
SEPTEMBER 1950 

BUSH IPS ELECTRON 
\ NavShips 900.1 DO 



!3USHIPS 1950 

ELECTRON 
VOLUME 6 NUMBER 3 

A 

MONTHLY 

MAGAZINE 

FOR 

ELECTRONICS 

TECHNICIANS 

THIS 
ISSUE 

CV-5 7 j URR, CV- 60/ URR, ANj URA-6j-7 j -8 
Frequency Shift Receive1·-Converters ... . ... . 

Pointers on U-H-F Equipment . - .. - - - - ... . · - - - - · 
Sonar Transducer Repai1· Facility - .......... - .. . 
Opening T est-Tool Set ANjUSM-_3 .. - - . .... -- . . 
The Electronics 0 ffi.cer Aboard S/)1 p . - .. - .. . · · · · · · 
Check Y our Shipyard O·verhattl lJY ork LISts ... .. . . 
W ave guide H ybrids ...... .. .... . .. · · · ·.- · · · -. · · 
Flu01·escent Light Inte1 f erence ctt a N a·val A1r Sta!JOJJ 
Check on lJY ave guide Excellence ..... . .... · - . · · · 
Models TEJ, TEK and TEL N om enclature Change .. 
M odel OAA- F.C. N o. 2- Replacem ent of Chok e 

CoiL ....... . ................. . ..... . . .. . 
M odels VL and X - VL- F.C. N o. 1- Provision of 

M oisture Proofing . - ... ... · · · · · · · · · · - · · ·- · 
M odels TCK-4!-6 Power Supply Connectiom .. . . 
iVI odel NMC Fi/t.e1· Junction Box (lVT) . . · .. - ... . 
M odel TBL-5j - 6j-7j-12/-1 3 !.B. Conec~1~1~ . . . . 
Cabinet CY -597 j G D efectiVe SuHtch PCI}~el lVmng . . 
Failure of Noise Generato1· SG-23 j U m T est T ool 

Set A N j USM-3 - . . . . . .. ....... . . . -- . · · · · 
Failure of IN23B Crystals in i'vl<trk 13 .. . . . - ..... · 
U-I-1-F Performance .. - ... . .. . .. - .. .. . ........ . 
Models VK and X-VK- F. C. No . 4-, Provision of 

M oisture h oofing . ....... . .. - · · · · · · · · · · · · 
Care and i'1aintenance of iVI otors •md Gene1·ato1'S 
Pointers on Lorcm . . . ....... - ....... . . . - . . . . . . 
USN USL Notes ..... .. .. . . ... . . .... . ...... . . 
T he Field Engineer Sez . . . . . . ... ... ........... -
ESO l\llontbly Column . . . . ... ... . ... .. .. .. . ... . 
Electmnic Field Change Index .... . . .. . - . . . .. .. -

THE PRINTI NG OF THIS PUBLICATION HAS BEEN APPROVED BY TH E DIRECTOR 
OF TH E BUREAU OF THE BUDGET 13 JANUARY 1950 

I 
4 
5 
7 
8 

14 
15 
20 
23 
23 

24 

24 
24 
24 
24 
24 

25 
25 
25 

25 
26 
28 
29 
30 
32 
33 

DISTRIBUTION : BuSI-lii'S E LECT RON is se!/1 to D epartment of Defeme activities concerned trith the inJtrt!ltllio:l, 
· · d 1 · · Jf 1 • ppt· d · t · · t please adt'tJe tiJe operation, mamtenance, an supp y of e!eCit'Otllc equtpment. toe quanttty s11 te tJ no cou ec , 

Bm·eau promptly. 

CONTRTBUTTO N S: Contributions to tbis magazine are always welcome. A I/ material should be addressed to ~:le 
Editor B11Ships Electron, B111·et111 of Ships (Code 993-c), Navy Department, IIYashington 25. D . C. lfYh enetJer posSt e 
articles should be accompanied by appropriate sketches, diagrams, or pbotograpbs. 

1 ·(i d · d fid · 1 · d that information CLAS
1
j1FlCATfi ON: .Mou issues obf BuSHIPSd ELECTR(iON are ft'?' 1e b/~stdiCte or c~m ent1a m or ernot be clas.ri(ied 

o/:11 a types oh .eqrup.men'. may e mcJIIde . SPr:(ict tc. mate
1
rta pu,'~ 1e

1 
dmd mCzy

1 
tJS(iued 111' 1Y o!· 

1
mh<1Y

1
t!d be sho-u•n on!;'· 

1owever. Eac tSSI/e ts asHgned the lughest clasS/ tC<tllon o· materta" m.c 11 e . asH 1e materta s o d . . 
to concerned pet·sotmel as provided in U. S. N tiV)' Regu/atio!u. Do~ t forget, . man y enlisted men a re c~nc~h~e w Jth 
the contents of this magazine. BuSI-liPS E LECTRON contams mformat/On affectlllg the tltlltO tlal d efense f Umted 
States within the mem1ing of the Espionage A ct (U.S . C. 50 ; 3 1-32) as amended. 

·cV-57/URR 

IAN/URA -6/-7/-8 

FREQUENCY 
SHIFT 

RECEIVER 
CONVERTERS 
A frequency sh ift receiver converter is required in ad ­

d ition to a communication receiver in order to use the 
in telligence contained in f requency shift keyed rad iotele­
type signals to operate a teletype printer. Frequency shi ft 
receiver converters are classified as intermediate-frequency 
or aud io-frequency types according to the frequency 
range at which the intelligence is obtained f rom the com­
munications receiver. Each type has certa in advantages 
over the other type and there is no gene ral agreement 
among commu nications engineers as to wh ich is the 

bette r. 
The T ype CV- 57 / URR, CV- 60 /URR, AN / URA- 6, 

ANf URA- 7 and AN j URA- 8 frequency sh ift converters 
comprise a seri es of equipments of similar appearance, 
mechanical construction and electrical circuitry wh ich in­
cludes both intermediate-frequency and audio-frequency 
types for sing le-channel ope: ation and. ~wo-channel d i­
vers ity operation. Tl~ese eqUipments util ize plug -in sub­
assembl ies in fi le cabinet drawer type construction . This 

type o f construction permits t~1e . chass is to be withdrawn 
f rom its enclosure on sl1des Similar to those on fil e cabi­
net drawers. W hen in the wi thd rawn position, the 
chass is can be rotated on pivots on the slide mechan ism, 
to permit conven ient inspection and replacement o f tubes 
and p lug -in subassemblies. Each equipment is furni shed 
with brackets and a mounting fra me fo r insta ll ation on 

Frequenc; s hi f I con rerter 
comparator group AN I U /~A-6. 

a table top or in a standard relay rack. W hen mounted 
in a relay rack, each Type CV- 57 jURR and CV- 60/ 

URR occupies 5 lf<l inches of panel space and each 
ANj URA-6, AN j URA-7 and AN jURA- 8 occupies 
15% inches of panel space. Each enclosure is provided 
with a filter uni t which has a rad io-frequency fil ter for 
each external connection. 

A ll the equipments in this series provide for operation 
over the two ranges of frequency sh ift normally encoun­
tered in communications service. W hen adjusted for 
wide shift they will operate w ith frequency sh ift keyed 
signals having a f requency d ifference between marks and 

spaces of any value between 200 cycles and 1000 cycles. 
W hen adjusted for narrow shift they will operate w ith 
frequency shi ft keyed signals hav ing a freq uency d iffer­
ence between marks and spaces o f any value between 10 

cycles and 200 cycles. . 
The Type CV-5 7 j URR is a sing le chan nel intermedi­

ate-frequency type f requency sh ift converter having an 
input circu it that is tunabl e to operate with any super­
hete rodyne communications receive r which has an inter­
med iate frequency within the range of 400 kilocycles to 
4 70 kilocycles. It conta ins live plug- in subassembl ies to 
perfo rm the fu nctions of the in put circuit, intermed iate­
freguency limiter ampl ifier, keyer, tuning indicator and 
power supply. Insta llat ion of th is converter requires 
modi fication of the communications receiver to obtain 
sig na l output at the rece iver's inte rmediate f req uency. 
T h is receiver mod ifi mt ion is accomplished in N avy 
Model RBB and RBC series receive rs by installation of 
a T ype 105 ()) coup ling u nit. 
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Frequency shift converter 
CV-57 / URR. 

The input subassembly of the Type CV- 57 jURR fre· 
quency shi ft converter contains the input filters, fre­
quency converter tube, conversion oscillator tube and 
reactance tube. The input filters are des ig ned for opera­
tion from a 70-ohm coaxial transmission li ne and are 
tunable, by means of screwdriver adj ustments, to any 
frequency between 400 ki locycles and 470 kilccycles. 
The frequency converter with its associated conversion 
oscillator changes the signals to have a center frequency 
of 40 kilocycles. The conversion oscillator is provided 
with a frequency vern ier on the fron t panel for fine tun­
ing. Automatic-frequency-control is also provided by the 
reactance tube which obtains its control voltage from the 
discriminator in the intermediate-frequency subassembly. 

The intermediate-frequency subassembly operates at a 
center frequency of 40 kilocycles and provides selectivity, 
amplitude limiting and detection. Two degrees of selec­
tivity are provided for the two ranges of frequency shift. 
When adjusted for wide shi ft the bandwidth of the 
limiting amplifier is approximately 1800 cycles and when 
ad justed for narrow shift it is approximately 1000 cycles. 
The limiting range is sufficient to provide satisfactory 

performance with input signal amplitudes between 2500 
microvolts and 500,000 microvolts. A linear discrimi­
nator p rovides d-e sig nal voltages which are proportional 
to the mark and space f requencies. The discriminator 
has two frequency characteristics which correspond to 
the two degrees o f selectivi ty of the limiter ampl ifi er and 
the range of frequency shift. The d iscriminator output 
voltage is fed to the reactance tube in the input subas­
sembly, to the keyer subassembly and to the tuning 
indicator. 

T he keyer subassembly conta ins a low-pass filter, volt­
age ampl ifiers, Eccles Jordan type flip-flop circuits, tele­
type keyer tubes, a tone oscillator and a tone kcyer. The 
low-pass fi lter has two frequency characteristics iden tified 
as slow speed, for single channel teletype, and fast speed, 
for h igh speed keying and multiplex teletype. The fl ip­
flop circu its have time constants and d-e restore rs to pro­
vide automatic mark hold when there is no sig nal or 
when there is a steady space signa l. The teletype keyer 

tubes key the 60-mill iampere tel etype line current which 
must be supplied from an external teletype battery hav­

ing its negative term inal g round ed. The audio tone os­
ci llator generates any on e of e ight tone frequencies which 
are keyed on and off by the ton e keyer. Provision is also 
made for keying an externally-suppl ied audio-frequency 
tone instead of the signal from the internal tone osci l­
lator. 

T he tuning indicator subassembl y contains a Type 
28Pl cathode-ray tube which indicates condition of cen­
tering of the sig nal on the discriminator curve. The tun­
ing pattern consists of two parallel horizontal li nes 
obtained by applying the discriminator output voltage to 
the direct coupled vertical amp li fi er of the oscilloscope 
and using a 60-cycle sine wave sweep voltage. The ver­
tical position of the pattern on the cathode-ray tube 
screen indicates the condi t ion of tun ing, being in the 
center of the screen when tuning is correct and moving 
up or down as the signal is detuned . The vertical dis­
tance between the two lines is proportional to the fre­
quency difference between marks and spaces for any 

Frequency shift converter comparator group AN/URA-6. 

Frequency shift converter comparator group AN/URA-6, 
rear. view showing cable connectors. 

given setting of the oscilloscope amplifier gain control. 
The power supply subassembly contains the power 

transformer, rectifier tubes, ripple filters and voltage 
regulators necessary to p rovide all of the d-e and a-c 
voltages and power for operation of the equipment. The 
power transformer primary has taps for operation from 
power lines having nominal voltages of 105, 115 and 

125 volts. 
The Type CV- 60jURR is a single channel audio­

frequency type frequency shi ft converter desig ned to 
operate from the audio-frequency output of any com­
munication receiver having a beat frequency oscillator. It 
contains four plug-in subassemblies to perform the func­
tions of audio limiter, keyer, tuning indicator and power 
supply. No modification of the companion receiver is 

required. 
The audio-frequency input subassembly contains the 

input filters, audio-frequency limi ter ampl ifiers and the 
audio-frequency discriminator. When the equ ipment is 
adjusted fo r wide shift the input ci rcuit is connected 
through a bandpass fi lter which has a bandwidth of 2200 
cycles and the discriminato r cente r frequency is 25 50 
cycles. When the equipment is adjusted for narrow sh ift 

the input circuit is connected th rough a hig h- pass fi lter 
wh ich will pass all frequencies above 775 cycles, and the 

discriminator center freq uency is 1000 cycl es. T he hig h­
pass filte r is adequate for narrow shifts because all low 

frequency Navy receivers wi ll not pass audio frequencies 
above 1400 cycles. The limi ting range of the limi ter 
ampli fier is sufficient to provide satisfactory performance 

with input sig nals between 60 microwatts and 60 m..i lli­
watts. The nominal input impedance is 600 ohms. The 
discriminator is approximately linear, producing d-e volt­
age outputs which are proportional to the mark and space 
frequencies. 

The keyer, tuning indicator and power supply sub­
assemblies of the Type CV-60jURR are the same as 
those of the CV-57 fURR frequency shift converter. 

The Model ANfURA-6 frequency shift converter 
comparator g roup consists of two Type CV-57 jURA-6 
converters and one Type CM- 14jURA- 6 comparator 
connected to provide two channel diversity reception of 
radioteletype signals. Each Type CV-57 j URA-6 con­
verter is identical to the single channel Type CV- 57 j 
URR converter. They may be used as two separate sing le 

channel equipments. 
The Type CM- 14/URA-6 comparator uses electronic 

switching to select the output from "the discriminator 
of either of two frequency shift converters, and uses the 
selected discriminator output to key the teletype printer 

Frequency shift converter CV-57 / U RR, with input 
subassembly removed. 

loop. It conta ins th ree plug -in subassemblies to perform 
the functions of a diversity gate, keyer and power unit. 

The d iversity gate subassembly takes frequency shift 
keyed signals from each of th e two associated converters, 
before the signal has passed th rough the limite r circuits. 
These two control sig nals a re ampli fied and applied to a 
differential rectifier which controls an Eccles Jordan type 
fli p-flop circuit. T he fli p-fl op circuit is connected by 
means of d irect-coupled ampl ifi ers to a pair of gate tubes 
which pass the signal from the discri minator of one con­
,·erter and reject the sig nal from the discr iminator of the 
other converte r. The selected discrimi nator output is 

used to control the keycr subassembly. 

The keyer subassembly of the Type CM- L4/ URA- 6 is 
identical with the keyer subassembly of the CV- 57 j URR 
and CV- 60/ URR . The power supply subassembly is 
simil.tr to the power sup ply subassembly in the CV- 57 j 
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Audio-frequency input subassembly removed from 
CV-60/ URR. 

URR and CV- 60/URR, but it has different electrical 
characteristics due to the smaller power requi rements of 
the T ype CM- 14/URA- 6 comparator. 

The Model AN/ URA-7 frequency sh ift converter 
comparator group is sim ilar to the Model AN/ URA-6 
frequency shift converter comparator group, except the 
input subassembly of each of the converters is tuned to 
50 kilocycles and has an input impedance of 1000 ohms 
for operation with Navy Model RBP and RCP diversity 
receivers. 

The Model AN/ U RA- 8 frequency shi ft converter 

Audio-frequency input subassembly removed from 
CV-60/URR, bottom view. 

comparator group consists of two Type CV-60/ URA- 8 
converters and one Type CM- 14/URA-8 comparator 
connected to provide two channel diversity reception of · 
radioteletype signals. Each Type CV-60/ URA- 8 con­
verter is identical to the sing le channel T ype CV- 60/ 
URR converter. They may be used as two separate sing le 
channel eguipmcnts. The Type CM- 14/U RA-8 com­
parator is identical to the Type CM- 14/URA- 6 and 
Type CM- 14/URA-7 comparators. 

Production and delivery of this series of freguency 
shift converters is scheduled to begi n this year. 

POINTERS ON U-H-F EQUIPMENT 
Following arc some pointers on u-h-f equ ipment main­
tenance : 

1- A sheet metal shield made to cover the front panel 
of Model TDZ transmitters mounted near the deck will 
p revent damage to switches, dials, meters and other 
panel-mounted components. 

2- When operating your TDZ keep the third tripler 
and power amplifier total g rid currents under 50 mi ll i­
amperes and prolong the li fe of the expensive 2C39 
tubes. During tuning, the cathode cu rrents should be 
kept below 35 ma. 

3- When installing 2C39 tubes in the power amplifier 
or tripler stages, exercise caution to prevent damage to 
the filament finger contacts in the special tube sockets. 

4- After installing new 2C39 tubes allow them to 
hake with filament current only for about an hour. T his 
will prevent many failures of this type tube. 

5- To a\oid doubling instead of tripling when tun­
ing the TDZ use the calibration curves in the instruction 
hook for approx1mate settings. 

6-Thc established u -h -f allowance for a ll ships of the 

fleet is two sets of RDZ crystals and two sets of TDZ 
crystals regard less of the number of cguipments installed. 

Each set consists of 101 crystals. If your sets only haYe 
100 crystals, order the extra crysta l from the nearest Elec­
tronics Supply Office. The f rcquency is 2 34.0 M e. Be­
fore you order sets of crysta ls inspect contents of spare 
parts boxes carefully as many sets were packed with the 
shipboard spare parts but not 1 isteJ on the inventory. 
If you have some bad u-h-f crystals do not try to replace 

the entire set, order on ly those necessary to replace the 
clef cctive ones. 

7- If you arc not using rou r u-h-f equipments dai ly, 
turn them on and let them run for about an hour to 
keep moisture out and mechan ical parts from "freezing ." 

8- Use your equipment as often as possible in order 
that all persons concerned become famil iar with its opera­
t ion and capabilities.- SerLtu11 i\lo11thly BNllt:'lill 

Sonar 

T he establishmen t of a Sonar Transducer Repair 
Facility with in Shop 67 of the Boston Naval Shipyard 
in July 1948 under the cognizance of the Sh ipyard Shop 
Superintendent provides the East Coast with th is strategic 
activity for the manufacture and repair of the a ll -impor­
tant sonar t ransducers. Prior to that time, only at Pearl 
H arbor and Marc Island were transducer rcpai rs possible. 

Thus, the necessity of long and costly t-ransducer sh ip­
ment for repa ir was eliminated as well as the most costly 
loss of all , time. In many cases a second dry-docking of 
a vessel for transducer installation was necessary due to 
the long periods consumed in transducer sh ipment to 
and from the remote repa1r facilities. 

While sti ll in its in fancy, the Boston Faci li ty was 
call ed on to manufacture complete NGA submari ne 
transducer crystal assemblies to fulfill hig h priority needs. 
T he orig inal manufacture r had terminated his contract 
on th is type equipment and no NGA's were avai lable. 
Tt is a matter of record now that th is unJertaking was 
hig hly successful ; priority d eadlines were met and each 
transducer passed more rig id tests than the manufac­

turer's NGA's. 

' I 

by 

P AU L F. MI NASIAN 

Leadi11gmall, Shop 67 
Bosto11 Nat•a/ Sbipym·d 

A second achievement was the complete assembly of 
an NMC fathometer magnctostriction array made pos­
sible largely by the usc of a special jig devised by the 
Boston Facility. The Faci lity has also d evised a j ig for 
support ing QDA transducers in such a way that a trans­
mitting response test can be plotted in a shall ow tank 
w ith full tilting range beari ngs. 

In addition , tank response testing of QH B type trans­
ducers has been initiated. By means of a specially de­
viscJ , au tomatic, remotely operated transmitting and re­
ceiving mu lti-contactor, each ind ividual section of the 
Q H B can he tested for transmitting and receiving re­
sponse. Also, special precision equipment has been set 
up to perform the hig hly sensitive electromechanica l 
tests to th is transducer before cable installation, wiring, 
and tank testing. 

Since no sonar system can be any more efficient than 
its transducer, the most intensive tests arc performed to 
assure a transducer's top oper,1ting guality before it is 
released for a ship's usc. At the Facili ty, a transducer 
brought in for rcp.1irs undergoes the following ex­
haustive tests: 
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First, it is pressure sprayed with warm water and air 
to remove all foreign sea matter and growth , corrosion, 
and saline crystal formations. Then, it is cleaned with 
an acid solution and lignum vitea to restore the acoustic 
window to its normal condition of sound transparency. 
At this point, the cable is tested for insulation strength, 
followed by the application of a voltage several times its 
normal operating value. The resistance, inductance and 
capacity of the unit are then measured with a sensitive 
bridge to determine whether the unit falls ~ithin normal 
limits. If all indications are satisfactory, a band width 
of frequencies, ranging from slightly below the natural 
resonant frequency of the transducer to a value slightly 
above, is applied to determine frequency response, im­
pedance ratio, and motional impedance characteristics. 
The foregoing tests determine the degree and order of 
repair necessary; and after repairs are effected, the pre­
ceding tests are applied again to ascertain repair ade­
quacy. 

Now the transducer is ready for either vacuum pump­
ing or the application of a drying agent, as the case may 
require, to determine watertight integrity. Rej uvenated, 
the transducer now undergoes its initial submergence, 
whereby its test under actual "fire" may be determined. 
This consists of applying to it a voltage of a fre'luency 
comparable to its shipboard use. "Pinged" by an ac­

curately controlled pulse-timing and measuring equip­

ment, the t ransducer emits its acoustic energy in the di­

rection of a sensitive flat-response hydrophone which 

~onverts the axial sound in tensity into an alternating 

voltage of exactly the same frequency. This supersonic 
energy is time-gated, measured, and presented in both 
video and electromechanical form for observation and 

evaluation. 
Since present day underwater detection equipment de­

sign accentuates maximum d irectivity, this requirement 

is closely plotted during the transducer's performance. 
Upon withdrawal from the test tank, the insulation 
strength of the unit is again closely measured to detect 
any tendency toward weaken ing . 

ADP Crystal Assembly, re­
moved from a T ype- 78248 
transducer, show i n g the 
who lesale etching and crystal 
growing process which was 
caused by pollution of the 
castor oil while the unit was 
in service. Note the com­
plete disappearance of many 
crystals through the center 
and right end of the unit . 
Other crystals have grown 
beyond their bounds and 
bridged over to form irregu­
lar masses. 

The means for applying a vacuum pumping process 
or a high pressure t est to special transducers for 
submarine use. 

Now the transducer is ready for its submarine mantle. 
First, a preservative coating is needed to protect its metal 
against the ravages of the sea, and then an outer cloak 
to ward off sea life whose growth would greatly attenu­

ate and distort the sound beam. 
H owever comprehensive and technical the above tests 

may be, the facil ity's skill and ingenuity undergo their 
severest tests during the complete manufacture and as­
sembly of a complicated crystal transducer a rray. T he 
most critical and frag ile o f all sonar components, the 
Rochelle and ammonium eli-hydrogen phosphate c rystals 

' 

require ''feather touch" handling, utmost exacting care 
seasoned with pin-point tolerances, and full time vigi­
lance of precise temperatu re, h umidity, and solvent and 
ingred ient purity. Particularly critical is the process of 
bonding the crystal array to the resonator plate during 
which expert coordination of t iming, pressure, tempera­
ture, and component quality control spell success. 

So delicate are some of the crystal operations that spe­
cial means are taken to prevent breath-moisture from in­
fi ltrating the crystal atmosphere, since in jury to crystals 
through moisture is usually irreparable. 

T he alternate transducer principle, based on periodic 
ferromagnetic elongations and contractions, imposes less 
problems with respect to atmospheric conditions and 
hand li ng, yet, due to many intrinsic variables, exacts con -

'OPENING 

TEST-TOOt SET 

AN/USM-3 

A case has been reported of a techn ician attempt ing 
to open the case of Test-Tool Set AN/ USM- 3 while it 

The Sonar Transducer Repair 
Facility. The test tank is housed 
in the right end of the b uilding. 
This building has glass block 
windows. 

tinuous and complex, rigid testing to ascertain this type 
transducer's meri t. Such bothersome phenomena as re­
duced retentivity of permanent magnets, periodic changes 
in reverse permeabil ity of metals, exposure to spheres of 
h igh magnetic influence causing induction, varying de­
grees of metallic fatigue, change in mechanical reso­
nance, and decl ine in the acoustic characteristics of the 
materials, all tend to cut serious inroads into a trans­
ducer's efficiency. 

The Facili ty has been alert to these problems and has 
attempted to devise adequate tests to detect immediately 
a weakened condition in all type transducers. To date, 
continued progress has been made in this direction, and 
we arc confident that our efforts will bring full solution 
to these intricate transducer problems in the near future. 

was upside down. The nameplate, of course, is on the 
top of the case and serves as a g uide in opening the 
case. Furthermore if the case is opened while inverted 
it will be difficult to l ift and, if forced, will cause 
some of the pen type probes to crack. 

In order to prevent a recurrence of this difficulty 

it is suggested that the word "bottom" be stenciled on 

the bottom of the case. 

The Bu reau is ext remely des irous of obtaining com­

ments on the usefulness and applicabi lity of the test-tool 
sel. S in ce it was designed primar ily for emergency usc 

under hattie conditions reports of t rial repairs under 

simu lated emergency battle conditions arc solicited. 
Please add rcss comments, reports, suggestions, etc. , 

to the Bureau of Ships. Code 9R3E. 
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The ELECTRONICS 
OFFICER 
ABOARD 
SHIP 

To begin with a challenge, the writer believes that 
organization and administration are the two most im­

portant factors in successful shipboard electronics main­

tenance. In the following paragraphs we will attempt to 
justify our stand. 

Organization 
After read ing LCdr Scott's thought provoking article 

in the February 1950 BuSHI PS ELECI'RON, we began to 

piece togeth~r the various essential processes which are 
necessary to make electronics maintenance " tick" aboard 

ship. The following ideas appear to the writer to be the 
most necessary in successful electronics shipboard ad­

ministration. Inasmuch as the AGC type vessel is one 
of the most complicated in its electronic system, it was 
chosen as the type for discussion. Naturally less complex 

electronic systems would hold to the same type d ivisional 
organization but in that case several duties or billets 
would be absorbed by only one man. It should be borne 

in mind that the allowance of ET's as discussed herein 

is a peacetime allowance. In war-time the actual number 

of ET's would be double or more than that stated. The 
allowance of radiomen would be several hundred also. 

In war-time the same type d ivisional organization would 
still hold but a more deta iled assignment to specifi c equip­
ment wou ld be carried out. In brief, the system is flex i­
ble and readi ly expandable to meet almost any number 
of ET's avai lable. 

The normal allowance of ET's in the AGC type vessel 
is as follows, d ivided for purposes of this d iscussion into 
three major categories as ind icated: 

/?a1in~: 

ETC- 2 

ETl 4 
ET 2 - 5 

ET3 - 5 
SN 4 

T otal 20 

l?adw 

2 

3 
4 
2 

12 

Radar 

1 

2 

1 

6 

Sbop 

l 

l 

2 

BUREAU COiHMENT: T he opinions ex­

pressed in !his ar!icle are !hose of !be rmlbor, 
and are no/ necessarily !bose of !be Burertu 
of Ships. 

figure 1 is a funct ional sketch o f the electronics divi­

sional organization. 
The Electron ics Repair Officer is also the Electronics 

Division Officer and is specifically charged with "being 

responsible under the Eng ineer Office r for the repair o f 

all electronic equ ipment" as well as being responsible to 

the commanding officer as a div ision officer for all dut ies 

as set out in Navy Regu lations. H e wi ll be called upon 

to stand his normal tour of watches and will be ass igned 

collateral duties. In some instances watches and col­

lateral duties may absorb the greater portion of his time. 

Thus it becomes apparent that an organization of elec­
t ronics technicians which can and does function without 

the active .part icipation of the Electronics Officer is vita l. 

The Electronics Officer who feels that he must be the 

most accompl ished technician aboard and that he must 

personally supervise every m inute repa ir is doomed to 

d isap pointment and wi ll eventually face the complete 

breakdown of his electron ic equipment. Technici~ns 
must function independent ly but with close cooperation 
as a group. The Electronics Officer shouiJ supervise to 

the extent that he is cogn izant of what is going on in 
genera l and in some instances in detail, bu t never to the 

extent of paralyzing the efficiency of his technicians. 
Prom the foregoing it is not in tended that the Elec­

tronics Officer disin terest himself in the technical aspects 

of his job. H e should in fact never overlook an oppor-
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tunity to further his electronics education. The preferred 

method however is through the discoveries of his own 

technicians and not to bypass them entirely in personal 
research. W hen a unique casualty occurs and is repai red 

he should listen to the technician's listing of troubles and 
from his own knowledge of the equipment or from ~ 

schematic or in some cases from an actual survey of 

f ront-panel indications, analyze the defect. It is not 

necessary that the Electronics Officer have an extensive 

knowledge of electronics, but if he does have even an 

elementary knowledge then a more mutual understand­
ing and relationship exists between himself and his tech­
nicians. His personality and administrative methods are 
far more important than his technical ability. W e are 
speaking of the Electronics Officer aboard ship now 

rather than the electronics engineer. 
The normal battle station of the Electronics Officer 

should be in the electronics workshop or in main damage 

control central. Normally the Electronics Officer should 

stand CIC watches. T his will enable him to keep in 

close contact with operations activities so that he wi ll 
know what equipment will be needed and when. In 
add ition he can closely supervise radarmen's activities 
and the radar equipment in general. H e can instruct 
personnel at every opportunity in the proper use and care 
o f equipment. This procedure wi ll also free the Radio 

Elect rician to handle radio and commun ications. 
T he first assistant to the Electronics Officer and the 

individual who actually is in direct charge of the divi ­

sion's activities is the Radio Electrician. H e is the techni­
cal specialist and should be regarded as such. No tech­
nical decision should resu lt without his opinion. U sually 
he stands no watches and therefore is available 24 hours 

FIGURE I . 

CRUISING 

a day. H e is in the best position to draw up trammg 

programs for dai ly school. Specific delegation of re­
sponsibilities \vould d epend upon the individual desires 
between the Electronics Officer and the Radio Electr ician . 
The normal battle station of the Radio Electrician should 

be remote f rom that of the Electronics Officer, preferably 

in radio II or III in event of battle damage. 
Referring to Figure 1 again it is noted that the th ree 

main categories of electronics are: radio, radar and shop 

(ASW type vessels have sonar in addition ). 
The chief electronics technician in charge of radio is 

responsible for all functions and mai ntenance of all 
radio equipment. His normal battle station is in radio 
I (mai n receiving room). His first assistant is his senior 
first class who is in charge of transmitters and whose 

battle station is in the main transmitter room (radio II ) . 

The ETl has an ET3 assistant in keeping with the engi­

neering practice of having at least two ted1nicians service 

high voltage equipment. In the secondary transmitting 

room (radio III) another ET1 is stationed with his ET2 

assistant. The ET2 should be in addition a u-h-f expert 

(TDZj RDZ) inasmuch as in the particular vessel being 
described th is equipment is located in the room adjoin­
ing radio III. 

An ET3 with SN assistant is assigned to receivers in 
radio I under the ETC (radio) . Another ET3 is as­

signed to both external and internal teletype equipment 

and associated projection machines. The TTY techni­

cian will ordinarily be a fleet school g raduate in TTY 
terminal equipment. The normal battle station for these 

men is in radio I. 
All radio equipment in CIC, Voice Filter, Joint Opera-
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tions, H-table, Flag I_>lot, Flag Communications, Bridge, 
Flag Bridge, etc., is broken down into two major divi­
sions: CIC-Voice Filter and topside equipment less radar .. 
An ET2 is put in over-all charge but with direct responsi­
bility in CIC-Voice Filter, and with ET3 and SN assist­
ants for topside equipment less radar. Normal battle 
stations are in CIC-Voice Filter and Flag Communica­
tions. The ET3 assigned to ComCM. works directly for 
the ETC (radio) as delegated, in addition he is assigned 
radio antenna maintenance in general. ComCM equip­
ment allowances are constantly changing so no specific 
functions will be discussed here. Higher classification 
also pertains. 

The chief electronics technician in charge of radar is 
responsible for all functions and maintenance of all 
radar. He has three principal assistants. An ETl is as­
signed to , air search radars, an ET2 is assigned to all 
surface search radars, and an ET2 is responsible for all 
RPPI' s and Rad CM equipment. An ET3 and SN are 
assigned as additional assistants. The normal battle sta­
tion for the ETC (radar) is in CIC along with his ET3 
assistant. The ETl assistant for air search-radar is in the 
topside radar room along with a SN assistant at air and 
surface search main frames. The ET2 assistant for sur­
face search radar is in the forward radar room at addi­
tional air and surface search main frames and in com­
pany with the radar operators. The ET2 assistant for 
RadCM and RPPI's normally remains in the electronics 
workshop during battle or in the Radar Countermeasures 
Room. 

The last category but by far not the least important is 
the ETl and SN assistant assigned to the electronics 
workshop. This ETl should be selected on his ·ability to 
"keep the ball rolling" on all fronts. He should be able 
to provide tools, spares, blueprints or test equipment 
whenever required for whatever purposes, as well as hav­
ing a knack for handling paper work. He keeps tab on 
all work accomplished by electronics, makes watch quar­
ter and station assignments of personnel, assigns working 
parties, cleaning stations, maintains publications, instruc­
tion manuals, machinery histories, blueprints, schematics, 
work requests, job orders, failure reports, spare parts 
stowage, shortages, requisitions, receipts, expenditures 
and many other tasks. In brief he should be the ETl 
in training for ETC. By assuming all the tedious tasks 
of day to day administration he permits all others to be­
come free to actually perform physical electronic main­
tenance and repair. This is a most important function in 
the divisional organization. All too often the Electronics 
Officer and Radio Electrician become embroiled in these 
small details and lose sight of their over-all supervisory 
capacity. The normal battle station of the ETl and SN 
assistant is in the electronics workshop. 

The normal cruising watch is a 24-hour trouble 
call watch (2 ET's, one for radio, one for radar) who 

bunk in the electronics workshop. In some cases ET's 
are required to take the transmitter watch in radio II. 
This particular watch for ET's is undesirable for several 
reasons. The ET's lose valuable man hours which could 
be spent in maintenance and repair work, and the radio­
men are not receiving any material trai~ing. It would 
seem foolish that operations would deliberately reduce 
the qualifications and effectiveness of their petty officers. 
Such a state is an adverse reflection upon training officers 
themselves. 

Administration 
The problem of administering the electronics division 

is similar to that of administering any shipboard division. 
A peculiarity of the electronics division however is the 
exceptionally high level of intelligence of personnel. 
Before any man can become an electronics technician he 
must have gotten a GCT mark of 55 or better among 
other high standards. This is not a requirement for a s~­
man in the deck force. As with any group of superior 
training or background it is much more difficult to ~way 
technician's attitudes and thinking than with unskilled 
personnel. Iron-handed discipline will not work he~e. 

The division officer must thoroughly study the serv1ce 
records of each man become familiar with his back­
ground, learn his pe:sonal problems, and see to it that 
he is working at a job which satisfies him. There .sho~l~ 
be a mutual feeling that the man will come to h1s diVI­
sion officer at any time to discuss a personal problem 
and that the problem will be received with an atten­
tive ear. By this it is not meant that a complete break­
down in military relationships should occur, but that elec­
tronics technicians can usually be dealt with in a much 
more informal manner than with un-skilled personnel 
without fear of becoming familiar. 

Those technicians with the highest GCT should be 
placed in charge of projects with some few excepti?ns. 
The higher level of intelligence will show in due ti~e. 
It becomes apparent in one man consistently solvmg 
problems just a bit sooner than the other man. Do not 
err however in retaining an ET just because he does have 
an exceptionally high GCT mark. Personality adjust­
ments within the division are just as important. If he 
cannot "get along" with others, his high I.Q. is usele~s. 

The ultimate goal in administering the electroniCs 
division is that the division will function by itself and 
on its own initiative without being pushed continually 
by the division officer. This is most certainly possible if 
personnel are carefully selected, adjusted and indoctri­
nated. The Electronics Officer then becomes a bystander, 
a general supervisor, and the division continues to func­
tion just as efficiently whether he is present or not. The 
will to accomplish has been created. 

The writer has made a unique observation in connec­
tion with personnel working at jobs with which they are 

dissatisfied. The results are not conclusive by any means, 
but it can be stated that a relationship exists between 
personnel injury rate and job dissatisfaction. It was 
learned that those technicians who were assigned to jobs 
in which they were not particularly interested or to 
which they had asked not to be assigned, experienced in-

.. juries, whereas personnel assigned to jobs in which they 
were most satisfied experienced no injuries of any sort. 
Coincidence? Perhaps. 

The division officer must constantly seek to improve 
morale in the division. This can be done in any number 
of ways. Job satisfaction seems to be the principal tool 
at the disposal of the division officer. He must carefully 
note personal relationships within the division. One 
"bad apple" can ruin all of his strenuous efforts. In 
some instances the only solution seems to be a transfer 
to new duty away from the ship entirely. Good chief 
and first class petty officers are not only a necessity in 
the electronics division, they are indispensable. Without 
good leaders nothing constructive can be accomplished. 
There was a time after -the late war when a lone techni­
cian was welcomed aboard no matter who he was or how 
competent. That day has passed. Cast out all the second­
raters and have in the electronics division the "cream 
of the crop." Comb through the ship at regular inter­
vals and solicit the most promising young strikers, espe­
cially so those with high GCT marks. Show these 
new men the advantages of learning electronics and 
poi~t out its benefits both in and out of the Navy. The 
electronics division has the distinction of having a higher 
average I.Q. than any other group of men aboard ship. 
The division officer should always keep that fact in 
mind. It is not inferred here that the ET should rest 
on his laurels but conversely by virtue of his having 
better than average mental equipment the division 
officer can set higher standards and expect more results 
both in the application of skilled knowledge and in con­
duct and courtesy. 

The percentage of ship-overs in the higher brackets 
is a good indication of the state of morale within the 
division. The division officer should encourage the 
lower rates to ship-over of course but many times a 
young man feels compelled to get out. Sometimes an 
actual comparison of "hidden-pay" benefits in the Navy 
with civilian pay for a non-college man reveals to the 
young ET for the first time that the Navy isn't so bad 
after all. Another and relatively important factor in 
good morale is that of permanent job assignment. The 
ET should be assigned to the job of his choice subject 
to the exigencies of the service and informed that it is 
permanent for a given period ( 6 months or so). He 
should understand that he is fully responsible for the 
maintenance and repair of that equipment. If he can 
keep it operating with 30 minutes work each day, all 
well and good. If he has to work 24 hours each day, 

well, that's his problem. Nothing can destroy morale so 
rapidly as the shifting of an ET from one job to another 
because a shipmate shirks carrying his part of the load, 
or due to favoritism on the part of the division leaders. 

Materiel 
Probably the two most important factors in keeping 

materiel in optimum operating condition are the elec­
tronics workshop and equipment check-off lists. This 
may sound strange at first but let us elaborate. 

First the electronics workshop serves several useful 
purposes. Electronics divisional activity should revolve 
about the workshop as a sort of operations center, simi­
lar to the familiar gunner's mate "shack." ET's should 
have their coffee mess here if authorized, where it can 
be supervised. All records should be filed in an orderly 
manner, complete sets of instruction manuals, blueprints 
and schematics should be available. Workbenches should 
be available with adequate lighting. A complete array 
of test equipment should be mounted above the work­
bench to permit the testing of any small-size electronic 
equipment. Provision should be made for the stowage 
'of technicians' tools and repair kits. The usual rubber 
deck matting should be placed. The psychological as­
pect of the electronics workshop overshadows its mainte­
nance value in that the technician unconsciously feels 
that there is a location in the ship which is "off-limits" 
to all but the technician, and also that if it is necessary 
to completely dismantle a component of electronic 
equipment for repairs, the electronics workshop has just 
the facilities and equipment to do so. Nothing can be 
so discouraging as having to analyze and repair .equip­
ment in· a passageway in poor lighting and with dozens 
of people crowding by. 

With electronic equipment scattered about the ship, 
it would be impractical to transport each ·defective com­
ponent to the workshop for repair. The idea of trans­
porting heavy test equipment about the ship for the 
same purpose is also undesirable. A simple solution 
then is to permanently mount test equipment about the 
ship at strategic locations so that a maximum amount of 
equipment can be serviced with that test equipment. In 
brief, establish small "workshops" near the equipment. 
For example: near the radar mount an echo box and 
scope; and in radio I mount a small workbench in one 
corner with tube tester, signal generator, volt-ohmmeter, 
condenser checker, power supply, etc. 

If your allowance of test equipment is not complete, 
obtain all items as soon as possible. Technicians cannot 
be expected to accomplish the impossible. With ade­
quate test equipment, efficiency will be greatly increased. 
In addition prestige will be increased if they are ob­
served using complicated test equipment. They be­
come technicians rather than radio mechanics. For ex­
ample: the new test set ANjUSM-3 issued recently is 
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outstanding. It is small, light-weight, readily portable, 
and once the technician becomes familiar with its uses, 
he cannot use it enough. It is unfortunate that the al­
lowance is so small. Each technician should be allowed 
one set. 

Check-off lists were listed as one of the factors in 
enabling the optimum maintenance of electronic equip­
ment. We classify several procedures as "check-off 
lists." First, it was learned that the practice of verbal 
equipment status reports at morning quarters is most 
effective. These reports consist of listing the general 
condition of electronic equipment assigned to the petty 
officer in charge as of 0800. The value of this report 
is two-fold. The technician or operator personnel must 
actually operate the equipment to check its operation 
before 0800 each day and the Electronics Officer receives 
a complete and up-to-date summary of his entire elec­
tronics installation if necessary to report that data at 
morning quarters. Naturally if any casualties occur 
thereafter, he is informed of that fact also. Daily opera­
tion of electronic equipment is paramount. Many small 
and disturbing casualties (relays sticking, switches 
broken, controls slipping, dial lights out, etc.) can be 
caught with this procedure and repaired in short order. 
Another advantage provided by the morning status re­
port is that the daily work plan can be laid out quickly. 
The technician reports such and such a casualty, states 
that he will be repairing it that morning, or requests 
that it be listed on weekly work plan for the following 
week or listed in the CSMP as a shipyard repair. 

The "weekly work plan" mentioned above is another 
.device useful to the Electronics Officer. It was origi­
nally devised upon the request of the Engineer O~cer 
who desired both a record of important work accom­
plished by electronics and a projected work plan for the 
coming week.· You will find that it is valuable. It 
engenders foresightedness in intelligent work planning, 
provides a maximum utilization of available man hours, 
and ensures an orderly progress of maintenance work. 
This weekly work plan is a composite of all desired 
work items as submitted by all hands in the electronics 
division, not necessarily only ideas of the Electronic~\ 

Officer. 
The use of "equipment failure reports" is also recom­

mended. This is merely a mimeographed form listing 
pertinent information in connection with equipment 
failure: reason for failure, serial number, spares used, 
etc. This form is filled in by the technician making the 
repair in a few seconds time and turned in to the ETI 
in. charge of the electronics workshop. He then extracts 
the required data for entry in the machinery history, 
fills out NAVSHIPS 383 (BuShips failure report), 
causes spare parts used to be requisitioned if necessary, 
etc. 

The actual "check-off lists" as such are. the key to 

the whole electronics maintenance program. The Elec­
tronics Officer in collaboration with other divisional 
personnel and with other ship types similar to his o~n 
should extract pertinent material from the BuShtps 
Manual, Equipment Instruction Manuals, publications. 
CEMB, RMB, EIB, etc., to draw up a composite check­
off maintenance list for each equipment on ~ard. The " 
checkoffs should include daily, bi-weekly, monthly, 
quarterly and annual items. It should be complete in 
every respc;;ct. Every week these check lists should be 
issued to petty officers in charge of equipment for check­
ing off each item as maintenance is performed. At the 
end of the week the electronics workshop ETl should 
look over the ch;ck lists and note any discrepancies, call­
ing the Electronics .Officer's attention to any discrepancy 
of note. The check lists should be kept on file for a 
short time for reference purposes if any question should 
arise as to whether or not an equipment was given rou­
tine maintenance. The Electronics Officer will learn that 
the check-off lists pay the best dividends of all. Their use 
is highly· recommended. . 

To actually carry out the required upkeep and mamte­
nance procedures as required by Bureau instructio~s 
would require more ET' s than available on board slup 
in conjunction with working parties, inspection, com­
partment cleaners, watches, etc. A certain minimum 
amount of time must be spent however in maintenance 
of electronic equipment or it will cease to function. The 
Electronics Division Officer is faced with the problem 
of expanding his man-power, or stretching his worki~g 
force. About the only solution here is enlisting the aid 
of operator personnel for routine upkeep and main.te­
nance and keeping technicians available for repa1rs. 
This sensitive subject will tax his ability as a diplomat. 
First he must obtain official approval, then, having re­
ceived it must teach reluctant operator personnel how to 
perform maintenance. Ingenious arguments will be pre­
sented on why operator personnel should not do the 
ET's job. Diverse dodges and obstacles will be pre­
sented to the Electronics Officer on why radiomen should 
not know how to tune transmitters, or. why radarmen 
should not know what the SG main frame is. 

We will take a chance at this point to stick our neck 
out by submitting that electronics should be shifted to 
the operations department instead of remaining under 
engineering. Many obstacles would be removed from 
the path of electronics maintenance if this were so. 
ET's would not be continually changing tubes in equip­
ment not being used that had been carelessly left ener­
gized by operator personnel, there would be less clash 
in obtaining operator personnel aid in maintenance, 
only to mention a few points, because operations would 
be responsible for the maintenance and repair of its 
own equipment. 

The Electronics Officer can expand his man-power 

I 
~ 

force by utilizing every opportunity to gain outside help. 
Obtain tender, shipyard or advance base assistance when­
ever physically possible. Obtain electronics inspections 
from various activities affording this service whenever 
possible. Continually seek electronics assistance. The 
maintenance of electronic equipment requires continual 
checking, re-checking, adjustment and repair. The Elec­
tronics Officer can never say, "All my equipment is in 
perfect operating condition." With the small force. of 
technicians he has at his disposal, he must have outs1dc 

help. 
In performing electronic maintenance good judg­

ment is necessary. Never undertake major repairs too 
near dates of operations at sea. Always test operate 
equipment before its scheduled use. Before any impor­
tant operations at sea replenish tubes in equipment with 
new, tested tubes. Continually check critical adjustments. 
Operate equipment daily. Stow equipment-tested tubes 
near eq~ipment to facilitate emergency repairs. Con­
tinually plan ahead as far as is possible. Pl~n your main­
tenance program so that the electronic equipment will 
be as near in perfect condition as is possible before get-

. ting underway. Before entering port have job ~rders 
prepared to rush to a repair activity as soon as possible. 
Your plans will never work out perfectly, but the nearer 

perfect, the better. . . . 
Proper analysis of the operation of ~lectrontC eqm~­

rnent cannot be made without a blueprmt or schematic 
if it is at all complex. The blueprint and schematic file 
kept in the electronics. work~hop. must be co~plete and 
up-to-date if any intell1gent tdea ts to be obtatned of the 
ship's complex cabling system and remotes, as well as 
the individual electronic equipment. Ensure their cor­
rectness and enter corrections as they occur. Nothing 
can be so exasperating or wasteful in time and man­
power than attempting to use a_ blu~p~i~t or schematic 
which is incorrect and not knowmg 1t 1s mcorrect. 

Without an adequate supply of spare parts and effi­
cient methods of procurement, stowage, and expendi­
ture, the electronics division cannot hope to operate 
effectively as a repair organization. This fact should be 
self-evident. All too often the ET ultimately determines 
that C205 is shorted in the TBK and hustles down to 
several storerooms to find the TBK spares, finds the box 
in which C205 is located, opens the carton marked 
"C2os" to find that someone else has done just that but 
forgot to order a replacementTa~d hhas k

1 
indly _left tlk1e 

empty carton in spares. TheE 1 tn t e e ectromc wor ·-

l eliminate this type of slip-shod spare parts s 1op can 
. ce He should be held fully responsible for mamtenan . 

having the required spares when needed or show suffi-
cent reason for not doing so. The new spare parts pro­
gram which places small items in bins seems to be satis­
factory in all respects and will be a boon to streamlined 

spare parts handling. 

The Current Ships Maintenance Project should be 
kept by the Electronics Officer personally, due to its 
relative importance. Applicable alts, navalts, alt re­
quests, correspondence references, work requests, job 
orders, etc., should be included. The Electronics Officer 
should attempt to be as foresighted as possible in con­
nection with installation of new equipment aboard his 
vessel and the· modernization or improvement of existing 
installations. He should not hesitate to intelligently 
criticize shipyard installations or request considered 
changes. Shipyards work under tight schedules too and 
many times would like to do better jobs than is physi­
cally possible for them to do within time limitations. 
Oftenwise better shipyard installations would result if 
the vessel would provide an ET co-worker in conjunc­
tion with the shipyard crew for liaison and inspection 
purposes. 

The CEMB, RMB, ELECfRON and EIB are sources of 
indispensable information and should be kept readily 
at hand for technician use as desired. It goes without 
saying that these publications should be corrected with­
out fail. Any special instruction requiring immediate 
attention should be disseminated without delay to the 
petty officer in charge of the equipment concerned. 

A common distasteful situation which faces the Elec­
tronics Officer almost daily is that of requests for un­
authorized changes in electronic equipment or in the 
electronic system itself. "Jury rigs" are strictly taboo. 
Unauthorized changes are prohibited by the BuShips 
Manual to begin with but may cause trouble in any num­
ber of ways in the equipment itself or within the elec­
tronic system. Naturally if the Commanding Officer au­
thorizes the change in writing, it will be made. The 
preferred method however is to request the change via 
official channels as an authorized alteration to the elec­
tronic system. 

Training 
Electronics training aboard ship will fall into three 

classes: becoming familiar with ships electronic system, 
becoming familiar with specific equipment, and general 
electronics instruction. 

Training to provide familiarity with ship's electronic 
system can largely be accomplished by on station instruc­
tion and rotation of job assignments. Have the petty 
officer in charge of a station prepare and give lectures 
regarding the electronic equipment located within his 
sphere of responsibility, explain cabling and remotes 
emanating from his station, demonstrate patch panels 
operation, switching syste~s, etc. Encourage an ET 
to plan ahead as to what new station he would like to 
be assigned. The objective here is that any ET should 
be able to take over another ET's job at any time, and 
by the time he has learned all electronic stations and 
responsibilities in the ship he will be competent to as-
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sume chief petty officer duties. Another valuable prac­

tice in this connection is to require the submission of 

sketches and diagrams of wiring, cabling and remote 
systems. 

Training to provide familiarity with specific electronic 

equipment is ac.t:omplished by actual on-the-job instruc­

tion using the "big brother" method; i.e. a higher rated 

ET experienced with the equipment teaches a younger 

man in the learn-by-doing process. Equipment peculiari­

ties are passed on in this manner and such valuable in­

formation will never be lost so long as a complete turn­

over in personnel does not occur. Personnel should be 
required to trace out and make sketches of power supply 

lines and local remotes for purposes of familiarization. 

The use of test equipment and tools should be taught 

by chief petty officers or experienced first class. It is ex­

tremely important that good habits and procedures are 

formed in the minds of the younger men with this In­
struction. 

General electronics instruction should be carried on 

for ET3 and SN strikers. Valuable progress courses are 
available for this purpose as well as many excellent 

movies and mock-ups. The class "A" electronics school 
course of instruction should be followed as closely as 
possible. Trainees should be encouraged to build small 

radio receivers in conjunction with their course of in­

struction, i.e. power supply, aud io amplifier, detector, 

intermediate ampl ifier, oscillator, mixer and r- f stage. 

It would be desirable if small receiver kits were allowed 

vessels for this purpose. 

Daily school should be held regardless of commit­

ments short of emergency battle repairs. At times it 

may seem foolish and wasteful to continue daily school­

ing but in the long run it never is, providing the proper 

type of tram1ng is carried out. The ideal time to h old 

school is immediately after morning quarters for about 

45 minutes depending upon what is to be taught and 

daily commitments. Never let an opportunity for t rain­

ing be lost. If an ET has an exceptionally good idea or 

procedure assemble the division and hold school. The 

immediate man hours lost may be made up later by 

good impressions created in the minds of your ET's. 

The ship should be considered as one cont inua l school 

of instruction. Show a sincere interest in the progress 

in rate of your ET's. Every day should be spent in im­

proving the state of maintenance of the electronic equi~­
ment and in improving the electron ics technician in h1s 

abil ity to perform the duties of his rati ng as well as 

training him for next higher rati ng. 

A long range program should be laid out in connec­

tion with efficient use of fleet schools. The ideal situa­

tion is that a new striker is sent to school just as a school 

g raduate is returned aboard. Specia l equipment main­

tenance schopls (TTY terminal, UHF, RCM, etc.) 
should be utilized to the ma..-ximum. Never make the 

mistake of maintaining that a desen;ing man cannot be 

spared to attend school. . 
The state of train ing in the electronics divis ion IS a 

d irect measure of the effectiveness of the electronics 

personnel, the degree of contro l that the Electroni~s 
Officer is able to exert over h is personnel and the condi­

tion of the electronic equipment. 

Summary 
In closing, we repeat ou r fi rst statement, that organizr•­

tion and administration arc the two most important fac­

tors in shipboard maintenance. The Electronics Officer 

who can organize and administer most effectively will 

win the battle of electronics maintenance. 

CHECK YOUR SHIPYARD OVERHAUL WORK LISTS 
Many of the Service Force ships scheduled for Naval ships' force on the F.C. Bulletin. 

shipyard overhaul submit electronics work lists. Some are 6-Genera/ors-routine cleaning, maintenance and 

compiled by the technician, and some by the Electronics minor repairs. . 
7-l nS!f!ators-clean ing and replacement as requ1red. 

Officer. In many cases, these lists contain items which B-facks (phone )-replacement and repair. . 

can and should be accompl ished by the ET rather than 9- Keys ( telegraph)-installation, replacement, adjust-
by shipyard personnel. Due to the shortage of repair ment and repair. 
funds within the Fleet, it is necessary that an intensive 1 0- Loran-repai r and adjustment. 
effort be made by the ships to do as much electronic work il - Meters-minor repairs on ly, replacement of meters 

which are integral parts of equipment. 
as possible with the ship's personnel. The following list 12- 0sri//oscopes- rapair and adjustment. 
of items are normally considered to be ship's force work: 13-Receit;ers ( all types)-all repairs except al ig nment; 

!-Antennas-clean, paint and replace wire antennas. all tests. 
2-Bem·ings-replace in small motors and generators. 1 4-Transmitt~rs ( all types )-all repairs and al teratio~s, 
3- Cabling- replace small uncritical lengths. except maJor changes, and repa irs to sealed oSCJI-
4- Dirertion Finders-cleaning, routine maintenance, later compartments; all tests. . 

loop checks and calibration. . 1 5-! est instmments- all repairs except where speoal 
)- Field Cbanges-AII field changes of a mmor nature, Instruments or techniques are required. 

and those designated as being accomplished by - SerLant Monthly B11lletin. 

BUSHIPS COMMENT: Although t he above was originally addressed to Service Force Atlantic ships only, the Bu­
reau feels that it applies in general to a ll ships in active status. Further comme nt is invited on this subject. 

WAVEGUIDE 
HYBRIDS 

In the past fifteen years, the waveguide has_ been de­

veloped from an electrical c~tri_osity to an tmportant 
medium for microwave transmiSSIOn. Progress was espe­

cially rapid during the war years, since many of the m~st 
importan t developments in radar_ would _have been _vtr­

tually impossible without wavegutdes. It IS now poss~ble 
to judge with some perspective the role that wavcgt~~des 

·11 1 · communications developments of the near WI pay 111 

future. Hollow-pipe t,rttides do not assume a thoroughly 

t . 1 f m unt il the wavelength is shorter than about prac tea or ' . 
th irty centimeters. At th is upp~r limit, ~he wavegu~de 
I I )ted coaxial cables In same mstances. I or 1as supp at '· . . . 
I t Velengths it becomes mcreastngly attractive, s 1or er wa , 

so that at ten centimeters it is the preferred medium for 

the efficient, shielded transmission of _high power, and at 

three centimeters it is almost exclustvely used. . 

Although the earliest ·~ork cmph~sized wav~gUides as 

f f transmission !me for radiO waves, It was ap­a orm o 

f. the outset that waveguide structures would 
parent ron1 · 

1 
· 1 

b · d a lso to serve as numerous basiC e ectnca e reqUire . 
t At low frequencies these components tn-

componen s. . • . . . 
I d I el~mcnts as cotl s capaCitors, rcststors, trans-c u c sue 1 ~ • 

f I S 'tnd switches. It was soon found that wave-ormcrs, re a Y , ' 
·d . tertJarts of these low-frequency clements gu t e coun ' . 

could be constructed to operate in the microwave reg1~n. 

T I · 1·t1"ated the electrical behavior and phystcal o t 1e untn ' • 
form of these new components appear novel and even 

revolutionary. . 

TI · tt"gation of wavegutdc transmiSSIOn and of 1e 111VCS ' 

I J · ·t elements as carried on by Dr. G. C. South-
rt ate o rcut • . . 

h d I ·s associates opened up vistas of a radica lly wort an 11 ' • . 

)!·cations art for the Bell System. Expandmg new commu1 ' 
effort in microwave research and development is now 

bringing about a reduction to practice. The engineering 

Collrtesy Bell Telepbone udJOI"fltories 

' of waveguide components, for example, is already suffi-

ciently far advanced to permit construction of a micro­
wave circuit between New York and Boston in a man­

ner only dreamed of ten years ago. 

One of the waveguide components which is finding a 

wide variety of uses is the four-arm junction shown in 

figures 1 and 2. If wave power is sent into this junction 

from the arm S, figure 2, half of the power flows into 

each of the arms 1 and P. Conve rsely, if waves are 

sent into the junct ion from the arm P, the power IS 

again equally divided between arms 1 and 2, with none 

flowing into the arm S. Thus arm S and arm P are 
balanced with respect to each other, provided arm 1 

and arm 2 are terminated in a symmetrical manner. 

Since the junction provides balance reminiscent of the 

fami liar hybrid coil, it is called a hybrid junction . 1 

The featurts just described, depending upon the com­

bination of geometrical symmetry with the polarization 

properties of rectangular waveguide, arc inherent in the 

junction by itsel f. A n important refinement is real ized, 

however, when reactive tuning, as exemplified by the 

metal post and rod in Figure 2. is associattd with the 

'Th~: term " Magic T.:e" which has alsll heen applied to this 
construction, is fd 1 to he a 1nisnonll'r-See BuSIIIPS ELECTRON 
fur Apri l 194"'. 
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FIGURE I. O ne form of waveguide hybrid. 

junction. T hese added elements improve the impedance 
match of the junction to each of the four arms, and 
thereby automatical ly bring about a high degree of 
balance between arm 1 and arm 2. 

A qualitative explanation of the hybrid junction can 
be ar ranged to br ing out some of the more important 
aspects of mod ern waveguide theory and practice. It is 
recalled that radio waves can be freely propagated within 
any conducting tube, so long as the wavelength is shorter 
than a cutoff wavelength determined by the cross·scc­
tional size and shape of the pipe. There is, indeed, an 
infinitude of transmission modes, corresponding to d if­
ferent patterns of lines o f force, which can be established 
and maintained for wave transmission, and thus an in­
finitude of d iffe rent wavelengths. For reasons of sim­
plicity, however, waveguide developments have so far 
been confined almost exclusively to the mode of longest 
cutoff wavelength, the so-called dominant wave, in pipes 
so proportioned that no oth er mode can be f reely sus­
tained. Also, for practical reasons, only circu lar and 
rectangu lar shapes arc in common use. In Figure 3, 
Jines of elect ri c intensity in the dominant wave arc shown 

for tubes of circu lar, square, and oblong cross-section. 

A close resemblance to rad io waves in f ree space is 

evident. 
There is an important difference between symmetrical 

and non-symmetrical pipes, however, with respect to the 
permissable orientation of the plane of polarization. 

Patterns are shown in Figure 3 for both vertical and 
horizontal polarization. In the cirwlar and square pipes, 

the configuration may have any orientation, depend ing 
upon the manner in which the waves were initially 

launched. In an oblong pipe, however, the cutoff wave-

ARM S 

PARALLEL ARM 
MATCH ING POST - , 

I SERIES ARM 
/,/_-,----MATCHING ROD 

~CSJ 
ARM P 

FIGURE 2. Perspective cut-away view of waveguide 
hybrid showing "rod" and "post" used in impedance 
matching. 

length corresp onding to the cross-polarized oscillation 
can be depressed below the operating wave- length, and 
only the fixed orientation sh own can be f reely trans­
mi tted. 

VERTICAL 
POLARIZATION" 

HORIZONTAL 
POLARIZAT ION 

SUPPRESSED 
BY CUT-OFF 

FIGURE 3. Electric field configuration 1n circular, 
square, and oblong guides. 
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An oblong shape is thus preferred \Vhenever there is any 
chance that the polarization may be rotated in an un­
controlled fash ion. Experience has shown that unavoida­
ble irregulari ties or deliberate distortions, such as bends, 
do tend to rotate the plane of polarization in circular 
waveguides to such an extent as to interfere seriously 
with the normal operation of the system. For the most 
part, therefo re, waveguide components have been de­
veloped with rectangular guide. Best results are generally 
obtained when the proportions of the cross-section lie 
in the vicinity of 1 by 2, wi th the larger inside dimen­
sion equal to about three-quarters of a wavelength. 

Waveguide studies are greatly facili tated by the close 
analogies that can be established with conventional trans­
mission line ci rcuits. Just as the waveguide itself is 
representable as a transmission line, so also can waveguide 
components be replaced for analytical purposes by 
equivalent net,vorks of impedance elements in associa· 

NO POWER OUT 

FIGURE 5. Electric field at a hybrid junctio n with 
power flowing in through arm S. 

CIRCUIT 
EQUIVALENT 

L 

CIRCU IT 
EQUIVALENT 

FIGURE 4. A " post" at the 
upper left is equivalent to a 
shunt capacitor, while a " rod" 
lower left, is equivalent to a 
shunt coil. 

tion with sections of line. For the simpler waveguide 
structures, the equivalent networks are obvious upon in­
spection or can be readily derived from elementary con­
sideration of electric fields and currents within the con­
figu ration. This is true, for instance, of the post and rod 
already shown in the hybrid junction. As indicated in 
Figure 4, the metal post concentrates the electric field 
between itself and the nearby wall of the guide, and is 
equ ivalent to a capacitance placed in shunt across a trans­
mission line. With the metal rod, on the other hand, the 
principal effect is to prov ide paths for conductive current 
flow between the connected walls of the guide, with a 
resul ting increase in magnetic fl ux and flux linkages, and 
thus it is like an inductance in shunt across a li ne. Pro­
vided that reasonably good conductors have been selected 
for the post and rod, their resistance components can be 
reglected except in extreme cases. 

For more complex waveguide structures, accurate 
representation in terms of equivalent networks can often 
be reached only after considerable study. This is true of 
the hybrid junction. For a first approach to this subject, 
eqoivalcnt network analysis is not well suited. Instead, 
use can be made of analogies with optics. H ere the princi­
pal concern is with the spreading of a wave front from 
one portion of the structure to the others. In a straight 
section of guide, the wave fronts arc plane; d istribution 
of the electric field has been indicated in Figure 3. In 
the vicin ity of a severe discontinuity such as an abrupt 
junction, there is local distortion, wave fronts become 
curved, and the field may follow a complicated distribu­
tion. An accurate knowledge of this d istortion is not 
essential, however, in deriving important properties of 
the hybrid junction. 

Figure 5 shows what happens when a wave front 
spreads into a hybrid junct ion from the arm S. Lines 
of electric intensity arc drawn in several successive posi­
tions of the wave front. To show why no power flows 
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into the arm P, the electric intensity in a typical position 
of the front is indicated vectorially at two points, A and 
B, symmetrically disposed with respect to the center of 
the junction. At A, the local field has components a' 
toward the left and a'' downward, while at B the com­
ponents are b ' toward the left and b'' upward. From 
symmetry, the magnitudes of the respective components 
at A and B are equal. Thus, the downward and upward 
intensities a'' and b'' cancel, or, more precisely, they in­
duce equal and opposite voltages in the arm P as the 
wave front spreads into that arm. The intensities a' and b' 
reinforce each other and tend to produce in the arm P 
a cross-pola rized wave. If the arm P guide is correctly 
proportioned, however, the cross-polarized wave cannot 
be freely p ropagated. This shows that no power flows 
into the arm P as a result of the electromotive force 
exerted at A and B. All other points in the wave front 
can be grouped in pairs, symmetrically located with re­
spect to the junction center, and the same conclusion 
holds for each pair of points. From the wave front as a 
whole, therefore, no power flows into the arm P, and 
the power which is transmitted through the junction 
must appear in arm 1 and arm 2, and from symmetry, 
in equal amounts. It will be noticed that at points equi­
distant from the junction, the polarities of the electric 
intensity are reversed in arm 1 and arm 2. With respect to 
phase, at least, the a rm S acts as a transmission line con­
nected in series with the line corresponding to arm 1 
and arm 2. 

What happens when a wave front spreads in to the 
junction from the arm P is shown in Figure 6. With 
respect to flow toward the arm S, the lines of electric 
intensity are seen to be directed so as to create only a 
cross-polarized wave in the arm S. As in the previous 
case, there are, in places off-center from the junction, 
additional components arising from the curvature of the 
lines of force, but these are cancelled by the mirror 
image components on the other side of the junction 
center. With properly proportioned g uide for the arm 
S, therefore, no power flows into it from the arm· P. 
This conclusion is in harmony with the reciprocity theo­
rem for electrical networks; if no power can be trans­
mitted from armS and received at arm P, then no power 
can flow the other way when the positions of transmitter 
and receiver are interchanged. 

Figure 6 also indicates how power from the arm P 
spreads into arm 1 and arm 2. With complete symmetry 
prevailing in these arms and their terminations, the 
power is equal ly div ided between them. H ere the ge­
ometry does not act to reverse the polarity of lines of 
force, and at equal distances from the junction, voltages 
in arm 1 and arm 2 are in phase. From this considera­
t ion , the arm P is regarded as analogous to a transmis­
sion line connected in parallel ac ross a line correspond­

ing to arm 1 and arm 2. 

To reveal clearly the balancing and power divid ing 
properties of the hybrid junction, the p icturization of 
wave propagation has been simplified by neglecting 
waves reflected from various parts of the junction. On 
account of the sharp geometrical discontinuities involved, 

field patterns in the region of the junction are in reality 
very complicated, corresponding to the superposit ion of 
waves bouncing back and for th within this region. All 
reflected components are symmetrical or paired with re­
spect to the center, so that they are incapable of dis­
tu rbing the balance of power division. The presence of 
reflection does, however, lead to a serious impedance 
mismatch of the device to the individual arms. These 
mismatches can be eliminated by incorporating within 
the junction tuning elements such as the rod and post 
visible in Figure 2. From an optical point of view, they 
are regarded as sources of additional reflections whose 
amplitudes and phases are such as to bring about can­
cellation of the original reflections. In terms of network 
analysis, the rod and post are equivalent, as has been 
pointed out, to a coi l and capacitor, and are disposed 
so as to tune out the reactance associated with the equiva­

lent network of the junction. By a proper choice of 
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FIG URE 6. Electric field at hybrid with power flowing 
in through arm P. 

tuning elements, effective neutralization of refl ections 
can be obtained over a remarkably broad band of fre­
quencies. Other tuning means, metal plates for exam~le, 
can be used in place of the rod and post. The particu ­
lar combination shown, developed by C. F. Edwards, 
is being widely used. 

When the hybrid junction has been matched by reac­
tive tuning, it exhibits the further customary property, 
that of balance between arm 1 and arm 2. If power is 
caused to flow into the junction f rom arm 1, a hasty 
analysis of wave-front propagation leads to the conclu­
sion that the power will be divided in some fashion 

among the other three a rms. This is indeed true. T he 

usc of matching reactors, however, automatically brings 
about a balance between arm 1 and arm 2, so that power 
flows only in to the arm S and arm P and is, moreover, 
even ly divided between them. This behavior, whi le not 
obvious from an optical standpoint, is a necessary conse­
quence of the law of reciprocity. 

ARM P m R-F SIGNAL 

DETECTOR ARM I 
HYB RID 

ARM 2 DETECTOR J UNCTION 

ARMs I I 
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OSCILL ATOR 
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I I cOMBINED 
: ~ : I· F OUTPUT 

FIGURE 7. Use of a waveguide hybrid junction with 
a balanced converter. 

FIGURE 8. A balanced converter used in the micro­
wave repeater system between New York and Boston. 

H ybrid junctions have been built from various sizes 
of guide for use at frequencies in the vicinity of 4,000, 
6,000, 9,000, and 24,000 Me. Constructed with reasona­
ble care, they provide an isolation of 35 to 40 decibels 
between the armS and the arm P, and satisfactory imped­
ance matching over frequency bands as wide as twelve 
percent. If unusual pains are taken to secure a geometri­

cally symmetrical jLmction, the balance is improved to 50 

decibels or more. 
The hybrid junction can be used in the same way as 

its low frequency counterpart, the hybrid coil. T he junc­
tion has, in addition, many d iverse applications in micro­
wave systems and in laboratory measurements, so that 
it already occupies as important a position in centimeter 

wave techniques as does the hybrid coil in low frequency 
practice. New uses are constantly being discovered in 
which advantage is taken of the balance, power division, 
and phasing afforded by the junction . 

Perhaps the most important use so far found for hy­
brid junctions is in the balanced converter. Since this 
was also one of the earliest applications, it has been 
brought to an advanced stage of development. The 
general principles underlying the operation of the bal­
anced converter or first detector are shown in the block 
d iagram of Figure 7. Two detectors, in this case point­
contact silicon rectifiers, are used as terminations for 
arm 1 and arm 2 of a hybrid junction. The beating os­
cillator power is introduced from the arm S, and the 
signal input from the arm P. With this arrangement, 
half of the signal power and half of the beat frequency 
power are developed in each rectifier. T he 180-degree 
phase shift between the signals in arm 1 and arm 2 by 
the nature of the series connection persists in the inter­
mediate-frequency voltages developed at the two recti­

fiers. By combining the two intermediate-frequency sig­
nals with proper phasing, however, all of the inter­
mediate-frequency power can be made available in a 
single output. 

An important advantage afforded by such a balanced 
detector is the isolation ach ieved between the signal line 
and local beating oscillator. If care is taken to bu ild a 
truly symmetrical structure and to use rectifiers which are 
as nearly identical as possible, this uncoupling cor­

responds to the balance between the arm S and the arm 
P of the hybrid junction. Another advantage is that the 
same intermediate-frequency phasing which combines 
the two intermediate-frequency signals additively causes 
noise contributions from the beating oscillators to be 
cancelled. For these and other reasons, the balanced con­
verter is considered the most efficient and desirable 
microwave detector now available. A specific construc­
tion developed by C. F. Edwards is illustrated in Figure 
8. This is the converter that is now being used in the 
microwave repeater system between New York and 
Boston. 
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FLUORESCENT LIGHT INTERFERENCE 
AT A NAVAL AIR STATION 

The Bureau of Ships is presently conduct ing electronic 
interference surveys at many Naval Shore Communica­
tion Stations and Naval Ai r Stations as an important 
phase of the Bureau's comprehensive long-range program 
for the elimination of electronic interference at these 
activities. 

The electronic interference surveys conducted to date 
have disclosed many new sources of interference, vary­
ing in nature from the commonplace to the obscure in­
cluding many interesting examples. The .disclosure ot 
these sources of electronic interference during the course 
of the surveys and the prompt corrective action taken 
by cognizant personnel, have resulted in appreciable im­
provement in the signal-to-noise ratios at the activities 
concerned. 

An interesting example of an obscure source of elec­

tronic interference was encountered during the survey 
recently conducted at the Naval Auxiliary A ir Station, 
Monterey, Cali fornia, where prelimi nary measurements 
made in the area surrounding the control tower and 

R-F Probe MX-980/PRM-1 (shown by arrow) used with 
the AN/PRM-1 to measure conducted electronic in­
terference on the a-c power line. 

by 

WILUAI\1 A. R IT Z 

Eleclronics Shore Division. B11ret111 of SbiJn 

operations bui lding ind icated a high ambient electronic 
interference level, which was seriously restricting com­
munications between the contro l tower and aircraft, 
especially at 3105 and 4995 kc. 

A radio interference and field intensity meter ANj 
PRM- 1 {150 kc to 25 Me) was set up in the receiver 
room located on the ground floor of the operations 
building where measurements were made of the con­
ducted electronic interference existing on the a-c power 
li nes at the power input to the receivers. Radio-fre­

quency probe MX-980/PRM- 1 was used for this pur­
pose. Figure 1 illustrates the use of this probe. A h igh 

Use of the CU-197 / PRM- 1 impe dance matching net­
work for measuring interference at the antenna in­
put to the receivers. 

Use of the loop probe AT-211 / PRM- 1 (shown by 
arrow) for locating sources of electronic interference. 

lc\'cl of 60/ 120-cycle pulse type interference was ob­
served during the course of these measurements. 

A second set of measurements was then made, using 
the ANj PRM- 1 with an impedance matching network 
CU- 197 j PRM- 1 terminated at the receiver end of the 
downlead from the No. 2 whip antenna serving a re­
ceiver operating on 4495 kc. This whip antenna is 

mounted on the walk located around the outside of the 
control tower room. Figure 2 illustrates the use of this 

impedance matching network. 

The results o f the above measurements and related 
tests proved conclusively that the g reater part of the 

elect ronic interference was entering the receivers by way 

of the antennas rather than conducted through the power 

lines to the receivers. 

An AN/ PRM- 1 operated in a portable manner by 

means of self-contained batteries was then employed 

in an attempt to locate the source of this radiated clec-

High levels. of elec:ronic !nterferenc~ were observed 
in the vicin1ty of th1s vent1lator and light post located 
on top of the control tower in proximity to the whip 
ante nnas. 

Poorly-run coaxial leads and inadequate grounds lo­
cated under the d eck of the control tower room. 

tronic interference. Using loop probe AT-211/ PRM- 1 
in connection w ith th is meter, measurements were fi rst 
made on the roof of the control tower. Figure 3 illus­
trates the use of th is loop probe at this point. By this 
method hig h intensities of electronic interference were 
measured in the \'icinity of the light post and ventilator 
which are located on the control tower roof. Figure 4 
shows this ventilator and light post and the general area. 
The area directly under the floor of the control tower 
was then similarly measured, and high interference levels 
were observed at th is location but no well -defined focal 
point could be ascertained at that time. Figures 5 and 
6 illustrate typical condit ions in th is area. The major 
portion of the interference picked up by the antenna was 
easily identified as the type created by fluorescent lig hts, 
and an investigation disclosed the source to be the fluo­
rescent lights wh ich are located in the aerology instru­
ment room and in the office of United Air Lines. H ow­
ever, the method whereby this interference was coupled 
to the antennas from these fluorescent lights presented a 

Area under control tower floor showing inade quat e 
g round strap on shie ld of antenna lead-in to t he 
31 05-kc receiver. This whip ant enna is mounted on 
the northeast corne r of the control tower. 

"' m 
V'l ..... 
"' 0 ..... 
m 
0 



0 
w 
1-
0 
a<: 
I­
VI 
w 
a<: 

0 
w 
1-
0 
0:: 
I­
VI 
LU 
0:: 

N 
N 

The transforme rs (circled), mounted on the pole, which 
were suspected of radiating the fluorescent light in­
terference to the whip antennas until the true source 
was disclosed. 

problem, as direct radiation from the fluorescent lights 

to the antennas was impossible, due to the distance be­
tween the lights and the whip antennas mounted on the 
control tower walk. Obviously the interference was 
being conducted from the fluorescent lights over the 
power line wiring and was then radiated to the control 
tower antennas from some obscure point. The electron ic 
ip.terference at first appeared to be radiating from a 
transmission pole on which the power transformer sup­
plying power to the control tower and associated opera­
tions bui lding were mounted, due to the close proximity 
of this pole to the antennas. Figures 7 and 8 show this 
transformer pole and the control tower. 

By carrying the ANj PRM-1 and walking directly be­
neath the overhead power lines, standing waves along 
these power lines were observed. Comparison of the 
maxima of these standing waves soon established the 
source of the interference to be emanating from a point 

in the vicinity of the control tower, illustrated by Figure 
9. Standing waves were also observed through the 115-
volt power lighting circuits of the control tower and 
operations building, and at all times the obesrved elec­
tronic interference peaked at 2.8 Me. Carrying the 
ANj PRM- 1 and walking past a water d rainage down­
spout leading f rom the roof of the operations build ing, 
very hig h interference levels were observed on the meter. 
Visual inspection revealed that a light circuit of the knob­
and-tube type was installed along the inner side of a wall 
adjacent to th is downspout and also in the cei ling of the 
rooms which were at a level with a metal flashing around 
the outer edge of the roof of this building . 

WHIP 
ANTENNAS 

TRANSFORMERS 

Control tower .. operations building and United Air 
Line s offices (resonant area circled). 

Figure 10 illustrates this type of wm ng wh ich sup­
plies power to a number of fluorescent lig hts located in 
aerology etc. Figure 11 illustrates this type of lig ht, 
which when tu rned on and off p roduced corresponding 
increases and decreases in the radiated interference levels 

existing in the vicin i.ty of the downspout. Previous 
tests had not indicated these flu orescent lights to be 

View of the gutterspout on side of tower building. 

~ I 

Knob-and-tube type open wiring supplying power to 
the fluorescent light fixtures in the operations building. 

creating abnormal h igh levels of rad iated interference. 
Continui ng the search for the coupling medium, measure­
ments were then made of the various combi nations that 
would indicate possible resonance at 2.8 Me. Investiga­
tion disclosed that a length of metal flashing and down­
spout plus a length of outside electrical conduit resulted 
in a length approximately V2 wave length at 2.8 Me. 
T he open wiring of the knob and tube variety used in 
the commercial air lines and operati?ns office building 
located below and adjacent to the control tower was 
found to act as a transmission li ne, which due to close 
proximity to the gutter and downspout assembly pro­
vided a means of inductive coupling for the electron ic 

interference. 
The electronic interference signals were then rad iated 

from the gutter and downspout assembly wi th a high 
degree of effic iency at the resonant frequency of 2.8 Me. 
This radiated electronic interference was then picked 
up by the whip antennas which are mounted on the walk 

CHECK ON WAVEGUIDE 
EXCELLENCE 

Recently a field eng ineer of the Western Electric Co. 
reported a very handy way to check on whether or n~t 
the waveguide system was fouled. Very frequently ti11S 
is the last part of a system to be checked for trouble 
since it isn 't the most common source of d ifficulty. 

T he check consists of comparing the frequency of the 
transmitter on DUMMY and on ANTENNA. Waveguide 
trouble sets up standing waves and pulls the magnetron 
frequency. If th is frequency pulling is g reater than 3 
or 4 divisions on the TS- 33/ AP, trouble can reasonably 
be suspected in the waveguide.-W est em Electric Co. 

Newsle/ler. 

The type of fluorescent light which created the elec­
tronic interference. 

around the outer walls of the control tower. While elec­
tronic interference produced by fluorescent lig hts is 
usually h ighest in amplitude at the low frequencies, the 
gutter and downspout assembly, comprising a resonant 
circuit at 2.8 M e, distorted the normal electronic inter­
ference ampli tude curve with respect to frequency, pro­
ducing hig hest amplitudes of electronic interference at 
2.8 to 3.5 Me, accounting for the high level of the elec­
tronic interference affecting the control tower receivers 
when these receivers were hmed to 3105 and 4495 kc. 
Station personnel found it impracticable to install a 
ground to the lower end of the downspout, illustrated 
by Figure 9 . A jumper was installed between two elec­
trical conduits, one of which was attached to the metal 
gutter flash ing, thereby breaking up the resonant circuit. 
With this corrective action taken, the electron ic inter­
ference produced by the fluorescent lights then dropped 
to a low level of 2 microvolts as compared to the previ­
ous level of approximately 30 microvolts, thereby re­
sulting in an appreciable impro,·ement in control tower 
reception. 

MODELS TEJ, TEK AND TEL 
NOMENCLATURE CHANGE 

Nomenclature of the Models TEJ, TEK, and TEL 

t ransmitters has been changed to conform to Army-Navy 
nomenclature as follows: 

Old 

Model TEJ 

Model TEK 

Model TEL 

New 

AN/ URT-4 

AN/ URT-2 

AN/ URT- 3 

1 All futu re reference to this equipment shou ld use the 
new nomenclature. 
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MODEL OAA-F.C. NO. 2-
REPLACEMENT OF 

CHOKE COIL 
The Bureau of Ships has procured 1000 .field change 

kits for Model OAA Radar Test Equipment (echo box) 
under Contract NObsr-42482. Field Change No. 2-
0AA is necessary to correct the frequency sensitivity of 
the echo box with respect to both ring time and relative 
transmitter power meter indications. The change is 
relatively simple and it is regarded as within the capacity 
of ships force. It consists primarily of the replacement 
of a choke coil and the addition of a capacitor. Ships 
with SA, SC, SK Series and SR and SRa radars aboard 
should accomplish this change on their Model OAA's 
as soon as possible. They may be obtained through the 
usual channels. 

MODELS VL AND X-VL­
F.C. NO. I-PROVISION 

OF MOISTURE PROOFING 
Field Change Kit Number 1-VL will be available 

within the next three months at Naval stocking activi­
ties for the following equipments: 

X-VL Serials 1 and 2, Contract NObsr-30196 
VL Serials 1-20, Contract NObsr-39429 

The purpose of this field change is to provide com­
plete moisture-proofing of the unit top. 

Time required is one man-hour. No special tools are 
needed. 

All requests for these kits shall be forwarded directly 
to the Bureau of Ships. Requests shall include serial and 
contract numbers of the Model VL repeater for which 
required. 

MODELS TCK-4/-6 POWER 
SUPPLY CONNECTIONS 

Faulty operation of a Model TCK-4 transmitter recti­
fier power supply utilizing Type 836 tubes has been re­
ported. The report also stated that the difficulty was 
overcome by using Type 866Aj866 tubes. 

The use of either Type 836 or Type 866Aj866 tubes 
in the rectifier power supply is permissible providing 
the transformer connections are proper for the re­
spective types. The connections must be change.d if 
tubes of one type are replaced with tubes of another type. 
The proper connections for the 'use of Type 836 tubes 
are shown in Figure 7-21, Rectifier Unit Schematic 
Diagram, of the instruction book, NavShips 900,210 . 
A note on the schematic diagram lists the changes re­
quired when operating with Type 866Aj866 tubes. 

MODEL NMC FILTER 
JUNCTION BOX (W.T.) 

Recently a beneficial suggestion was submitted by Mr. 
Dan A. Almanzar, Electrician in Shop 67 at Long Beach 
Naval Shipyard, as a modification of the sonar filter 
junction box affecting Field Change No. 7-NMC. 
This suggestion concerns the method of lay out and 
mounting of the capacitors, terminal board and mount­
ing plate. 

The suggested method is intended to reduce the man­
hours required, to simplify installation and improve the 
watertight integrity of the filter junction boxes. 

The Bureau approves this method and recommends 
using the watertight box show on BuShips drawing RE 
53F-2000A in lieu of the one shown on BuShips specifi­
cations 9-S-5341-L-Alt.S, Figures 26-16 and 26-17, 
Section 26 of the Sonar Bulletin. These W.T. box as­
semblies will contain a lightning•arrester on a mounting 
plate which is to be removed and a new mounting plat~ 
cut from sheet steel. Mounting brackets are provided 
that should reduce the time of fabrication and assembly. 

MODEL 
TBL-5/-6/-7/-12/-13 
1.8. CORRECTION 

Figures 10-43 and 10-47, schematic diagrams of the 
Model TBL-13 transmitter, in the instruction book for 
Models TBL-5/-6/-7 /-12/-13 transmitters, NavShips 
900,381, are in error and should be corrected to be in 
conformance with the respective equipment. On both 
schematics, the numerals 19 and 23, identifying termi­
nals on the + 2000-volt lead and ground, should be 
reversed. The terminal for the + 2000-volt lead should 
be marked "19" and the ground lead should be marked 
"23." In addition, a connection should be shown from 
Terminal 23 to ground on the schematic in Figure 
10-47. 

CABINET CY-597/G 
DEFECTIVE SWITCH PANEL 

WIRING 
The Bureau of Ships has received a report that Switch 

Panels SA-134/G in Cabinets CY-597 jG have been 
found incorrectly wired. The wiring defect has the 
power line (source) running to the shell contact of 
fuses F-1601 and F-1602 instead of the center contact, 
which introduces a shock hazard when installing fuses. 

All installed Cabinets CY -597 !G should be checked 
for this defect which if found, may be corrected by in­
terchanging the two wires leading to each fuse. 

~I 

FAILURE OF NOISE 
GENERATOR SG-23/U 

IN TEST TOOL SET 
AN/USM-3 

The Bureau of Ships has received some reports of de­
fective noise generators in Test-Tool Set AN/USM-3. 
These units should be checked immediately upon ar­
rival with a fresh battery. If inoperative and incapable 
of being aqjusted as described in Paragraph 3 of Section 
5 of NavShips 91146 (Instruction Book for Test-Tool 
Set AN/USM-3 ), the defective noise generator should 
be shipped to the Radio Frequency Laboratories Inc., 
care of Inspector of Naval Material, Newark, ~ew 
Jersey, together with a duplicate copy of the NavShtps-
383 failure report. This action should be recorded on the 
Bureau of Ships copy of the NavShips-383 failure rep~rt. 
Information copies of any correspondence forwardmg 
these units to the Inspector should be sent to the Bureau 

of Ships, Code 983E. 
A similar procedure should be followed for ~ny of 

the other probe type units in the test-tool set whtch are 

defective upon arrival. 
Replacement units should be ordered i.n the usual 

manner since contractual replacements wtll be made 
into the supply system rather than to individual activities. 

FAILURE OF I N23B 
CRYSTALS IN MARK 13 

Attention has been invited to the necessity for check­
ing for both continuity and presence of vo~tages on .the 
keep-alive circuit of the D-151~93 Transmttter-Recetver 

U ·t It is pointed out that resistance measurements are 
nt. d . 

not sufficient for "the usual ohmmeter will not isbn-
uish between the approximately 10 megohms specified 

g 1 . . " I t for this circuit and an actua open cucmt. ns ances 
have occurred where high failure rates for 1~23B crys­
tals have prevailed and the absence of keep-ahve voltage 
was not detected until actual voltage measurements were 
taken. Voltage measurements from TerminalS to ground 
of the transmitter switching unit should indicate ap­
proximately -800 volts when these readings are taken 
with a high resistance voltmeter such as the Volt-Ohmyst. 
Correspondingly lower readings will result when meters 
with lower resistance values are used. At present an 
effort is being made to obtain readings using a Model 

260 Simpson Meter and these will be passed on to the 
field- as soon as they are available.-If/ esfern Electric 

Nell'sleller. 

U-H-F PERFORMANCE 
"What is considered acceptable performance for u-h-f 

equipment" ? . 
This question was raised one day when som~one m 

the Bureau of Ships paused long enough to constder all 
the tests and other checks requested of the fleet-to 
mention a few, radiation patterns, receiver sensitivity, 
transmission line losses, antenna location, field changes 
accomplished, hours of operation, hours lost and maxi­
mum range. While providing the Bureau with much 
data for making summaries and frequently advising the 
ship to take corrective measures, maximum communicat­
ing distance on all azimuth bearings is not known. 

Another question is, "From these reports is it possible 
to determine in every case whether shipboard u-h-f com­
munications are meeting .the "line of sight" requirement 
(established by CNO) under all conditions?" The answer 
must be rr11o." The present u-h-f communication equip­
ment, although approved for service use does not meet 
this requirement in every instance. 

There is always a question as to what range is ex­
pected to satisfy requirements. Naturally, it is different 
for each type of ship. Based on fleet and OpDevFor 
reports, the following ranges are considered acceptable, 
and are concurred in by C.N.O.: 

Eight miles between vessels of the small landing craft 
and patrol craft classes. 

Twelve miles between vessels of the large landing 
craft and small auxiliary classes. 

Fifteen miles between vessels of the large auxiliary 
and medium-size combatant classes. 

Eighteen miles between large combatant class vessels. 

MODELS VK AND X-VK­
F.C. NO. 4-PROVISION 

OF MOISTURE PROOFING 
Field Change Kit Number 4-VK will be available 

within the next three months at Naval Stocking activi­
ties for the following equipments: 

X-VK Serials 1-6, Contract NXsr-97654 
VK Serials 1-150, Contract NObsr-30148 
VK Serials 156-214, Contract NObsr-42474 

The purpose of this field change is to provide com­
plete moisture-proofing of the unit top. 

Time required is two man-hours. No special tools are 
needed. 

All requests for these kits shall be forwarded directly 
to the Bureau of Ships. Request shall include serial and 
contract numbers of the Model VK repeater for which 
required. N 
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MO,-fORS and GENERATORS 
In dealing with electrical mach inery, as with all elec­

trica l equip~ent, the instructions and safety precautions 

must be cam ed out at all times. A few of the more im­

portant machinery safety p recautions are outlined below: 

1-The interior and exterior of machines, panels and 

contr~l boxes ~ust be kept free from dust, dirt, water, 
salt, lmt and o il at all times. 

2-A small bellows or compressed, dry ai r may be 

used in cleaning interior parts. When brushes are used 

they must be entirely non-metallic. 

3-Emery cloth o r paper shall never be used on elec­

trical equipment. 

4-Protective devices for machinery, such as circuit 

breakers, fuses, and in terlocks must be kept in working 

order and operating with their designed settings or 

ratings at all t imes. 

5- Fuse box, junction box and panel covers must be 

kept on and properly secured at all times. Lever type 

boxes shal~ _be kept closed. Box gaskets will be kept in 

good cond1t10n and free from paint. 

6--When machines run at excessive temperatures or 

when there is sparking, the machines must be shut down 

and the defects causing improper operation corrected. 

Failure to do so wi ll damage or destroy the machines. 

7-Great care must be taken in working on brush 

rigging of running machines or the commutator may 

be seriously damaged . 

8- After an overhaul, electrical machinery shall not 

be started until a careful inspection has been made for 

loose bolts, tools, broken insulators, metall ic dust or 

chips, improper clearances and loose connections. The 

lubrication must be checked, machine speed, output, cur­

rent and other readings shou ld be taken, and compared 

by 
LT. W. E. J ONES 

St(/ff ComSerrU1111 . Norfolk, V et. 

with the normal readings 1n the instruction book and 

recorded. 

Armature Troubles 
The three types of troubles encounte red in armatures 

are mechanical defects, short circuits and open circuits. 

Troubles to be expected in each category follow: 

Mechanical Defects 

!- Journals worn, scored, or out of round. 

2-Commutators scored, p itted, worn out of round , or 

worn unevenly ; exposed mica segments. 

3-Windings loosened up or th rown out, binding 

wires broken or stretched. Careful inspections and meas­

urements will reveal any of these defects. 

Short Circuits 

l - In individual coils (most common fault) . 

2-Betwcen adjacent coi ls. 

3-T o f rame or core. 

4--Between armature sections. 

5-Partial shorts of any of above types. 

6--:-Short circuits usually make their presence known 

by v1olent armature heating, accompanied by the smell 

of overheated or burning insullation. T here is usually a 

flickering of any lights in the circuit and sparking at the 

commutator. 

W hen such symptoms are observed the machine should 

be stopped at once to avoid complete destruction of the 

armature. In addition to the short circuits mentioned 

above, occasionally metallic dust or ch ips lodged in the 

commutator insulating segments cause similar symptoms. 

After the machine has been stopped, the faul ty coil 

can fregu ently be located by its excessive temperatu re or 

by the baked, changed color appearance of the insula­
tion or varn ish. 

7- 0pen Circuits: Partial or complete b reaks in an 

armature cir_cuit are ordinarily not accompanied by ex­

cessive heatmg. T here wil l be heavy sparking at the 

commutator, the circuit at fault being indicated by a 

bru_sh. If the circuits are bad ly b roken up there may be 

a nng of f1re around the commutator due to the spa rk 

hold ing between bars. 

\XIhen no b reak can be found, passing a fairly heavy 

curren t through the armature will either definitely open 

the break or ind icate its location by local heating. 

In an emergency when no spare armature is available, 

it is sometimes feasible· to disconnect the broken coil 

from its commutator segments and insulate the loose 

ends. T he disconnected segments should then be bridged 

with a well-soldered strip of copper that will carry the 

armature current. Such a repaired armature should be 

replaced at the ea rliest opportunity. 

8--Grounded Armature: An armature can be checked 

for grounds by using a megger to read the risistance 

from the armature coils (commutator bars ) to the shaft 

as ground. A normal armature should show a megohm 

or more resistance to g round on this test. 

9-Field Coil T roubles: A grounded field coil may 

be detected by taking megger readings of the resistance 

to ground, connecting one lead to the frame and one to 

a lead of the field coil under test, the brushes must be 

removed or lifted clear o f the commutator for this test. 

Open Circuits 

1-An open field coil may be detected by connecting 

an ohmmeter across the field input. If the whole fi eld 

is found to be open, test each individ ual field coil for 

continuity. 
2-A shorted field coil is usually more difficult to 

locate than an open coil. The slig ht heating of a shorted 

coil is a fai r indication. A low range ohmmeter can be 

used to read the resistance of each field coi l. The shorted 

coil will be indicated by the lowest reading. 

3- A part ially opened . field coil can be detected by 

the method used for shorted coils, except that the de­

fective coil will show an increased reading of resistance. 

Defective Insulation 
It will sometimes happen that a machine wi ll show 

very poor insulation resistance. In such a case the arma­

ture or field coils should be dried out by being baked 

in an oven. When no d rying oven is avai lable, it is 

sometimes f easible to dry an armature or coil by passing 

d.c. through it to heat it slightly. Care must be taken 

to keep the current low to avoid overheating and damage 

to the insu ll ation. 

Brushes 
T he brushes arc an important link in the electrical 

circuit since they must form the connection to the anna­

ture by way of the commutator. If the brushes fi t poorly 

or the brush pressure is too low, the contact resistance 

may be very high. If the brush pressure is too high, 

excessive brush wear and grooving of commutator will 

result. Where the instruction book does not speci fy 

brush pressure, the brush spring tension should be aJ­

j us ted so that: 
Brush pressure in pounds = l . 5 x (brush area in sq. ins.) 

When the brush pressure is too h igh, the re wi ll be 

sparking, e.xcessive commutator wear, grooving, brush 

wear and brush crumbli~g. When Jhe brush pressure is 

too low there will be sparking, unsteady voltages, selec­

tive commutation, and unbalance in the armature circuits. 

When renewing brushes the commutator should be clean 

and free from grooves. If grooves have been cut, the 

commutator should be turned down before new brushes 

are fi tted. T he new brushes are fitted into the holders 

and then lifted sufficiently to allow a sheet of coarse 

sandpaper to be slipped under the brush with the sanded 

side toward the brush. The sandpaper should then be 

drawn under the brush taking care to pull it only in the 

direction of rotation of the commutator. 

The brush must be raised in its holder while the sand­

paper is being returned to the starting point to avoid 

cutting the brushes in the wrong direction. The ends 

of the sandpaper must be kept as close to the commutator 

as possible to avoid rounding the brush edges. 

After the brush has been shaped to fit the commuta­

tor approximately, fine sandpaper should be used to get 

the final smooth fit, using the same process as is de­

scribed above. After fitting of all brushes is completed, 

the dust and sand must be cleaned off carefully and the 

brush pressure checked. 

The normal commutator acqui res a hard, smooth finish 

having a medium chocolate-brown color, and should not 

be cleaned when it appears normal. It should never be 

lubricated w ith anything. 

If a coating of smut and black carbon deposit ap­

pears on the commutator, it may be removed with 

carbon tetrachloride and a rag. If the commutator is 

very d irty, especially when sl ightly pitted, it may be 

cleaned with the finest sandpaper. After cleaning, the 

commutator must be carefully wiped off. 

Loss of Residual Magnetism 
Sometimes, when a generator is started , it will fai l to 

bu ild up and deliver any output voltage. 1l1is fai lure 

is ~SL~'l lly due to loss of residual magnetism in the mag­

nettc fi eld. It is caused by an accidental con nection of 

the fie ld with reversed polari ty. The magnetism may 

be restored by applying a DC current to the field termi­

nals for a few seconds. T he brushes are l ifted dear of 

the armature to prevent a short circuit through it, the 

direct current is then applied to energize the field and 

remagnetize the poles. Care must he taken to insure 

connecting the direct current wi th the correct polarity. 

If no DC line voltage is available, .1 storage battery may 

be used. A fter the field has been energized, the external 

voltage is disconnected, the brushes reset. ,tnd the ma­

ch ine started. 

Operating Te mperatures 
A great deal of electrical mach inery is designed to 

op_era te at relatively h igh temperatures, much cguipmcnt 

hc111g perfectly safe at 176 degrees f ahrenheit or more. 
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The hand is a very poor thermometer and should not be 
relied on except as , a general indicator. A metal tem­
perature of 120 degrees Fahrenheit is very uncomfortable 
to the touch. When a the rmometer is mounted on the 
outside of a machine, a correction of 15 degrees Centi­
g rade or 27 degrees Fahrenheit should be added to the 
reading to compensate for the inability to read the true 
temperature within the machine itself. The equipment 
instructions or the nameplate usually show either the 
truL"Ximum safe operating temperahuc or the temperature 
rise of the machine when operating with full load. 

Lubrication 
M ost motor-generator sets and other small pieces of 

electrical equipment need lubrication at from 3 to 12 
month periods, depending on the use g iven the machine 
and the manufacturer's instructions. Electrical equip­
ment is very freq uently overlubricated so that the over­
flowing oil or g rease damages the insulation. The equip­
ment must be kept clean, and examined f~equently for 
proper lubrication. The proper kind of lubricant speci­
fied by the instruct ions should always be used. If dirt 
and abrasive material get into the bearings, they must 

be carefully cleaned out. If practicable, it is best to dis­
assemble the bearing and wash off the dirty lubricant 
with kerosene or light oil, w iping carefully wi th clean 
rags before replacing parts. \'(/hen renewing lubricant, 
it is desirable to flush out the bearings with oil or g rcasc. 
When a drain p lug is fitted , clean g rease should be 
forced through until it appears at the outlet. The surplus 
should be removed and the plugs replaced. In an emer­
gency, cake oil or g rease can be flushed out w ith warm 
(not hot) kerosene. This procedure is not as desirable 
as taking down the bearing and cleaning it. A good 
general rule is to see that every bearing surface is lubri­
cated with the right amount of the p roper lubrican t at 
all times. 

Hot Bearings 
When a bearing is overheated , it must be cooled be­

fore the machine is stopped , except in an emergency, or 
the bearing and the journal will " freeze" together. Slow­
ing down the mach ine, forcing in new lubricant, or pour­
ing light oil over the bearing may help to cool it off. 
It is dangerous to pour water on overheated metal be­
cause cracking may rcsult.- ServLa111 M ontbly 8 HIIetin. 

POINTERS ON LORAN 
In recent months there have been many calls to the 

Electronic Service Group of ComServLant for repair 
of Model DAS series loran equipments. A list of 
troubles that occur frequently a re listed below for the 
information and g uidance of technicians in servicing this 
equipment: 

Jillery "s•· trace- This is caused by the grid res istor 
R- 162 in the Bl d elay, chang ing in value. Th is 2.2-
megohm resistor wi ll change to as high as 7 megohms. 
When th is resistance increases, the g rid voltage on the 
second hal f of the mul tivibrator increases, chang ing the 
delay and g iving faster sweeps. In rare cases, it will 
be found that the coupling capacitor, C-161, will be 
causing the same trouble. Also it should be remembered 
that the regulated + 265 volts must be set correctly as it 
can also cause jitters if improperly adjusted. 

Third co11nter cannot be ad j11sted-This is caused by 
capacitors C-123 or C- 125 in V- 108 circuit chang ing 
value. This can be observed by tak ing waveforms at p in 
8 of the tube. Figure 7-22 in the instruction book por­
trays the waveforms that should be observed on the oscil­
loscope. 

No g<1i11 through the receit•er 011 one btllld-Thi s is 
usua ll y caused by an open antenna coil. A rough check 
is to rotate the band sw itch of the receiver from one 
through four, ·with the gain control on the ind icator unit 
set at a value which will g ive an inch or two of g rass 
in any of the different positions. In making an ohm­
meter check of the coi l, a good meter should be used 
because of the very low resistance of the primary section. 

When replacing the antenna coil (L- 30 1, L- 302, L- 303 
and L-304) care shou ld be taken to tag the leads as they 
are removed to insure proper connect ions when instal­
ling the new coil. When the new coi l has been installed, 
the four bands will have to be alig ned by the usc of a 
sig nal generator. The screwdriver adjustments on the 
top of the can vary the f requcncy at which the coil 
will peak up. An LM frequency meter can be attached 
to the input of the receiver and the four bands adjusted 
for maximum height of waveform on the ind icator scope 
for the different f requencies of the coil. Band one is 
1950 kc, band two is 1850 kc, band three is 1900 kc 
and band four is 1750 kc. The opening or shorting o f 
the antenna coi l is usually caused by having the trans­
mitting antennas located too close to the loran receiving 
antenna, thereby inducing too much voltage across the 
coil. One method of preventing th is would be to keep 
the coaxial cable at the rear of the receiver disconnected 
except when actual ly taking a fix, also trying to keep 
transmitters shut down during the short period of time 
necessary to take the fi x. 

Approximately fi fty percent o f the calls a rc on cquip­
mcnts that need nothing more than a complete align­
ment. There is no reason for a technician to need helP 
in this case, since the instruct ion book and other tech­
nical pamph lets cover the: al ignment procedure. It shou ld 
be pointed out that some of the ad justments a rc inside 
the equipment and not merely on the front pancl.­
Seru/1// Monthly B11lletin. 
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USN USL notes VARIABLE LOOP 
MAGNETIC 
TAPE RECORDER­
REPRODUCER 

In certain underwater sound propagation studies, spectrum characteristics arc deter­
mined from magnetic tape recordings made at sea or dubbed from d isc recordings. Dur­
ing the course of making quantitative analyses in connection with such studies, it has 
been found that conventional sampling methods are cumbersome and complex and that 
the reduction data is a tedious process. In an effort to simplify some phases of the 
anal}rsis process, Mr. \'(/. F. Saars, H ead of the Recording Group at the Laboratory, and 
Mr. W. G . Lohmeyer, of the Mechanical 
Engineering Group, have designed a vari-
able loop magnetic tape recorder-reproducer .; 
which utilizes a Ma,gnccorder PT-6 record-
ing system. Although similar devices arc 
available commercially, they lack the precise-
ness of timing which is essential to accurate 
analysis. The novel aspect of the variable 
loop recorder- reproducer lies in the multiple­
position tape pu lley and its precision mount-
ing plate which al lows the device to accom- I 
modatc recorded samples of one- to two- ,-

second duration in 0.1 -second increments. ~ &o. _ __ .!.....--::--_:.,.--=----'~ ... " 
Analysis o f a recording begins with a pre­

liminary edit ing of the tape to determine the 
interval sampling rate. The first sample is then selected br cutting a linear section 
of the tape corresponding to the desired time duration. This procedure is '.11ade pos­
sible by the inclusion of a time reference cue, such as the momentary blank111g of the 
in put signal, ncar the start of each record ing; since tape speeds of 7.5 or 15 inches 
per second arc normally used for recording the proper length of tape for the re­
quired time in terval is easily measured. 

After the tape sample has been cut with scissors of non-magnetic material, the 
ends are butted and spliced, and the loop is th readed onto the sampling device. The 
remainder of the tape is not removed from the pay-out and take-up reels, al ­

though the take-up reel must be sl ipped from the drive spindle in 
order to prevent it from rotating w ith the tape d rive capstan. 

The loop may then be reproduced continuously until the sampl ing re­
quirement has been f ulfillcd. When the analysis of the sample has been 
completed, it is spliced back into the main tape and the next sample 
ind icated hy editing of the tape is selected . 

W h ile the variable loop unit is intended primaril y for sampling phe­
nomena of relatively long time duration in the fields of underwater sound 
and acoustics and for transient energr studies in the audible spectrum, vari­
ous other applications arc possible. W ith this device, time marks may be 
introduced into records , commands may be repeated at stated inte rvals, or 
short messages may he recorded for subsequent repetitive reproduction. 
The analysis of speech imperfections m,t}' also be f.tcilitated throu~h the 
use of the unit. 

T he chief advantage of the var iable loop un it over comp.tr.tblc de­
vices lies in the precis ion with wh ich samples may be taken. Since it 
is onlr 19 inches square including the Magnecordcr system, it is com­
pact and portable. 
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MARK 12 MOD 2 
Results of Poor Maintenance 

The Bureau recently received a report from a field 
engineer listing troubles found on the Mark 12/2 radar 
installed in an active fleet unit. These troubles are listed 
in the following paragraphs with the engineers com­
ments on remedial measures necessary to correct same. 
The engineer concluded this report with-"This parti­
cular equipment had been under the care of the assigned 
technician for only two weeks or so. His predecessor 
had not given the equipment the care and attention (pre­
ventive maintenance) it required, and many of the 

troubles listed had been of long standing. It was the 
ship's desire to have the equipment placed in proper 
operating condition, and it was the technician's desire 
to understand the equipment, which was the first fire con­
trol equipment he had had the opportunity to work 
on. The service call began w ith a "school" session, in 
which the system design, layout, and theory of opera­
tion were discussed in considerable detail. Maintenance 
p rocedures and their purpose were then discussed as each 
unit in turn was inspected for trouble conditions and 
those found were corrected." After reading the multi ­
tude of troubles found by this engineer on one radar 
equipment, it is believed that technicians and Electronics 
Officers will have a deeper appreciation of the impor­
tance of a carefully planned and well executed p reventive 
maintenance program on all the electronic equipment for 
which they are responsible. 

1-Range unit failed to follow rotation of the hand­
wheel in range control unit. This difficulty was found 
to be caused by a shorted secondary winding from center 
tap to terminal 5 of T 2, the output transformer for the 
AID circuit in the range correction unit. The short was 
apparently caused by overheating, probably due to a gassy 
or shorted 6L6 tube at V- 22. Voltage output f rom T2 
was insufficient to drive the AID motor in the range un it. 
Replaced T2 from ship's spares. 

2- Automatic range followi ng circuit did not func­
tion. The trouble was found to be similar to that in the 
AID circuit. Winding 4- 5 of Tl was shorted and the 

can was swollen. Probably caused by a shorted or g assy 
6L6 in V-1 3. Since on ly one KS-8491 transformer was 
supplied in a set of spares (l ist A) a replacement trans­
former was borrowed from spares of another vessel, oper­
ating in the area. 

3-Sound of spark from modu lator un it abnormal. 
False ta rget appears intermittently at random locations 
along the range sweep. T he rotary spark gap found to 
be in poor condition, and the spark wheel contained both 
molybdenum and stainl ess steel pins, upsetting the dy­
namic balance. The hub disc against which the g round­
ing brush bears was worn in the contact area, and 
showed two deeply etched areas where the brush prob-

ably rested at some time when the equipment was 
turned on with the spark motor inoperative. The station­
ary electrode was rotated to bring an unpitted surface 
into action. The wheel pins were rotated as required 
and the steel pins were removed and replaced by new 
molybdenum p ins. T he hub d isc was replaced from 
ship's spares and the gap spacing was adjusted to 0.022". 
After these repairs were made the spark sound returned 
to normal and the false target disappeared from the trace. 

4-Regulated rectifi er developed trouble during test­
ing. Evidenced by random variation of sweep lengths, 
followed by disappearance of sweeps from all indicators. 
Voltage found to have fallen to 150. Replaced V (16) 1, 
rectifier tube Type 393A, which showed only a very 
faint blue glow ~nd which had a badly til ted plate struc­
ture. Voltage normal but regulation poor after chang­
ing this tube. Replaced the control amplifier tubes, V3 
and V6 (6L6's) , and regulation returned to normal. 

5-Electri'cal limit switches on range unit slewing 
mechanism, Unit 5A, improperly set. Slewing motor 
drove range unit into its mechanical stops at the high 
range end, and was d isabled at 6000 yards when going 
toward zero range. Switch cams were reset for operation 
at 57,000 yards and 100 yards, respect ively. 

6--Switch ing to AGC at the operators control unit re­
sulted in a total loss of targets and g rass. Trouble found 
in adjustments of .MAX 1- F GAIN and 1- F AGC LEVEL po­
tentiometers in receiver circuit unit. After correct ly re­
adjusting these components, normal operation was 
obtained from the AGC circuit. 

7- Spot disabling circuit was found inoperative. Ex­
amination disclosed a fau lty 6SN7 in V( l O) 11 in the 
receiver ci rcuit unit. Replacement of thi s tube restored 
operation. Adjusted for sensitive operation on range 
calibration signal, then read justed for insensi tivity to 
nOISe. 

8- All indicators were found to be improperly ad­
justed with reference to spot and sweep cente ring . These 
were properly ad justed but a frozen FOCUS potentiome­
ter was found in the control officers indicator, and a de­
fective selector switch was located in the pointe r's 
indicator. This ship's spare indicator was a lso found to 
be inoperative in that no sweeps could be made to ap­
pear on the screen although proper voltages were avail-

able to the control officer's posttiOn. Parts ~ere taken 
f rom the spare indicator to correct the difficu(ties in the 
two indicators noted and the spare indicator was then 
rebuilt from the ship's spares. 

9-After work was accomplished on the indicators, it 

was noted that when the range sweep was properly cen­
tered on all scopes, switching to TRAlN or ELEV indica­
tion caused a two-inch displacement of the sweep trace 
to the rig ht. This trouble indication pointed to some un­
desired load on the d-e component of the image shift 
voltage supply, resulting in lowered potential on the left 
deflection plate of all scopes when switched · to TRAIN 

or ELEV. The source of this current drain was found to 
be located in the trainer's indicator, where a partial 
ground existed on the image spacing voltage lead. Re­
moval of th is ground corrected the trouble and restored 

normal operation. 
10- Indicating lamps on train and elevation meters 

would not light when spot enabling circuit operated. It 
was determined that the 6.3-volt a-c supply to these 
lamps was leaving the receiver ci rcuit unit when the spot 
disabling relay was released, as is normal, but that the 
voltage was not present at the train and elevation meters. 
Available t ime did not permit checking the ship's ·wiring 
to find the error but the method to be used was discussed 
with the techni~ i an, who will correct th is trouble at his 

first opportunity. 
11- During adjustments the range uni t develope~ a 

failure of the precision p ip circuit, evidenced by the Im­
possibi lity of getting the notch down to zero on. the 
scopes even though the range unit was at a below-zero 
setting. The trouble was isolated in stage V (5) 2 by 

standard signal tracing methods, and proved to be a 5?0-
ohm short to ground in C6B, a cathode bypass capaCitor 
in the 82-kc precision oscillator circuit. Capacitor C6 
was replaced from ship 's spares and circuit operation re­

stored to normal. 
12-Again the notch failed to follow rotation of the 

handwheel in the range control unit, although the AID 
motor was rotat ing as intended. T he difficulty was found 
b observation of the range unit gear train whi le the 
/1D motor was energized and rotat ing. Sli ppi ng was 
observed in the differential wh ich combines the outputs 
of the AID and AUTO motors, applied to one sun d isc, 
with the local handwheel rotation which is applied to 
the other sun disc. This differential operates by friction 
d rive instead of employing geared teeth . An accumu­
lation of oil and grease on the friction surfaces, com­
bined with small amounts of d irt in the teeth of the fol­
lowing gears and an apparent l esse1~ing of pressure ex­
e rted by the cl i ffe~en t 1a l l o~clmg :prmgs, was enough to 
permi t the sun d1scs to sl1p agamst the pl.a1.1etary d1scs 
without causing them to rotate. The techn1oan was ad­
vised to clean the different ial discs and the gear teeth, 

and to relubricate w ith care. A method of increasing 

the spring tension, if needed, was also discussed. 
13- 0n the final checkout and test of boresighting ac­

curacy, it was observed that the sense of the indications 
for TRAlN was reversed on the range operator's indicator, 
the trainer's indicator, and the train meter. The pointer's 
indicator and control officer's indicator displayed the 
proper direction of spot movement for T RAIN, however. 
All indicators and the elevation meter "\vere correct in 
elevation. The circuit was analyzed in conference with the 
technician, and it was agreed that two separate wiring 
errors must exist and must be s.eparately corrected. A 
plan was made for the correction of sense reversal, in­

volving the following two operations: 
a-Interchange wires at terminals 1 and 2 of the indi­

cator power unit. This wi ll result in reversal of 
train sense indication only, but will affect all in­
dicators alike, as well as the wandering spot and 
train meter voltage .output of the indicator circuit 
unit. 

b--In the CW-62097 junction box in the director, on 
terminals 7 and 8, interchange the R-L deflection 
leads in cables 223 and 233, to the pointer's indi­
cator station and the control officer's station, re­

spectively. This w ill have the effect of correcting 
the spot sense in train on the two indicators men­
tioned, which will have been previously reversed 
by operation (a). 

Upon completion of these operations by the techni­
cian, the spot and train meter sense reversal condition 
will be corrected. 

14-The equipment showed need of correcting cer­
tain adjustments. The installation adjustment procedure 
was referred to, and all system ad justments were trimmed 
for optimum performance and accuracy except the 
double-echo zero-set for the range unit. T h is operation 
was described in detail and left to the ship's force to 
perform while at sea where the requisite conditions could 
be properly set up. 

MODEL TDZ/RDZ FEEDBACK 
, A field engineer operating out of the Naval Station, 
K ey West reports the following condit ions and remedy 
encountered on board a sh ip in that area: 

When handsets were inserted in both remote units 
of the TDZ/ RDZ installation on board the subject ves­
sel, feedback was very objectionable. An investigation 
revealed that at some time prev ious both the handsets 
had been rewired in such a manner that the "push-to­
talk" switch was in the keyi ng line (contact E) rather 
than in the common li ne (contact D) . The result was that 
when the transmitter was keyed f rom one remote sta­
tion , feedback occurred in the other between the always 
closed modulation circui t and the non-muted speaker. 
Rewiring of these handsets corrected the d ifficulty and 
restored operation to normal. 
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P.ROVISIONS FOR ''PARTS PECULIAR" 
The new Spare Parts Specification 16E6 (Ships) pro­

vides for a provisioning meeting to determine the "parts 
peculiar" that will be procured for equipment spares and 
for bulk stock Representatives of BuShips, ESO, the 
cognizant Inspector of Naval Material, and the equip­
ment manufacturer assemble at the manufacturer's plant 
to review the equipment and· to go over the parts list 
and determine the quantities to be procured. 

The items that are selected by BuShips represent the 
maintenance parts-peculiar to be supplied with the equip­
ments in the form of equipment spares. ESO representa­
tives determine the quantities for stock which it is be­
lieved at the time of the provisioning meeting will meet 
the requirements of th is part for the life of the equip­
ment. No common parts are procured under Spare Parts 
Specification 16E6 (Ships), as these parts are procured 
by ESO and maintained in stock based on supply and 
demand requirements. 

ESO's estimate on the number of parts needed for 
the life of the equipment is based partially on failure 
data for similar parts in the same category of material. 
In this respect, it is essential that the fleet furnish the 
Bureau with complete Failure Reports on each mainte­
nance repair part. These reports, when consolidated, 
should reflect a true picture of the frequency and type 

NBS-383 FAILURES REPORTS 
ON DEFECTIVE ITEMS 

Failure reports received by the Bureau of Ships indi­
cate that many items are received in a defective condi­
tion . This often ts a result of faulty packing, stowage 
and handling. 

Reporting an item that was received in a defective con­
dition is just as important as reporting an item that failed 
in service. The Bureau of Ships forwards these failure 
reports to ESO for review and appropriate action. When 
complete information, de cribing the condition in which 
the material was received and the name of the issuing 
activity is included on the report, it provides a basis for 
taking more positive action to prevent such failures in 
the: future. 

of failure, so that usage of similar items may be pre­

dicted. 
Accurate determination of parts-peculiar needed for 

the life of the equi pment is necessary to eliminate over­
stocking and to avoid exorbitant manufacturing costs at 
a later date. Once the manufacturer has discontinued 
production of a particular item, and scrapped the dies, 
the engineering expense required 10 retooling for pro­
duction of a small quantity may resul t in a cost of more 
than one hundred t imes as much per item as the original 
sales price! Therefore, it is essential to procure correct 
stock quantities so that supply of parts peculiar will not 
be depleted during the life of the equipment. 

COLD STORAGE 
LENGTHENS LIFE 

~o, sailor, that doesn't mean you have to lock your­
self up in a refrigerator every night! We are referring 
to the life of dry cell batteries-not human beings. 

It is well known that the li fe of a dry cell battery 
gradually diminishes, even though the battery may be 
lying idly on a shelf. No "fountain of youth" has been 
discovered to assure complete recovery, but it has been 
learned that cold storage of dry cell batteries does 
lengthen shelf life approximately six months. 

For this reason, and to obviate many of the d ifficult ies 
formerly encountered in the d istribution of this category 
of material, the Bureau of Supplies and Accounts initiated 
action to establish cold storage facilities at the major 
distribution points, particularly NSC, Norfolk, NSQ, 
Pearl Harbor, and NSC, Oakland . In the future, when 
present stocks are cleared away, a sh ip or shore activity 
receiving dry batteries from one of these di str ibution 
points can expect an expiration date six months longer. 

As a result, not only will the shelf li fe of batteries be 
substantially increased, but del ivery under contract can 
be effected in case-lot quantities to the installations hav­
ing cold storage facili ties; requirements for operating 
activit ies can be met from stocks maintained tn cold 
storage, thus decreasing the frequency of necessary pur­
chases; and delivery schedules wi ll not have to be revised 
to meet changi ng demancls at the consumer level. 
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