed. 
In the limiting case of an infinite number of small reflec
tors, the return would appear, on any sing le sweep, like 
receiver noise. Thus all forms of clutter, desired target 
signals, and receiver noise have essentially the same 
video-frequency spectrum, and therefore a frequency
separation filter cannot help to remove clutter wi thout 
at the same time removing approximately the propor
tionate amount of desired signal. In some rad l rs, par
ticula rly airborne search types, sea and cloud clutter 
constitute a very serious problem. Thus in these types 
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strong emphasis has been placed on anti -clutter circuits 
to combat clutter and jamming. 

CIRCUIT ACCOMPLISHMENTS 
Most electronic jamming transmissions can be ex

pected to contain a considerable portion of c-w <.:arrier 
components. In such cases the output of the second de
tector is a d-e term plus any modulation frequency or 
frequencies present. A high-pass fi lter ~etwe~n . the 
second detector and the video amplifier wdl eltmw ate 
the d-e term and attenuate the low frequencies. Thus, 
because of the di fferent frequencies involved, such a 
fi lter makes it possible to observe individual targets 
whose echo power is small compared with the power of 

· · · d not the jamming signal. However, th1s suppositiOn oes 
hold true if the jamming contains primarily the f re
quency spect rum present in the pulses of the radar sy~
tem, as in the case of noise or rai ling jamming. Nor IS 

the supposition true in the case of clutter, because, as 
pointed out above, clutter often contains all the fre
quencies present in the pulse. In such cases, simple filter 
action cannot make improvements in the signal-to-clutt~r 
ratio, and thus ·only target signals about as great in a_mpli
tude or greater than the clutter will be seen. This s1gnal· 
to-clutter ratio can be improved by increasing the 
antenna gain and reducing the pulse length. 

In the presence of clutter the optimum gain is a func
tion of the azimuth and range being presented. Auto
matic circuits are therefore needed in scanning systems. 
These circuits cannot be expected to do more at any one 
point on the indicator than could be done by the 
optimum adjustment of a good manual gain cont_rol. 
However, since no manual gain control can possi~ly 
follow the rapid gain changes required in a scanning 
system, anti-clutter circuits are used to set the gain as 
nearly at the optimum value as possible for each instant, 
and to do th is automatically. It should be remember~d 
that without the anti -clutter circuits or manual gaiO 
control a 70-db signal would be lost in 40 db of clutter 
due to saturation. It is further pointed out that the 
expression "clutter removal" means the removal ?f 
clutter by a reduction in gain, with a consequent loss 1n 
signal output power. 

To illustrate the latest innovations in ant i-clutter cir
cuits, with the exception of MTI (Moving Target In
dicator), the AEW (Airborne Early W arning) receiver 
wi11 be used. The AEW was designed for the purpose 
of obtaining longer ranges than was previously possible 
on aircraft, particularly low-flying aircraft, and on sur
face targets. 

FIGURE 2-Simplified schematic diagram of the Semi
~ livily T ime Control circuit med in the airborne 1-eceiver 

of /be AEJIV. 
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FIGURE 3- 0ne of three IAGC stages itz the AEW 
receiver. This is the fifth i-f amplifier with accompany

ing IAGC circuit . 

Four different types of circuits, all designed to aid in 
cl utter removal and anti-jamming, are used in the AEW. 
In operation, one, two, and frequently three of these 
circuits wi ll be used simultaneously. The reasons for this 
simultaneous operation are two-fold: l - It has been 
found necessary to use specially-designed circuits to 
prevent saturation in the i-f amplifier. Attempts to make 
these circuits capable of eliminating partial video satura
t ion have not been successful and therefore other circuits 
are necessary between the i-f amplifier and the limiter 
"stage in the video. 2-The dynamic range over which 
most of these circuits operate under optimum conditions, 
and in some cases under satisfactory conditions, is l im
ited. Thus it is usually better and frequently necessary 
to use several circuits, each carrying a part of the load, 
than to use one circuit. Figure 1 shows the position of 
the four types of circuits used in the AEW. F rom left 
to righ t they are STC (Sensit ivity Time Control), IAGC 
( Instantaneous Automatic Gain Control), FTC (Fast 
T ime Constant) and DBB (Detector Balanced Bias). 

The STC is a circuit used to make the gain control 
voltage a function of the time after the initial pulse. 
The ordinary gain-control potentiometer is included 
in this circuit. In practice, the gain is lowered at the 
t ime of the initial pulse and then allowed to recover 
to its normal value, following some pattern determined 
by the circuit constants, several of which may be made 
adjustable. The IAGC circuit is a type of i-f back-bias 
circuit. These back-bias circuits reduce the g rid voltage, 

and therefore the gain, of the protected i-f amplifier 
stage when the output of that or S":ne following stage 
gets above a value determined by the ci.cuit components. 
This prevents saturation of the i-f stages so protected. 
An FTC circuit is a type of coupling between the second 
detector and the video ampl ifier whid1 acts as a high
pass fi lter for removing the d -e and low-frequency terms 
commonly arising from electronic jamming. A DBB 
circuit is designed to bias the detector by an amount 
sufficient to keep noise jamming or the high-frequency 
components of clutter from saturating tJ1e video amplifier 
and making the PPI screen too bright for good observa
tion. 

SENSITIVITY TIME CONTROL 
The STC, as stated above, is used to make the gain a 

function of range and independent of azimuth. Thus 
it may be seen that this circuit can be used effectively if 
the clutter to be removed has a radial pattern that is 
nearly independent of azimuth. This condition is most 
frequently found in sea clutter. Under some conditions 
such a circuit might be useful in mapping built-up sec
tions of extended land areas. This circuit would rarely 
be of use in cloud or window return. T h<;re must always 
be a compromise between circuit complexity, with its 
accompanying difficulty of adjustment, and the accuracy 
with which observed clutter patterns can be matched. 
The circuit chosen for use in the AEW is one in which 
the gain of the receiver is reduced to some adjustable 
value, held constant for an adjustable length of time, 
and then permitted to recover to normal with an adjust
able time constant. This principle is true in general in 
all STC circuits employed in radar equipments. The 
waveform necessary to control the receiver gain is pro
duced by the simple circuit shown in figure 2, which 
requi res only one 6SN7. The same voltage that triggers 
the modulator ( +150 volts) is also applied to the input 
of the STC circuit. This pulse makes V-lA highly con
ductive during the time of the pulse, thus charging the 
680 pp.f capacitor to a potential very near that of the 
cathode. The potential of the cathode is variable in 
steps between zero and - 82 volts by R-2. This resistor 
controls the value of the negative vol tage charge that 
can be placed on the capacitor during V -1 A conduction ; 
thus it is said to control the "depth of d rive" in the 
output waveform, as shown in figure 2. Since the nega
tive charge on the capacitor is also applied to the g rid of 
V-lB it will drive that tube to cut-off. The rate at which 
the capacitor disd1arges, after the pulse is removed from 
V-lA, depends to a large extent on the value of R-4. 
This rate of discharge determine the rate of voltage 
change on the grid of V-lB, thus sloping the recovery 
curve in the output waveform. When the STC switch is 
OFF, the cathode of V-lB is at g round potentia l. This 
is adjusted by R-5, which sets the bias on the grid in 
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such a manner that the drop across the tube is 300 volts, 
thus g iving zero vol tage at the cathode. This may be 
explained by considering the tube as a resistance in series 
~ith R-1 and the 50,000-ohm resistor between the posi
bve 300-volt and th e negative 105-volt supplies. In the 
complete voltage-divider circuit, the tube resistance is 
such as to make the cathode voltage zero. In this condi
tion ~o current Bows through R-3. Immediately after 

th~ tngg~r, when V-1B is not conducting, the voltage at 
pomt A JS determined by R-1, R-3, and the 50 ,000-ohms 
res~stance between -105 volts and ground. If R-3 is set 
t? Jts ma~imum value, point A will be sufficiently nega
tive. (d~nng cut-off of V-rB) to reduce the gain of the 
recetver to a low value. This voltage is held fixed during 
the time that the tube is cut off and therefore the gain of 
the re_ceiver is at a low value. As the charge leaks off the 
~paotor_ through R-4, the voltage at point A starts to 
nse and mcreases the gain of the receiver the maximum 
gain of which is determined by the sett i~g of the gain 
control R-1. 

Controls must be adjusted intelligently to g ive the 
best re~ul~s when using an ST C circuit. T he great 
danger 111 Jts use is that the receiver gain will be set too 
low for some part of the area to be searched, and in 
such areas signals will be lost that should have been 
seen. Thus the adjustments should be made to fi t the 
clutter pattern in the azimuth in whid1 the clutter is 
minimum. The remaining clutter can then be reduced 
by other circuits. Operationally, it has been fou nd best 
to stop the antenna at the azimuth at which the STC is 
~0 be adjusted. Then by using the A-scope, the circuit 
1 ~ adjusted so that the clutter is as low as possible con
~tstent with the requirement that at no important range 
1s the clutter small compared with normal noise. 

INSTANTANEOUS AUTOMATIC 
GAIN CONTROL 
There are many types of IAGC circuits. The purpose 

?f so-called "'back bias" circuits is to reduce the possibil
Ity of saturation in any of the stages so protected. In 
the presence of any kind of jamming the aim of the 
back-bias circuit is to keep the amplifier operating in 
such a way that the desired signals will be found in the 
linear operat ing range of the amplifier tubes. In most 
types of jamming and in clutter, the desired information 
" ri des" on top of the jamming, and the back-bias 
voltage should shift the amplifier sufficiently far into 
class-C operation that these tops do not saturate the 
amplifie r. Experience shows that the back-bias circuits 
without either FTC or DBB ci rcuits are not very effective 
against clutter. 

The IAGC circuit chosen for the AEW ( figure 3) 
was the result of many experiments. It was found that 
the back-bias circuit should be around only one stage 

because such a circuit is degenerative, and if the phase 
shift in a complete loop is more than 180 degrees at any 
frequency, the circuit will oscillate. Since there is a 
certain video phase shift in each i-f stage and also in 
the back-bias circuit, the chances of oscillation are much 
g reater if the circuit is around two stages. A two-stage 
circuit has also been found to be inherently less stable. 
The AEW receiver has a gain of about 20 db per stage; 
thus with a single circuit around two stages, either the 
fi rst is b iased off too far and pulse-gain lost, or the first 
is operated correctly and the second approaches satura
tion. Further, a g iven maximum ampli tude of c-w 
interference in the ampli fier is much more effective at 
producing a back-bias voltage than is clutter of the same 
maximum amplitude. Since there is at p resent no efficient 
method of making the pulse and c-w gains different in 
the back-bias ci rcuits, the desired information whid1 
rides the top of clutter or jamming will be in a different 
region of the amplifier characteristic depending on 
whether the interference is essentially like clutter or is 
c-w jamming. In c-w jamming alone, the operating 
range of the i-f amplifiers is too small to allow two 

F IGURE 4-Fast time Com/ant cirwit 11tilized between 
second detector and video amplifier i11 AEIV receiver. 
T he 50 pp.f capacitor and tbe 27,000-obm resistor are 

the FTC elements. 

successive stages to be protected by biasing only one 
g rid. To allow optimum operation in the presence of 
c-w jamming and clutter, the additional operating range 
required is not avai lable unless every stage is biased. 
T ests have shown that i-f ampli fiers having a gain of 
20 db per stage should have back-bias on successive 
stages, not alte rnate ones. It has been recommended 
th_at the last. half of the i-f amplifier stages be protected 
wtth back-btas circuits. The reason for not protecting 
alternate stages is that an unprotected stage, following a 
protected stage, wi ll operate too near saturation and the 
input to the following protected stage is too great for 
optimum operation of the IAGC circuit. 

Plate detectors and cathode followers have been used 
in some cas~s as IAGC circuits but are not as efficient 
as the type used in the AEW. In order to keep the 
phase shift in the plate detector small , the gain is 

F IGURE 5-Schematic dia
gram of the Detector Bal
anced Bias as applied in 

the AEW receiver. 

definitely limited . If . the gain is increased, the phase 
shift in the detector plus the phase shift in the circuit 
coupling the . cathode follower to the amplifier grid is 
sufficient to produce oscillation. To avoid this undesir
able phase shi ft effect, a d iode detector followed by a 
cathode follower with posi tive feedback through the 

detector was chosen. 

In figure 3 the I AGC circuit consists of a 7F8 tube 
with one section operating as a diode and the other 
section as a cathode follower. In a quiescent state, the 
cathode of V-1712A will be at ground potential. Th is 
is true because R-1744B and R-1745B form a voltage 
divider between ground and - 105 volts such that there 
will be -2 volts on the g rid of V-1712A. With -2 
volts on the g ri d and + 150 volts on the plate, the tube 
will pass a current which will produce the correct 
voltage to hold the cathode at zero potential +0.3 volts. 

When negative signals (negative peak of the i-f 
pulse output) are applied to the cathode of V-1712B, 
the tube conducts, making the plate and g rid also more 
negative. This results in the g rid of V-1712A becoming 
more. negative and the cathode following in a more 
negative direction. This negative drop on the cathode 
.is coupled back to the cathode of V-1 712B and tends to 

make the negative pulse on its cathode stronger, thus 
driving grid and cathode of V-1 712B more and more 
negative. The whole circuit is, therefore, a sort of boot
strap or positive-feedback arrangement wherein a given 
signal tends to reinforce itself. The output of the IAGC 
circuit is taken off the cathode of V-1712A. \ 'qith 
stronger and stronger signals, this cathode becomes 
more and more negative, and since th is voltage is de
livered to the g rid of the p rotected i-f stage, the gain is 
reduced almost in proportion to the strength of the 
s igna ~. R-1746B, and C-1722, with the wiring and tube 
capaotance, form a time constant for this circuit of 
about 30 microseconds, which has proven experimentally 
to be a satisfactory average for most conditions. It is 
apparent that it is impossible to cut off the i-f stage with 
th is IAGC circuit, but it docs reduce overloading and 
prevents tube saturation from strong signals, which 
\~Ou l d make discrimination of small signals quite impos
stble. C-w or low-frequency mew jamming is materia lly 
reduced by the use of I AGC circuits. 

FAST TIME CONSTANT 
The FTC circuit is usually used in conjunction wtth 

lAGC, its main function being to remove certa in effects 
o f jamming f rom the output of the second detector. 
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The circuit is particularly effective against the d-e com
ponent resulting from rectified c-w input, low-frequency 
terms resulting from jamming which has been modu
lated at a low frequency, and the low-frequency terms 
involved in clutter. T he ci rcuit consists essentially of an 
R-C peaker or differentiating circuit which may be con
nected between the second detector and the video am
plifier. The t ime constant of these circuits is usually in 

the order of 1 to 1.5 microseconds. W ith this short 
time constant, long signals (corresponding to low fre
quencies) will not pass the FTC circuit and enter the 
video amplifier. In this manner the circuit p revents over
loading of the video and any followin-g ampli fier by 
c-w or low-frequency mew electronic jamming. Figure 
4 shows the FTC circuit used in the AEW. W hen the 
FTC is not in use, the coupling between detector and 
the video amplifier is a 2.2-megohm resistor, allowing 
the circuit to pass d-e. If the FTC is in use, the 
2.2-megohm resistor is shunted by the 27,000-ohm re
sistor which, with the 50-p.p.f capacitor, g ives a time 
constant of 1.3 microseconds. 

DETECTOR BALANCED BIAS 
:he DBB circuit was developed in an attempt to 

destgn a ci rcuit which would sat isfactorily reduce the 
gain of a receiver in the presence of clutter. Noise an::! 
the h igh-frequency components of clutter can saturate 
the video for a sufficient length of time to brighten the 
entire PPI, thus causing the loss of targets. IAGC cir
cuits help, but circuits of that type, sufficient ly rapid in 
action and with sufficient high-frequency gain to keep 
the noise-like peaks from saturating, have too much 
gain in the presence of c-w jammi ng. An attempt was 
made to apply a bias to the last stage which was propor
tional to the input to that stage, with the expectation 
that the fluctuations in the input due to clutter could be 
balanced out. However, due to the gain of the last 
stage, any departure from perfect balancing resulted in 
large changes in the output of the stage. As an alternate 
method the idea of biasing the second detector was tried 
and p roved successful. 

In DBB operation, figure 5, the output of the i-f 
amplifier is divided between two detectors ; the regular 
second detector with negative output, and the DBB 
detector with posit ive output. This positive output is 
delayed by a 0.5-microsecond delay line and then fed 
mto a positive-output linear amplifier, the gain of which 
is di fferent for d-e input and for high frequencies. The 
ampli fier output, taken from the cathode of V-1714B, 
is used to bias the second detector V-1707 A by an 
amount sufficient to remove the d-e term from c-w inter
ference or an amount sufficient to keep any but the 
highest peaks of clutter or noise jamming from saturat
ing the video. The circuit is made linear over a sufficient 
dynamic range to afford satisfactory operation when 

protected by good IAGC circuits. Since the DBB circuit 
is non-degenerative, a delay line can be used without 
danger of oscillation. This delay lihe allows the unim· 
peded passage of any signal for the delay time, and 
thus the output signal ampl itude is not necessarily im
paired. But when a signal is being received in the 

presence of clutter, the fi rst part of the signal will be 
reduced by the same absolute amount as is the clutter, 

and the ratio of signal to clutter wi ll thus be improved. 
With an FTC ci rcuit in operation, each frequency com
ponent of clutter and of the signal will be reduced in 

amplitude by approximately the same ratio. 

In figure 5, R-1748 is a termination of the input of 
the delay line to suppress multiple reflect ions of pulses 
in the line, since the termination of the output is not 
sufficient ly good to absorb the entire energy of the pulse. 

The active element in the circuit is V-1714B, which is 
acting as a linear amplifier coupled as a cathode follower 
and having very nearly unity gain. This assures that the 
cathode and grid maintain a fixed voltage d ifference ; 
that is, they go up and down together. In a static condi
tion ( no signal) there will be two current paths in the 
DBB circuit ; one from - 105 to g round through Ra 
and Rb, and the other from - 105 through V-17148 to 
+ 150. These two current paths will be referred to as 
path #1 and path #2 respectively. Components a~e so 
chosen that in a static condition the g rid will be at a 
potent ial of - 1 volt which in tu rn will establish zero 
vo ltage on the cathode. This means' that wi th no signal 
impressed on the D8B detector there is no change in 
gain of the receiver. From observation of the circuit it 
is evident that the cathode of the d iode will be slightly 
positive with respect to its plate, thus prohibiting any 
cu rrent flow through the tube when no signal is prese~t. 
The delay l ine will be charged to a certain value, wtth 
polari ties as shown in figure 6. 

Assume that an i-f pulse of positive voltage is im
pressed on the plate o f the diode, and having sufficient 
amplitude to cause a flow of elect rons from cathode to 
plate in the tube. It is now evident that there wi ll be a 
third current path in the circui t, that from cathode to 
plate in the d iode. This will cause a decrease of current 
through path #1. If the delay line were not present in 
the circuit the voltage on the g rid of V -17148 would 
immediately change to a less negative value or, to be 
specific, a more positive value. T his increase in grid 
voltage would be followed by a similar change in cathode 
voltage due to increased current in path #2, and because 
the stage is acting as a linear amplifier. 

W hen the delay line is considered, the voltage change 
on the grid is identical in amplitude but occurs at a 
predetermined time after the diode starts to conduct. 
T his time is adjusted to 0. 5 microsecond by the lumped 
constants of the delay line. It will be recalled that the 

delay line was d1arged during the period of no signal 
input. W hen the diode conducts, the current in path #1 
will tend to decrease, but the current through Rc (figure 
6) will increase due to the diode acting as a low
impedance path effectively shunting path #l. This in
crease in current will cause an increase in vol tage drop 
across Rc. The delay line will immediately start to 
d 1arge to this new value, and in so doing will tend to 
keep the current flowing through Ra and Rb due to 
electrons leaving the capacitor plates and t raveling to 
g round. This flow of electrons from the delay line 
through R

11 
and Rb will continue for 0.5 microsecond, 

which is the designed delay-t ime of the line. As soon 
as the line has charged to this new vol tage, there will be 
no further electron flow from the delay line and the 
current will drop to a new lower value. This decrease 
in current wi ll cause the voltage on the grid of V-1714B 
to become less negative, which is the effect desired for 

correct operation of the circuit. 

Since V-17148 is a linear amplifier, the potential 
difference between cathode and grid will remain sub
stant ially constant over the range of operation of the 
circuit. In other words a change in g rid voltage will be 
accompanied by a similar change in cathode voltage. 
Under these conditions the pulse gain of the circuit as 
an ampli fier is Rbj R

11
• Rb is a 50,000-ohm potent iometer 

usually set at 40,000-ohms, and R. is a complex im
pedance consisting of a 2400-ohm resistor in series with 
the parallel combination of a 0.5-p.f capacitor and a 
12,000-ohm resistor. The d-e gain is Rb/ (2400 plus 
12,000 ) since the 0.5-p.f capacitor offers an infinite 
impedance to d-e terms. In figure 5 the gain can also be 
stated as the ratio of E2j E1 since the same current flows 
through both branches and the g rid draws no current. 

For practical purposes, as determined experimentally, 
the best results are obtained from the DB8 circuit if the 
signals fed back to the second detector are about equal 
in amplitude to those applied for very-low-frequency 
modulated or c-w jamming. For h igher frequencies, such 
as exists in pulses, the best resul ts are obta ined when the 
signals fed back are about six times the voltage of those 
applied. I n the receiver the signal on the second detector 
is approximately 2.75 times g reater than on the DBB 
detector. T his is due to coupling elements in the 
D8B ciri uit that are not used in the second detector. 
The voltage applied to the delay line is di rectly de
pendent upon the amount o f signal applied to the DBB 
detector. The low frequency gain of the ampli fier as 
given by the rat io of R1,jR" is therefore adjusted to 
about 2.75 and the high-frequency gain to about 16. 
Th is results in a c-w gain of unity and a pulse gain of 

about 6 in the D88 circuit. 

F IGUR E 6-Simplified diagram of the DBB circuit 
iii!IStraled in {ig11re 5. 

Several refinements and adjustments are required in 
the DB8 for most satisfactory operation. A d-e restorer 
( not shown on diagram) is provided to p revent the 
overshoot from the discharge of the 0.5p.f capacitor 
(a part of Ra) at the end of a long block of signals as 
from clouds, sea return, etc., which would cause the 
g rid of the linear ampl ifier to be driven to cut-off. This 
would result in the application of -105 volts to the 
cathode of the second detector VI 707 A, causing it to be 
completely paralyzed. Also when a strong signal is 
applied to the receiver a large biasing pulse from 
V-1 7148 is appl ied to the second detector V -1707A. 
Besides biasing the detector, it also charges the inter
electrode and stray-wiring capacities which are in parallel 
with the detector, so that there is a d ifferential biasing 
pulse added to the regular detector output g iving a 
spurious negative output at the plate of the detector. 
To compensate for this spurious pulse a 5100-ohm re
sistor is placed in the plate circuit of V -17148. Since 
this resistor is one fourth the value of the 20,000-ohm 
cathode resistor of V-1714B the output of the plate 
·circuit is one fourth the amplitude of the cathode circuit 
and 180 degrees out of phase with the cathode ci rcuit. 
This plate output is coupled through a capacitor having 
a value four times g reater than the inter-electrode 
capacity of the detector, thus causing a cancellation be
tween the spurious output and the voltage fed back f rom 
the plate circuit. · 

As was pointed out in the early paragraphs of this 
discussion, the circuits described above are those em
ployed in the AEW equipment. H owever, their mode 
of operation and employment can be considered as 
typical of other circuits designed to perform similar 
functions in other electron ic equipment. 
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-Technical Publications 

Get A New Home 

• Action is now being taken by the Navy D epartment, 

Executive Office of the Secretary, to transfer all non

registered electronics publications to newly established 

D istrict Publications and Printing Offices. Approximately 

170 Bureaus of Ships non-registered publications ( elec

tronics) which are now being stocked by Registered 

Publications Issuing Offices as well as all Electronics 

Officers stocks at naval shipyards will be included in this 

transfer. 

The present intention is to establish a Publications 

and Print ing Office in all N aval Districts except the 

Tenth, Fifteenth, and Seventeenth. In addition to these 

district offices there will be established two regional 

offices to be known respectively as the East Coast N aval 

P ublications Distribution Center and the West Coast 

N aval Publications Distribution Center. 

Publications in the Seventeenth Naval District will be 

transferred to the Thirteenth N aval District Stock Sec

tion. Publications at Guam, Subic Bay, Manila, and 

Guinan will be transferred to the Fourteenth N aval 

D istrict Stock Section. Publications in London, England, 

and at the Tenth and Fifteenth Naval Districts, will be 

transferred to the East Coast N aval Publications Dis

tribution Center. In most cases these transfers have 

already been made, but in the case of the First, Third, 

Seventh, and N inth districts the move will probably take 

longer. N otification will be made when these four dis

tricts are prepared to receive requisitions. Until such 

notification is made activities which would normally 

requisition from any of these four districts will requisi

tion from the Bureau of Ships. 

In the f uture, when any activity requires any of these 

publications the proper procedure is to requisit ion them 

from the nearest D istrict Publications and Printing Office 

using form NavGen-47 (Rev. 12-4 5) . T o avoid con

fusion and delay, the following list of correct mail ing 

addresses of District Publications and P rint ing Offices 

should be adhered to when making requisitions : 

Officer in Ourge 
Publ ications and Printing Office 
First Naval District 
150 Causeway St., Rm. 601A 
Boston 14, Mass. 

Officer in Charge 
P ublications and Printing Office 
Third Naval District 
Room 630-B, 90 Church Street 
New York 7, N.Y. 

Officer in Charge 
Publications and Printing Office 
Fourth Naval District 
1st Floor, Bldg. 4 
U . S. N aval Base 
Philadelphia 12, Pa. 

Officer in Charge · 
Publications and Print ing Office 
Fifth N aval District 
Bldg. U-6 
N aval Station 
Norfolk 11, Virginia 

Officer in 01arge 
Publications and Printing Office 
Sixth N aval District 
U. S. N aval Base 
N avy Yard, Charleston, South Carolina 

Officer in Charge 
Publications and Printing Office 
Seventh N aval District 
Room l o43, Dupont Bldg. 
Miami, Florida 

Officer in Charge 
Publications and Printing Office 
Eighth N aval District 
N ew Orleans 12, La. 

Officer in Charge 
Publications and Printing Office 
N inth N aval District 
Bldg. 1, Room 300 
Great Lakes, Illinois 

Civilian Officer in Charge 
Publications and Printing Office 
Eleventh N aval District 
7 30 West Market Street 
San Diego 1, California 

Officer in Charge 
Publications and Printing Office 
Twelfth Naval District 
Room 113, Adm. Bldg. 
Treasure Island 
San Francisco, Calif. 

Officer in Charge 
Publications and Printing Office 
Thi rteenth Naval District 
Bldg. 480, Puget Sound Naval Shipyard 
Bremerton, W ash. 

Officer in Charge 
Publ ications and Printing Office 
Fourteenth N aval District 
cj o Fleet Post Office, Navy No. 128 
San Francisco, California 

East Coast Naval Publications Distribution Center 
(Cheatham Annex) 
W ill iamsburg, Virginia 

W est Coast Publications Distribution Center 
N aval Supply Depot Annex 
34th Street 
Oakland 4, California 
Attention : Officer in Charge, P ublications and Prin ting 
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FREQUENCY METER TROUBLE 

By ] OH N W . BLOW, RJ\if3j c, USS PC-484 

D uring a test in which the LM-8 Frequency Meter was 

being used as a signal generator an unusual incident 

occurred . The unit had been set up to generate a 9050-kc 

signal but the received signal was on 950 kc. Although 

the receiver (RA0-2) acted normally on all other fre

quencies, we suspect that it may have been at faul t as the 

frequency meter had been recently checked and reported 

to be operat ing satisfactorily. 

W illiam Bridgman and myself are the only two Radio

men aboard and, being only operators, are unable to 

diagnose this trouble. \Xlould you please send us an 

explanation ? 

BTtreau comment: It is believed that the trouble is not 

in the receiver as suggested, but in the LM-8 Frequency 

Meter. T he symptoms described lead to the bel ief that 

the band switch was defective and was actually in the 

LOW position. To check this the following test is sug-

. gested: 

1- Set up a frequency in the low-frequency band and 

note the d ial setting. 

2- Tune the receiver to this frequency. 

3- W ithout changing the dial setting used in step ( 1) 

above, operate the band switch to "high" position. 

4- In the high-band section of the LM-8 calibration 

book, look up the frequency corresponding to this dial 

setting . 

5- Retune the receiver to this new signal. 

If the frequency at which this latter signal is received 

is not approximately the same as that taken from the 

calibration book, the band switch is defi nitely faulty and 

should be checked. T he trouble could be as simple as a 

loose con trol knob. 

PORTABLE SPEAKER AMPLIFIER 

By CLAUDE L. PYLE, RT2j C, USS A chernar (AKA-53) 

One method of monitoring a N avy receiver is to plug 

~ speake~ ':i th a matchi~g transformer into the p hone 

~ ack. Tlus IS very conven1ent h ut, due to output limiting 

m that circuit, the volume is likely to be insufficient. 

This condition and the need of a speaker for monitoring 

purposes led the USS B11rias (AG-69) to the develop

ment of a simple, compact speaker-amplifier. 

It is a one-tube unit utilizing a single 117L7 j M7-GT 

tube, and will operate from any 11 5-vol t a-c or d-e 

source. It can be plugged in to any standard 600-ohm 

output. ja<=!' ~nd will deliver 0.75 watt of audio power. 

The Circu it IS simple and most of the parts are easily 
obtained. 

The equipment uses an input transformer similar to 

the N avy type 30765, an output transformer of the uni

versal type and a 4- or 6-inch PM dynamic speaker. It 

may be noted from the wiring sketch that a 100-ohm 1-

watt resistor (R 3) is in series with the fi lament. This 

resistor is not necessary but will lengthen the tube life 

without noticeably effecting the overall output. 

B11reau Comm ent: T he Bureau has no objection to the 

use of this unit and considers it to be a very handy 

portable speaker for genera l purposes. 

--- -- - - ---l 

Srhematic diagram f or ge11errd ·pmpo.re 
speaker-am p!ifier. 
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Schematic diagram of the Boxer 's below -decks equipmen! fo r tuning and adjusting the Mark 22 Fire Control Radar 
eqmpment. 

Tuning the Mark 22 
Contributed by the USS Boxer 

• Since its installation in the fleet, the Mark-22 Fire
Control Radar has imposed a tuning problem upon the 
technicians. The transmitter was an X-band airborne 
transmitter that had been converted for shipboard use 
by placing it in a cast aluminum housing. This housing 
was then mounted behind the Mark-12 antenna on top 
of Lhe Mark-37 director. In this position, usually with 
stack gas filling h is lungs, a thirty-knot gale whistling 
past his ears, and his equilibrium being constantly upset 
by the rolling and pitching of the ship, the technician 
was supposed to sit, his legs clamped tightly around the 
antenna, holding a portable osci!Joscope in one hand, a 

wavemeter or signal generator in the other, a crystal 
current meter in a third, and at the same time he was 
supposed to tune the TR and ATR boxes set the local 
oscillator, and adjust the crystal cavities. ' 

The personnel on boa rd the USS B oxer, not being 
three-handed, decided to do something about th is situa
tion. Lt. (jg) J. W. Carr (USS Boxer) and Lt. (jg) 
W. B. Davenport (EfSG ) designed a below-decks 
method of accomplishing these tasks. They drew up the 
plans and three of the sh ip's technicians, J. R. Cirto, 
ETM2c. D. B. Chenowith, ETM2c, and J. F. Palmer, 

i 
~ 

' t 

1 
·~ 'l . 

l' 

.I 

1 
I 

I 
1 

Below-decks tuning set-11p 
fo r checking Mark 22 op
eration. The vertical COli 

trot pauel and test oscillo
scope can be seen i11 the 
11 p per-center m1d left-cmter 
respectively. Other , 11nits 
will be seen on tht. table 
and in the container belo·tv. 

Sl c, constructed the unit. List spares of the Mark 22 
were used for such parts as the motor-generator, modu
lator, regulated rectifier, i-f strip, h igh-voltage rectifier, 
and transmitter. It will be found that these units are 
usually stowed below decks, and the use of them in this 

case was stricti y profit. 
The equipment was bui lt around a combination 

"chass is terminal board" which serves the same purpose 
as the Mark-22 main frame and terminal strips. On the 
chassis was mounted the clipper-amplifier-peaker, the 
gain-control tube, the i-f strip, T -601 of the Mark-22 
test set, CR-601, T -602, T-601, and L-602, and R-915, 
the coarse-tuning control. On a vertical control panel 
were mounted fuses cC'mparable to F-901, F-902, F-903, 
and F-909, a magnetpn current meter M -902, a 400-
cycle voltmeter M-90;l, a 400-cycle v.~Itage-adjusti ng 
potentiometer, and a standby-operate sw1tch. 

The cli pper-amplifier-peaker consists of two over
driven 6SN 7's using only one half of the second tube. 
T his circuit converts the 400-cycle output of the motor 
generator set into a synchroniz ing voltage occurr ing at a 
400-cycle repetition rate. This synchronizing voltage is 
fed to the modulator and the TS34j AP portable oscillo
scope which is used as an A scope. A CPN-6 dummy 
antenna was attached to the standard Mark-22 X-b:1 n l 

spare waveguide fitting to provide standing-wave-less 
tuning. A TS33AP wavemeter p lus a radar echo box 
Mark 1 Mod 0 supplied with the Mark-34 radar was 
used to provide efficient tune-up. 

The chassis terminal board has seven cables to its 
input, one each from the chassis, high-voltage rectifier, 
modulator, T-1001 , transmitter, regulated rectifier and 
regulated exciter. The only output cable from the chassis 
terminal board is to the control panel. Jumpers were 
used to tie the various uni ts together and to 300 volts, 
ground, etc. A test unit CW60ACP is used as a fi ne 
control on the repeller-voltage and is also used to ob~ain 

repeller-voltage and crystal-current readings. 

The complete system is very similar to the Mark 22 in 
voltage and current readings, cont rols, etc. The principal 
advantages of this below-deck system are a means of 
repairing and testing a faulty unit in a below-decks 
shop entirely unaffected by weather, darkness, and ad 
verse working conditions; a high degree of accuracy of 
tuning because of the same controlled working condi
tions, resulting in greatly improved performance; an :1 
quick correction of topside Mark-22 failures by replace· 
ment with one of the spare units which has been prc
,·iously tested and adjusted . 
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FIGURE 1- T he range and bearing of calibration targets vary with the mooring position of the ship . 

• FroiJl. Mare Island Naval Shipyard comes word that 
they have been successfully using a short cut in the 
calibration of fire-control and search radars that has 
saved them many hours and has paid d ividends in in
creased accuracy of the final calibration. T he idea is 
due to Chester L. D ecker, civilian employee of the yard. 

The short cut is in the form of a set of graphs which 
provide the exact bearing and range of the calibration 
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target regardless of where the ship under test may be 
moored along the wharf. Ordinarily the bearing and 
range of a calibration target is accurately fixed by s_urvey 
from a given reference point. H owever, these values 
vary with the actual position of the antenna ·to be 
calibrated depend ing upon the mooring position of the 
sh ip. T his condition is illustrated in figure 1. By means 
of the Mare Island curves it is only necessary to know 
the antenna's distance down the wharf f rom the refer-

Fr~URE 2-Calibration mrves med for 
Mme lf//~arf ~are Island Naval Shipyard. 
Dotted !mes rllmtrate me of the mrves 
fo r a shrp moored 270 feet from the 1'efer
mce P.oint at the If/ est end of the dock, 
and dtsplaced 35 feet laterally from the 

reference line. 

0
e230 40 e o 90 e3oo 10 20 30 40 e3SO GO 70 eo 90 e400 

RANGE FOR ANY POSITION ALONG MINE WHARF, YAROS 

; 

ence point in order to .determine the exact range and 
bearing of the target. 

A typical set of curves is shown in figure 2. These 
are the actual charts in use at Mare Island for cal ibra
tions at Mine W harf. A family of curves is d rawn in 
order to compensate for the varying lateral distances of 
the antenna from the edge of the wharf. T he figures on 
each plot indicate the distance of the antenna from the 
south edge of the wharf. The dotted lines on the figu res 
demonstrate the application of the curves for a ship 

having an antenna 270 feet down the wharf f rom the 
zero station, and 35 feet laterally from the south edge 
of the wharf. The calibration target is seen to be at 
bear ing 297° 42', range 8311. 

Actual measurement of the position of the antenna 
is not critical since a five-foot error causes a d ifference 
of only one ya rd in range and one minute in azimuth. 

"These charts enable an engineer 1 to obtain results in 
a few minutes which would have taken hours to calcu
late", says Mare Island. 

• ·• • • • • • • • • • • • • • • • • • • • • • • • • e • • • • • • • 

Model OCT Monitor for FSK 
• When using a frequency-shift keyer a mark impulse 
causes the transmitter to emit one frequeqcy, while a 
space impu lse causes it to emit a slightly different fre
quency. Thus, although the carrier is on at all times, its 
frequency depends upon whether a mark or space im
pusle is being transmi tted. On radio frequencies above 
2000 kc the separation of these mark and space f re
quencies has been standardized at 850 cycles. As a spe
cific example, assume that the nominal (center) frequency 
is 3000, kc. The mark frequency would then be 3000.425 

kc, while the space f requency would be 2999.575 kc. 

The OCT frequency-shift keyer monitor is an instru
ment used to dete.rmine the shift in carrier frequency of 
any transmitter in the 2-26 megacycle range. It. wi.ll 
measure the shift between mark and space frequenoes 1f 
the shift is not less than 300 cycles or more than 1400 

cycles. The 7 basic circuits of the OCT together with its 
5 external connections are indicated in the block diagram . 

The f requency-shift key is set in the mark position and 
an r-f sample from the output stage of the transm1tter 1s 
fed into the input r-f amplifier. This sample continues 
to the rectifier and aud io beat-note detector. The beat 
frequency oscillator in the OCT supplies another signal 
which, after passing through a buffer amplifier and the 
proper f requency multiplier stage, also appears at the 

rectifier and beat-note detector. The OCT beat frequency 
osci llator is now adjusted so that its frequency (after 
multiplication) is the same as the one from the tran~ 
mitte r. In other words, the OCT is now generating the 
same f requency as the mark frequency of the transmitter. 

The frequency-shi ft keyer is now set to the space posi-

tion. The space frequency from the transmitter will 
beat with the mark frequency from the OCT. Th is audio 
beat-note will have a f requency equal to the frequency 
shift of the transmi tter, and may be determined by com
paring it with a frequency generated by the cal ibrated 
audio oscillator in the OCT. If the shift is not of the 
proper magnitude, the calibrated audio oscillator may be 
set at 850 cycles and the frequency-shift keyer adjusted 
accord ingly. 

Although either headphones or built-in level and beat
indicator meter may be used to determine zero-beat when 
comparing the various frequencies, the meter should be 
relied upon for the final adj ustment. 

An external aydio oscillator may be connected to the 

OCT to be used in lieu of, or as a check on the calibra
tion of, the OCT audio oscillato r. 
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Terminal Equipment Modified for 

UHF Teletype 
• The TH-1 j TCC-1 telegraph terminal equipment was 
originally designed to provide, simultaneously, one voice 
channel and a duplex carrier-telegraph or teletype chan
nel over a single voice-frequency telephone circuit. It 
provides the necessary ringing features for the voice 
channel, modulation equipment for conversion of the 
d-e telegraph or teletype signals to audio-frequency tones 
for transmission, and demodulation of the received tones 
to d-e telegraph or teletype signals. 

Hurriedly in 1944, in or-der to provide short-haul 
radio teletype service between, ships and from ships to 
shore, a group of TH-1 equipments were modified to 
provide the necessary features to operate in this service, 
using ANj TRC-1 transceivers and Model 1498 Link 
transceivers. The original features of speech·plus-tele
graph were retained, but since the line side of the TH-1 
was a two-wire circuit, it was necessary to furnish a 
special hybrid adaptor unit to connect the four-wire 
radio circuit (one pair for t ransmitting and one pair for 
receiving) to the two-wire line (used for both trans
mitting and receiving) of the TH-1 equipment. Such a 
unit was built in a separate case for use with the 
ANj TRC-1 transceiver and built into the 1498 trans
ceiver as a modification. 

It has now become necessary to vacate the radio fre
quencies on which the ANj TRC-1 and 1498 operate, 
and to move th is service to the UHF band. This entails 
the use of different radio equipment. The Bureau of 
Ships has determined the necessary modifications to the 
TH-l j TCC-1 to make it suitable for use with the TDZ 
and MAR transmitters and the RDZ receiver. The re
ceiver in the MAR will not be used for teletype. 

Because of the fundamental characteristics of the 
TDZ, MAR, and RDZ equipments, some of the original 
operating features of the TH-1 cannot be retained. The 
modified system will provide the following features: 

a-Two-way teletype communication (duplex) will 
be avai lable if two radio frequencies are used. If only 
one radio frequency is used, half-duplex or one-way 
reversible operation .is possible. 

b- No speech channel is provided. If it is desired 
to talk over the associated radio equipment, it will be 
necessary to disconnect the TH-1 from the radio trans
mitter and receiver, and connect the microphone and 
headphones or speaker in the normal manner. 

FIGURE !- Modification of TH- ljTCC-1 fo r UHF teletype use. 

PREVIOUSLY USED 
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FIGURE 2- View showing placement of capacitors. 

c- The hybrid adaptor is not required and cannot be 
used. The TH-1 will be modified for direct connection 
to the transmitter input and receiver output. 

d-Because no carrier-controlled relay is provided m 
the RDZ receiver (this existed in both ANj TRC-1 and 
1498 ) no provision is made to p,revent the receiving 
teletype from "running open" when the distant trans
mitter is off the air. Hence it will be necessary to turn 
off the teletyp~ motor during such periods. 

e- Since the teletype will not respond to incoming 
signals with its motor not running, provision is made 
to notify the receiving operator when a message is to 
be sent. The use of the EE8A hand telephone set has 
been retained for th is purpose. Although the voice 
channel of the TH-1 cannot be used for speech, the 
ringing circuit is modified so that cranking the magneto 
of the EE8A set at the transmitting end of a circuit wi ll 
ring the bell in the EE8A set at the receiving end, thus 
indicating to the receiving operator that he should turn 

on his teletype motor. 

f-A switch and pilot light were added to the 
modem panel of the TH- l j TCC-1 to operate the tra~s
mitter control ci rcuit. (This was added when the eqUip
ment was modified for shipboard radio teletype use.) 
It is also possible, when full duplex op~ration is em
ployed, to keep both transmitters on the a1r and send1ng 
a marking signal. In this case it would not be necessary 

to use the ringer. 

Before the TH-lj TCC-1 can be modified fo r use with 
the UHf equipments, it must previously hav~ been 
modified for radio teletype shipboard use, as outlmed m 
a pamphlet entit led "Radio Teletype-Speech Plus 
D uplex" dated 15 December 1944. This pamphlet was 
widely distributed when fi rst printed. Additional copies, 

f !GURE 3-Tubes and terminal strip m place- straps 
not shown. 

if required, can be obtained from Code 982, Bureau of 
Ships. 

Figure 1 illustrates the general circuit layout of the 
TH -ljTCC-1 before and after modi fication for use with 
the TDZ, MAR and RDZ equipment. Emphasis, by 
means of heavy lines on the drawing, is placed on the 
new terminal strip and added wiring of the modifi~d 

unit. The modificat ion details follow : 

FILTER HYBRID 
Removal of Filter Hybrid (T-9) (See figure 52, page 

107 of TM 11-2206). 

1- Remove wires from lug 8 of T-9, solder together 
and tape. 

2-Remove wires from lug 9 of T-9, solder together 
and tape. 

3-Remove wires from lug 10 of T -9, solder together 
and tape. 

4-Remove shielded lead from lug 2 of T-9 and its 
shield connection from lug 3 of T-9 and label them 
"lead A. ' and "shield A" respectively. 

5-Remove shielded lead from lug 4 of T -9 and its 
shield connection from lug 5 of T-9 and label them 
" lead B" and "shield B" respectively. 

6-Remove enti re fi lter hybrid T-9. 

7- ln the space from which T-9 was removed, mount 
two 0.5-microfarad 600-vol t capacitors, labeled "A' 
and "B" (bathtub type preferred) , and a terminal str ip 
with eight lugs. Preferably, each lug should have p rovi
sions for soldering two wires and screw connections for 
two wires (Jones #8-142) . See figures 2 and 3 for loca
tion of the parts. 
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8-Nurnber the lugs on the new terminal strip 1 to 

8, inclusive. ' 
u; 

9-Connect "lead A" to one'. ter~inal of capacitor 
" A". Connect the other te~D?inal of ·capacitor "A" to 

lug 5 of the new terminal strip. and cojlnect "shield A" 
to lug 6. 

!-' 
10-Connect ''lead B" to one terminal of capacitor 

"B" . Connect the other terminal of capacitor "B" to 

lug 7 of the new terminal strip, and connect "shield 
B" to lug 8. 

RINGER MODIFICATION 

1- Remove wire (wh) from lug 16 of modem "B" 
terminal strip and tape end (see fig. 52, page 107 of 
TM 11-2206). 

2-Remove wire (wh-rd ) from lug 17 of "B" ter
minal strip and tape end. 

3-Connect lugs 16 and 17 of modem "B" terminal 
strip to lugs 3 an d 4 on the new terminal strip. 

4--Lift wires from upper lug 1 of relay RB in ringer 
(see fig. 47, page 97 of TM 11-2206). Solder these 
wires together and label them " junction A". 

5-Lift wires from lower lug 1 of relay RB in 
ringer. Solder these wires together and label them 
" junction B". 

6-Lift wire (wh-yel) from lug 13 of ringer terminal 
board "C" and solder it to " junction A" and tape (see 
fig . 48, page 97 of TM 11-2206). 

7- Lift wire (wh) from lug 14 of ringer terminal 
board "C" and solder it to " junction B" and tape. 

8-Run twisted pair from lugs 13 and 14 of ringer 
terminal board to lugs 1 and 2 on the new terminal strip. 

9- Connect a 300-ohm 2-watt resistor from lug 1 to 
lug 2 on the new terminal board. (Not required when 
used with TDZ.) 

MONITORING RELAY 

1- Remove and tape the wire from terminal 2 of the 
monitor relay socket. Strap lug 3 to lug 4 (see figure 
53, page 109 of TM 11-2206). 

Nole: The monitor relay in the TH-1, as orig inally 
modified for shipboard radio teletype use, is actuated by 

the carrier-controlled relay in the radio receiver and 

functions to keep the teletype from running open when 

the distant transmitter is off the air. Since no carrier

controlled relay is provided in the RDZ, the monitor 

relay in the TH-1 must be disabled or the teletype will 
be held continuously "closed" and will not prin t. 

FREQUENCY SELECTION 
The SEND FREQUENCY switch no longer com

pletely controls the selection of sending and receiving 
audio frequencies. It is also necessary to make several 
strap connections on the new terminal strip. 

1-For send ing on h igh frequency ( 1860) and re
ceiving on low frequencY. ( 1680): 

(a) Set SEND FREQUENCY switch o~ high. 
(b) Strap lu~s 1 to 5, 2 to 6, 3 to 7, arid 4 to 8. 

2- For sending on low frequency and receiving on 
hig h frequency: 

( a) Set SEND FREQUENCY switch on low. 
( b) Strap lugs 1 to 7, 2 to 8, 3 to 5, and 4 to 6. 

Interconnection of the TH-1j TCC-1 and the TDZ, 

MAR, and RDZ is as shown in figure 1. Connections 

f rom the TH-1j T CC-1 to teletypewri ters are the same 
as previously used. 

• • • • • • • • • • •• • • • • • • 

NEED SOME WIRE? 

" If you d~, look on top of your radar antenna pedestal. 
fhe fol l.~wmg comes ~rom Rad. Elec. Wm. P. D ingman, 
USN: Recently whde the USS H olland (ARG-18) 
was moored in the W hangpoo River, it was d iscovered 
that two ravens were building a nest atop the SG radar 
pedestal. Although the birds had been working for only 
a few hours, the nest had already become quite sizeable. 

Upon inspection, the nest was found to be constructed 

largely of. steel wire, some of it barbed. Altogether, 

e•ghteen p•eces of wire were found, rang ing in length 
f rom three to e•g~teen inches, and in size f rom #30 to 

#10 A.'Vf!.G. W h_de they made vociferous p rotest to the 
destructiOn of thelf nest, the b irds have made no attempt 
to rebuild". 

REPAIR THAT SHORTED TRANSDUCER 
O ne Model N MC shallow transducer and two Model 

NMC deep transducers were tested and found short

circuited. T hey were removed to the shop, opened up 
and inspected. Salt water was found inside all th ree of 
them ." Further examination showed that the sea water 
had leaked through the three threaded holes in the trans-

d d . 1 st the three machine screws used for ucer •ap 1ragms pa 
. . bl E-301 On these trans-secun ng the cod p late assem Y · 

ducers the threaded holes went all the way through the 
. d 1 the tightness of the fi t transducer dtaphragms, an on Y 

of the· machine screws made them waterproof. 

The transducer parts were washed thorougl~ly with 

f I d d . d T he coil plate assemb!Jes were res 1 water an ne . . 
k d . b .1. water for about four hours to n d soa e 111 0 1 111g • 

them of all traces of salt. Then they were baked for 

f 1 d Placed in an evacuating chamber for our 10urs an . 
I h N Xt Clear G lyptal was app!Jed to the severa ours. e , 

.1 d t l embl•'es were again baked for about four co1 s an 1e ass . 
h W I tl repaired coil -plate assembltes were ours. 1en 1e 

. t"'d on the transducer diaphragms, permatex 
agam moun " h" 
I d d was applied to the three mac me t 1rea compoun . 

t t Proof tl1em The transducers showed no screws o wa er · 
leaks when tested in water after being closed up and 

gassed. 
- E.F.S.G. 

B11reau Comment: The writer of this report is to be 

commended since by repairing these transducers the in-

stallation of three new transducers was avoided, thereby 

help ing to conserve the supply of new units. This report 
shows what can be accomplished in the field. 

INTERFERENCE FROM SR-a RADAR 

The USS Gya/1 experienced severe interference on all 
bands of the RBS-1 receiver up to 12 Me. This inter
ference was in the form of a low-frequency buzz, pre
sumably at the PRF of the SR-a Radar, decreasing above 
12 Me and not being audible on any of the higher 
frequency receivers with the exception o f a hissing sound 

heard on the MN. As the level of this interference 

varied with the rotation of the SR-a antenna, it was 

believed, to be caused by the normal r-f pulse of the radar 
whid1 was being picked up by the receiving antenna 
system. Various checks were made that led to the con
firmation of this belief. In the opinion of the reporting 
engineers the amplitude of the 196-Mc radar pulse ap
p lied to the grid of the first r-f tube through the antenna 
system was h igh enoug h to d rive this tube into the non
linear region of operation where it acted as a detector. 
Certain frequency components were then transmitted 

th rough the remaining stages and appeared in the output 

as a video pulse. O n frequencies above 12 Me the inter

ference was hard ly noticeable because the input stage, 

being more frequency selective, tended to decrease the 
amplitude of the radar sig nal to a point 'vhere it was 

insufrtCient to cause non-linear operation. 
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To combat th is situation an Interference Filter As

sembly, Navy Type-53153, was used. This .filter, which 

is tunable over a 30-40-Mc band at the SR-a frequency, 
was mounted at the receiver and connected between its 
input and the antenna lead. The results were very good. 

SR-a interference was completely blanked out and the 
signals that were formerly unintelligible were heard 

clearly. 
- E.F.S.G. 

MODULATOR EXHAUST ON 
SP-lM TRAILER 

The installation by the manufacturer of Field Change 
N o. 34 on SP-1M equipments bearing serial numbers 
48, 50, 53, 54, .55, and 61 to 107 inclusive, has caused 
trouble in the field. This was caused by failure of field 
personnel to unseal the "B" modulator exhaust outlet , 
resu lting in the p revention of p roper ventilation of the 

spark gap with consequent high failure rate of the 

modula tor. 

W hen Field Change No. 34 is insta lled in the fi =ld, 
the accompanying instruction booklet contains instruc
tions for unsealing the modulator exhaust outlet. The 
equipments that had the field change installed at the 
factory did not contain ~hese instructions. Accordingly, 
it is pointed out that pnor to putting any of the afore
mentioned SP-1M equipments into operation, the over

seas packing cover must be removed from the modulator 
exhaust outlet. The outlet is located on the trailers road
side near the upper rear corner. 

~ Closeup view of the outlet. 

SP-1 M equipment trailer showing modulator exhaust 
outlet located at upper rear comer of roadside wall. ... 

QUEER THINGS IN SYNCHRO SYSTEMS 

This could be called the "Case of the Reversing TDM 
(Torpedo Detection Modification) Feature" o f the W FA 
sonar equipment installed aboard the USS Pomodon 

(SS-486) . 

The Pomodon complained that the TOM feature of 

their WFA equipment had never operated as it should. 

It would train smoothly and normal ly for five or six 

revolutions and then would stop, train in th~ reverse 
direction for fifty or sixty degrees, stop again and then 
train in the correct direction for five or six revolutions. 
This cycle of events recurred cont inuously. 

At first it was believed that at installation there was a 
tight spot somewhere in the training system and that 
eventually it would "wear in". It seemed reasonable to 

assume this, since hand training was normal. W hen this 

condition failed to clear up, investigation revealed that 

a small synchronous motor driving a 5G synchro would 
stop every t ime the system reversed . Because of this 
d iscovery, it was believed that the cause of the trouble 
was the fact that the TOM units were mounted vertical ly 
instead of ho rizontally, as recomme11ded. But removing 
the units and laying them flat on the deck d id not help 

the situation. 

N ext it was thought that the 5CT synchro commo:1 
to both TOM control units was at fault, although this 

did not seem entirely reasonable since hand training was 
normal. However, it was found that a small movement 
of the 5CT caused enough d isplacement current in the 
5G to slow down the small synch ronous motor appre

ciably. This led to the belief that the tight spot was in 
the selsyn gear train . Therefore all readily-accessible 
gears were removed and examined. These gears, while 
not perfect, were in good enough condition to serve their 
purpose. However, it was found that the main selsyn 

d rive gear had a spot on it where the gears appeared to 

have worn excessively. Since this gear is not removable 
without completely disassembling the training mechan
ism, the o ther gears were replaced and adjusted fo r the 
maximum possible clearance between gears. The system 
now operates w ithout reversing, but still halts periodi
cally before continui ng on in the correct d irection. 

• 
MAINTENANCE NOTES ON THE 

MARK 34 MOD 2 
Shock tests performed on Radar Equipment Mark 34 

Mod 2 at the Eng ineering Experiment Stat ion, Annapo

lis, indicate that the shock mounts p rovided with this 
equipment are in general sufficient to provide reasonable 
p rotection for the equipment under normal condi tions. 

However, certain failures we.-e reported which should be 

brought to the attent ion of maintenance personnel in the 

Fleet. 

T he retaining devices for the horizontally mounted 
vacuum tubes in the Radar Indicator (control) are par
ticularly susceptible to fa ilure. A carefu l period :c check 
of these devices will lessen the possibility of troubles 
from this source. To ensure as thorough a cl1e::k as pos
sible, particular care should be taken to see that there is 
sufficient tension in the springs of the wi re clamps on 
V- 312, V-313, and V-314 and that such clamps are prop
erly formed to retain the tubes in their sockets. Deter
mine that tubes having a cam-type base clamp, such as 
that securing tube V-304, are well seated in their sockets 
before tig hten ing the clamp screw. The clamp lug will 
hang down when the screw is loose and in the case of 
V- 304 will fail to touch the tube unless held in the 

correct position while being tightened . Ascertain that 
the two clamps at the base of the cathode ray tube are 

t ight. The clamp which holds the tube base is almost 
completely depended upo1.1 to prevent the tube moving 
forward, since the clamps around the ends of the tube 
shield are insufficient in themselves to prevent this 
movement. 

The vertical panel of the Regulated Power Supply 
carries so g reat a weight of heavy components that the 

six # 10-24 screws are sometimes unable to withstand the 

shearing stresses w hich accompany extreme shock. There 
is space available for the use of at least five more screws. 
These additional screws as well as the original six should 
be of a larger size. Care must be taken to avoid damage 
to potted components dur ing drill ing and tapping. 
Screws used should not be longer than % inch. 

• 
ERROR IN MARK 22 MOD 0 

INSTRUCTION BOOK 

Certain components of Radar Eguipment Mark 22 

have alternate wiring connectio ns for application wi th 
the Mark 4 ~nd the Mark 12. T he Mark 22 as shipped 
from the factory was wired for Mark 4 applications but 
required wiring changes when associated with the Mark 
12. These wiring changes are indicated on the schematic 
and wiring diagrams of the un its involved and are also 
tabulated in the instruction book for Radar Equipment 
Mark 22 Mod 0, SHIPS 252A, Section II , paragraph 5. 
H owever, there is an error in the tabulated inst ruction 
book information. 

Section II , paragraph 5 of the instruction book, should 

be corrected to indicate that w hen the Mark 22 is asso

ciated with the Mark 12, R-603-2 should be strapped to 

terminal #3 of the tube socket V -601-8 instead of to 
terminal #8 as stated. 
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Replacement Preamplifier 
for the SCR-584 Radar 

A new preamplifier has been designed to replace the 
one now being used with the SCR-584 radar. It is com
pletely interchangeable with the standard unit and effects 
an improvement in minimum signal sensitivity of ap
proximately 3 db. This change increases the B- drain 
from 24 rna to 30 rna and requires a small change in the 
receiver voltage regulator. R-1718 must be shunted by a 
28,000-ohm 2-watt resistor. The circuit consists of a 
double-tuned input transformer followed by four sing le
tuned stages. It includes certain improvements, such as 
chain-filtering in the B+ filament, crystal-cu rrent and 
gain-control paths, plus a well-grounded input connec
tor, and 70-ohm output impedance. The first two stages 
provide a low-noise input circuit of new design, while 
the last two provide additional gain by the use of two 
conventional pentode amplifiers. The input circuit, 
which consists of a triode with the cathode grounded, 

feeding into another triode with the g rid grounded, pro
vides a stable and non-critical method of operating 
triodes so as to realize their inherent advantage over 
pentodes of contributing less noise for the same gain. 
The stability of the first tube is due to the low load 
impedance (approximately 200 ohms) presented by the 
cathode of the second tube, while the stability of the 
second results from the screening which its grounded 
grid interposes between input and output. The gain in 
these input stages is simply the product of the triode 
transconductance of the fi rst tube times the load imped
ance in the plate of the second tube. The output of this 
input circuit is fed through the two pentode amplifiers 
and the resul t is a nominal full gain of 45 db. Measure
ments on the SCR-584 equipment using this new pre
amplifier in place of the standard type showed an im
provement of about 3 db in overall system noise. 
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