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B11recm of Ships 
Within the past few years the probl em of cross·-modu· 

lation interference has become one of increasing severity 
at many N a\'al receiving stations. Cross-modulation 
interference is of two types. The li rst type originates 
in the r-f stages of a receiver and the second type termed 
external cross-modulation has its source in some point 
~erna l to the receiver. W ith the firs t typ e the inter­
ference is created in the tuned voltage amplifiers of a 
rec:eiver when the signal being ampli fied consists o f two 
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modulated waves having carriers not too greatly different. 
Cross-modulation then manifests itself by the fact that 
during intervals when there is no modulation on the de­
sired carrier, the modulation of the undesired signal may 
be heard , but if the d esired carrier is absent, the un­
desired program is no longer heard. This cross-modula­
tion, a type of in termodulation distortion, is a result of 
third-order cu rvature in the plate-current characteristic 
of the first or possibly the second r-f tube of the affected 
receiver. The thi rd-order component of the plate current 
includes third harmon ics and thi rd-order combination 
frequencies, giving ri se to cross-modulation and produc­
ing a lack of p roportionality between input and output. 
The last two effects are the most important, particularly 
as they represent types of behavior not produced -by 
lower order effects. Most of the third-order action usu­
ally results from the third derivative of the tube's charac­
teristic curve ( i.e. , the rate of change of curvature ). 
H ence cross-modulation and lack of proportionali ty can 
be reduced by restricting the operat ing range to regions 
where the curvature of the tube characteristic is changing 
only slowly. This means, in general, avoiding the 
region near cut-off, or using tubes >v ith g radual cut-off 
(variable-mu type). Third-order effects can also be re­
d uced by making the load impedance to the firs t order 
currents h igh compared with the p late res istance. This 
condi t ion can be readily obtained with triodes as triode 
tubes tend to give less trouble f rom cross-modulation 
and lack of proport ionali ty than do pentod es. Modern 
receiver design has incorporated variable-mu type tubes 
in the r-f stages of receivers and thus minimized cross­
modu lation in these stages. However, cross-modu lation 
may sti ll exist if signals having an ampli tude of a volt 
or more are induced in the receiving antenna. Under 
such conditions it is possible to eliminate the interfer-

O perat ion of radio interference and field intensity 
measuring equipment. The AN/U RM-6 ( 14kc-250kc) 
is illustrated at the left with the AN/PRM- 1 ( 150kc-
25Mc) in the center and the TS-587 /U ( 15Mc-400Mc) 
at t he right . 

ence by making the transfer constant f rom antenna to 
the g rid of the first r-f tube low, so that the voltage at 
the grid of the first stage w ill not be of too great an 
amplitude for the receiver A VC system to handle. In 
most cases such as those in \vhich a powerful nearby 
transmitter is involved, the use of a tuned trap in the 
antenna circuit will usually eliminate the interfering 
signal. 

External cross-modu lation presents br far the most 
serious type of interference of the two types to Naval 
communications today. The term external cross-modula­
tion is applied to spurious frequenc ies generated by non­
li near contacts in conduit, ground connections, ligh~ 

and power wiring, antenna systems, etc., in the vicinity 

View of some of the antennas at the Navy Radio 
Station, Belle Chasse, Louisiana. The long wire a n­
tenna used with the R-1 00 receiver is indicated by 
the arrow. 

of the receiver, that carry r-f currents induced by strong 
signals. When these strong sig nals a re present, such 

nonlinear contacts d evelop ne\v frequenc ies in appre­
ciable ampli tude, and these may enter the receiver by 
means of conduction , or by di rect radiat ion from the 
point of rectification, causing undesired sig nals to be 
heard at unexpected points on the receive r dia l. The 
most common new frequ encies produced are ha rmonics 
of the t ransmitted carrier and simple combination fre­
quencies of two carriers of the type a -t- b , a -t- 2b and 
2a -t- b, and of three ca rri e rs of the t }'pe a + b -t- c, 
a -t- b + c, etc. W here only on e powerful sig nal is 
present, the on ly new frequenc ies produced b}' the recti­

fi er are harmonics . In the case w here the rectifying con­

tact is on a power line, there is the poss ib ilitr of strong 
hum modulation being produced on the carrier f requency 
of the station. In th is case, one of the f requencies is that 

of the signal carrie r and the othe r that of the power 
system w hich is usually 60 cycles. The rect ify ing action 
then imposes a 60-cycle modulat ion on the carrie r. Ex­
ternal cross-modulat ion is apprec iabl e only when the 

carriers involved are of high amplitude, i.e., of the 
order of a volt or more. This fact renders it undesirable 
to locate transmitting stations so close to each other 
that their strong signal areas overlap. Many cases are 
on record wherein the cross-modulation originated in the 
tuned circuits of the transmitter itself. Cross-modulation 
originating in the receiver itself can be differentiated 
easily from that due to external causes by the use of a 
short antenna, a wave trap tuned to the strongest inter­
fering station or by substituting another receiver. These 
expedients will eliminate or greatly reduce cross-modula­
tion which orig inates in the tuned r-f circuits of a re­
ceiver but w ill not affect external cross-modu lation. 

The problem of external cross-modulation is not new 
as there has been considerabl e research work in the past 
in relation to this subject. Among the first reports re­
garding th is phenomenon are those of van der Pol and 
Eckersley concern ing their observations of ionospheric 
cross-modulation, more commonly known as the " Luxem­
bourg effect." Many other groups of American investi­
gators have called ~ttention to spurious signals of the 
external cross-modulation type. Thus in 1935, B. V . K. 
French and D. E. Foster reported the presence of spuri­
ous signals in the vicinity of N ewark, N ew Jersey, 
the modula tion of which associated them with the loca1 
broadcast station. A subsequent survey indicated that 
these spurious signa ls ·were created by rectification and 
radiation along an electrical power line existing within 
a region of hig h signal intensity of the local broadcast 

station. Later similar observations made by Johnson 
and Kilgour in the Cincinnati area ind icated that spuri­
ous sig nals \Yere being created in poorly bonded and 
grounded elect ric wiri ng. Austin V. Eastman and 
Lawrence C. F. H arle contributed valuable information 
in a " Proceedings of the Inst itute of Radio Eng ineers" 
a rticle concerning an investigation of spurious sig nals 

associated wi th broadcasting in and about Seattle, W ash­

ington. It was found by these invest igators that spuri­

ous signals of the external cross-modulation type were 

observed in those locations where a suitably computed 

product of the field strengths of the associated real. sig­
nals, termed the " fi eld product" exceeded a cri tical va lue. 
I nvestigat ions along these lines indicated that there is a 
fa irly sha rp line of demarcation, at a field product of 
about 0.001 volts-per-meter, above which substantially all 
computed cross-modu lation signals were observed, wh ile 

virtually non e were found below thi s value. Thus the re 

is a good chance that cross-modulation interference will 

be created where radio transmitters are so located as to 

result in the overlapp ing of the hig h fi eld strength por­

tions of the ir service areas. Wherever, in such overlap­

ping areas, the fi eld product exceeds whatever may be 

the cri tical value, the generation of spurious sig nals is, 
of course, the inevitable result. Most spurious rad iations 

1n the field of two or more strong signals are generated 

in the receiving antenna system. If an a-c receiver is 

not properly grounded by means of a low impedance 
g rounding sy?tem, spurious signals may be generated at 
points of rectification along the grounding system itself. 
Such rectification may take place at fau lty joints in the 
receiver case shielding or it may take place in the trans­
m itter case shield ing. It may a lso originate across faulty 

connections in a transmission line or wherever there 

happens to be a high r-f impedance across a joint. The 
rectifying action across such joints is similar to the action 

of a copper oxide rectifier. Corrosion on the surfaces 
of the joint may form an oxide, thus introducing a high 
resistance film at this point. The resistance of such a 

View of the low-pass filter d esigned to e liminate 
broadcast station interference on 500 k.c. a t the 
Navy Radio Station, Belle Chasse, La. 

film is small for currents flowing in one di rect ion and 

high for currents flowing in the opposite d irection, so 

rectification is assu red. 

The Elect ron ics Shore D ivision , Bureau o f Ships, under 

Captain H edley B. M orris is p resently conduct ing a com-
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prehensive program fo r the reduction of electron ic in­
terference at all Naval shore stat ions and Naval air sta­
tions. T his program includes, among other important 
features, electronic interference surveys at these activi­
ties and a follow-up program for the elim.ination of· all 
sources of interference that may be disclosed as a result 
of these surveys. Many cases of external cross-modula­
tion from a g reat variety" of sources have been found 
during these surveys. Perhaps the most serious instance 
of th is type of interference was that reported at the 
Naval Radio Station, New O rleans, Louisiana on 14 
July 1950. T he followi ng letter from the· Commander, 
Eig hth Coast Guard D istrict, to the Industrial Manager, 
Eighth Naval District is self-explanatory: 

"Commander 

EIG HT H CG D istrict 

14 July 1950 

From : Commander, EIGHTH CG D istrict 

To: Industrial Manager, EIG HTH Naval District 

Subj : Interference on 500 kc. at Coast Guard Radio 
Station (Primary), New Orleans, Louisiana 

"1. Subject Radio Station, wh ich uses fac il it ies of the 
U. S. N avy Radio Station, New Orleans, Louisiana, is 
experiencing considerable d ifficulty from broadcast sta-

t -~ 

I 

Bonding of ante nna st ays t o elimin ate points of rec­
tification near receiving building at NCS Algiers, 
Louisiana. 

Bonding of points of rectification along the receiving 
antenna stays at NCS Algiers, Louisiana. 

tion interference on 500 kc. The interfe ring signal con­
sis ts of three ( 3) local broadcast stat ions producing a 
combined signal on 50 0 kc. as measured with a type 
LR f requency meter. The stat ions "have been identi fied 
as WNOE (1 060 kc. ) , WWL (870 kc. ) , and WWEZ 
690 kc. ). The in terfering signal was first heard on 
500 kc. when stat ion WNOE began test transmissions 
on their new f requency of 1060 kc., with a rad iated 
power of 50 kw, about M ay 19, 1950. They com­
menced full schedule operat ions on 1060 kc. on 1 June 
1950. 

"2. The interference exists only w hile the three b road­
cast stat ions are on the a ir. I t is p resumably caused by 
heterodyne action in the immedi ate vic ini ty o f the radio 
station . A possible combination of their fu ndamenta l 
frequencies to produce the in terference is as follows: 

870 kc. (WWL) 

+ 690 kc. (WWEZ) 

1560 kc. 
- 1060 kc. (W N OE ) 

500 kc. 

"3 . T he interfering signal normall y atta in s strength 5 
du ring d ry \veather, and at other t imes is noticeab le but 
not particularly troublesome. D ur ing dry weather the 

in terference normally blocks a ll signals on 500 kc. of 

strength 4 or less, so that an efficient di stress guard fo r 

sh ips at sea is impossible. V ar ious receivers and receiv­

ing antennas have been tr ied, however, the rat io o f in­

terference to usable signal remains nearly the same. 

"4 . Subject station is charged "v ith the responsibil it~ 

of maintaini ng a continuous and alert g uard o f the In­
ternat ional Calling and D ist ress Frequency fo r the cen­

tral Gul f of Mex ico. T he nearest adjacent N avy or 

Coast Guard shore radio stat ions maintammg such a 
guard a re located at Pensacola, Florida, and Galveston, 
Texas. 

"5. It 1s requested that necessary action be taken as 
soon as possible to improve receiving conditions on 
500 kc. 

CC: Comdt (OC) 
ComS (DCO )" 

CHAS. W . DEAN 

U pon receipt of this letter the Office of the Indus­
tria l Manager immed iately requested ass istance f rom the 
Bureau of Sh ips in solving this p roblem. At th is point 
it is considered advisable to review certain pertinent facts 
regardi ng Naval receiving conditions in the N ew O rleans 
area. T he N aval Rad io Station is located in the Adminis­
tration Bu ild ing on the Naval Station at Algiers, wh ich 
is just across the river from the city of New Orleans. Also 
located in this build ing is the U. S. Coast Guard Radio 
Stat ion (primary) which uses the facili ties of that sta­
tion. Several years ago it was deemed advisable to con­
struct a new radio station at Bell Chasse, wh ich is 
located approximately five miles from the p resent site 
at Alg iers. This appeared at the time to be an excell ent 
site due to its remote location from sources of interfer­
ence. The receiver building was completed, underground 
power wiri ng was run in, the antennas completed and 
an interference free emergency power supply was in· 
stalled. In short, everything was done to insure that the 
receiving activity would be interference free. However, 
despite this, a commercial broadcasting stat ion, \X'NOE, 
was constructed within approximately 1.7 miles of the 
new N aval receiving stat ion and commenced operat ion 
on May 19, 1950 with a power of SO kw. T he field 
strength of WNOE at the Naval Receiving Station, Belle 
Chasse, is approximately one volt and the field strength 
of the same station at the N aval Radio Station Algiers, 
is approximately 280 millivolts per meter. 

In accordance with the request of the Industria l 
Manager, Eighth N aval D istrict, electronics eng ineers, 
operat ing under a Bureau of Ships' engineering services 
contract were sent to the Naval Rad io Station at New 
O rleans in an effort to reduce the external cross-modula­
tion exist ing at that point. At the conclusion of the p re­
liminary su rvey by the eng ineeri ng contractor's person­
nel the following report was issued by the contractor: 

··1- The purpose of th is ass ignment was to el iminate 
the e lectronic interference appearing on the internat ional 
d istress frequency channel at 500 kc. 

"2- The in ter fer ing signal was established as being 

the beat f requency of three of the local broadcasting 
stat ions, namely- WWEZ, which transmits at 690 kc 
with a 5-kw output; WWL, operat ing at 870 kc with 
a 50-kw output ; and WNOE, transmi tti ng at 1060 kc 
with a 50-kw output. The level of interference varied 

considerably during each day, the highest le,·els being 
reported at about 0600 in the morning. 

"3- The cross-modulation was observed to exist at 
many points throug hout the New Orleans area. A low 
level could be observed in the vicinity of the power lines, 
and was noted as being present on one of the station 
doublet an tennas at the new (still under construction ) 
Navy receiving site at Belle Chasse, as well as radiating 
f rom a long w ire fence near to station \X!WEZ's trans­
mi tting station . However, it could not be heard near the 
transmitti ng antennas themselves, either at WWEZ or 
at any of the other broadcast stations in the area. 

'"4- The hig hest level was observed in the vicinity of 
the receiving antennas at the Naval station. A level of 
300 uv was measured on the ;:; 10 long wi re antenna on 
31 August, before any steps had been taken to eliminate 
the troub le. On the same · d ay, a level of 350 uv was 
measured on the #9 E-W doublet, and 60 uv on the 
=¢7 N -S doublet antenna. 

"5-D etection was found to be taking place at many 
of the corroded joints between sect ions of the guy wi res 
supporting the antenna masts. W hen the joints were 
shorted across, the in terfering signal in the immediate 
area was eli minated. 

"6-The antenna lead-ins and their messengers were 
observed to radiate the sig nal. Grou ndi ng the messengers 
effectively red uced the strength of this signal in the 
vicinity. 

"7-Checks made with the rad io-frequency line probes 
across the power line in the rad io room of Bldg. 8 and 
with the rod antenna placed near to the power Ji nes 
where they enter the bu ild ing, indicated that the power 
lines were clear at these points, and, therefore, that the 
signal was not being conducted directly to the receivers 
via their power lines. 

··s- O n 19 September, all of the receivers in the Coast 

Guard rad io room were turned off in order to check for 
poss ible detection w ith in the receivers themselves, the 
rectified signal possibly being then fed back to the an­
tennas of the other receivers. However, no decrease in 
level could be observed of the signa l strength as meas­
ured under the antennas, thereby eliminating th is pos­
sibi lity.· 

"9- T he in terferi ng signal was observed as being rad i­
ated from a transformer hank located about 200 feet 
northeast of the antenna area. Under the transformers, a 
level of 50 uv was recorded . Further invest igat ion led 
to Bl dgs. 263 and 27 1 which arc located nearby and fed 
from th is transformer bank. The signal was rad iating 
from wiring and f rom piping inside and under the 
bu il ding. W hen the main power switch in the bu ild ing 
was th rown off, the signal strength at a point between 
the bui lding and the transformer hank was reduced 
from 20 uv to 8 uv. G round stakes were driven , and the 
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p iping and power conduits indicating the greatest levels 
of radiation were tied to them. Two 0.1-ufd capacitors 
were placed across the power lines to the building at the 
main switch box. All of these modifications reduced the 
signal strength to about 5 uv at the t ransformer bank, 
but did not appear to effect the level observed on the 

:It 10 antenna. 

" 10- 0n 18 September, a 450-foot long wire antenna 
was strung between two trees at a point mi les from any 
power lines or points of possible detection. The anten na 
was located between the Naval station and the new 
Belle Chasse receiving site and ran roughly east-west. 
T he 500-kc cross-modulating signal could not be heard 
on th is antenna, thereby indicating that the signal was 
not radiated t hroughout the area. 

"-A signal strength of 17 uv was recorded on the 
long E-W doublet at the Belle Chasse receiving site. 

The installation here is only two months old, 'and it is 
not considered likely that local detection is occurring . 
The signal could not be heard when using the rod an­
tenna on the test equipment at this site. 

'" 12- Duri ng the survey, it was observed that the sec­
ond harmon ic of station WSMB, whose fundamental is 
1350 kc, was seriously interfering with the Navy operat­

ing frequ ency at 2698 kc. The field strength of its 
fundamental , at the Naval station, was measured at 

200,000 uv j m; its second ha rmonic was 600 uv j m; 
and the third harmonic was 36 uv j mj. It is re~om­
mended that the Federal Communications Commission 
make every effort to have th is station reduce its ha r­

monic content . 

" 13-Measurements made on the doubler antenna at 
the Belle Chasse s ite indicate that considerable interfer­
ence can be expected from WSMB at 2698 kc when the 
receiving station goes into operation. An indicated level 

of 3500 uv was recorded at th is frequency. Also, W D SU 
was noted to cause considerable interference at many 

Navy and Coast Guard ass ig ned channels between 2670 

a nd 2854 kc. 

' ' 14-In an effort to eliminate the cross-modulation at 
500 kc, a ll metal-to-metal contact points in the antenna 
area at the N aval station have been bonded, both on the 
ground and at the antennas. The metal caps atop the 
masts have been g rounded as have been all the lead-in 

messengers. 

" 15- The net effect of al l the modifications heretofore 

ment ioned has been a reduction in the level of the cross­

mod ulating s ignal as measured at the patch panel in the 

radio room. M easurements made on 25 September on 

antennas 7, 9 and 10 indicated field strengths of 3, 4, 

and 35 uv, respectively. T hese measurements were taken 

at ap proximately the same time of the day and under 

s imi lar weather conditions as the original readings taken 

on 31 August, and d enoted a considerable decrease in 

level. However, it is reported that at various times, th~ 

level still increases to a point where it blocks out s ig­
nals, and therefore, further steps must be taken to elimi­

nate the trouble. 

" 16-lt is therefore recommended that radio station 
WNOE be g ranted its applied-for shi ft of frequency 
from its presently ass igned 1060 kc to another channel 

at 1090 kc. This shift would lower the sha rply tunable 

interfering signal from 500 kc to 470 kc which is not a 

N avy or Coast Guard assigned frequency. 

" 17-1 would like to express my sincere thanks to· Lt. 
Cmdr. R. A . Buck, Mr. J. C. Spencer, Mr. C. F. O 'Don­
nell, F. J. Recely, W. H . E. McCormick, and the many 
other station personnel, and to the FCC, w hose local 
office lent invaluable assistance in the completion of this 

survey." 
The following data is fu rnished as a resul t of the 

survey: Approximate distances between local broadcast 

stat ions and the N aval Receiving Station, Belle C hasse 
and field intensiti es existing at that act ivity: 

.. 

/ . "-

I 
I 

I 

Arrows point to some of the numerous points of rec­
tification a long the receiving antenna system of the 
Nava l Communication St a tion, Algiers, Louisia na. 

STATION POWER M ILES N IG HT- DAY-
MV/M MV/ l'vl 

WWL 56 KW 19 19- 22 19- 22 

WWEZ 5 KW 4.8 32 51 

WNOE sb K W 1.7 10. 5 1000 

Approximate distances between loca l broadcast stat ions 

and the Naval Radio Station, A lgiers, and the field in­
tensities ex isti rlg at that activity: 

--
Interior of rece1vmg activity located ·in the Adminis­
tration Building, Naval Station, Algiers, Louisia na. 

STATION POWER MILES N IGHT- DAY-
MV/ .M MV/ M 

WWL 50 KW 14.2 35-45 35-45 

WWEZ 5 KW 4.5 130 130 

WNOE 50 K W 5.3 100 280 

The preliminary engineering service report clearly 

indicates that all effor ts were unsuccessful in eli minat­

ing the external cross-modulation interference on the 

international d istress frequency channel of 500 kc at the 

U. S. N aval Station at New Orleans dnring the survey 

period due to the location of powerful commercial broad­

cast stations in proximity to the Naval receiving activity 

and the impossibi lity of el iminating the numerous points 

of rectification surrounding the receiving antennas. 

During the p~riod of the interference survey, prelimi­

nary tests were also conducted at the new Naval receiv­

ing station at Belle Chasse which is located within 1. 7 

miles of the 50-kw broadcast station WNOE, primar ily 

to investigate interference on the international distress 

freque~cy, but also to obtain a certain quali tative indica­

tion of add itional interference wh ich might be encoun­

tered at the Belle Chasse receiving location. The results of 

these preli minary tests- ind icated that interference caused 

by local broadcast stations may create appreciable inter­

ference to receivers when the receiving activity is placed 

on an operational basis. 

In order to determine more accurately receiving con­

dit ions at the Naval Radio Station, Belle Chasse, a 

Model R LOO Coast Guard receiver was installed at that 

activity and a twenty-four hour watch set on 19 Decem­

ber 1950 fo r purposes of monitoring the frequency spec­

trum covered by that receiver. Exami~ation of the log 

kept by the watch d isclosed that broadcast station in­

terference completely blocked reception on 500 kc and 

seriously interfered with certain other operating fre­
quencies. Radio station WNOE was easily identified as 
the prime offender on 500 kc. Due to the fact that the 
Naval Radio Station, Belle Chasse is very soon to replace 
Alg iers as the receiving activity for the New Orleans area, 
prompt action became necessary in order to el imi nate the 
broadcast stat ion interference which would haYe nulli­
fi ed the operational va lue of the station. Accordingly, 
the Bureau of Ships contacted the Washington, D. C. 
eng ineering firm of consulting engineers for radio sta­

tion WNOE, and requested the cooperation of that rad io 
station in elimi nating the interference. The engineering 
firm consulted the owner of WNOE, w ho immed iately 
authorized them to p roceed to N ew Orleans at his ex­
pense for purposes of coordinating the interference 
el imination project. Accord isgly, on 13 February, the 
writer along with two represen tatives of the engineering 

firm, proceeded to New Orleans. This engineering 

project was completed on 22 February 195 1 and the fol­

lowing information, taken from a report publ ished upon 

the conclusion of the proj ect illustrates the corrective 
measures taken to eliminate the interference, and makes 
several pertinent recommendations to improve receiving 
conditions at Alg iers and Belle Chasse. 

Preliminary Considerations 

The original purpose of this work was to eliminate the 

interference to the international distress frequency of 
500 kc at the new receiving station at Belle Chasse. This 

interference resulted from two causes: inability of the 

receivers to reject the strong 1060-kc signal from WNOE, 
and the product ion of a cross modulation f requency of 
500 kc due to a beat between the frequencies 1060 kc 

(WNOE), 870 kc (WWL) , and 690 kc (WWEZ). 

Since 870 kc + 690 kc - 1060 kc = 500 kc, any non­
l inear circuit element, either ex ternal or internal to the 

receiver, is a potential source of interference. 

The problem at Belle Chasse is part icularly severe be­

cause of the extremely strong field intensi ty from WNOE . 

The measured daytime field intensities at th is location 

were as follows: 

Station F requ ency 
Field Intensity 

( rnv/ m) 

WMRY 600 kc 33 
WWEZ 690 40 
WBOK 800 22 
WWL 870 36 
WTPS 940 37 
W JMR 990 1.75 
WNOE 1060 1000 
W JBW 1230 8. 7 
WDSU 1280 56 
WSMB 1350 49 
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The WNOE second harmonic was also measured and 
was found to be 150 microvolts. This represents an ex­
ceptionally good suppression of 76 db below the funda­
mental. 

Certain of these stations do not operate at night, while 
others reduce power or alter their directive antennas. 
The measured nighttime field intensities were as follows: 

Field Intensity· I 
Station Frequency (mv/m) ! 

WWEZ 690 kc 79 
WWL 870 36 
WTPS 940 36 
WNOE 1060 24 
WJBW 1230 8.7 
WDSU 1280 63 
WSMB 1350 19.5 

! 

The receiving antenna consisted of ~n inverted "L" ap­
proximately 500 feet long with a vertical height of about 
90 feet. The measured resistance and reactance of this 
antenna are plotted in Figure 1. The fact that the an­
tenna resistance varies little with the freqilency indicated 
that most of the resistance is due to losses which in turn 
are probably caused by an inadequate ground system. 
This antenna is to be used at two frequencies: 500 kc 
and 425 kc. In order to effect a partial impedance 
match, a coil was constructed with a reactance of ap­
proximately 150 ohms at 500 kc. This was placed in 
series with the antenna lead. In addition to increasing 
the efficiency at the operating frequencies by cancelling 
a portion of the capacitive reactance, this coil also pro­
vided some discrimination against stations in the broad­
cast band, inasmuch as the antenna is inductive at these 
frequencies and the coil increases the overall series im­
pedance of the circuit. 

~ 
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FIGURE !-Impedance of low frequency antenna, 
Bell Chasse, Louisiana. 

Elimination of Interference at Belle Chasse 
on 500 kc 

It was the opinion of this engineering firm that in­
ternal rather than external cross modulation was the ma­
jor cause of the difficulty. It was determined therefore, 

that the problem could best be solved by removing the 
strong 1060-kc signal from the receiver with a suitably 
designed low-pass filter. Accordingly, an m-derived filter 
having a cut-off frequency of 850 kc and theoretically 
infinite attenuation at 1060 kc was designed. The circuit 
of this filter together with the measured attenuation curve 
is plotted on Figure 2. This curve was plotted with a 
Model LP signal generator having a 50-ohm internal 
impedance and an AN jPRM-1 field intensity meter 
which was calibrated directly in db. 

FIGURE 2-Low-pass filter circuit and 
attenuation curve. 

The filter was inserted in the antenna circuit as indi­
cated in Figure 3. The effect of the addition of the filter 
and loading coil was immediately apparent. Before the 
addition of these circuit elements the interference, not 
only at 500 kc but in this entire region of the spectrum, 
from WNOE and other broadcast stations was such as 
to make the receiver virtually unusable. When these cir· 
cuits were added, however, the interference was com· 
pletely eliminated. A continuous watch was maintained 
on the receiver by a regular Coast Guard operator for a 
period of approximately 2 days, during which time no 
interference was received on any of the frequencies 
monitored by the Coast Guard on the frequencies below 
the standard broadcast band. It is believed, therefore, 
that this problem has been solved at the Belle Chasse 
receiving station. 

Elimination of Interference to High Frequency 
Receivers at Belle Chasse 

The success that was achieved in eliminating inter­
ference on the low frequency receivers led the Navy 
Department representatives to request that a similar at­
tempt be made to eliminate interference that was occur­
ring at various frequencies above the broadcast band, 
particularly at 2670 kc, and which was due in part at 
least to WNOE. Accordingly, an m-derived high-pass 
filter was designed with a cut-off frequency of approxi-

mately 1300 kc and theoretically infinite attenuation at 
1060 kc. The circuit of this filter and the measured at­
tenuation curve are shown on Figure 4. This filter was 
inserted in the circuit as indicated in Figure S. 

The antenna which was used for this receiver was a 
doublet approximately 170 feet long and connected at 
its center to a coaxial transmission line having a charac­
teristic impedance of 70 ohms. It was suspended approxi­
mately 90 feet above the earth. No transf<>rmer or other 
device was used to transfer the circuit from balanced to 
unbalanced operation. The input impedance of the trans­
mission line was measured at 2670 kc and was found 
to be approximately 25-j70 ohms. Since an an­
tenna of this length at this frequency would be expected 
to have an impedance very dose to the characteristic im­
pedance of the transmission line itself, this is not the 
expected value for the input impedance of the trans­
mission line. It is believed that this discrepancy is due 
to the fact that no circuit was used to convert from 
balanced to unbalanced operation, and accordingly the 
vertical portion of the transmission line was acting partly 
as an antenna and partly as a line, thus resulting in an im­
proper value of impedance at its terminals. 

ANTENNA 

FIGURE 3-Low-frequency receiver circuit. 

As the result of the insertion of the filter the inter­
ference to various high frequency signals was greatly 
reduced, and in most cases the interference present from 
WNOE was well below the noise level, although oc­
casionally audible. In addition, second harmonic in­
terference was noted from WSMB and WDSU. 

'In the event that a further reduction in the broadcast 
interference for the high frequency receivers is desired, 
it is recommended that the following steps be taken: 

1-A balanced to unbalanced transformer be installed 
between the antenna and the transmission line. This will 
enable the outer conductor of the coaxial line to be main­
tained at ground potential. This will prevent pick-up 
of the strong vertically polarized field radiated by the 
broadcast stations. In addition, it will make the system 
less sensitive to pick-up of noise from fluorescent lights, 
automobile ignition, teletype machines, electric type­
writers, etc., inasmuch as the doublet itself is removed 
some distance from these interfering sources and the 
coaxial line itself will no longer be sensitive to pick-up 

from them. 

2-A suitable ground system should be installed. At 
the present time the only ground system consists of brass 
rods driven into the ground at various points. This is 
not sufficient to maintain an equi-potential surface. This 
increases the susceptibility of the system to pick-up in 
the power line leads and makes it impossible to maintain 
the outer conductor of the coaxial lines at ground po:­
tential. 

FIGURE 4-High-pass filter circuit and 
attenuation curve. 

3-The filter should be redesigned to reject WSMB 
and WDSU as well as WNOE. It is believed that the 
second harmonic pick-up from these stations may be 
generated inside the receivers rather than being radiated 
from the station itself. Although these harmonics are 
measurable on the field intensity meter, there is no way 
of knowing whether this is due to the generation of 
harmonics in the meter or to actual radiation. This will 
also eliminate the possibility of cross modulation due 
to the signals from these stations. In the event that 
second harmonic fields are still indicated, the only solu­
tion is to solicit the cooperation of the stations in in­
stalling proper harmonic filters. 

500-kc Interference at Algiers 
Receiving Station 

An attempt was also made to eliminate the interference 
at the Algiers receiving station due to cross modulation 

I• 173' 

f DOUBLET 
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FIGURE 5-High-frequency receiver circuit. 
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between WNOE, WWL and WWEZ. At this location 

the signal strength from the three stations was much 
more nearly equal and was considerably stronger from 
WWL and WWEZ than at Belle Chasse. Accordingly, 
a fi l ter which would reject all three frequencies was in­
dicated. A circuit of the filter together with a measure­
ment of the attenuation curve is shown in Fig ure 6. 

This was then inserted in series with the receiver as at 
Bell Chasse receiving station. As in the case of the high 
frequency receivers at Bell Chasse, this fi lter greatly re­

duced the interference at 500 kc but did not completely 
eliminate it, inasmuch as it could still be hea;d occa­

sionally at a level comparable to that of atmospheric 
noise. In order to el iminate this problem completely at 

Algiers additional steps are indicated as tabulated below: 

1- A loading coi l should be inserted in series with the 

antenna in order to cancel out part of the capacitive reac-

LAKE PONTCHARTRAIN 

tance. A much shorter antenna was used here than at 
Belle Chasse, and a much higher reactance therefore 
would be expected. This would perform the dual func­
tion of providing additional discrimination against broad­
cast frequencies and increasing its efficiency at the de­
sired frequency. 

2- An adequate ground system should be installed. 
The ground system of this installation is particularly 
deficient. The system is for the most part for steam and 
water pipes which are in themselves a source of cross 
modulation. While the physical location of this receiv­
ing station is not such as to allow the installation of a 
really adequate ground system, a considerable improve­
ment can be made over the present situation which would 
also make it possible to eliminate pick-up due to the 
power cords leading to the receiver. 

3-AII t he receivers in this room should be provided 

0 I 1. l 4 !J 

Map showing the location of the new Navy radio station at Belle Chasse, Louisiana 
in proximity to the recently constructed commercial broadcast station WNOE ap­
proximately 1.7 miles distant. WNOE has a power output of 50 kw and operates 
on an assigned frequency of I 060 kc. The field strength of the WNOE signal appear­
ing at the Navy ra dio station is over one volt. 

w ith filters which wi ll prevent strong broadcast signals 

f rom entering them. If this is not done, there is always 

the possibili ty that cross modulation will occur within 

the receivers 'vhich will be rerad iated and picked up by 

other receivers. Thus, it is not sufficient merely to pro­

vide filters for those receive rs which are intended to be 

used at 500 kc. 

~ !g m 
i lH 
~ H 

FIGURE 6-Low-pass filter with broad band 
attenuation. 

Possibility of WNOE Moving to I 090 kc 
At the present time WNOE has on file an application 

to change frequency from 1060 kc to 1090 kc and to in­

crease its night-time power from 5000 to 25000 watts. 

This would eliminate the cross modulation problem 

between W NOE, WWL, and WWEZ. A new prob­

lem would be created in that a 500-kc cross modulation 

product could be formed between WNOE operating on 

1090 kc, WMRY operating on 600 kc, and W JMR 

operating on 990 kc. This problem would not be nearly 

as severe, however, first because the sig nal intensity from 

WJMR at Belle Chasse is extremely low (only 1.75 

mvj m) , and second because W JMR operates only d uri ng 

dayt ime hours, so that the problem does not exist at 

night. Although the engineering study indicated above ' 

shows that the 500-kc problem can be solved by prope r 

engineering means, it does remain constant ly as a po­

tent·ial source of interference, and it wou ld be h igh! y 

d esirabl e to eliminate it if possible. T his would be clone 

by movi ng WNOE to 1090 kc. 

Anot her reason that moving WNOE to 1090 kc would 

be desirable is that shi ps in the New Orleans harbor are 

constantly bothered by th is 500-kilocycle int erference. 

It is obviously impossible to eguip all shi ps wh ich mig ht 

enter the harbor with filte rs to remO\'C the broadcast 

inte rference. 

MODEL QHB-a 
U.S.S. Ellison (DD-864) 

The main power relay, K-405, in the scann ing switch 
assembly would not close. Investigation re\·ealed that 
the power leads from 7 A- 1 and 7 A-2 in the QHB-a 
sonar receiver-transmitter to 10-ampere fuses F-401 and 
F-402 in the scanning switch assembly were reve rsed . 
The wires were reversed, restoring operation to the 
preampl ifier circuits, keying circui ts and mi nus 105-vol t 

bias supply. 
Arcing in the gyro transfer relay, K- 1203, in the data 

converter was eliminated by inserting insulation between 
the relay sections and between the relay and the sh ield 
can. 

It was found that the attacking sh ip's spot on the.: 
attack plotter was 180° out and travelled in the reverse 
direction. The trouble was found in incorrect \viring 
of Sl and S3 and R 1 and R2 in the remote transmitter 
in CIC. Reversal of these connections restored proper 
positioning and travel of the attacking ship spot. 

- N. D . L ASTER, Fif th Ntmr! District 

MODEL QGA 
U.S.S. Ellison (DD-864} 

The t ransducer would hoi st until the limit switches 
were hit and then would immed iatclr reverse direct ion. 
Both the upper and lower overt ravel switches \\'ere round 
wired in the normally closed posit ion instead of the 
normall y open posit ion . Operat ion \vas restored by cor­
rectly rewiring these swi tches. 

- N . D . L AST ER, Fiji/; J'..rlltl! DiJtrit't 

TiM£ TO 6ET UP ANI) GE.T OFF f 

JUN£ IS~ 

MA\L 'lOUR STORY NOW .. . 13EI\T 7\-\E. 0£1\0UNE: 

F"OR I H E: fLEET SP£t>.I<S \ SSU € 
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locating buried cables and 

by 
LT. CoR. ~- E. ScoTT, USN 

a11d 

LT. (jg ) H. V. McVoY, USN 
U . 5. Navy Radio Station, Chelteuham, Md. 

D uring the latter part of last year a defin ite need arose 
for determining the exact location of buried r-f cables, 
power cables, telephone cables, water and drainage Jines 
on the Navy's Rad io Station at Cheltenham, Maryland. 
Up-to-date maps of the underground system were not 
available. The Chief of Naval Operations tentatively 
modified the stat ion's electronic test equipment allow­
ance and the Bureau of Ships furnished one Model 
SCR-625 mine detector for this purpose. 

The Bureau of Ships was particularly interested in 
the application of the SCR-625 mine detector for the 
purpose of locating buried cables and pipes, and re­
quested that the Commanding Officer, U . S. Navy Radio 
Station, Cheltenham, Maryland report on its usefulness 
for th is purpose. This article is based on the report 
which was submitted to the Bureau of Ships on 15 
December 1950. 

Operation of the SCR- 625C is based on the principle 
of a balanced mutual inductance bridge. A push-pull 
oscillator circuit supplies a 1,000-cycle voltage to the 
bridge. The search head of the mine detector contains 
four coils-two transmitting, one receiving and one for 
test purposes. When the mutual inductance between 
the two transmitting coils and the receiving coil has been 
balanced to the point where there is no difference flux, 
no voltage is induced in the receiving coil. T he presence 
-of metal in the field of the transmitting coi ls changes 
their mutual inductance and a signal voltage is induceJ 
in the receiving coil. The receiving coil is coupled to 
an amplifier which dr ives a resonator for audio indica­
tion, and a meter for visual indicat ion. 

The equipment was used at intervals over a thirty-day 
period by the station's Electronics Officer to determine 
how successfully the mine detector could be used to 
locate the various buried cables and pipes, particularl y 
the radio-frequency transmission lines (RG- 85 j U , steel­
wire-armored construction), which are required to be 

buried at least e ighteen inches. T hey are not, however, 
buried more than three feet. 

Tests conducted a long the known courses of these 
buried r-f transmission lines gave a very strong and 
positive ind ication of their location. Small lead-covered 

telephone cables, such as Type DRB-6 were difficult to 
follow when their depth was greater than eighteen 

inches. All water and compressed a ir lines from one to 
six inches in d iameter, except for one six-inch water 
main, were located and followed with ease. The six-inch 
water main which could not be located was buried at least 
six feet. Other water mains, wh ich were k nown to be 
buried about four feet, gave good ind ications on the 
meter. 

It was determined f rom the foregoing tests that the 
Model SCR- 625 mine detector could b e successfu lly 
employed for locating and follow ing the course of most 
buried cables and p ipes at this station and it was recom­
mended to the Bureau of Sh ips that the Electronic T est 
Equi pment Allowance be mod ified to include this equip­
ment. 

IMPROVED COVER 
Development of a special set of parts fo r use on Tele­

type Model 15 Printer Covers (either friction or sprocket 

feed) 'vas announced recently. Th is new set was de­

vised to p rovide a longer life for the cover glass, which, 

in the past, has had to be replaced frequently because 

of ch ipp ing at the tearing edge. 

The principal featu re of the new assembly is a metal 

tearing edge mounted by means of exist ing thumb screws. 

Associated with this edge is a new cover glass, slightly 

shorter than its predecessor and adjusted to a minimum 

opening for the paper to make its exit. 

T h is new set of parts is now being procured and wi ll 

be available for distribut ion soon. The stock number 

is N17-T-350014-744, Teletype Part No. 120685. 

Upon init ial installation, it wi ll be necessary to requi­

sition the entire assembly. Thereafter, individual parts 

may be obtained as needed. 

Teletype Part No. 120685 consists of the following : 

two felt strips, TPN 74759; one glass window, TPN 

120686; one tearing edge, TPN 120687, and two wash­

ers, TPN 125015. Stock numbers are being assigned 

for component parts. 

Past demands for the glass window on the Model 15 

T eletype have indicated a need fo r th is improvement. 

D uring the past year alone, there were 280 issues of the 

N 17- T-350002- 362 window and 635 issues of the 

N 17- T-350011- 69 1 glass, both of which are being re­

placed by the new assembly. 

ELECTRONICS SYMBOL 
AT LONDON FAIR 

If you go to the festival in South Kensington, Lon ­

don, this summer, you will see the same insignia as ap­

pears in the masthead of th is column being used as a 

symbol by the Exhibit ion of Science there. A banner 

bea ring a carbon atom enlarged ten bill ion times will 

cover the entrance to this exhibi tion. 

E.S.O. 
MONTHLY 
CO~UMN 

SOLDERING GUN 
The December 1950 issue of BuSHlPS ELECTRON con­

tained an article entitled "T ips and Lights-NT 10695 
Soldering G uns," stating that many activities had diffi­
culty in obtaining replacement tips and lights for . the 
soldering guns (Standard Navy Stock Number Nl6-T-

3495-600). 
These parts may now be obtained through Electronic 

Supply System activities and should be ordered by stock 
numbers as follows: tip N 41-T-2447- 75 or Nl6-T-
3496-150; lamp (2.2 volts as specified by the manufac­

turer), N17-L-6301. 

USE LATEST TUBES 
The present internat ional situation makes it more ad­

visable than ever to use the best electron tubes available 
as maintenance parts for electronic equipments. 

Sometimes tubes very similar to those in the Electronic 
Supply System may be purchased from commercial 
sources at prices far below the standard price list. Many 
of these tubes are in excellent condit ion. Others, such 
as magnetrons, have deteriorated w ith age. 

\XIh ile tubes manufactured in accordance wi th the 
latest specifications may cost more than older tubes, mili­
tary necessity requires that the newer and better tube be 
ut ilized whenever and wherever possible. Tubes manu­
factured under the most recent specificat ions and pro­
cured directly from the factory are more rel iable, and the 
end user will enjoy much more efficient equi pment opera­
tion if the latest tubes are used. 

ORDER MAR KITS BY 
STOCK NUMBER 

In order to facilitate supply operations and expedite de­
livery, act ivities are requested to order MAR Application 
K its by Standard Navy Stock Number as well as by item 

name. Ordering solely by item name makes it d ifficult to 
locate material stored in warehouses by stock number. 

The SNSN for the field Applicat ion Ki t is F16-I-
7360 1- l093 and for the Shipboard Application K it, 

Ft 6- M-38450t -62 3. 
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COMMON 

DAS 
SERIES TROUBLE 

by 

A. ClRILLl, ETC, ComSer·vLant 

ServLant technicians have comp iled, over a period of 
time, a list of the troubles most commonly encountered 
while servicing Model DAS series loran receivers. In 
line with most electronic equipment troubles, electron 
tubes were found to be the most common source of 
trouble. T he second main source seemed to be a lack of 
proper cal ibration or adjustments and alignment. In 
all cases with respect to leaky capacitors and blocking 
oscillator transformers, a megger should be the method 
of final check since in many cases a standard volt-ohm­
meter has insufficient voltage to indicate whether a ca­
pacitor is breaking down or not. 

In the following tabulated list, considered of va lue 
to other fleet technicians, an attempt is made to localize 
specific troubles although in many cases bad components 
in a portion of the circu it which appears unrelated to 
the indicated trouble actually turns up as the indirect 
cause in the final analysis . 

I- Very non-linear slow S\veep. 

a- D efect ive 844 (V122). 

b-D efect i,·e (often microphonic) 6SJ7 (V I23 ) 

sweep amp! ifier. 

c-Changing value of plate and screen resisto rs in the 

sweep <tmplifier tube (V12 3) . This trouble is 

quite common. 

d- Distortion of test pattern usually caused by de­
fective video amplifier in the receiver. 

2- ] ittery sweep or sweeps. Most noticeable on fast 

sweep. 

a-Improper calibrat ion of the indicator. 

h-Im proper sett ing of the regulated + 265 vol ts. 

c-D efective tubes (usually 6SN 7's ) . 

d- Leaky coupli ng and divider capaci tors in all the 
counter circuits, especially in the third coun ter. 

e- In a few cases leaky blocking oscillator trans­
formers. Th is occurs sometimes bet\veen w indi ngs 
and other times between one winding and the case. 

f-Leaky coup ling capacitors to the B l and B2 multi-
vibrators. Also within these two multivibrators. 

g-Chang ing values of resistors in these two Bl and 
B2 mult ivibrators. 

3-Critical "A" adjustment. Echoes lost \v hen swi tch­
ing from slow to fast sweeps. 

a-Tubes in the critical oscillator and counters de­
fective. 

b-Improper adjustment of the va riable capacitor 
Cl l l can make this circui t very erratic and 
"touchy." 

4-Ut1able to make drift control operate properly in 
both d irections. 

a-After complete calibration, move drift control 
right and left simultaneously ad justi ng the "A" 
adjustment unt il it d r ifts in both directions about 
the same speed . 

b- Leaky slow sweep drift control feedback coupling 
capacitors. 

c-Di rty d ri ft control switch contacts. 

5- U nable to properly focus cathode-ray tube. 

a- Changing in va lue of the focus resistors R232 
and R234. 

6-Feedback circui t for different specific rates not all 

operative. 

a- Shorted air-capacitor plates. 
b-Defect ive swi tch contacts. 

7-Cathode-ray tube troubles. 

a.....:..Flashing on scope caused by leaky h igh voltage 

fil ter capacitor. 
b-Scope d ims out at times and comes back. This was 

found due to poor socket connection (usually d irty 

prongs or socket) of CRT. 

8-120-cycle ripp le on scope especially 111 slow sweep 
posi tion. 

REPLACEMENT LAMPS FOR 
NT-10695 SOLDERING 

GUNS 
The D ecember 19 50 ELECTRON was in error concern ­

ing replacement lamps for the N T-10695 Soldering 
G uns. 

T he U . S. N aval Supply Depot, Bayonne, N . J. re­
ports that the p roper replacement lamp is a 2.2-volt lamp, 
Type TL-3 M azda # 222, and is carried in the Electronic 
Supp ly System under stock number Nl 7-L-6301, and 
also in GSK under stock number 17-L-630 I . 

ELECTRON BINDER 
AVAILABILITY 

Binders for ELECTRGN magazine Volumes I. II. III 
and IV are co mpletely out of stock. There is a limited 

a-Nearly all cases found to be defective fi lter capaci­

tors in the receiver. ~ 

b-Improper g rounding of the ground straps between 

receiver and indicator. 

9- Lack of receiver sensitivity on one or more bands. 

a-R-f coils have burned windings. This is usually 
caused by tuning of nearby transmitters feeding 
in excessive r-f energy. 

b- Improper tapping of antenna loading coil. 
c-Poor connections f rom antenna through loading 

coil to receiver. 
- ServLt1nl M ontbly B11llelin 

quantity of Volume V binders available. Additional 

quantities of Volumes I, II, III , IV, and V, as well as a 

supply of Volume V I, are scheduled for delivery in 

June. Distribution of binders is limited to Naval activi­

ties only, since quantities printed are insufficient for gen­

eral distribution. 

MODEL TCK ALIGNMENT 
PROCEDURE 

On Page TCK: 2 of the CEMB is a tuning mechanism 

alignment procedure for the Model TCK Radio T rans­

mitting Equ ipment, which differs from the procedure 

given in the instruct ion book for the TCK equipments. 

The CEMB procedure is the preferred one. Revision 

pages for the instruction books are being prepared by 

the Bureau. 

" The time has come the walrus said " • •• 

-:. = ----==--...:- ..:_ = = 

Yes-it's time to start those pens 
a-scratchin'-to get those " mills" 
a-click in' . Put your thoughts and ex­
pe l"iences on papet· and rush 'e m 111 

for the FLEET SPEAKS issue. 
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Radar Countermeas 
by 

S. A. BENSON, ComServLant 

The bas ic RCM installation consists of the following: 
A receiver 

A panoramic adaptor 
A pulse analyzer 

These are the basic units and any individual installa­
tion may contain a radar direction find er and some type 
of jamming equipment. Reference here is made to an 
ar ticle on Page 5 of the November 1949 BuSHIPS 
ELEcrRON, entitled Navy Shipborne Radar Counter­
measures. 

The units above each perform a sp ecific function as 
listed here. 

Receiver-reception of signal or signals. 

Panoramic Adaptor-visual ind ication of signal 
being listened to and also composite picture a t 
band condi tions plus or minus five megacycles 
either side of the center frequency. 

Pulse Analyzer-this is a relatively important unit 
since f rom it we can obtain the pu lse width and 
pulse repetition frequency of the signal to which 
we are listening. 

Radar d irection find ers and jamming eguipment speak 
for themselves, namely, determination of direction of 
signal to which we are listening and a potential method 
of effectively jamming the rad iated signal so as to render 
useless th e results obtained w ith it. The picture thus far 
developed gives us an audible indication, a visual indica­
tion, pulse width and pulse repetit ion frequency of the 
signal listened to. This information is valuable in recog­

nition as well as a necessity for effective countermeasures. 
This article is not intended to be an operator's guide 

but rather to g ive technicians a lead on some common 

troubles. N eedless to say, it wou ld be impossible to list 
all possible troubles but perhaps th is will break the ice 
and th rough your own in itiative you will become a lot 
more familiar with RCM equipment. The problem seems 
to be not lack of interest but lack of familiarity with the 
equipment. Number one on the list of troubles seems 
to be antennas. Too much cannot be said about th is. 
Considerable trouble can be avoided by keep ing an effec­
tive antenna maintenance p rogram in force. This goes 

for all electronic eguipment. Freguent inspection and 
megging will tell the story. No amount of realig nment 

can remedy the fact that the antenna is bad . The re­

ceivers used will vary with the individual installation. 

For example, you may have an ROO and an ANj SPR-2 

or p erhaps an AN/ APR-1 and an ANj SPR- 2 for low 

and high freguency reception. Antennas used with these 
are no different than on any other receiving equipment 

except that they conform to th e particular frequency 
range being used . They will not take to moisture, in­
sulators must be clean, they require preventive ·;,,ainte­
nance-in other words they are not tro~rble free. 

Another trouble noted is unorthodox .arrangem ent for 

switching of input from the low freguency rece.iver to 

the pulse analyzer and panadaptor, and from the high 
frequency receiver to the pulse analyzer and panadaptor. 
Any coupling between these leads can result in the ·out­
puts of the receivers getting superimposed on each other 
in the panadaptor and pulse analyzer. The recommended 
switch box should be used. This will result in Jess trou­
bl e in obtaining desired information from received 
signals. 

Care should be taken in arrangement of cabl ing be­

tween equipment. U se of line filters and bonding is to 
be encouraged. Screen ing eguipment where necessary 

does much to improve operation under unusual operating 
conditions such as interterence from adjacent transmit­
ters, etc. Operators are to be caut ioned as to disturbing 
screwdriver adjustments. This is particula rly so on the 
pulse analyzer. The meter scales are calibrated and set 
via small pot adjustments and if these are d isturbed after 
calibration, it will require another adjustment by the 
Elect ron ics T echnician. 

Common Receiver Troubles 

AN/APR-1, AN/SPR-1 and RDO 

Trouble Probable Ca11se and R emedy 

D ead Rerei ver Faulty controls, fu ses, cabling, tuning 

h ead or no antenna. Replace or repair 
as necessary. 

-· 

• 

\ 
J 

JJV eak Receiver Faulty crystal, tube or tubes, misalign­
ment, fau lty antenna connection, low 

line voltage. 

Alignment of tuning heads requires a test oscillator 
covering the same range as the head. Defective tubes 
in the tu ning h ead can cause faulty reception and when 
these are found and r~placed, unit should be trimmed 
at the hig h freguency end, to insure accuracy of calibra­

tion. IN21B crystals are eas ily overloaded and this will 
result in low sensitivity. T he only solution here is re­

placement. Due care is to be taken in replacement­
crystals a re to be handled carefully. 

Alignment of the amplifier str ip will require a signal 

generator capable of output at thirty Me and attenuation 

down to about 100 microvolts. A reading of 75 micro­
amps on the tun ing meter for 100 microvolts in, should 

be considered as normal. By modulating the sig nal, 

audio performance . of the strip can be checked. By 

feed ing in an unmodulated signal, the B.F.O. can be 
checked and by modulating the signal and feeding it in 
at a hig h level the A VC circuit can be checked. 

A lig nment of the tuning heads is made in conjunc­
t ion with. the receiver i-f amp. strip and a signal genera­
tor of suitable range. The signal generator should have 
an accurately calibrated dial and attenuator. Follow 
alignment procedure as contained 111 instruction book. 

ANJSPR-2 
The ANj SPR- 2 common troubles are usually crystal 

fai lure, tube failure, and fuses. The meter on the t rant 
panel wi ll usually g ive an indication of trouble and ob­
serving this will often help in locating troubles. For 
instance, no crystal current would mean a defective tun­
ing h ead . Crystals can be removed and checked easily. 
No osci ll ator cu rrent or voltage would localize the trou· 

ble to the oscillator circuit, etc. The blower motor 
should run when the power switch is turned on. If this 

is not so, check motor fuse and motor. 
Chang ing the 2C40 will probably give cause to re­

align the osci llator; dismantling the unit will mean 
realignment. There are fifty.five steps listed in the in­
struction book. These arc to be followed to the letter. 
A wavemeter of suitable range is used in alignment of 
the oscillato r. 

Common Panoramic Adaptor Troubles 

REJ and RDP 

The most common trouble encountered is r·f ampl ifier 

m isalignment, fau lty tubes and misad justment of sweep 

li mit and synch pots. D efective tubes can easily be found 
by testing and substitution. Voltage and res istance checks, 

with information obtained from instruction book, will 
local ize and locate other troubles. Misalignment will cause 

poor indications on CRT which will show up as low 

sensrttvtty, improper bandwidth, etc. A signal generator 

which will cover a range from twenty to forty megacycles 

will be satisfactory, but it must be capable of being 
modulated at 30 %, and a calibrated outptit is desi rable. 
Alig nment procedure is simple and best results can be 
obtained by strict adherence to the instruction book. 

Common P·ulse Analyzer Troubles 
RDJ and AN/SPA-1 

The eguipment receives a negative pulse input f ron} 

the receivers and should be checked to see if the input 
is wired for a negat ive pulse. It has been found in a 
number of cases that the pulse analyzer had been wired 
for a positive input and had never worked. 

Observation will g ive a lead to the cause of most trou­
bles. Where the indication on the scope· is normal but 
the P.R.F. meter shows no indication when the switch 
is in the " meter on" position, the troubl e can be traced 

usually to one of two sources. First, the most obvious, 

the l j 200th of an amp. fuse associated with the meter 

is open, or second, the meter tube is out or weak. Or 
perhaps with the indication on the scope normal , the 
P.R.F. meter cannot be set at zero for the desired range 
with the zero set control. This would mean a fau lty tube. 
If the zero set is normal and the scope shows normal 
but no P.R.F. reading it would mean that there are no 
pulses reaching the grid of the P .R.F. meter circuit. All 
these are common troubles and easily diagnosed if opera­

tional theory of the equipment is understood . When the 

meter shows an indication of g oing past zero and ad­
justment of zero set will not move it, th is means the 
meter tube is drawing too much plate current. This 
could be caused by a faulty tube or poor regulation from 

the supply, a V .R. tube out. 
Checking the accuracy of the pulse width and calibra­

tion, a known pulse length is fed in and the accuracy 
of calibration is checked by taking a read ing of pulse 
input. They should be the same. If not, recalibration 

of the calibrate coils will probably be necessary. 
Most of the troubles listed seem to be about the same 

as found in other equip ment. If a little is known of the 

operation, the basic principles involved and what is to be 
expected f rom the eguipment, when trouble occurs it will 
be relatively s imple to diagnose. The instruct ion book 
means a lot, your own in itiative means as much if not 
more. D etermine the tro11ble, l orrtlize it and 1"e1/Jedy it. 

Bureau Comment: This article includes sound main­
tenance .,..information for the ET. The following addi­
tional information is submitted by the Bureau. 

Panoramic Adaptor Functions 
The panoramic adaptor may have the + 5-megacycle 

bandwidth on each side of the center f regucncy, but 

the signal observed on the oscill oscope con1ing f rom the 
receiver wi ll conta in only those frequencies passed _by the 
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receiver. For example, the receiver bandwidth charac­
teristic at the half-power point is approximately -+- 1 
megacycle for the Models ROO, ANj SPR- 1, and 
ANj APR- 1, and -+- 5 megacycles for AN j SPR- 2. 

Alignment of Amplifier Strip for AN/ APR-I, 
AN/ SPR-1, and Model RDO 

This information does not apply to the Model ROO 

RELOCATION OF C-1 
IN -THE -MODEL -TON 

Model TON equipments using crystal control requi re 

that the crystal oscillator circuits be retuned periodically 

due to change in ambient temperature, frequency ad­

justment and checking. The tuning adjustment for this 

transmitter is condenser C- 1. It is accessible only by 

drawing the crystal oscillator compartment forward from 

the transmitter. W hen the oscillator compartment is 

reinserted, the flexible cables connected to it do not pass 

FIGURE 1- Model TOW front pane l. 

backward readily between th e oscillator section and the 

tra nsmi tter frame opening . When th is occurs, the cables 

jam and prevent clos ing the osc illator sect ion. This 

necessitates w ithdrawal of an entire transmitter sect ion 

to adj ust the cables to provide for closing of the oscilla­

tor compartment. Safety requirements dictate that all 

transmitter sections, using the power supply providing 

power for the transmitter being adjusted, must be se­

cured so that th is cable may be properly placed . 

The Bureau bas au thorized a modification to the 

Model TON which eliminates the necessity for possible 

disabling of four circuits when making frequency adjust­

ment on one transmitter sect ion . 

T his modification consists of relocating the crystal 

receiver. The Model ROO does not have a B.F.O., 

and for alignment of the amplifier strip reference should 

be made to the Model ROO instruction book. 

Common Troubles of AN/ SPR-2 

The blower motor comment does not apply if the 

equipment has been modified by F. C #1- ANj SPR-2. 

oscillator control condenser C-1, to the inside of the 

oscillator compartment front panel as shown in Figure L 

This control is presently installed on the osci llator com­

partment deck It is required that three holes be d rilled 

in the front panel as shown in Fig ure 2. The lead f rom 

the crystal socket to C- 1 is threaded through a grom-

1~---: - 10 "'------.-i: I 
5" I . s• 

·-I~ 

"' 

'"" '"'~'~ I" DIA . . 64 

®!_____ - --_ . - --~ 1--

21"--i . 
64 r DRILL I HOLE 

3" OIA". 
jj 

; 
TUNING CONT ROL 

·-I~ +4
----~TIONS ~ "' 

I 

I 
I 

FIGURE 2-Template for re location of TON 
capacitor C-1. 

NOTES: 

:_I., 
2 

1-0rill 3 holes in panel for re location of C- 1 . 

2-lnsta ll insulated bushing in shaft hole of original 
position of C-1 for lead from crystal socket to 
C-1. Install ground wire direct f rom C -1 to 
crysta l socket mounting screw. 

3-For circuitry see NavShips 900,709 Fig. 2-44. 

met inserted in the shaft hole of the original position 

of condenser C- 1. A ground wire is then installed 

from C- 1 to the crystal socket mounting screw. 

T h is modification is to be made on an optional basis. 

No ki ts or parts are to be supp li ed , nor are any specia l 

tools required. 

by 

J. W. GREEN t /1/d R. U. F. HOPKINS 

U. S. Navy Electronics ubomtory, San Diego, Cal. 

The frequent observation of spurious echoes (ghosts) 

on L-band radar sets has currently been a topic of some 

interest and concern. Reports from the fleetl indicate 

that g hosts are frequen tly observed on ANj SPS-6 radar 

sets. Often a sou rce of confusion and concern are the 

ghosts which are f requently observed on an SR-3b 

(L-band) (AN j SPS- 6A antenna) radar set which is 

employed for train ing purposes at the C. I. C. School, 

Point Loma, San Diego, Californ ia. 

In a prel iminary effort to invest igate this phenomenon 

a series of observations were made on the C.LC. school's 

SR- 3b radar set on the afternoon of 5 October 1950. 

T he set contained a 4)26 magnetron \vith output power 

• of 500 kw peak, a 4-microsecond pulse length, a repe­

tition rate of 150 cyclesj sec. and an antenna sweep rate 

of 5 rpm. 

The p revai ling meteorological conditions were marked 

by the presence of a temperature-humi dity inversion 

layer the base and top of which were at altitudes of 900 

feet and 1400 feet respect ively. Such non-standard 

meteorological conditions arc frequently observed over 

the ocean and a re conducive to super-refraction. ~rap­

ping would be anticipated on all operational radar bands. 

On the SR- 3 set, Guadalupe Isle, 225 miles, 194 ° T , 

was showing st rong ly and the echo may be seen on, for 

example, Figure 1. 

Thoug h propagation cond itions were genc'ra lly excel­

lent, some variabili ty was present particularly on the 

echoes from the distant island targets to the north . T he 

var iabil ity in conditions was probably due to the effect of 

' COMOPDEVfOR rc-pmt on Proj(·ct O P/ S l42/S69-5, Eva lu­
ation o f the AN /SPS- 6B Racbr. 

a fron t wh ich, during this period, was some 150 miles 

to the north. Observations on A-scope and PPI were 

made over a period of three hours. The complete log 

of observations and photographs wi ll not be given here.2 

It wi ll be sufficient to describe a typical observational 

sequence. 

:Spurious Radar Echoes on L-Band, ]. \Xf. Green and R. U. F. 
H opkins, Memorandum for File No. 101 (NE 1_2 0301) (NEL 
tA l ) , 27 October 1950, U. S. Nav)' Electromcs Laboratory, 
San Diego. California. 
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A ghost echo was detected at a range of approxi­

mately 80 miles, bearing 214° , see Figure 1. This echo 

will be referred to as "Ghost SO". Another ghost echo 

of semi-circular character was observed at 42 m iles be­

tween the bearings of 244° and 2S5° , see Figure 1. 

This echo will be referred to as "Ghost 42". The per­

manent landscape and island targets may all be readily 

identified br comparison of the PPI presentation with 

FIGURE 1-L-Band P.P.I. presentation showing a ghost 

echo at a range and bea ring of 80 miles and 214 •. 

Another echo of se mi-circular character is shown be­

tween the bearings 244• and 28S 0 at ·42 mi les range. 

the map, Figure 2. During an interval of time of nine 

minutes after detection Ghost 80 had grad ually assumed 

a semi-circular character as shown in Figure 3. The in­

tensity of Ghost 42 was observed to fade slig htly. Four­

teen minutes after detection the intensity of Ghost 80 

was observed to fade and the semi-circular rings were 

noted to disappear. The intensity of Ghost 42 had faded 

considerably and the associated semi-circular rings had 

virtually disappeared. A typical A-scope presentation of 

Ghost 80 is shown in figure 4 . The range and bearing 

of the prominent echo is 83 miles, 210° . Figure 5 was 

taken two minutes later at which time the prominent 

83-mile echo had markedly faded. The periodic fading 

in and out of Ghost 80 and G host 42 and their asso­

ciated semi-circular rings proceeded at intervals of from 

fifteen minutes to two minutes during the course of the 

observations. The fadi ng of these g hosts became more 

f reguent and more marked as the course of the after­

noon proceeded, during which time the effects of the 

frontal activity to the northwest was apparently becom­

ing more pronounced. The island targets of Santa Cruz 

and Santa Rosa (range approximately 140 miles, bear­

ing 300° ) were subject to progressively marked fadi ng 

as the afternoon proceeded and at a t ime three hours 

after the start of the observation period, these island 

echoes had fad ed beyond recognition. 

The Ghosts which are shown in the~e photographs, 

particularly the semi-c_ircular rings, a re rather unusual 

and have been only occasionally observed. Thoug h not 

definitely confirmed, it is probable that such semi-circular 

type echoes are in evidence only when meteorological 

conditions are strongly super-refractive. The more com­

monly observed ghosts are those which suddenly appear 

as a d istinct echo sim_ilar to a ship or p lane, remain for 

a limited time, possibly only a few sweeps, and then 

vanish again. This type seem to be associated with con-

~ ~ ; ~ 

... . I o I• 

FIGURE 2-A map of the Southern California a nd 

Mexican re gion showing t he coast and the islands. 

ditions wh_ich are variable and only moderately super­

refractive. 
T he semi-circular character of the ghost echoes is 

immed iately suggestive of antenna side lobe radiation. 

If, indeed, Ghost SO and Ghost 42 were caused by side 

lobe rad iation, it would seem that spurious echoes should 

be observed from several of the more prominent island 

targets, as for example from Santa Catalina (range 63 

miles, bearing 305° ) and San Clemente (range 55 miles, 

beari ng 27S0). H owever, no spurious echoes were ob­

served at the ranges o f 63 miles or 55 miles and off­

bearing with respect to these islands. It may be seen 

from the photographs that prominent landscape echoes 

are prevalent at a range of approximately SO miles and 

a bearing of 320° . An exploratory investigation with 

an A-scope revealed that an extremely strong echo did 

in fact come from a bearing of 320° and range S3 miles. 

FIGURE 3-L-Band P. P. I. presentation 9 minutes after 

that shown in Figure I, showing a semi-circular ghost 

echo at 80 miles range between the bearings of 21 o· 
a nd 27s• , between 340° and 6S 0

, and between Iss• 

and 16S • . The semi-circular g host echo is shown at 42 

miles range and between the bearings 24S 0 and 3 1 o·. 

T his range and bearing corresponds to an area around 

Long Beach and Terminal Island which abounds with 

oi l wells, oi l tanks and Navy installations, all of which 

understandably make an excellent radar target. With 

the main lobe directed on bearing 320° and the receiver 

gJ.in control set so tha t th is 83-mile echo was just equal 

to the saturation amplitude, the antenna was then rotated 

so that the main lobe w,ts di rected on the bearing of 

San Clemente Island . The echo from San Clemente 

Island was below detection ,tt that same gain setting. 

This would seem to explain why side lobe spurious 

echoes from the islands were not in evidence. 

It was observed that the character of the A-scope echo 

from Long Beach, on the main lobe, resembled that of 

the ghpst echo at S3 miles range and bearing 214 °, 

which gaye further credence to the supposition th.tt 

Ghost SO · was caused by side lobe radiation. For the 

presumably representative ANj SPS-6A antenna, AN 

specifications:! state that the minor lobe maximum IS 

22 db. down from the main lobe maximum. No men­

tion is made of the angle between the main lobe and the 

minor lobe maxima. If the strong target at 320° is in­

deed responsible for the semi-persistent ghost at 214°, 

then side lobe radiation would have to be received at 

320° -2140 or 106° from the main lobe. Measurements 

made at the Navy Electronics Laboratory on a particular 

ANj SPS-6A antenna ind icate the minor lobe maxima 

to be within approximately 90° of the main lobe ma_,; . 

mum. The radiation pattern of the particular ANj 

SPS-6A antenna employed in these tests is not known. 

Presumably, however, some variation among individual 

antenna patterns would be expected, in which case the 

side lobe maxima might well extend as far as 106° 

from the main lobe, and thus account for the semi­

persistent ghost echo at bearing 214 ° and range S3 miles. 

The likely source of the spurious echo at 42 miles is 

believed to be a wire screen structure approximatelr 30 

feet by 50 feet which was erected on the top of San 

Onofre Mountain (elevation 1735 feet) as a radar target 

for radio wave propagation experiments conducted in 

the past. The radar echo from this screen and from the 

mountain itself is of much greater amplitude than the 

neighboring landscape. The bearing and range of the 

screen target are 341.5° and 41.6 miles respectively, 

hence the range of this target corresponds very closely 

to the range of the spurious echo, Ghost 42. 

It should not be concluded that all ghost echoes are to 

be attributed to side lobe radiation. It seems possible 

that flocks of birds, unusual sea wave structure, and 

possibly certain types of clouds may be responsible for 

some ghost echoes. H owever, with the high power em­

ployed at L-Band, particularly in conjunction with super­

refractive propagation conditions and in the presence of 

strongly reflecting radar targets, the reception of spuri­

ous echoes on side lobe radiation should be recognized 

as a distinct possibility. 

The results of this preliminary investigation indicate 

that in the presence of strong ly reflecting radar targets 

and super-refractive meteorological conditions, spurious 

echoes (ghosts) may frequ ently be the result of side 

lobe radiation . 
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3 Navy Radar Specifications, BuShips Code 915. t-.b rch 1949. 
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Appendix 
The followi ng analysis demonstrates the possibility 

of the reception of strongly reflect ing radar targets on 

antenna side lobe rad iation. It w ill be observed in 

FIGU RE 4-An A-scope p resentation recorded two 
minutes after showing t he structure of the g host echo 
at 83 miles range and bearing 21 4 °. 

Figure L, for example, that the intensity of the ghost 

echo (range and bearing of 83 miles, 2 14 ° ) , is at least 
as great, if not g reater than the intensity of the echo 

from Guadalupe Island (range and bearing 225 miles, 

195° ). The ghost echo (83 mi les, 214° ) is postulated 

to arise from side lobe radiation illuminating a ta rget 

at range and bearing, 83 miles, 320° . H ence, the re­

ceived (side lobe) echo power P· :l(s. L ) f rom the 

target at 83 miles, 320c , is at least as large, if not larger 
than, the received (main lobe) echo power p:!:!~ from 

the target at 225 miles, 195° , or p~:l (s. L. ) => p:!:!~ 

Let us compare the received echo power p:!:!~ from 

Guadalupe Island, 225 mi les d istant, on the main lobe 

FlGU RE S-An A-scope presentatio n of t he g host 
echo at 83 miles ra nge and bearing 2 14 °. This echo 
structure is strikingly similar t o that receive d on the 
main lobe from the termi nal Island-Long Beach area 
(range 83 miles, bearing 320°). 

(27 db. above an isotropic radiator) with the received 

etho power P'=1 (s.L) from the Long Beath area, (83 

miles, 320 ) on a side lobe (equal to an isotropic 

rad1ator) . Let the effective rada r target area of the Long 

Bealh tar~et be T':1 and that of Guad,tlupc Isle- be T:!:!~. 

G:!T 
We have, then, from the radar equation P = K _ 

R' 

where P is received power in watts 

G is power gain of the antenna 

T is the effective target cross section 

R is the ta rget distance 

K is a constant involving the wavelength 

squared and the power transmitted, both of which will 

be constants in the foll owing considerations. For the 

power received, P 2 :!5, from the 225 mile target, T:!~5, 

we have: 

( 500):! T:!::!~ 
P:! 2 ~ = K = 0.975 X 10-·1 KT:! ::!G watts 

(22 5 )~ . ' 

since G (main lobe) = lo_f( 1 (32) = 500 
I ll 10 . 

W e have assumed the conservative value of unitr fo r 

the antenna s ide lobe gain. For the power received, 

p s:l (s. L.) , f rom the 83 mi le ta rget, T~':!, on a side lobe 

we have: 

1 . T lla 
P 3 (S.L. ) =K (

83
) .

1 
=0.21 1 X 10-• KTS:J watts, 

since G (side lobe) =log~~ ( 
1

0
° ) = 1. 

T hen: 

p :! :!ii 0.975 X 10-.J T:!::!~ T :!:!ii 
p~:~ (s.L) = 0 .211 X 1o-• -T · :1 = 4.62 X 103 ~ 

Thus for p R:l (S.L.) = > P 2:!-i, it is required that 

T~ =~ = > 4 .62 x 1oa T:!::! ~. 

From quantitative radar measurements made on an FC 

L-band radar on Guadalupe Isle, T:! :!:O, and Long Beach, 

T 8
:
1
, under strong super- refractive propagation condi­

tions, it has been determined that the received echo 

power P~=1 from Long Beach is at least equa l to or greater 

than 60 db. above the received echo power, p:!:!Oi, from 

Guadalupe Isle under conditions of strong super- refrac­

tion. From these measurements it is possible to deri\·e 

a value of the ratio T~=~;T:! :!.>. Thus, if we assume the 

conservative va lue of 60 db., P~=';P:!:!~ = 1 X 1 0 '', 

and since the anten na gain is the same for these me.lS­

urements, 

T 
P ~ - \VC have· 
~ R' ' . 

p,:, 
T; :!;; == p:!:!:-. X 

R' (83) ·1 
. ':l = I X 10'' X 
R' (225) 1 

:.!:!:-. 

= 1.85 X 10' 

or T~a = 1.85 X 10 1 T22~ 

Thus we have shown f rom quantitat ive L-ba nd radar 

measurements that indeed T l-:1 > 4.62 X 10:1 T:!:!~ 

and hence 

more specifically , 

p s:l (s.L.) (1.85 X 10~ ) _ 
10 log10 p:!:!~ = 10 log 10 4 _62 X 10a - 6 db. 

Thus the intensity o f radar echoes from the Long Beach 

target on the side lobe rad iation are at least 6 db. higher 

than echoes f rom Guadalupe Island on the main lobe 

radiation. This confirms the qualitative observations 

from Figure 3 for example. It is then entirely possible 

to receive radar echoes from strongly reflecting (metal ­

lic) targets on antenna side lobe radiation which are at 

least as great, if not g reater in intensity, than echoes re­

ceived from island or landscape (non-metallic) radar 

targets on the ma in lobe radiat ion. 

DISCONTINUE REQUESTS 
FOR FORM NAVSHIPS 3550 

It has been brought to the attention of the Bureau 

of Ships that several ships have submitted requisition 

for copies of Fo rm NAVSH IPS 3550 (Rev. 9-50), 
Electronic Equipment M aintenance Parts Allowance, 

from various District Publication and Printing Offices. 

T h is form is not stocked by any activity for general is­
sue. It is p repared by the Bureau for each individual 

ship on a continuing basis. Sbips are req11ested to dis­

continlle req11isitioning Form NAVSHIPS 3550 from 

ti ll )' field rtclit,ity or from the B11rea11. 

• 

... 

MODIFICATION OF TEF 
FILAMENT CONNECTORS 
The Bureau has been notified that deficiencies exist 

in the power amplifier tube filament connectors of the 

Model TEF single side-band transmitters. The connec­

tor material is flat, tinned copper braid, used as fle;xible 

connectors. Both ends of the braid are filled with solder 

for about one-half inch to make them stiff. Holes are 

drilled in each stiffened end, for securing one end to a 

screw terminal, and for attaching a split cylindrical ter­

minal to the other end. The cylindrical terminal is de­
signed to fit over the tube filament prongs, relying on 
fr iction for mechanical and electrical contact. After p ro­

longed usage the connectors show two deficiencies. The 

terminal screws loosen at both ends, due to cold flowin.~ 

of the soldered braid, and th~ cylindrical sleeves overheat, 

discolor and lose stiffness due to insufficient metallic 

contact area for the filament current. 

Navy Communication . Statiotl, Annapolis, has de­

signed a connector which has overcome these deficiencies. 

The drawing shows this connector together with a list of 

materials and instruction for assembly. 

The Bureau approves this modification to be made on 

· an optional basis. No kits are to be provided. Materials 

may be obtained from Navy stock. 
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EDITOR 

Continuing a new, and it is sincerely hoped, a permanent feature of your magazine-ELECTRON. 
This new feature is .+he answer to numerous s·uggestions and requests from fleet and shore per­
sonnel for a medium of presenting their individual problems, gripes and questions on electronics 
matters and obtaining answers to such queries. This section is not to be confused with the 
FORUM which has been a regular part of the ELECTRON since its inception in 1945. The continu­
ance of this new feature depends entirely on you-the personnel in the field-since we must first 
receive correspondence from the field before we can search out the answers and print 
them. As a matter of convenience, it 1s suggested you write directly to: 

Editor 

BuSHIPS ELECTRON 

Sir: 

W e ha~e two purposes in mind in writing in to you. 
The first IS to ask for in formation on a specific problem 
and the second is to tell you of an improvement we 
have made. 

First come~ the problem. W e seem to be having a Jot 
of tro_uble w1th magnetrons. We are referring to their 
use w1th an SG- 1B radar serial number 1194. 

Our. trouble is one of double moding. W e generally 
get sat1sfactory performance for a period of about two 
weeks continual operation. W e then shut down for a 
periodic mai ntenance check which takes perhaps three 
to four hours. Upon energ izing the equi pment after 
these checks the double moding will appea r. W e thought 
at first that we were not allowing sufficient time before 
going in to "radiate" but we have discarded this because 
of th e time delay in the equipment itself. 

The type and serial number of one magnetron that 
was used for sixteen days successfu lly is 706- A Y , 

C 18212, Feb. 22, 1948. W e noticed double moding to 
appear upon re-energ1z1ng the eguipment. We have also 

had this same condition when using T ype 706- BY 
magnetrons. 

Perhaps this is a common trouble and you can suggest 
a remedy for it. 

T be following is typical of 
tbe type of leffers received 
to date for incl11sion in 
this colmnn: 

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

N ext comes the improvemen t. W e h ave noticed that 

the RMB recommen ded that the 446A tubes in the 

Mark 12 M od 2 be replaced by 2C40 's. Our sh ip also 

has an SC-3 r~dar and we replaced the 446A's in the 
receiver wi th 2C40's and then real ig ned it. W e noted 
a definitl increase in sensitivity and have been operat ing 
wi th them in for over two months. 

W e have consul ted al l our sources o f information to 
see if this is a recommended change but can fi n d nothing 
referring to it. T he question is, "Have we done rig ht 
or wrong?" 

C. A. K. , ETl 
G . E. S., ET2 

First, the phenomenon of do11b/e 1/loc/ing ran be the 
res11ft of set;eral conditions-any one or till of u•hich 
may exist in yo11r eq11ijnnent . A seardJ thro11gh the 
B~trecut's fi/ t:s of infonnation on tbe s11bject discloses the 
follou·ing six major reasons fo r do11ble 1/lOcling: 

1- Poor mctgnetron or series of magnefron.r. 

2- IP' eak magnet or magnet pole . 

3-l ncorrerf 11oltages in the pNise fo rming netll'ork. 
4-Defectiz;e pNise li11e or pulse fo rming network. 
5-lmproper IN/ling of the klystron, TR or ATR. 
6- Bad voltage standing ll 'ttl'e ratio. 
A s we ttll knou•, improper operttfion, Sllrb as you ba11e 

described i 11 your Iefi er. Cttll 1101 be al'mrately pinned 
dow11 in so111e cmes. Appttrently the ronditio11 is of an 
illtermiffent na/Nre since it seemJ to appettr o11l)' when 
the eqNipment is first energized and disappears after tt 
fen· hoNrs operation. T !JiJ tl'ould i11dicate tbtt! tt mis­
matc/; dNe to misttligJIInent in the r-f section rrw be 
stro11gly suspicious. Such a ro11ditio11 coNid be ramed by 
poor coNpling betll'een mag11elron ttlld zMveguide zv!Jic!J, 
after a few hours operation rwd perhaps mecba11ical 
vibratio11, ·ll'ill clear ufJ. It is suggested tbrtf you check 
the positioning of the mttgnetroll crtrefNII)' wbe11 insert­
ing. A lso check to imure tbrtt the wavegNide protectiz;e 
relay switch iJ f unl'fiollillg l'orrectly tllld tbttf the u'a.v~­
guide shN!Ier is opening fNII)' when tbe equipment ts 
energized. If a portion of this s!JIIffer is protmdi11g into 
tbe wavegNide, sftlllcling ll 'tll 'es will be set NP whicb 111ilt 
cause a mismatch a11cl ro 11seqNenf pNIIi11g of tbe l!/(/g-
1letro1l. 

Second. )'ON stated that tbe RMB (Radar iHaintenance 
Bulletin) recommended tbtt! the 446A tubes i11 the 
j\ofark 12 iVI od 2 be replaced by 2C40 tubes. A search 
through tbe RMB, tl'bich is ttlso published by Ibis office, 
does not re11eal these iiiSiml'lio11s. However, a cbel'k of 
the history of the Typ e 446A i11c/iuzte tbat it was a tl'tlr­
time de velopment . T he Type 2C40 !ttbe is all aaepted 
improved replttcemenf for the T ype 446A tube in the 
equi/JIItellt under discmsio11, tllld the burer111 bas no ob­
jection to your con/inNed me of the 2C40's i11 the equip­
mel// . 

Such i11q11iries tllld information as you ba11e presented 
rzre ctlwczys u •elcome and u•i/1 be given prompt ttffention. 
Initiative 017 the fJttrf of tec!Jilicitti/S sNch as yourself is 
gratifying and indicates illferest a11d wi/lillglleSS alllOIIg 
the men u•ho keep our eqNipmellfS operati11g. 

Editor 
Corrections: 

Collrl!l'llillg the A pril 1951 E LECTRON "Letters to 
tbe Edttor' ', tbe follozl'ing i11fomJ(I/io ll appltes: 

7- l n tznw·er to J. T. IF . Lt (jg) USNR, :r typo­
grapl~tral en or orrmred. Copies of tbe Serl'!re r111d 
Repmr i111ml!la/s u•ere se11t to t'ariofiS EO's for reference 
11se. b11t tbt:JI! 111anlltzl.r r1re to be ordered in tbe same 
111m111er rz.r all otber electronics tmblirtt!ioll.r~lbrot!gb 
tbl! fowl Dtslrtc/ Pr111t111g a11d Pt~bltraftOIIS Of11re . , 

2- / " t/1/ Jt/'er to G. B. i\lc"F., ET3, in aaorda11re u•tth 
tl r ecmt c!Jrlllge in polil')', tb~ B11rea11 is plrznni~g. to 
dtslnb11te Stock N 11mber Tdenttficrlfton Tr~bles (Sl\ 17 S) 
to .rl11p.r not yet ro1n ·erted to "bin stoll'rtge·: to ~tse as 
a req11isitioni11g rzid and to ttssis{ in identJfiaz!ton of 
11/ttlena/ by Standt~rd N rn•y Stork N11mber . _Req11e.rts 
for SN ITS sho11ld be fonz •t~rderl to the Elatro111r S11pply 
Office . 28, Grl!ttl Lc1kes. Illinois. 

Editor 

REPLACEMENT OF TYPE 
AB-146/SPS-6 ANTENNA 
MOUNTING MAIN DRIVE 

GEAR 
Reports received by the Bureau of Ships indicate that 

man}' main drive gears (symbol 0-1350) for T ype 
AB-146j SPS-6 Antenna Mounting are being replaced 

as soon as they begin to show signs of wea.r. . 
T he manufacturer of this equipment adv1ses that th 1s 

gear should not be replaced until the amount _of wear, 
as shown in Figure 1, amounts to 3j 64th of an mch. As 
wear in this gear is discovered, it can be compensated 
by the backlash ad justment described below. \Xfh~n a 
replacement is made, only a gear (symbol O- b50) 
from spares should be used. Any substitution with gea~s 
manufactured locally will endanger the warranty provi­

sion of the contract for this equipment.' 
Since spare main drive gears (symbol 0-1350) are 

available upon request to Bureau of Ships Code 882, 

substitution of th is part will be authorized for eme~g~n~y 
situations only. It is possible to use the gear unt1 l 1t IS 

WEAR ·OF TEETH AS SHOWN BY OOTTEO L INES IS REASON'ABL E AND 
CAN BE EXPECTED. DECR EASE THICKNESS OF S!;ill~ 0-1 351 TO 
REDUCE BACKLASH AS WEAR INCREASES WHEN W AB OV E 
APPROACHES %

4
.GE AR 0 - 1350 SHOULD BE REPLACED. WORN 

SURFACE SHOUL D REM AIN SMOOTH AND POLISHE D. 

well worn by compensating as described in the foll~w­
ing paragraps. A gear with a scored or torn workmg 
surface should be replaced regard less of the depth of 

wear. 
Wear in the gear is compensated in the following man-

ner-If the backlash is greater than 0.003", the thickness 

of shim 0-1351 must be decreased. Remove the motor 

from the mounting and examine shim 0-1351. It ap­

pears to be made o f solid sheet, b~t it is actually made 
up of 0.002" th ick laminations wh1ch can _be peeled off 
after one spot is loosened with a pck kn1fe. Removal 
of one such laminat ion (0.002") \vill decrease the back­
lash b}' about 0.0018". Remove the number of lan:ina­
t ions required to bring the backlash within the spec1fied 
limits of 0.00 1" to 0.003" . Re-i nstall the motor and 
again check the backlash. Repeat this process un ti l a 

suitable reading Qf backlash is obtained. 
If the di fference is less than 0.001", the thickness of 

shim 0- 1351 must he increased. T o do th is laminations 

peeled from a shim taken from spare parts mu_st be 
added to sh im 0-1351 unti l the proper b.tcklash IS ob­

tained. The same procedure for measuring backlash as 

that outlineJ above should be fol lowed. 
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nel notes: 

A series of new casting resins with outstanding ad­

vantages over present commercially available compounds 

has been developed by the U. S. N avy Electronics Labo­

ratory during the past two years. The new resins have 

been successful ly used in a wide variety of applications 

at_ N EL, and the indications are that they may fill a 

w~d~spread . nee_d for a resin for cast ing or potting sub­

mm la_tu_re ClrCUI.ts a_nd components. For Navy use, cast 

submm1ature orcu1ts would p rovide small size and 

portability, features particularly desirable on submarines 

and ai rcraft. From the point of view of the maintenance 

man, such ci rcuits would be a tremendous asset. Instead 

of laboriously repairing a defective unit of an equip­

ment, the maintenance man would simply replace the 

unit as a whole from a block of cast amplifiers, oscil­

lators, etc., which would be manufactu red on a produc­

tion-line basis. Also, such cast circuits would require less 

servicing because of their superior abil ity to resist dam­

age from vibration, shock, or salt-water corrosion. 

The development of the new resi ns was started be­

cause the commercially available materials were unsatis­

factory in electrical or p hys ical properties, or their manu­

facture involved chem icals either not easi ly obtainable 

or prohibitive in cost. On the other hand, the NEL 

resins afford the following advantages : 

1- The ingredients are inexpensive. 

2- Compounding and processing are simple. 

3- Solidification is accomplished without the applica-

tion of heat. 

nel 

easting 

• resins 

FIGURE I- Complete multi­

vibrator circu it, containing t wo 

6K4 tu be s, potted in NEL cast­

ing resin. 

4-The resins are transparent in both liquid and solid 

form. 

5-The cast resins are chemically s table, resisting at­

tack by the atmosphere, . sea water, solvents, acids, and 

alkalies. 

6-They are more stable to heat than other casting 

resins and will stand up to the highest temperatures 

normally reached by subm iniature tubes. 

7-The cast resins arc hard, durable, mach inable, and 

mechanically strong . 

8-The resins have satisfactory electrical properties. 

A variety of circuits have been cast in the NEL resins 

and put to practical use in the Laboratory. A typical 

circui t is illustrated in Figure; 1. Of course, before such 

circuits appear in the equ ipmen t of the sh ip's rad io room 

many p roblems will have to be solved and probably new 

and unusual techniques will have to be worked out in 

circuit des ign. 

One important advantage of cas t circuits is the reduc­

tion of m icrophonics in the h ig h-gain amplifier circuits . 

D uring the NEL study, two circuits were constructed 

with identical components; one was cast in NEL resin, 

and the other constructed conventionally. Both ci rcu its 

were mounted on a p late attached to a vibration test 

mach ine (Figure 2) and the outputs connected to an os­

cilloscope. F igure .3A shows traces of both amplifiers 

with the vibration mach ine turned off. Figure 38 shows 

the traces with just the bearing noise of the machine 

FIGURE 2-H igh-g ain a mplifiers used in comparative 

microphonics test. Amplifier at left is mounted con­

ventionally; a m plifie r at righl is cast in NEL resin. 

transmitted to the table. Figure 3C shows the traces 

when the table of the machine was vibrated at 55 cycles 

per second \vith a 0.06-inch horizontal excursion. 

Apart from the ir use in the casting of subminiature 

circui ts, the N EL resins have potential applications in 

other fields. Insects, plants, and small animals have 

been cast in them (Figure 4), and they could be used for 

casting organs o r t issues for instruction purposes. Be­

cause of technique limitations, only small and medium­

size castings have been made up to the p resent, but if 

problems of bulk p rocessing can be solved the resins 

could be used fo r p reserving large animals or even human 

bodies. 

A good deal o f work sti ll remains to be done on these 

resins. For example, comprehensive data on the resins 

need to be: compiled , and to do this, new test methods 

and techn iq ues w ill have to be devised. T his is unfor­

tunately necessary because most of the relevant standard 

tests are designed for thermoplastic resins, while the 

NEL materia ls arc thermosetting in type. Improved 

resi ns of the same general chemical constitution could 

undoubtedly be produced and such arc being actively 

sought. f-utu re work wi ll also include a study of the 

fu ndamental molecula r structure of this type of resin , 

knowledge of which wou ld help in the production of 

opt imum properties. 

a 

b 

c 

FIGURE 3- 0scillograms recorded under three 

conditions of operation in microphonics test. Top 

trace in each oscillogram shows output of potted 

amplifier ; bottom trace is output of conven­

tional circuit. (a) Traces recorded with vibration 

test machine turned off. (b) Traces recorded with 

vibration machine motor turned on, but table 

not in motion. (c) Traces recorded with vibra­

t ion t able in motion at 55 cps, excursion d ista nce 

0.060 in. horizontally. 

FIGURE 4-Delicate tissues such 

as this rose can also be cast in 

NEL resins. 
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by 
L. G. CRUMBAKER, ETC, USN 

This article is written in an attempt to be of help not 

only to ships that have standard Navy public address 

systems, hut also to smaller vessels which have had to 

rely on civilian-manufactu red amplifiers for communi­

cation. While it is intended as a gu ide for microph one 

and speaker hookup on smaller craft, a few of its points 

may be of in terest to others. 

It has been noticed during routine repair work on 

various vessels, that the usual shipboard RBO ampl ifier 

system leaves much to be d esired in its performance. 

Whi le the RBO receiver does pick up broadcast stations 

~nd the amplifier does amplify th em, the audio guality 

rs extremely distorted. A number of f actors causing this 

trouble are listed below : 

! - Improper tuning of receiver to station. 

_ 2~Excessive volume out of receiver, ca using peak 

cltpprng and severe lim iting in remote amplifier. 

?-Receiver distortion due to infreguent maintenance 

or rmproper r-f or i-f lineup. 

'-l- Weak tubes or improper circuit vo ltages Ill am­

pi i ficrs. 

_5-Incorrect match ing of the amplifiers to the re­

cervers. 

These units are not designed for high fideli ty, and 

cannot be expected to perform as if they were $500 con­

soles. H owever, a check th rough the system with refer­

ence to the fiv~ points l isted above should easily place 

the RBO ~nd rts amplifier in a class with an average, 

good gualr ty broadcast receiver. (I t may be of interest 

to know that an inex1 c · , 1 . . 
. . • J nsn e crys ta mrcrophone w rth 

fa~rly hrgh output can be connected to the PHONO tcr­

mmals of the RBO and the system used as a small pub! ic 

address amplifier fo 1 · 1 . 
· r r 11s use, t 1e rece1ver band swi tch 

must, of course be tl t 1 .. 
, l rOwn 0 t 1e PHONO posrtJOn. 

Volume may be controlled with the receiver gain con­
troL) 

The first thing to do when checking the RBO system is 

~o remove a ll amplifier and receiver tubes and test them 

rn a good tube tes~er. Replace t hose reading low, doubt­

:ul, shorted or m1crophonic. Second, replace the tubes 

Ill their correct sockets and after disconnecting the leads 

from the speaker ar11 1 "fi d · · 
- p 1 ers use , tre rn a temporary 

speaker to the output terminals, and listen at normal 

volume for d istort· B 1 ron. e su re t 1e speaker matches the 
RBO output imped If d · · . 

. ance. 1stortron rs present, the re-

cerver needs a check f d · 
. . _ up or a Justment or repair. As-

summg I rttl c drstortion is present, the job narrows down 

to ~ne or both of two things: Distortion in the amp! ifier, 

or u~proper amplifier matching to the receiver output 

termmals Distortio · th l "fi 
. · . n rn e amp 1 er may be loca lized 

by usmg a parr of hig h impedance phones in series w ith 

a .05-mf 600-volt paJ c · 1. . 
. ' J r capacrtor, rstenrng at th e points 

lrstcd below: 

1- Input tube g rid to g rou nd. 

2-Input tube plate to ground. 

3-0utput tube grid to ground. 

4-0utput tube p late to ground. 

. 5-Across voice coil of speaker, ·r ffi . 
' su crcnt volume 

rs present to operate headphones. 

If. the. incoming s ignal is clean at the gr id of a tube 

but rs d rstorted at the plate, either the tube is \vcak: 

plate or screen voltages are abnormal (low rectifier tube, 

S~lOrted filter capacitor, changed value of p late load re­

Sistor,. sc reen bypass (i f used) shorted or .:.;pen scrccn­

c~ropprng res istor changed \'alue or open, etc.') or in 

_t l e case of an output tube, the speaker transformer wind­

rngs may be shorted . In this case, check with a low 

range oh mmeter and compare ohms in p rimary and 

s~condary wrth the d-e ohm ,-a luc g iven in the instruc­

tiOn book for that particu lar t ra ns( ormer. 

Some instances have been noted w here the signal 

throug h th e amplifier was clean all the way to the 

speaker voice coi l, but distortion was noted on the louder 

passages of m usic. This was found to be due to the 

voice coil rubbing on th e magnet core in its center. If 

the speaker cone can be replaced or adjusted, the rub-

bing may occasional ly b e cured by re-centering the ,-oice 

coil and cem enting the cone in place. In most cases, 

however, it w ill be n ecessary to junk the speaker and 

replace it w ith a s imila r upit from spares. 

Where the ampli fi er units are connected to the \\"rong 

RB~ outlet terminals, it becomes necessary to try Yari­

ous terminal comb inat ions for correct impedance match. 

In most cases this can be done by ear, using the taps that 

produce t he best gual ity audio w ith the best volume. 

The huma n ea r is, after all, the final judge, and as long 

as resul ts sound g ood by ear, there is little need for 

splitting hairs to satisfy the rcguirements of some tech­

n ical formula or other. In the case of connecting a single 

amplifie r to the RBO, the 600-ohm terminals are used 

and no trouble should be experienced as most amplifiers 

have 600-ohm inputs. When two or more ampl ifiers are 

used, connecting to t he same receiver, it may be neces­

sary to para llel the ampl ifi er inputs and connect them 

across the 600-ohm terminals of the receiver in series 

with a 300-ohm, 5-watt resistor to keep the load as 

seen by th e receiver at 600 ohms. 

With a little care and occasional checkup as dictated 

by your shipboard maintenance routine, once an RBO 

by 

R. G. wALKER rtllrl EDWARD]. \ '<IJRTZ, JR. 

Pbilro Field Engineers 

Service Force, U. S. Atlantic Fleet 

Does your SP radar h unt or creep? Does your stable 

element topple? Arc you missing your " R" sweep? If 

you h ave been encou ntering these troubles you will find 

the material covered in this article to be helpful i.1 

future servicing. It is a compilation of recent actual 

cases of trouble encountered in the SP. 

The most common prevalent troubles include failure 

of the TR and ATR tubes and the 1N21B crysta l. Two 

types of tubes have been used for the TR and ATR. 

The 721- A is the least rugged and averages from 50 to 

150 hours of usefu l life. The 721- B averages 200 to 

500 hours, when used in the TR circuit, and is good for 

approximately 1000 hou rs as ATR. 721-A's arc issued 

occasionally due to the scarcity of the 72 1- B"s. It is 

suggested that the A's be used for A TR service and the 

B '_s for TR service. T he life of the crystal is parallel 

wrth the life of the TR since TR failure always means 

amplifier system is put in good working order and ad­

justed properly, the only troubles should be minor. 

H eavy-handed shipmates, who occasionally have been 

known to twist the knobs completely off the am­

plifiers in a desperate search for music on more than 

one channel of the input switch, are growing fewer. 

Trouble of this sort should not be encountered very 

often, but it should be kept in mind. 

It is suggested that should an ET start on an RBO 

amplifier overhaul, he be cautious enough to remember 

that the RBO high voltage ci rcuits have a distressing 

tendency to deplete the number of active ET's, should 

he prove careless. T he amplifier un its, \vhile not guite 

so deadly, pack a good wallop with thei r 115-volt a-c 

input and equivalent d-e output from their rectifiers. 

Never decide you are so fami liar with your eguipment 

that it can't kill you, or at least leave you with a good 

case of the shakes and those little white spots on your 

hands wh~re you acted as your own low resistance 

bleeder for a second or two. Hig h voltage is altt'rtys 

dangerous, and a little caution can go a long way toward 

preventing trouble. 
- Seri'Lmtt M ont/;/y 8111/etin 

that the crystal is ruined. 

H unting of the antenna in train and creeping in eleva­

tion are f requent troubles which are usually caused by 

incorrect adjustment of the tra in control and elevation 

control amplifiers . Another frequent trouble in the AFC 

circuit is due to incorrectly adjusting the oscillator 30 

megacycles above the magnetron f reguency. Th is should 

rtlll'rt)'J be 30 megacycles bel ou · the freguency of the 

magnetron for proper AFC action. 

The ( ollowing "cases of trouble" are based upon actual 

equipment fai lures g leaned from equipment failure re­

ports submitted by the field Engineers assigned to the 

Bureau of Ships and under the Administra tive Control of 

Commander Service Force, U. S. A tlantic fleet. I t is 

prepared in a "complaint"' and "solution" form so il may 

provide you with a guick reference in helping soh-c your 

future problems. 

COMPLAINT-l ine stub tuning was inopcrati,·e. 

SOLUTION-T he field winding in the line stub drive 

motor was open. The motor was replaced. 

COMPLAINT- T he standing wave probe was not func­

tioning properly. 
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SOLUTION-The circuit to the probe was open and 
there was no ground. 

COMPLAINT- No echo presentation. 
SOLUTION-Replaced a defective local oscillator tube. 

Oscillator, TR and A TR cavities were retuned for 
maximum ringtime. Tuned the line stub for mini­
mum standing waves. 

COMPLAINT- Indistinct and blurred presentation on 
the 100-mile PPI range. 

SOLUTION__.:. The trouble was caused by the sweep am­
plifier tube (807) being gassy. 

COMPLAINT- Antenna was tilted in cross-level. 
SOLUTION- The cross-level synchros in the antenna 

required re-zeroing. The use of a VTVM to zero a 
synchro is preferred. This prevents loading of the CT 
which might cause an inaccurate zero setting, resulting 
in antenna hunting. If an a-c voltmeter must be used 
a range providing 15,000 ohms or more should be 
selected to prevent CT loading during the zeroing 
process. 

COMPLAINT- The load stub tuner was inoperative. 
SOLUTION- T he load stub limit switch (S-3 142 ) had 

failed to operate. This caused the worm gear shaft 
· to break. 
COMPLAINT- Erratic sweep lengths on the " A" and 

''R" scopes. 
SOLUTION- A lump of solder lying across the sweep 

length potentiometer was intermittently shorting. 
COMPLAINT- Antenna was hunting in both azimuth 

and elevation. 
SOLUTION- Read justed the gain, stabili zing and bias 

controls on the train and elevation ampli fiers. 
COMPLAINT- Poor ranges on air ta rget. 
SOLUTION~Replaced weak magnetron, TR and ATR 

tubes. 
COMPLAINT- The synchroscope was inoperative. 
SOLUTION- R 45 29 and R-4532 had increased in re­

sistance. Replaced weak 3BP1 and 3B24 tubes. 
COMPLAINT - No video being received from the asso­

ciated Model B0- 1 IFF interrogator. 
PRELIMINARY CHECK- Checked for video output 

at the B0- 1 and found it to be proper. 

CAUSE OF TROUBLE- The video and trigger cables 
had been crossed at the console due to incorrect num­
bering of the cables. 

COMPLAINT- No control of antenna rotation. 
SOLUTION-Re-adjusted the low-speed cut-in relay 

potentiometer and the stabilizing 1 and 2 poten­
tiometers which control the low and high speed anti­
hunt circuits. 

COMPLAINT- No echos being received. 
SOLUTION- Replaced defective TR and A TR tubes 

(721- B's) and the 1N21B crystal. 
SECONDARY TROUBLES-The local oscillator tun­

ing shaft coupling was broken. The magnetron 
( 4 J47) was acting very erratic and unstable. No 
echoes being r~cei ved from the echo box. 

SOLUTION- The shaft coupling was mechanically re­
paired aboard ship. The magnetron was replaced. 
The echo box probe had become detached from the 
waveguide. 

COMPLAINT- No "R" sweep, no 5-mile sweep and 
the " A" scope had a sweep but no range marks. 

SOLUTION- No output was being obtained from the 
selector gate tube (V-3 11). Trouble symptom in this 
stage was found to be low plate vol tage. Resistance 
checks disclosed that the 0 to 5 mile range switch 
(S- 30 1) was incorrectly wired. Rewired this switch 
and immed iately received range marks again. (It was 
assumed that incorrect wiring of S- 301 occurred when 
the coarse range potentiometer was replaced by the 
ship's ET). 

RESULTS Of PRELIMINARY WORK ACCOM­
PLISHED- The range marks were restored to the 
" A" scope. The " R" scope sweep was present but 
unstable. The 0 to 5 mil e sweep was present. 

SOLUTI ON- R-425, selector gate control, was out of 
adjustment. This control restored normal " R" scope 
sweep and corrected the range marks on the "A" scope. 

ADDITIONAL REMAIN ING TROUBLE- In adjust­
ing the coarse range potentiometer the range step 
would jump 10 miles instead of 5. Varying the ditch 
width control showed that the output of V- 301 
( 6SN7 ) was not normal. 

SOLUTION- V- 301 was repl aced. Operation now 
normal. . 

COMPLAINT- The stable element level ring was osCi l-
lating at a fast rate. . 

SOLUTION- The trouble was due to excessl\·e gear 
backlash. One of the gear mounting brackets was ad­
justed to bring the hvo associated gears into closer 
mesh . 

COMPLAINT- The level ring would not lock in. 
SOLUTION- At an earli er date the ship had been ex-

. . .. A periencing trouble with the antenna hun~tng · . 
temporary solution was to reduce the ampltfier gam. 
Read justment of the amplifier gain control to the cor­
rect value allowed the level ring to lock in properly. 

COMPLAINT- The gyro would not st raighten up after 
tumbling. . 

SOLUTION- The erecting magnet was not operattng. 
Trouble was due to a broken lead which connected 
to the coil of the erecting magnet. 

COMPLAINT_ The spark gap motor-generator was 
running too slow. 

SOLUTION- The impeller blades were fractured. Cen­
trifugal force was causing them to rub against the 
stator w indings. . 

COMPLAINT- The "A" and "R" scopes were flashmg 
intermittently. . 

SOLUTION- This was caused· by severe arcing occunng 
at the mag netron filament leads. The modulator in_pu~ 
voltage was very low. Modulator voltage was raise 
to a point which allowed normal magnetron current 
of 28 milliamperes to flow. 

COMPLAINT- Antenna would hu ~t in train and creep 
in elevation. 

SOLUT ION- The train control amplifier was out of 
adjustment. Adjusting according to the instruction book 

· bl AdJ·usted the d e-procedure cured the huntmg trou c. 
. . 1 t 1a would not creep Vatlon control ampli fi er so t 1at an e1: 1 . 

wi thout excitation from the elevatiOn hand-crank. 
ADDITIONAL REMAINING TROUBLE- The ~ ross­

level control amp! ifier could not be properly ahgne~ 
due to controls being in their extreme rotation poSI­
tions. 

SOLUTION- Replaced V- 3306 and V- 3307 (6L6's) 
which were weak. 

COMPLAINT- The stauding wave load stub tuner 
would only operate "ou~". 

1 SOLUTION- Voltage chc:cking in the antenna pedesta 
disclosed that the lower limit switch in the load stub 
tuner was inoperative. This was replaced. 

COMPLAINT - Low signal and AFC crystal _curre~ts. 
SOLUTION- Both 1N21 B crrstals in the mixer !me 

sections 'vere weak. I 
COMPLAINT- Recei,·er not tuning up proper >"· 
SOLUTION- The coarse tuning control of the_ }~cadi 

b k sing a very l1m1te oscillator cavity was rv ·en, cau The 
. hich covored an incorrect mode. tunmg range w - . d bv 

control coupler, ·which was broken, was repa•re -

soldering. -1 COMPLAINT- The stable element toppled ~asl }'-
SOLUTION- The cross-level and level amplifiers _were 

d
. d f oper gain. This was accomplished not a JUSte or pr 

by control adjustments. . I . 
M

PLAINT - Stable element trained contmuous y m 
CO . . I . " local' ' control of stable a CCW directiOn w 1en In 

element. R I d defective 6L6 d-e servo ampli-SOLUTION- ep ace . .fi 
fi t be in the stable element tram ampl1 _e~. 
er u · .. t " pos1t10n but COMPLAINT- Antenna h_u_nts 111 rue 

l in .. relative" positiOn. . 
nor~~ON-This was due to an intermi ttently s~ort-

S~LU d 6H6 in the stable element train amplifier. 
mg 2n I I movement very COMPLAINT - Antenna cross- eve 

sluggish. b · · nto 
0 .1 I d leaked from the gear ox I SOLUTION- 1 1a ' t 
f the cross-level drive assembly. Mo or the motor o 

was replaced. · t d 
COMPLAINT- The AFC unit would not remam sea y 

for any length of time. . d 
SOLUTION- The coaxial couplings which connecte to 

the crystal uni t were lo'Jse. Tightening these by hand 

cured the trouble. . 

C
OMPLAINT- Antenna hunted in elevation .. 

d t · n j)roper alignment SOLUTION - Trouble was ue o II 

of the elevation ~mplifier. 
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COMPLAINT- Range unit could not be aligned. In­
sufficient tuning range in "R" sweep multivibrator. 

SOLUTION-R-380 bad increased in value from 1300 
ohms to 1500 ohms. This was replaced. 

COMPLAINT - Antenna hunted · in train when in stabi­
- lized operation. 

SOLUTION- V ---405 ( 6L6) in the stable element train 
amplifier was in termi tlently shorting. 

COMPLAINT- Receiver responded too slowly to any 
change made in the " main gain" control. 

SOLUTION- R-145 (4.7 megohms ) in the gain con­
trol circuit had greatly increased in resistance. 

COMPLAINT- Errat ic magnetron pulsing. 
SOLUTION- Replacing the fixed and rotating elec­

trodes in the spark gap. Ad justed the spacing and 
phasing of the gap. 

COMPLAINT- Trigger not visible on the monitor 
scope. 

SOLUTION-R---4 534 (2,000 ohms) was open. 1 Re­
paired the delay line, Z-450 1, in the synchroscope. 

COMPLAINT -Scanner motor inoperative. 
SOLUTION-Scanner motor, B-3 189, burned to a 

shorted condition. Lubrication appeared to be suffi­
cient. Failure believed due to the centrifugal starting 
switch not operating properly. 

COMPLAINT- Rough rotation of antenna in stabi lized 
or unstabil ized operation. 

SOLUTION-The train handwheel on the console was 
binding. The bearing surface of the handwheel was 
rough and scored . The slot in the coupling between 
the bearing handwheel and the 36 speed gears was 
also binding due to someone having forced the bear­
ing handwheel through the bearing resulting in bend ­
ing of the gears and the coupli ng. 

COMPLAINT- Standing wave stub tuners inoperative. 

SOLUTION- F-2011 would continue to blow out. 
Moisture and fungus had collected in the antenna 
pedestal. T he trouble was due to moisture in the 
motor (B- 137) . 

COMPLAINT-Stable element and antenna not fo llow­
ing sweep properly. 

SOLUTION-The OSC: reference voltage was down to 
75 volts. When this voltage was restored to 115 volts 
at the radar distribution board the stable element fol­
lowed the sweep normally. 

COMPLAINT- There was an overload indication in 
the synchro power system. 

SOLUTION- Overload relay, K-3227, was remammg 
in a closed position. 

COMPLAINT- Antenna not operating in elevation. 

SOLUTION-The Type 1CT synchro was shorted. 

COMPLAINT-When energized, the antenna dri ves 
into the limi ts of the cross-level axis and remains in 
that posi tion. 

SOLUTION- The arnuture of the cross-level amplidyne 
was grounded at point A 1. 

THEORIZED CAUSE OF TROUBLE-When !he 
armature became grounded it placed a g round on r·he 
number one grid of the current limiter tube V-3305 
(6SL7). This caused V-3305 to conduct very heavily 

and develop a high positive bias on the grid of 
V- 3306. (The bias network was effectively grounded 
at the junction of R-3381 and R-3377, thereby re­
versing the polarity of the bias developed across 
R-3381.) The posilive bias was therefore being ap­

plied to the 6N7 low-speed cut-in tube, V-3306. 

COMPLAINT- W eak presentation of close in targets 
and poor ranges on air targets. 

SOLUTION- The TR and ATR tubes (721- A"s) were 
weak. The duplexer needed cleaning. The contact 
arm supplying keep alive voltage to the TR tube re­
gui red replacement. The crystal mixer, 1N21B, was 
weak. The oscillator, preamplifier and duplexer were 
then tuned up for maximum response. 

COMPLAINT- At low speeds the antenna hunts in the 
train axis. 

SOLUTION- T he 36-speed CT rotor was shorting, re­
quiring replacement. The train control amplifi er was 
adjusted for a 2-4 volt error signal at 6 RPM. 

COMPLAINT- The AFC would not sweep or lock in. 

SOLUTION- The 6AC7 vid eo amplifier tube in the 
AfC strip was shorted. 



--

IN 


