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High frequency echoes, commonly r eferred to as 
multipath effects, h ave been earning hash m arks in 
th e Navy for more than twenty-five years. It would 
be nice if th ey could be retired to inactive duty, 
but unhappily it looks as tlwugh they will always 
be with us to some extent, creating occasional n et
work nuisances on long distance point-to-point 
radio circuits. The aims of this article are to review 
for E lectronics Technicians and communications 
men, some of the basic useful ideas about echoes, 
and to present a few practical hints for steering 
clear of them on high frequency t eletype and fac
simile circuits. 

Another aim is to give certain results of some 
facsimile echo observations along with interesting 
conclusions about transmission speed possibilities 
on h igh frequency radio circuits. During a recent 
survey of HF Naval communications, su pported by 
the Office of Na val R esearch , it was found th at fac-
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simile weather maps provide an excellent source of 
data for the study of echoes on long distance cir
cuits. Facsimile maps transmitted to Washington 

from New York, San Francisco, Honolulu~ and 

Guam were furnished from the files of the Wash

ington Navy Radiophoto Activity through the co

operation of Lts. R. A. Langdon and C. D. Seal
lorn, who also participated in this study. Some fac

simile map samples are illustrated in Figure I. The 
top section is an example of good clear reception. 
The center section shows echoes delayed 20 and 40 

milliseconds. Short echoes or " trailing edges" are 

pictured at the bottom. Echo delays can be meas

ured in milliseconds directly from the facsimile 
pictures where distances in the direction of scan
ning are proportional to time. 
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Causes of Echoes 

Echoes occur when radio energy reflected from 
the earth and from the "ionosphere is broken up 
into separate pack e ts or components which arrive 
at a receiver along a numbe r of paths of different 
lengths. The r esult at the receiver will often be as 
in Figure 2, which pictures a typical oscillogram of 
a r eceived signal element followed by a train of 
delayed echoes. Radio facsimile picture receptions 
will b e blurred and teletype copy will be garbled 
when a single intelligence pulse is received more 
than one time. Where delays are so short that sue· 
cessive echo pulses overlap, the echo energies in· 
volved will be reinforced or cancelled according to 
phase. This amounts to a form of fading. Where 
d elays are l ong, echoes may cause message errors 

GOOD RECEPTION 

ECHO DELAYED ABOUT 
40 MILLISECONDS 

20 MILLISECONDS DELAY 

PRIMARY SIGNAL 

NOISE INTERFERENCE 

TRAILING EDGE ECHOS 
0-10 MILLISECONDS DELAY 

FIGURE !-Sections of Navy facsimile maps received on high frequency point-to
point circuits, showing good reception, long delayed echoes and noise , and short-delay 
trailing-edge echoes. 

f 

when they masquerade as genuine intelligence 
bands and are received and recorded where none 
are inten ded. 

It is possible to classify the more common echoes 
on the b asis of their origin. Echoes arising from 
reflections b etween earth and ionosphere include: 

1- Double-signals and around-the-world echo. 

2-Back-scalter and ground-scatter. 

3- Multiple mode transmission. 

Echoes arising in the ionosphere alone, unaf-
fected by the ground include: 

4--Pedersen or high rays. 

5- Magnetic splitt iug. 

6-Sporadic E -scatter. 

The sk e tch es in Figure 3 will aid in providing an 
understanding of th e geometry of some of the many 
types of high frequency echoes which can occur. 

Items (1) and (2) in the above list are instru
mental in producing the long-delay or "spread" 
echoes while the latter four typ es usually combine 
in different amounts to produce short-delay echoes 
or "trailing edges" as they are often called on fac
simile pictures. 

Double-Signals and Around-the-World Echoes 
Spread echoes caused b y double-signals occ ur 

when a radio wave trave rses both long and short 
grea t circle paths to reach a receiver in two com
ponents sep arated by a delay corresponding to the 
differen ce in path lengths. E ither of these compo
n ents may continue beyond the receiver as an 
around-the-world echo to reach the receiver again 
with a transit time d elay of the order of 1/ 7 second. 

E xten sive double-signals and around-the-world 
echoes have been observed when the energy from 
transmitter to receiver tra vels along the twili ght 
zone. Since the twilight zone shifts seasonally and 
moves with the earth's rotation, a particular radio 
circuit is affected only for short p eriods. 

Examination of 76 Navy weather maps received 
b y facsimile during September and October, 1949 
on the Guam to \Vashington circuit disclosed no 
around-the-world echoes and only 5 occurrences of 
double-signals. The signal travelled 6800 nautical 
miles in one direction and about 15,000 n autical 
miles in the opposite direction. Resulting delay on 
the long path was about 50 milliseconds. Time of 
rece ption was about 2300 GMT during late Sep
tember and early Octobe r, when much of the tran s
mission path was along the edge of the twilight 
zone. A single-ended directive r eceiving antenna 
with a beam width of about 15° was employed. 
No double-signals or around-the-world echoes were 
observed on facsimile maps received from Guam 
during May, June and December, 1949. The echoes 
observed were not strong enough to cause appre
ciable distortion en the weather maps. H owever , 
they mi ght have b een troublesome on radio tele
typ e or on more d en sely coded facsimile. Present 
indications are that the ech oes should h e en coun
tered less th an about 5% of the time on the Guam 
to Washington facsimile channel. No double-sig
nals or around-the-world ech oes were observed in 
a similar study of facsimile receptions on any of 
the other Navy point-to-point facsi mile circuits. 

Double-signals might arrive at the receiver with 
nearly equ al intensities. Here improved antenna 

FIGURE 2-Typical oscillogram of received signal element with echo train. 
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directivity, and sometimes r educed tran smitter 
power, m ay be employed to h elp eliminate the till
wanted component. 

The strength of an around-the-world high fre· 
quen cy echo is generally 12 to 15 db down in am
plitude from the primary signal. In this case re· 
duced transmitter power would eliminate the long 
delayed echo. Antenna directivity would not be 
ver y h elpful since the echo may arrive from the 
direction of the transmitter. 

Back-scatter and Ground-scatter 

E ch oes in this category are comprised of diffused, 
delayed energy re turned to a receiver from r egions 
in the pa th beyond th e receiver and from reflecting 
p rotuberances on th e ear th 's surface tha t lie within 
the transmitting antenna beam. Scatter ech oes 
seen a t the receiver are esp.ecially prevalent on 
transmission p a ths r eq uiring one or more reflec
tions from the earth's surface for propagation . 

I n a study of llO facsimile m aps sent from San 
F rancisco to Washington about 40% were found to 
exhib i t evidence of long delay echoes of about 20 
milliseconds duration. These were probably due 
to backscatter . A typical case is shown in th e cen· 
ter of F igure l. Investi gators h ave fotmd that lon g 
del ay ech oes of this type may occur at all h ours 
of the day. However, th ese studi es of Naval cir
cuits provided evid ence that th e occurrence of very 
strong hack-sca tter ech oes may b e assoc iated with 
pecul iar confi gura tions of the ionosphere as the 
morning twili ght zon e passes over the center of a 
on e-hop transmission path . A path of thi s typ e 
should therefore he avoided wh enever possible. 

Ground-scatter echo is especia11y prevalent on 
multihop circuits which must uepend upon refl ec
tions from the ear th's surface for propagation to 
the receiver. Normally, ech o delays of not more 
than 5 or 6 m illiseconds are produced. In excep
tional cases wh ere sca tter is from points fa r from 
the great circle path between transmitter and r e
ceiver, ech o d elays can b e 3 or 4 times this value. 
The degree of signal diffusion depends on the area 
over which reflection from th e earth's su rface oc· 
curs. The use of antennas which radia te rela tivel y 
wide beams con tributes t o the m agnitude of the 
effect. Other fa ctors are th e roughness of th e 
earth's surface in the area of re flections and the 
number of earth-iono ph ere h ops required to reach 
the receiver. 

Multiple Mode Transmission 

Usually the mo t importan t shor t delay echoes 
are those resulting from m ultiple earth-ionosphere 

r eflections. A transmitted wave is b roken up into 
discre te m odes or co mponents, each en coun tcr ing 
a ch a racteris tic delay in transi t, d epending upon 
the nwnber of h ops it requ ires to reach the re· 
ceiVer. 

The concep t of Maximum Usable Frequen cy 
(MUF) is useful in ob taining an adequa te under
standin g of multipl e mod e tra nsmi ss ion. T h e ideal 
frequency for successful lon g dis tan ce point-to
point communication is th eo re ticall y th e high est 
frequency which ca n he r eli abl y re fl ected f rom the 
F-layer of the ionosphere at the n ecessa ry an gl e 
for the p a rti cul a r di.stance in vol ved. Th is is the 
maximum usable frequen cy fo r tha t d is tance. For 
a given great circle p ath , skywave t r ansmi ssion at 
m aximum usa bl e freq uency can he h a d only in the 
minimum numb er of hops and at only o ne p ossible 
an gle of departure. Frequeu c ics high e r th an MUF 
would pass thro ugh th e reflectin g layer. As fre· 
quency is reduced, multipl e modes of tJ·ansrnission 
app ear. B el ow cri tical freq uen cy, which is the 
high est frequen cy a t which ve rtical r e fl ection from 
the ionosphere is possibl e, ti iC numher of modes 
would b ecom e infinite bu t for ab sorptio n in the 
ionosphere . 

The number and Juration o f multiple m od es th a t 
m ay b e enco untered on a gi ven p ath d cpc n<l upon 
path dis tance, op era tin g frccpte ncy, and ion d ensity 
in th e upper atmosphe re. Ve ry rou gh l y, for trans· 
mission over a l ong p ath , \Va hington to H onol ulu, 
4200 n autical m iles, a t a poorl y ch osen f requency 
which is conside rabl y lower th a n MUF, an echo 
train comprisin g as man y as 5 multipl e re fl ections 
pe rs istin g for ab o ut 3 mill iseconds mi~h t h e ob· 
served. On rel a tivel y sh ort dis tan ces, 500 na utical 
mil es or less, pa rticula rly at ni ght wh en wave 
energy absorpti on is l ess than durin g th e da y, the 
wave train at frequen cies weB b el ow M UF, m ay 
cons is t of as man y as a dozen or more m od es with 
a delay of 10 to 20 milliseconds afte r th e a rri val of 
th e initial pulse. 

One t rouble w ith sk y wave transmission is that 
th e ionosph e re is a n unstab l e r eflectin g m edium. 
Durin!! the presen t part o f tl te 11-yca r sun-spot 
cycle MUF for a given tran smission path m ay vary 
over a r an rre o f as much as 20 M e. in a 2-l-h our 
inter val. Vari a ti on of M UF durin~ each day i s 
rou ghl y cyclic- it r each es a minimum value duri~g 
th e ea rly m orning h o urs, while shortly afte r s~nn~e 
it climbs sh arply t o a midday maximum wh1 ch 1s 
followed by a gra dua l d escent to the ni ghttime low. 
It is gen erally d esirable to op e r a te at a frequency 
whi ch will b e al ways less th an the maximum usable 
frequency, yet h i gh enough to mmtmize the OC· 

cu r rcnce of multip l e pro p agation m o cles. Experi-

ence h as sh own that the m ost reliable operating 
frequencies lie b etween 70 and 85 per cen t of MUF. 

A di rect r ela tionship between the 12-mon th r un
ning averages of cri tical f requency and Zurich sun
sp ot number m akes p ossible a tech n iq ue for predict
ing, two to three m on ths in a dvance, the m ediu m 
value of m aximum usable frequency fo r an y trans
mission path at any tim e of th e day. Prediction 
·consists of"estimating th e degree of fu ture sola r ac
tivity an d th en deducing from collected data on 
p as t averages of MUF and cri tical frequency the 
corresponding tren ds in the geographical, seasonal 
and daily variations in i onosph eric conditions. 

MUF predictions a re available to th e Naval Serv· 
ice in a m on thly p ublication, "Recommended Fre
q uen cy Bands and Frequency Guide DNC-14". This 

MUL TIHOP 

GROUND SCATTER, 
BACK SCATTER AND 

SPORADIC-E 

MAGNETIC 

SPLITTING 

PEDERSEN RAY 

publication lists suitable frequencies for use of 
ships at sea in com m u nicating with Naval r adio 
sta tions. F r equency t ables for 16 widely scattered 
stations a r e given . R ecom men ded f requen cies a re 
tabulated for each month and each hour of the day 
for four directions an d for various distances up to 
2500 n au tical miles. Nom ogram s a re also provided 
for use as a rough gui de in the choice of wave 
lengths for comm unicating b etween an y two points 
at distances up to 2000 n autical miles. R eports of 
the B ureau of Stan dards Central R adio P ropaga
tion Labora tor y " D" series DNC-13 ar e recom
mended for tr ansmission over longer p aths and 
wh ere frequency i n form ation m ore precise than 
that p rovi ded on nomograms is needed. T he N avy 
furni shes cu rves of optimum working frequen cies 

...--EARTH 

FIGURE 3- Geometry of high f requency echoes. 
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for long distance communication circuits. These 
curves also indicate the possible use of transmis· 
sions via sporadic E-layer reflections when these re· 
fiections have a predicted reliability of above 80%. 
If the exact recommended frequency determined 
from a forecast is not authorized for use by the 
Navy, the next lower available frequency is used, 
since a -higher frequency is likely to be unreliable. 

Pedersen or High Ray 
The main component of a radio wave enters the 

ionosphere at an optimum angle corresponding to 
the transmission path distance. Another compo
nent known as the Pedersen or high ray entering 
at a slightly steeper angle than the main ray pene
trates more deeply into the ionosphere and encoun
ters relatively greater delay and attenuation. It 
finally merges with the main ray near the point of 
reception, and when not too greatly weakened by 
absorption it contributes to echo distortion. The 
Pedersen ray often furnishes significant echo com· 
ponents at operating frequencies close to MUF. At 
lower frequencies the delay is longer but the high 
componen~ is usually absorbed in the ionosphere. 
Operation at 75% or 80% of MUF usually sup· 
presses the Pedersen ray without· allowing multihop 
modes to occur. Pedersen ray echo delays do not 
normally exceed 3 or 4 milliseconds. 

Magnetic Splitting 
The earth's magnetic field causes a radio wave to 

be split into two modes, one of which is propagated 
along a different path and is delayed with respect 
to the other. This effect is associated with electron 
motions produced in the ionosphere by the electric 
field of the radio transmission. It is strongest ne~r 
electron gyrofrequency (about 1400 kc.) and for 
rays which penetrate deeply into the ionosphere, 
such as the Pedersen ray near MUF. Magnetic 
splitting also depends on terrestrial magnetic in· 
tensity, hence varies with latitude. The chief diffi· 
culty due to magnetic splitting occurs when echoes 
from other sources are split into twins before ar
rival at the receiver. Echoes of this type usually do 
not exceed 3 or 4 milliseconds. They may be avoided 
to some extent by transmitting or relaying in a 
north-south direction. Relaying through stations 
located in low and middle latitudes helps to mini· 
mize communication troubles due to magnetic split
ting and Aurora Borealis effects. 

Sporadic E-scatter 
Radio wave energy may be diffused due to re

radiation from sporadically occurring ionic clouds 
in the E-region of the ionosphere. Scattered re-

fiections of this nature have been adduced to ex
plain particular anomalous effects which contribute 
to the ambiguous jumble of high frequency echoes. 
Delays usually do not exceed I or 2 milliseconds. 

Diurnal Variation of Echoes 
From the point of view of echo minimization, the 

quality of long distance point-to-point transmission 
at high frequencies may be classified 'into three 
general categories, depending on time of day over 
the transmission path: 

Night Time Over Entire Path 

Excellent transmission on operating frequencies 
which are 70 to 85% of maximum usable frequency. 
One-hop transmissions often show echoes with de
lay of less than one millisecond. Multihop trans· 
missions show a somewhat diffuse echo train usually 
with a one to two millisecond delay. These condi
tions exist from the time the E-layer disappears 
from the center of the westernmost hop, usually 
about one or two hours after sunset and continue 
through early morning as long as the center of the 
easternmost hop is in darkness. Optimum night 
working frequency for a given path decreases as 
the night progresses due to ion recombination in 
the F-layer. 

Day Time Over Entire Path 

Transmissions near maximum usable frequency 
show diffuse echoes which appear as trailing edges 
on facsimile pictures, delay times often reaching 3 
to 4 milliseconds. 

Twilight Over All or Part of Path 

Exceptionally good wave propagation on high 
transmitter power leads to echo trouble when the 
entire transmission path is in twilight due to oc
currence of double-signals, around-the-world echoes 
and long delay backscatter echoes. Numerous_Io~g 
delay echoes have been observed on Navy facs~~1le 
pictures transmitted across the morning twthght 
zone. Around-the-world echoes and double-signals 
may occur regularly where both short and long 
great circle transmission paths lie in or close to ~~e 
twilight zone. Reducing transmitter power or sluft
ing antenna directivity is often an effective remed~ 
for reduction of echo due to twilight path condi
tions. When transmission path is partly in dark
ness and partly in sunlight it is usually difficult to 
find a frequency for reliable propagation over the 
entire path. Excessive multipath or high sign~} 
attenuation or both can occur on a daylight-tWI· 
light path, depending upon the number of hops 
involved. 

Speed Limitations Due to Echoes 
The maximum radio communication speed postu

lated by modem communication theory for a given 
bandwidth and signal-to-noise ratio is seldom ap· 
proached. When echoes are present they effectively 
limit the transmission speeds obtainable by the 
usual methods of automatic communication. Single 
channel radio teletype will begin to garble when 
the intelligence bauds are elongated by more than 
about 40 per cent maximum by their echo trains. 
This means that a teletype system operating at 45 
bauds per second or 60 words per minute will 
falter when echo delay exceeds about 8.8 ms. At 
30 wpm the same teletype might tolerate echo de
lays up to about 17.6 ms. In facsimile larger letter 
size and lower scanning rate may be needed to re· 
duce distortion when multipath occurs. This is 
equivalent to decreasing transmitting speed. 

In an investigation of transmission speed pos
sibilities on long distance teletype and facsimile 
circuits, more than 1000 radio facsimile weather 
maps, transmitted to Washington during 1949, were 
closely examined for evidence of echo effects. It 
was found that the prevalence of echoes increases 
roughly with the transmission path distance. Re
sults for the four circuits are given in Table I. 

TABLE 1 

Percentage of Maps 
Having Echo Delays 

Between Between Greater' Freq. No. of Facsimile Circuit than N~ut. 
0-2 ms 2·4ms 4 ms l\11les Me. Maps 

--------
Guam to 

Washington 54% 35% 11% 6800 20.4 397 
Honolulu to '4 80 16 4 4150 20.4 348 
San Fran. to " 84 12 4 2150 9.5 no 
New York to .. 100 0 0 185 5.0 103 
Average of 4 

circuits 72 21 7 

It should he pointed out here that the quality 
of the facsimile maps was degraded appreciably by 
echoes in only a small percentage of cases, where 
delays were greater than about 5 milliseconds. 

The echo delay data in Table I have been quite use
ful in providing a basis for estimating possible trans
mission speeds obtainable on single channel radio 
teletype for these circuits. Table 2 lists two baud 
lengths and corresponding word .speeds and gives 
the percentage of time during w:hich communica
tions would have been feasible )n each category 
over different circuits. In making these estimates 
it is assumed that speed is limited! by the condition 
in which baud length is two and 4ne-half times the 
echo delay. For reference it may be stated that the 
baud length for single channel 60 wpm on-off tele
type is 22 milliseconds. 

TABLE 2 

Echo time delay 0-2ms 0-4ms 
Baud length assumed to be usable 5ms 10ms 
Max. word speed ( 5 bauds/ character) 400wpm 200wpm 
Max. word speed (7% bauds/character)270 wpm 135 wpm 

Percentage of time circuits 
would be usable at the ma.~i-

Circuits mum radio teletype speeds in-
dicated above. 

Guam to Washington 54% 89% 
Honolulu to Washington 80 96 
San Francisco to Washington 84 97 
New York to Washington 100 100 
Average of above circuits 72 93 

The facsimile echo studies showed that speeds as 
high as 2000 wpm on a single teletype channel 
would probably he feasible at times if suitable 
terminal equipment were available. This is par· 
ticularly applicable for short transmission paths. 

Conclusions 
Teletype and facsimile outages due to echoes are 

most likely to occur for transmissions through a 
twilight zone or during other times when radio 
energy encounters relatively low absorption in the 
ionosphere. The safest operating frequencies for 
avoiding echoes are in the region 70 to 85% of 
MUF or as recommended in the Recommended 
Frequency Bands and Frequency Guide DNC-14 
series. 

It should be remembered that echoes cannot be 
circumvented by "blasting" with added transmitter 
power. When echoes are present, increasing signal 
strength only aggravates and multiplies them. Re
laying may help in sidestepping echoes hut it ties 
up additional channels and equipment. 

If all other measures fail the circuit transmission 
speed should he lowered and receiver output filter 
widths should he reduced. Where the speed can be 
made slow enough the message will always get 
through if echoes are the real source of circuit 
outage. 

The advent of an outage, apparently due to 
"echoes" or "multipath", does not absolve the tech
nician from his responsibility for checking his 
equipment for partial breakdowns and obscure 
troubles that might contribute to the low circuit 
performance. 

The variation of minimum usable hand length 
with frequency, time of day, and transmission path 
distance may make it desirable in the future to em
ploy variable speed terminal equipment on point· 
to-point high frequency automatic circuits so that 
large volumes of traffic may be handled during the 
times when high speeds are found to he possible 
while traffic may be cleared slowly but continuously 
when conditions are poor. 
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Preferrecl--viiiUes 
by 

Radio-Television Manufacturers A ss'n 
RTMA Engineering Office, 

New York, N. Y. 

A question frequently heard among users of 
radio components is: wh y do resistors and other 
components have odd values such as 47,000 ohms 
instead of even figures (say 50,000 ohms) . This 
booklet provides a brief discussion ·of this useful 
and important subj ect and therefore concerns 
everyone who designs, makes, buys or uses an y 
radio or television parts. It takes up the reasons 
for PREFERRED VALUES, wh ich are those se
lected values that are based on a series of PRE
FERRED NUMBER S. It is designed to help you 
understand how such a series came about, exactly 
what it i£, and wh y it is used. 

Preferred m eans first choice or most desirable. 
Numbers indicate size, count or value. Everyone 
uses numbers, a l ot of numbers. Radio uses all 
kinds of numbers-som e simple, some not so 
simple. Rarely do radio men h ave nice, rounded
out figures to deal with. 

The Sales Department, which calls the signals, 
never gives a nice round sellin g price to shoot at ; 
like $150 or S200. No, it's $149.95 or $199.50. And, 
by the time the dealer gets a nice series of dis
counts l ike 35, 5 and 2 (if he advertises, and pays 
his bills promptly), it is even more irregular. 

The cost estimates radio engineers are supposed 
to work out, before they start spending company 
n1oney, don't ever come out as an an even fi gure. 
And with all the deduction s, even our pay is an 
odd value! So we have gotten accustomed to using 
odd values in most everything we do, and select 
the values we need by considerations other than 
getting even rounded out figures. Suppose we ex
amine the problem of resistor values tha t was men
tioned at the start. Carbon resistor production is 
one of the most systematized business in radio 
components. 

Remember 25 years ago when practically all re-

sistors were wire wou nd, and cost about 50¢ 
apiece? Shortly thereafter molded or carbon re
sistors cam e into wide use. All were the same size, 
about one watt {we thought ) . You could get any 
value you wanted on orde r. The 38,000 size was 
pink and the 1750 ohms was yellow. Replacements 
cost 5 to 10 times what th ey do today. 

That Old Bugaboo-Tolerance 
No matter how precise the operation or process 

ia, there is al ways some variation in the resulting 
product. A production run of 100-ohm resistors 
may vary anywhere from say 50 to 150 ohms 
(-+- 50%) . Closer control however may hol d them 
to -+-20% , wh ich is the usual "commercial" toler
ance in electrical components. 

Now, somebody m ay n eed a 10% , or maybe a 
5% 100-ohm resistor. What h appens to a1l the 
oth ers in the b a tch ? Average production may give 
us only 10 five per-centers, 20 ten per-centers, and 
65 twen ty per-centers in a ba tch of 100 resistors. 
Unless th e whole hundred is sol d, the rest are 
wasted and the cost of those sold m ust b e increased 
to cover this waste. 

I t doesn' t m atter whether we are considering r e
sistors, condensers, coils or control shafts; the 
same probabili ties hold. The cost-and availa
bility- of any kind of precision depends on the 
cost of the en tire batch. T h e more logical we can 
make the groupin gs of precision (5 % ), close 
(10% ), and commercial (20%) nominal values, 
the better ch ance we have of findin g a use for all 
of the parts produced and the reb y re duce all th e 
prices. 

What Groups to Select? 
\Ve t end to think in ter ms of twos, fives and tens. 

T ha t's why l , 2, 5, 10, 15, 20, etc. and the ir decimal 
fractions or multiples are " ni ce round n u mbers." 
Num bers like 377, 1.414, or .0059 are " d ifficult" 
numbers, and used onl y wh en n ecessary. It is 
understandable, therefore, why e lectri cal cir cuit 

I 

values started at nice, round numbers, and all 
other values were shunned. But when we take a 
seri es of numbers l ike 10, 15, 20, etc. and expand 
them into their 5, 10 and 20 % production limits, 
we b egin to learn why they are going out of style, 
economically and industrially, for example: 

What brought the prices down, the quality up, 
and m ade it possible to meet the tremendous de
mand for components for radio, television and 
mili tar y equipment? Standardization of fewer 
values encouraged the extensive use of automatic 
production equipment. Fewer sizes resulted from 
the use of Preferred Values. 

About 1935, manufacturers reach ed the conclu
sion that there were too many values floating 
around in radio circuits. To cut down these spe
cials and still not penal ize performance wasn' t a 
new problem. Brown and Sharpe had it before the 
Civil War regarding copper wire sizes and as a 
result the B&S Wire Gauge was one of the earliest 
uses of Preferred Numbers. 

R esistor manufacturers and users co-op erated to 
give us th is present series of preferred numbers for 
resistors som e 15 years ago. The RTMA color cod
ing system for resistance values came in about the 
same time. We've b ecom e so accustomed to the 
color bands and to these preferred values in re
sistors that we pre tty much take them for granted. 
The idea h as spread to other field s : preferred 
val ues in mica condensers, in ceramic and mol ded 
condensers; and now for wire wound resistors. 

What h as this Preferred Value system go that 
prompted so much activity? Now, you' ve asked a 
good question- in fact, a many-million-dollar ques
tion! Tha t's what simplification means to radio 
and television today; more availability, faster sch e
dules, and millions of dollars in lower costs. 

Who Selected the Values in This Series? 
Probably not th e engineer who figures to three 

place aceuracy and wants a 50-ohm resistor, then 
finds h e has to use 47 ohms, if h e wants the cheap
est, or 51 ohms if h e's willin g to pay more. But its 
ter rific economic value makes it inevitable in this 
cost-conscious business. It's the radio, television 
and parts manufacturers who install them, and 
the servicemen who find that a smaller stock of re
placement units will fit m ost of the circuit require
m ents. 

Arithmetic Numbers and Limits 
If we select a seri es wi th say 20 equidistant 

values ther e woul d be 18 steps of Ss from 10 to 
95 in thi s ser ies. The sam e woul d apply regardless 
of the position of th e d ecimal point, 0.1 to 10 mil-

lion. At the lower end of the series, we see that 
there are big gaps between the consecutive 5% 
limits. The gap closes in the middle of the 10% 
series, but begins to overlap terrifically at the l'lp
per end of the 20% range. 

-5 Nom. +5 -10 Nom. + 10 -20 Nom. + 20 
9.5 10 10.5 27 30 33 40 50 60 

14.25 15 15.75 31.5 35 38.5 44 55 66 
19 20 21 36 40 44 48 60 72 
22.5 25 27.5 41.5 44 49.5 52 65 78 
28.5 30 31.5 45 50 55 56 70 84 

e tc. e tc. e tc. 

It doesn' t take a statistician to see that steps of 5 
are too close for -+- 20% grouping in the upper 
range and too far apart for -+-5% groups in the 
lower range. There is waste {l ) b y having too 
m an y groups, and {2) b y h aving the gapped values 
for which there is no use. 

The Problem Is Not New 
The ancient Romans had too many sizes of pipe. 

In those days when 3.65 had to be expressed as 3 
plus 7/ 12, plus l / 24, plus 1/ 48, they h a d a job on 
their hands. Neverth eless, b efore 100 A.D., they 
worked out a "20" series of pipe that is our first 
known use of preferred numbers. 

About 1856 Brown and Sh arpe gave us their 
Wire Gauge listing a graded series of wire sizes 
which we s till use. T h en in 1879 a Frenchman 
named R enard used such a series for his balloon 
cables and called these numbers "preferred num
bers." 

How Is Such a Series Selected? 
If we start with the nice, round number of 10, 

and increase it 20% , we get 12. If we do th e sam e 
with 12, and so on until we hit 100, we get a series 
of numbers l ike this: 10, 12, 14.4, 17.28, 20.73, 
14.88, 29.86, etc., but when we approach 100 we 
don't come very close to that exact value. And if 
we were to start at 100 and figure the series back
wards, we don' t do any better. 

In looking around, we find that the m ath emati
cians have worked out a progression very nicely 
for us based on the 12th root of 10, each value 
bein g 21.15% m ore th an th e one immediately b elow 
it. It works out righ t, both going up and coming 
down. W hen rounded off to two digi ts, we get the 
± 10% series of Preferred Valu es, th a t is, 10% up 
and 10% down. 

Apparently from earliest recorded history musi
cians have set up scales with tones set at "pre
fen·cd" val ues. T hus in anoth er art- music- we 
find the same p roblem of producing subdivisions 
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of an oc tave. An octave is a 2 :1 difference to 
divide up, whereas in our production sch edule we 
wish to divide up a 10 :1 interval. Earliest music 
h ad many systems of scales. 

However, it is remarkable that as far back as 
the first part of the 16th century an equal-tem
pered scale based on the 12th root of 2 was p ro
posed. This scale is now universally used. Each 
octave has 12 intervals, just _as our preferred num
ber 11cal e has 12 intervals b etween our decade mile
posts. Each note on a piano is a definite per
centage higher than the preceding note. A similar 
con dition exists in the RTMA preferred number 
senes. 

RTMA PREFERRED NUMBERS 
Nearest 
Decimal 

6 Series 12 Series 24 Series System 
±20% ±10% ±5% Numbers 

10 10 10 10 
ll 

12 12 
13 

15 15 15 
16 

18 18 
20 20 

22 22 22 
24 

27 27 
30 30 

33 33 33 
36 

39 39 40 
43 

47 47 47 
51 50 

56 56 
62 60 

68 68 68 
75 70 

82 82 80 
91 90 

100 100 100 100 

N ow, if we take every other number in the 12 
step "close tolerance" 10% series, we get the 20% 
"commercial" series with only 6 numbers. These 
are derive d from the 6th root of 10 or 46.76% up 

and down. Then, if we take the twelve 10% num-

h ers and figure the steps in bet ween them from the 

24th root of ten , or 10.06% up and down, we get 
24 steps with approximately + 5% intervals for the 
"precision" values, like those shown in the ac
companying RTMA Preferred N umbers chart. 

To get lower or higher values, you just move the 
decimal point. Note the simplicity of just 6 basic 
numbers for the commercial values; one-third as 
many as we started out with. Also, that 24 values 
are necessary to complete the precision series, 
where you need these in-between values. 

Now, if you will look at the last column, h eaded 
"Decimal System Numbers," you can readily see 
how the values are spread out in the small values 
and compressed in the large values, compared with 
those in the preferred series. This comparison 
should tell you more than any amount of m athe
matical explana tion why preferred values are 
popular in radio manufacturing. 

With these numbers, we h ave a comple te spread 
of val ues with practically no ove rlap , no gaps and 
no waste. Costs a re th erefore reduced to the mini
mum. We also h ave the simplest possible spread 
of values in each series, which m eans better availa
bility. And, we have a workable standard that can 
be applied to any item that can be evaluated b y a 
number. 

In Conclusion 
Thus having seen that there is no mystery about 

the selection of values that go into this series, one 
can see th at the numbers themselves are not 
"sacred." It is evident tha t a great m any other 
series, equally logical, could be devised, u sing say 
the llth root of 10, or the lOth root of 10, or 
what have you. In fact the latte r series serves ad
mirably in som e fi elds. 

As production processes are improved it would 
be quite possible to provide more groups of some 
components, with closer toler ances. This would 
involve the use of high er "root" values. But the 
electronic industry has found this ser ies hi ghly 
useful and h as geared all production, cataloging 
and even th e color cod es to its use. When closer 
tolerance val ues are n eeded the 24-unit series m en
tioned before, is available, and, i n the future, 
further subdivisions using a 48-unit series may be 
added. Th e hi gh e r the precision r equ ir ements of 
any application the grea te r the nwnber of pre
ferred values that would be ideally suite d for that 
use. Thus it is reason able t h a t there is n o one set 
of figures that m akes up th e ideal se ries for all 
industries. In the grading of apples a diffe rent set 
of values would p robably be b e tte r , hut the b asic 
principle of preferred values would still hold. 

- Engineering Bullet in No. 40. 

BUSHIPS SECTIONS. PART II , 
CATALOGUE OF NAVY 

MATERIAL BEING REVISED 
Due to the rapid acceleration of the electronic 

supply progr am and establish men t of new activi
ties, bulk stocks of several ESO publications have 
been d epleted. The following publications are 
being brought up to date and will b e distributed 
to the Flee t in the very near future : 

Section 16-702 Fixed Composition Resistors 
" 16- 703 Fi.xed Wirewound Resistors 
" 16- 820 Electron Tube Types Cross 

I ndex 
ESO Standard Price ust 

d at ed I July 1950 

It is requested tha t vessels n ow on th e d istribu
tion lis t review their n eeds for all ESO publica
tions and infonn the Electronic Supply Officer , 
Attention Code 7, of an y ch anges required. 

STANDARD NAVY STOCK 
NUMBER CORRECTION 

The ESO Monthly Column in the March 1951 
ELECTRON con tained an item entitled "Motor Con
version," which pertained to t h e conversion of 
Model 15 Printers f rom a series to a synchronous 
motor U!Jde r Bureau of Ships Allocation Order 
No. 800- 92790. The Standard Navy Stock Numbers 
for the motor and gear set were transposed. This 
information sh ould h ave read as follows : 

ITEM 
Motor 

Gear Set 

TELETYPE PART No. 
MU-4 
80437 

SNS NUMBER 
F l 7- T - 35000l - 103 
N17- T - 350002- 255 

Send in your problems to the Editor and see 
if you can stump him. A sincere effort will be 
made to answer your questions in "Letters 
to the Editor". 

E.S.O • 
MONTHLY 
COLUMN 

BUSHI PS SECTIONS. PART II. 
CATALOGUE OF NAVY 

MATERIAL DISTRIBUTED TO 
FIELD ACTIVITIES TO DATE 

Activities receiving BuShips Section , P a rt II 
(Electronics ) Catalogue of Navy Material are ad
vised that they should now have 20 sections in 
their possession. The sections previousl y dis
tributed and those n ow being distributed are as 
follow! : 

Section 16-003 

" 

" 
" 
" 

" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

16-004 

16-100 
16-101 
16-102 

16-103 
16-602 
16-702 
16-703 
16-704 

16-705 
16- 820 
17- 070 
17-150 
17-405 
17- 600 
17- 716 
17-806 
17- 807 
17-8ll 

Sig Corps to SNSN Cross 
Index 

SNSN Cross I ndex to Air 
M a terial Comm and 

Fixed Mica Capacitore 
Fixed Paper Capaci tors 
Fixed E lectrolytic Capaci-

tors 
F ixed Ceramic Capacitors 
N etworks and Filters 
F ixed Composition R esistors 
F ixed Wirewound Resistors 
V ariable Composition and 

Wirewound R esistors 
F ixed Precision R esiston 
E lectron T ub es 
T erminal Boards 
Con tacts 
Insulators 
Motors 
R elays 
AF T ransformers 
IF Transform ers 
RE Fixed Transform ers 

Ca talogue Section 16-1001, " Introdu ction to the 
BuSh ips Section , P a r t II (Electronics ) , Catalogue 
of Navy Materi al," will contain a complete listing 
and index of all sections distributed as well as 
those sections or commodities of m ateri al b eing 
processed. 
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notes : 

THE PROPELLER BEAT SIMULATOR 

A useful aid to the trammg of submarine sonar operators 
aboard ship has been developed by the Navy E lectron ics Labo
ratory, San Diego, California . The Propeller Beat Simulator, 

SM-41/UQQ- T, simulates the sounds of two-, t~uee~, or fo~ll"
bladed propellers as they are heard over . s~nar l1stenmg _eqm p· 

t rf11e n ew device was developed ongmally as a umt of a men. 
complex sonar training equipment to h e u sed at sonar tra~ning 
schools. It was immedia tely apparent, h owever, th a t w1th a 
suitable problem gen erator, the Propel1er ~eat Simul~tor ~ould 
h e used to feed target information directly mto submarme lis ten
ina crear. Thus, whether th e boat were unde rway or in port, th e 
Pr~;eller Beat Simulator would m ake possible trainin~ in th e 
fundamentals of target detection in the presence of no1se, turn 
countina taraet identification, reporting procedures, and gen eral 

b ' t> • • • 1 
equipment operation. This type of trammg was p~ev10us y pos-
sible only when the hoat was underway and su1tahle targets 

were present in the area. 
Development of the· problem genera tor to accompan y the 

Propeller Beat Simulator is now in _progress, ancl _the two 
portable units will he available for testm g and evaluation hoth 
ashore and afloat early in 1952. 

T he simulator, which is small and light enough to h e com

pletely portable, can be op erate_cl on a . ship's ll7-volt 60-cycle 
supply. The control panel contam s a 4-mch speak er flanked by 
the Prop Beat Selector and the Prop Sp:ed controls; m oun_ted 
in a line b elow the speaker a re four ga m controls and a pilot 
light. These gain controls control the degree of accen _t of one 

blade of the propell er, th e background nmse level, 

the prope er noise eve, a 
PROP. 

gain. SPEED 

11 I I nd the over-all audio 

(DUAL·POT.) 

BI NARY BINARY DELAY 
f-----o DRIVER I-- COUNTER r------+ COUN TER I--+ BINARY 1-

M 1503 ,--+ (BISTABLE) n (BISTABLE) f- COUNTER 

M 1253 M1253 M1243 

H MODULATOR Lf 0""""""0' ~ NOISE rt OUTPUT SPEAKER 
AND CLIPPER GENERATOR r M1333 V2 6AQ5 

V3 2D21 

~ 

~LL 2 13 
0

. 2 ..L:+-
NOISE u AUDIO ACCENT 

\ · o4 o4 
4 GAIN GAIN h GAIN 4 GAIN 

(POT.) (POT.) SELECTOR ( POT.) (POT.) 
L-

Block Diagram of Propeller Beat Simulator. 

The entire equipmen t is constructed of only 
46 compon ents. Plug-in tmits a re used in nearly all 
the circuits. These include an oscillator, driver, 
modulator, delay mulLivibrator, and two binary 
counters. Thus, a minimum of components are 
m ounted on the ch ass is, ensu ring easy main tenance. 

The p ropeller heat simulation is accomplished 
hy modulati ng a noise signal with "accent" and 
"deaccent" pul ses. T h e deaccen t pulses produce 
the simula tion of indi vidu al propeller blades hy 
dropp in g th e noise level fo r the length of th e pulse. 
The accen t pulses produce the effect of accentin g 
one blade b y ra is in g th e entire n oise level for a 
time inte rval which includes one of th e deaccent 
pulses. 

The noise signal originates in a 2D21 thyratron 
random~ noise genera tor. The level of this noise 
signal is controlled b y the Noise Gain poten tiome
ter, and the sign al is fed directly to the modulator. 

T h e source of the accent and deacceut pulses is 
a free-running multivibrator whose frequency is 

determined hy the propeller spcecl potentiometer. 
The square-wave output of this multivibrator is 
fe el simultaneously through two different chan
n els : the propeller sound channel and the binary 
counter ch ain . 

The square wave fed to the propeller sound 
channel is passed through a differentiating and 
dipping circuit and appears as medium-sharp 
( 4-to-5 microsecond fall time) n egative deaccent 
pips across th e Prop Gain potentiometer . The de
sired a mpli tude of these pips (as determined by 
the potentiome ter setting) is th en mixed with the 
positive-pulse accen t output of the Accent Gain 
poten t iome ter and feel to the modulator. 

The square-wave fed to the binary counter ch ain 

p asses through a similar different iatin g and clip
ping stage, but comes ou t with medium-sh arp posi

tive pips. These pips are fed t o a driver stage whose 
output is a series of very sharp (total width of ap-

Front panel and controls of Propeller Beat Simulator. 

proximately 2 microseconds ) negative pips, which 
are used to trigger the binary coun ter stages. 

The two bina ry counter stages, in connection 
with the delay bina ry counter stage, nre used as 
frequency dividers and provide simulation of dif
ferent numbers of blades on the propellers. The 

Prop Beat Selector provides a ch oice of four pos

sible outputs from th e counter ch ain. In posi tion 0. 
the counter chain is open-circui ted and is not used . 
In position 2, the ou tput of the first coru1ter - pro

vides a signal at h alf the fundamental frequency of 
th e incoming pips from the free-runn in g multivi

brator. In position 3, th e delay counter is switched 

into the circui t, and the outpu t of the second hi

nary counter stage becomes on e-third th e ftmda

mental frequen cy. In position 4, th e output of the 

second stage (the delay coun ter is again discon
nected ) is one-fourth of the fundam ental frequency. 

The selected output from the counter ch ain is 
fed through a dilferenti ator and clipper, and the 

resulting positive-pulse accent output is developed 

across the Accent Gain potentiome ter. D epending 

upon the position of th e potentiometer arm, a vary

ing a mount of this ou tput p asses through suitable 

isolating resistors, is mixed with the output of the 

Prop Gain potentiome ter (as previously m en
tioned ) , and .ap pears at both grids of the modu
lator. 

The modula tor output is conn ected th rough a 
transform er and the Audio Gain poten tiometer to 

the output stage, which drives U1e speaker. 

Effective shipboard use of this equjpment is as

sured because th e type of circuitry used is quite 

insensitive to m inor variations in th e input volt

age; n o appreciable changes in operation occur 

when Ute su pply voltage is var ied between 100 and 

130 volts. The all-electronic design of th e unit 
eliminates the undesirable ch a racteristics of the 
complex mech anical systems which h ave h een em

ployed for this purpose in the past ; yet th e use of 

plug-in uni ts and th e si mpl icity of construction and 
operation minimize mai ntenance time and p ermit 

th e use of the equ ipm ent as a train ing aid wh ere 
skilled p ersonnel a re not avai lable. T hus, it can he 
used for tra in ing pm·po es at alm ost a1l naval 
facili ties. 

Se\·enteen of the Propeller B eat Simulators and 
9 problem generators will be bu ilt (or initial test
ing and eva luation. It is anticipated that a q uan

tity of the two equipm cnts will h e manufactured 

subseq uently and made avai lable to training activi
ti es and forces afloat. 
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-Standardization Program~ 
by 

L. H. WruCHT, Specification R eview Section, 
T echnical Div ision, ESO 

The E lectronic Supply Office is presently engaged 
in a standardization program expected to aid ma
terially in obtaining and supplying items and ma
terial where and when needed to maintain Navy 
el ectronic eqwpments. This standardization pro
gram is designed to decrease procurement and sup
ply operations by reducing the number of supply 
items. Items subject to standardization under this 
program must n ecessarily be those used many times 
in many equipments. 

Standard Items of Supply (SI S) are being se
lected for preferred ch aracteristics to determine 
their versatility in replacing non-standard items. In 
this present program, the characteristics of these 
items must conform to military specifications, 
which form the b asis for determining quality under 
known t ests and fabrication methods ; moreover , 
these item s must be procured from m anufacturers 
approved by the Armed Services E lectro Standards 
Agency (ASESA ) . At the present time this activity 
is selectin g SI from only th ose items mee6ng the 
high standards of ASESA, with the result that in 
some categories of material very few SIS ar e ob
ta inable. 

T he E lectronic Supply System (ESS ) standard
ization program, a part of the service-wide stand
ardization p rogram sponsored by ASESA, is aimed 
toward stocking as few items as possible. This is 
an effort of immediate consequence, s ince it will 
a ffect m aintenance on equipments now in use; 
wh ereas, the parent ASESA standardization pro
gram is concerned with standardization of parts 
in new equipm ent design. 

ASESA h as published lists of preferred items 
{Armed Services P referred Parts Lists for E lec
tronic Comp onents) for various categories of m a
terials to assist in implementing standardization for 
design , developm ent and manufacture of new 
equip m ents. T h ese lists h ave been a guide to ESO 
in the selection of SI S. It is understood that stand
ardization effor ts are restricted b y the obligation 
of this activity to keep existing equipments operat-

ing. An example of this problem is in the use of 
Style CP 40 paper capacitor which, though not de
sirable for new equipment design, must be included 
in the Standard lLems of Supply List by ESO b e
cause of replacem ent requirements. 

While some commercial manufacturers maintain 
standards equal to JAN sp ecification standards, it 
has yet to b e ascertaine d which of these will be 
sufficiently reliable in the preservation of these 
standards. A s tudy is being made as to the pos
sibility of approving certain commercial item s as 
acceptable substitutes for SIS. This approval would 
entail careful selection of such item s, and careful 
review of their characteristics, as well as fa ith that 
the descriptions publish ed by the manufa cturer ac
curately reflect the characteristics of these item s. 
Meanwhile, ASESA is endeavoring to na rrow the 
existing gap bet,veen present sp ecifica tions and 
present average commercial practice, so that more 
widely-used items will be availabl e as SI S. 

As previously s tated, th e s tandardizati on pro
gram is a t present confined to selectin g SI S which 
meet the military specification s and have approved 
suppliers. As the purpose of this program is to con
centrate the activity in m aintenance item s to as 
few as p ossible, SIS a re generally b e tte r than those 
items 'vhich have b een used in the construc tion of 
electronic equ_ipm ents. This m eans that SIS h aven 
rela tively narrow tolerance in orde r th a t they may 
be acceptable as replacement in as many equip
meats as possible. For instance, commonly used re
sistors and capacitors may var y as much as + 20% 
from the ir optimum or " rated" values. 10% tol er
ance items are also widely used. N arrower toler
ances of + 5% , 2% and 1% a re also used, but in 
small er qu antiti es and in a limited varie ty of ap
plications. Consequently, th e Standard Items of 
Supply are chosen to have tolerances na rrower than 
20% and broader th an 1% -

This tolerance selected for SI S is based on such 
factors as frequency of u se, availabil ity and cost. 

T h e tolerance decided for SI S fixed composition 

resistors is + 10% . It had b een ori ginally pl anned 
at ± 5% so as to replace practically al1 require
m ents, since + 5% is the narrowest tole rance com
position resistor having wide use ; however, at this 

point the factors of cost and availability oppose the 
factor of frequency of use. 

Due to the advanced manufacturing procedures 
mica capacitors may b e h eld to closer tolerance 
without substan tially i_ncreasing production cost ; as 
a result, + 5% was chosen for standard items mica 
capacitors. However, a number of + 10% mica 
capacitors (n ot SIS ) are being procured for wide
tolerance applications. 

Tolerance values are not the only consideration 
among the electrical characteristics of the item. 
For instance, the effects of capacity or resistance 
change resulting from temperature ch ange are be
ing selected to be as small as is considered practica
ble on the basis of the standardization program 
policy. 

Attention to all these factors m ake the SIS a fittin g 
replacement for as many presently-used items as are 
equal or l ess stringent in their characteristics. Ac
tivities cannot expect to receive only standard items 
of supply immediately; there are many non-stand
a rd items now in stock, and, even if procurement 
is largely limited to SI S, more non-standard items 
will yet be stocked in the system because of such 
items being found in spare-parts boxes during 
breakdown. I ssue Precedence Substitution Lists are 
designed to aid activities in issuing non-standard 
items first to remove them from the system as soon 
as possible. 

The purpose of the standardization program is 
not to ch ange the design of equipments or to re
place existing items with items having different 
ch aracteristics, but rathe r to emphasize procure
ment actions in such a way that these SIS will be 
procured in large quantities because they will be 
widely used in ESS. It is also because these SIS 
can substitute for many others more quickly than 
the others could be obtained. 

Categories which have been reviewed for stand
ardization include resistors, fi xed, composition; 
resistors, fixed , wirewound; resistors, variable, wire
wound ; resistors, precision; capacitors, mica ; ca
pacitors, paper; capacitors, ceramic; capacitors, 
electrolytic; insulators; me ters; switches; sockets. 

The substitution possibilities of SIS h ave an im
portant bearing on th e provisions of the standard 
supply sp ecifica tions. As an example, SIS as out
lined b y the s tandard specifi ca ti on for mica capaci
tors are limited to case sizes CM20, CM30, CM40, 
CM50, CM55, and CM 60. T he CM20 and CM30 
are considered as replacements for th e CM25 where 
capacity values are th e same. Similarly, CM20, 
CM30, or CM40 a rc considered as replacements for 
CM35, where capacity values a rc equal. Even 
though such substi tutions (for example, of CM40 

and CM35) result in increased physical dimensions, 
this small increase in size is considered acceptable 
for m aintenance purposes. 

CMSS and CM60 a re considered as substitutes 
for CM56 and CM61, since the former differ from 
the latter in that th e former h ave threaded inserts, 
whereas the latter h ave clearance hole inser ts. The 
threads readily may be reamed out to proYide 
clearance holes if n eeded. 

Slight variations in size among different types of 
ceramic capacitors (all electrical characteristics 
being equal ) are considered acceptable, since the 
only discrepancy in p erformance would be a lag in 
capacity ch ange over a short period of time while 
the ambient temperature was changing. In normal 
usage this is considered a negligible difference. 

It is intended by ASESA that in the future 
manufacturers b e en couraged to "give an . eye" to 
the use of SIS when evolving new designs, and that 
this and the other policies of the ESS standardiza
tion program can r educe unnecessary supply trans
actions to a minimum, thereby effecting substantial 
savings in time and cost. As an example, approxi
mately 3600 sto<;k numbered items have b een re
placed b y 495 standard items of supply in one 
r epresentative category of material. 

It is important that standardization be con
sonant with maintenance policies. To insure this, 
the maintenance secti on of the Bureau of Ships 
reviews all lists of proposed standard item s of sup
ply; and it is equally important that BuShips de
sign personnel be furnish ed the SI S lists in order 
that as many SIS as possible can b e included in 
new Navy equipment designs. Standardization of 
electronic p arts is not to b e considered as an end, 
but rather as an expedient toward efficient suppl y, 
design and maintenance of our military electronic 
equipment. 

MODEL QHB 
TRANSFORMER AND 

CAPACITOR 
REPLACEMENTS 

The request in a previous issue of this publica
tion that defective transformers and capacitors 
from Mod el QHB cquipments be shipped to the 
Sangamo Electric Company h as served its purpose 
and is h ereb y cancelled. Information obtained 
from Ute components forwarded to Sangamo en
abled the m anufacturer to modify his production 
methods to correct th e defects found in early 
components. 
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MK 39 MOD 3 
USS Oglethorpe (AKA-I 00) 

After this equipment had been Qp erating ap
proximatel y 3llz hours, two 30-ampere fuses lo
cated in a box in the radar control room disinte
grated ; sm oke poured from the box, and all power 
went o-ff. Power was secured at I.C. board and in
sp ection sh owed that the DHF A- 9 cable supplying 
power t o th e radar was also operating at an ab
normall y hi gh tempera ture. 

The eq.uip ment plans do not show any provision 
for th is line to b e fused in th e control room ; no 
fuses are indica ted other th an those installed in 
the eq u ipment. The swi tch and fuse box installed 
was manu factured b y Arrow-Hare & H egeman 
Electric Co., Hartford, Conn . The nameplate was 
stamped as follows : 2PST Cat. 1 o. 27367 2 pole 
30 Am ps- 250 volts Fuses 2. 

Cognizant Yard engineers were advised and it 
was recom mended tha t a regula r Navy type snap 
switch be installed and that the DHF A- 9 cable be 
replaced with a lar ger cable. Design engineers 
concurred that the switch should be replaced; 
however, a r eplacem ent cable was not provided. 

Shop 51 installed the proper switch;~ at this 
point R aytheon measured the circular mil area of 
the cable installed and fotmd it to be above 9000 
circular mils which is normaL Accorcling to elec
t rical tables this ca ble sh ould h andle 41 amperes 
a t 50 degrees C. The cable run was 65 feet. Cal
culat ions show th at a voltage drop of 3.5% is 
norm al approxim ating a load of 23 amperes. Cal
cula tions were further p roved b y m easuring. 

T his engineer 's initial r ecommehdation was to 
replace the subj ect cable with anoth e.r DHFA- 9. 
However, it is b eli eved that the rep lacement cable 

will eventually also fail, particularly if th e ship 
operates in a tropical climate. This cable runs 
through an exhaust vent and therefore, only a 
larger cable would ensure troublefree operation. 

Mark 6 Mod 1 
While making adjustments on the radar range 

tmit Mark 6 Mod 1, it was found that t h e range 
counters would jam at approximately 20,000 yards 
indicated range. Inspection revealed that the 
range cotmter drive shaft, Submarine Signal Com
pany # 1072- 246, had too much end play, causing 
the bevel pinion gear to disengage from the bevel 
gear on the range cotmter. Excessive end play was 
due to improper in stallation of the collar, Sub
marine Signal Company # 1072- 129, on the range 
counter drive shaft. Although the collar is nor
mally pinned to th e shaft, thi s collar was h eld in 
place by a small allen head set screw. 

The collar was properly adjusted to prevent 
jamming; however, it is believed that th e collar 
will eventua11y have to he pinned to the shaft. 

C. W. HUNTER, H. N. HoDGES, J. W. JoHNsoN. 

S0-8 
U.S.S. Greenlet (ASR-1 0) 

The transmitter- r eceiver (receiver strip, Type 
CRP-46ACA- l ) was thoroughly examined, and 
aU components were found to be in good condition. 
However, a h eavy oxidization of the silver plated 
contacting fin gers on the bottom shield of th e 
receiver strip was noted. Crocus cloth was used 
to remove all trace of th e oxide and to clean th e 
contacting surface on the s trip chassis. The unit 
was reassembled and r einstalled in the transmitl.er
receiver housing. The condition was corrected, and 
norm al control of receiver gain was r estored. 

- J. M. VAN Corr 

f 
by 

R. G. WALKER, Philco Field Engineer 

In amplidyue training on servo systems the tech
nician is often faced with the problem of trying to 
decide whether or not the amplidyne is at fault. 
Yon can connect an ammeter in series · with the 
amplidyne and d-e drive motor armature and a 
voltmeter across the armature terminals to check 
whe thet· or not th e amplidyne is pulling out its 
rated power. There are several pitfalls to this 
method; first, thet·e may be som ething wrong with 
the control amplifier or synchro system which does 
not allow it to apply proper signal voltage to th e 
amplidyn e control fields and second, tl1e d-e drive 
motor does not provide a constant load on Ute am
plidyne. The firs t problem can be solved by check
ing error voltage to the control amplifi er and the 
voltage applied to the amplidyne control fi elds 
while the second problem can he solved by discon
necting the d-e drive motor from the amplidyne 
armature and substituting a m<_:~re or less constant 
load. Ordinary 120-volt light bulbs provide a con
venient m eans of .loading the amplidyne so as to 
check the voltage and current output. Since most 
shipboard amplidynes put out abou·t 230 to 250 
volts at full load, you may connect two bulbs in 
series for a 250-volt load. Choose bulhs of the 
proper wattage so that the total wattage of the light 
bulbs equals the wattage rating of the amplidyne. 
(The two series connected bulbs must have the 
same wattage rating with the sum as nearly the. 
same as the rated power output of U1 e machin e as 
is practical. ) For larger amplidynes where a 
greater load is n eeded, addition al series connected 
pairs of hulbs may b e paralleled across the ampli
dyn e until th e total wnttage of the bulbs is close 
enough. The rate d power output of the amplidyne 
may be found in the instruction book e ith er in UlC 
corrective maintenance section or in the drawing 
which lis ts the amplid yNe specifications and ratings. 

For example, the SG-lh train amplidyne m ay be 
loaded to full load by connecting two 120-volt 100-
watt light bulbs in series across U1e arm ature ter
minals (C1 and C4) . Witl1 10 volts applied to 
either control field (between F1 and F2 or be tween 
F3 and F4) Ute output voltage should be about 165 
volts across the load. With 20 volts applied to 
either field the output should be about 230 volts 
across the bulbs. For a quick test for full power 
output, connect a 22.5-volt " B" battery across each 
control fi eld and ch eck the voltage across U1e load 
- you should read about 230 to 250 volts. You may 
use this same method on otl1er amplidyn es- load 
the amplidr ne armature with series connected 
bulbs (or series-parallel combinations if more 
power must be dissipated ) and hook a 22.5-volt 
" B" across each control fi eld and ch eck the output 
voltage witl1 first one field and then the otl1er. The 
voltage should be at least . 230 volts for most ampli
dynes since most of them put out full power with 
15 to 20 volts applied to each control field. You 
may have to calculate the voltage n eeded from the 
control field resistance values and field current re
quired as given in the instruction book. For ex
ample in the SG-lb, the resistance of each control 
fi eld should be about 933 ohms (within 10 percent ) 
and full output voltage, 230 volts, is obtained with 
24 ma through the con!rol fi eld. The required con
trol fi el~ voltage th en comes to about 22.5 volts. 

In the event the amplidyne does not put out the 
required power, check the current drawn b y the 
a-c motor porti on and m easure the speed with a 
revolution counter or tach om eter. Consult tJ1 e in
struction book for the full load current and rpm's. 
For example, an SG amplidyne draws 4.5 to 5 am
peres from the a-c lin e and turns about 3450 rpm 
at full load. If motor speed and current are n ormal 
check the control fi eld resistan ce whi ch should b e 
840 to 1025 .ohms per windin g in an SG. L ow m o tor 
speed and excessive motor current indica te e ither 
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shorted motor stator windings or excessive friction 
due to broken or rusted ball bearings or the rotor 
dragging against the stator due to misaligned end 
bells. These troubles usually cause the motor end 
of the amplidyne to overheat and will eventually 
bum out the motor stator insulation. Should the 
motor current be slightly low and the speed be 
slightly high while the generator output voltage is 
low you can suspect that the amplidyne armature 
is defective {assuming that the control field re
sistance tests are O.K. ) . In this event the ampli
dyne should be disassembled according to the pro
cedure given in the instruction book and bar-to
ba r tests made on the generator armature. Connect 
llO volts d.c. in series with a liS-volt, IOOO-watt 
light bulb across opposite commutator bars and 
m easure the voltage drop b etween adjacent com
mutator bars. If the armature is alright, the volt
ages between adjacent bars will be nearly equal and 
a low value of about .5 to I volt. An appreciably 
lower voltage between two bars indicates that the 
coil connected to it is shorted-look for a burnt 
spot in the armature winding. An abnormally 
hi gh er voltage between adjacent bars indicates that 
the coil is open. 

Needless to say you should m eg all armature fi eld 
and motor windings to ground and either bake out 
or rewind any windings that read megohms or less 
t o ground. Also meg the contridge type brush hold
e rs to ground since the fiber insulating sleeves oc
casion ally break down. This may not show up in 
a power output t est, but it sure can raise hob with 
th e anti-hunt circuit and adjustment in some an
tenna positionin g systems. These same test m e thods 
may be used on other train motor-generators such 
as that u sed in th e SR a- although technically the 
machine m ay n ot b e called an "amplidyne", it still 
makes like one and m ay b e treated like an ampli
clyne. 

If your ship h as several amplidyn es or other 
.eervo ampli fiers you m ay find it convenient to make 
up a test panel with 2, 4 or 6 lamp sock ets mounted 
breadboard st yle. Use as m any sock ets and bulbs 
connected in series-parallel as you need to load 
clown the largest amplidyne you want to tes t ; th en 
unscrew any bulbs that are not needed in tes ting 
smaller amplidynes or servo amplifiers. In addition 
to testing amplidynes, the t est p anel may be used 
to check the power output versus error voltage in 
thyratron type servo ampli fiers such as those u sed 
in the AN / SPS- 6, SG-6, S0-4/IO, SU series and 
others. A 0-5 ampere meter is also desirable on th e 
panel. This test panel is of great h elp in trouble 
shooting servo systems. 

ServLant Monthly Bulletin 

FLEET AND FORCE 
MAINTENANCE 

Formal and informal inspections, by SERVPAC 
Electronics Officers and by p ersonnel of Mobile 
Electronics Technical Unit No. I , of electronic 
equipment installations on SERVPAC ships con
tinue to indicate that only a comparatively few 
ships carry on a systematic program of preventive 
maintenance. These inspections reveal dirt and 
often corrosion inside equipments which could 
not have collected had the equipment been open ed, 
dusted and wiped out at reasonable intervals. The 
cabinets and faceplates of equipments also have 
been found dirty and corroded even tlHmgh not 
located in an exposed place. 

Some equipments, on smaller ships, may have 
to be mounted near ports or other openings to 
the weather where they are subjected to salt spray. 
If these equipments are k ept covered except when 
actually in use and are cleaned frequently the rust 
and corrosion can be eliminated. 

Most SERVPAC ships have few ET's, in many 
ca5es not enou"h to carry on both the repair and 

0 ' 

the maintenance work on equipment. Too often 
the ET has several other jobs which occupy a por· 
tion of his time. For this reason a proper program 
of preventive maintenance must be coordinated 
b etween the ET and the operating pe rsonnel . 
Physical cleanliness of the interior and exterior 
of equipment should be a responsibility of the 
personnel operating the equipment. Operating 
p ersonnel also should accomplish all the prevent
ive maintenance, and routine testing. 

An equipment is seldom opened for cleaning but 
that some minor fault is discovered , such as a loose 
connection, a frayed wire, a m elted capacitor, a 
gassy tube, or a loose interlock. The early detec
tion and correction of such incipient sources of 
trouble will prevent a major breal~down and 
greatly increase the reliability of the equipment. 

RESERVE FLEET ELECTRON 
TUBES 

Tests made by a commerci al firm under Navy 
contract on four DE's reactiva ted from tl1 e reserve 
fleet show that of 2,029 receivin g-type tubes tested, 
96% were good. A TV- 3/U tube tes ter 'vas u sed. 
Defective tubes we re scattered as to type and in 
practically all cases the tubes which were found 
defective were not in the ori ginal cartons. Future 
tes ts a re w1derway and results will b e reported 
periodically. 

by 

LT. JOHN P . JENNINGS, USNR 
ComDesFlot TWO Staff 

It is an old Navy custom to refer to a tender, or 
other r epair activity, that puts out an exceptional 
amount of work, as having a "Can Do" attitude. 
This same spirit in a ship's Electronic Repair Divi
sion is an almost sure indication of a top notch 
organiza tion. It is something that should be cul
tivated hy every Electronics Officer and technician 
in th e fleet. 

An attitude is a hard thing to describe or ex
amine. It is a frame of mind which can best be 
illustrated by examples. A case in point is a Chief 
Electronics T echnician who served in the Pacific 
Fleet during World War Two. H e had a well 
earne d r eputation as a red hot radar trouble 
shoote r, though by formal standards h e had not 
been particular1y well equipped to study elec
tronics. His high school education was interrupted 
by the n ecessity of his working to support his 
family. Di scontented with a number of twskilled 
jobs, h e continued his education by corresp.ond
ence and learned radio repairing. At the outbreak 
of th e war, he enlisted in the N avy and was rated 
on th e basis of past experien ce as a radio repair
man ; hut because of his limited education, h e was 
not sent to Cl ass " A" school. As a result, wh en h e 
reported to his firs t ship h e had n ever seen any 
radar, son ar or fire control equipment. 

In a similar situation the avera"e man would 
have felt so handicapped h e wonJ/have been in
clined to leave everything but radios to .his better 

educated shipmates. This Chief was average in 
everything except attitude. He had unlimited con
fiden ce in himself; and by studying instruc tion 
books and NavShips electronics publi cations, 
learned radar and fire control equipment the hard 
way. He became an accomplish ed trouble shooter 
who could fi x anything. 

There is a differen ce between being cocky ana 
being confident. It is confidence that should be 
cultivated. Today, when it is easy to get tJw serv
ices of civilian technicians as soou as a ship makes 
port, many Navy ET's are leaving th eir tough 
problems for an upkeep p eriod and then request
ing civilian h elp. It is true that some of the con
tract t echni cians are very able m en, with more 
experience on a particular type of gear in which 
tltey sp ecialize than the average N avy t echnician. 
It is also true tJwt on their parti cular gear tl1 ey 
can probably solve a tough problem quick er than 
a Navy man; but when they do the work, you 
don' t learn as JlHICh sin ce you don' t have to reason 
tl1e problem through. Yon are also developing the 
very opposite of a "Can Do" attitude, with "Le t 
George Do It" thinking. 

Of course, tl1 ere is a place for h elp from civilian 
technicians. When you have to rep air gear in a 
hurry for operating reasons, or when you have 
hon estly tried to do it yourself and can' t, you n eed 
h elp. In a great man y cases today, however, Navy 
technicians are givin g up too soon. A r eally diffi
cult problem should be an intellec tual and pro
fessional challen ge. When the cause of t rouble 

is obvious, correcting it amounts to little more 
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than routine maintenance, reqmnng very littlf! 
intelligence. E lectronics technician strikers, how
ever, a re sel ected on the basis of above average 
m ental ability. Before you give u p on a tough 
job this ability should b e exercised. 

You h aven' t really tried t o solve a problem until 
you have m ade a systematic and thorough attempt 
to locate and correct th e trouble. T he instruction 
book and sch ema tics should b e carefully studied 
before you even open up the equi pment. If neces
sary, review background theory in the many excel
lent technical publications you h ave on board. 
T hen, use all your applicable test equipment care
fu lly and intelli gently to loca te and analyze the 
trouble. This of course r equir es a thorough knowl
edge of all the test equipment on your allowance. 
Once the casualty is pinpointed, correcting it is 
often a simple m atter. The solution to the most 
complicated and unusual troubles can be found b y 
a p ersistent, systematic and inte1ligent effort. 

An example of this approach p aid off recently 
in an Atlantic F leet destroyer. T h e ship was 
troubled with poor sensitivity in its AN/ SPS- 6B 
radar. hip's t echnicians m ade all the usual 
ch ecks, but sensitivity did n ot improve. Civilian 
technicians were called in, but could not locate the 
trouble. T h e ship's Electronics Officer believed 
the trouble must b e in the waveguide. N one of the 
ship's technicians "knew anyth ing abou t wave
guides". T h e E l ectronics Officer d idn' t either, but 
he broke out NavShips 903- 5, Microwaves and 
Waveguides, and did some stud ying. Armed with 
even a little knowle dge of a broad and complicated 
subject, h e m ade a survey of hi s waveguide run. 
The trouble was traced to radiation losses in a had 
coupling joint and corrected. In retrosp ect, such 
action by the sh ip's force seems simple and logical. 
Undoubtedly, th er e are htmdreds of other cases 
which could b e cited, hut unfortun a tel y, they are 
the exceptions rather than the rule. 

Navy electronics technicians sh ould remember 
two things. First, they have b een furnish ed one of 
the finest and most complete t echni cal educations 
in electronics ava ilable anywh ere. Many of the 
contract technicians are former avy m en. Second, 
with proper test equipmen t, a full allowance of 
technical publications, and the n ecessary repair 
parts, a hip's force can " fix anyth ing" if U1ey t ry 
hard enough and think they can. 

Today, more than ever , i t is importan t to cul
tivate a positive, confident attitude towards sol ving 
our own problems. No one can say wh en we may 
find ourselves in a forward area, with U1e ch ips 
down, and no "George" within a thousand miles 
• o "let do it." 

TYPE ALLOWANCE BOOK 
REVISIONS 

The Bureau of Ships is in the process of re
vising TAB (Type Allowan ce Book) which p er
t ains to all types of Naval v_essels, with emphasis 
to complete that task as soon as possible. To dis
tinguish th e new allowances from those now in 
effect, the revi sions are being printed on green 
paper. The first n ew revisions were di stributed 
during Septemb~r 1951. 

FIELD CHANGE KITS FOR 
COMMUNICATION 

EQUIPMENT 
BuShips l etter 867-(18)-9 (881AK) Ser. 881A-

5514 of 15 August 1950 provided that approval by 
the Bureau of Ships for th e i ssuance of Field 
Chan ge Kits in certain ca tegories was n o longer 
required and that the E lectronic Supply 'Officer 
implem ent the reporting of these issues. Accord
ingly, the cognizance designator is being changed 
from "F" to " N" and the r eporting ac tivities will 
filter such i tems into the Q$SR in the s tock num
ber ranges establi sh ed by E.S.O . 

The ca tegories affected are field ch ange kits for: 
1- Comnnmication Transmitters 
2- Communication Transceivers 

• 3-Communication Receivers 
4-Radi o Direction F inders (Except ECM) 
5- Radio Homin g B eacons 
6- Loran 
?- T eletype 
8- Frequency Shift Kcyers 
Appropriate requisitions will r efl ect the follow

ing information in addition to the s tandard in
forma tion : 

1- The Electronics Installation Bulletin (EIB ) 
number (or oth er authori ty) auth01·izin g the field 
chan ge. 

2- Model and serial number of the equip m ent 
on wh ich the installa tion is to b e made. 

3- Certifica ti on th at the fi el d ch an ge h as not 
been previousl y instal led. (This cer ti fi cation will 
preclude th e unnecessary reordering of a comple te 
fi el d ch ange after initial install ation, wh en onl y 
replacement of a part of the ori ginal field ch ange 
is r equired ) . 

All echelons of suppl y will insure that r equisi
tions fo r subject field changes reflect the informa
tion above, before issue or passing th e action on 
to th e next ech el on of supply. 

of!etler:J 

to 

EDITOR 

This new fe ature is the answer to numerous suggestions and req uests fro m fl eet and shore per
sonnel for a me dium of presenting their individual problems, gripes and questions on e lectronics 
matte rs and obtaining answers to such queries. 

As a matter of convenience, it is suggested you write d irectly to: 

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

Editor 
BuSHJPS ELECTHON 

Sir: 

I would like to know if the Navy Departmen t 
purch ases the ri ghts to specific inventions or copy
rights that nrc r el at ive to Navy eqnipm en ts or proc
esses. The reason I request thi s information is 
th at I recen tl y: obtained paten t rights on an elec
tronic d es ign and now wish to sell i t. Any in
form a tion on U1is subject will he greatly appreci
ated. 

\V. R., ET 1 

The Navy D epartment has, in the pa.st, pur
chased patent rights under many patents. These 
patents must be to applicants and inventors who 
are n ot in the employment or service of the Gov
ernm ent. The law as d efined in 28 U. S. C. 1498 
provides in d efining the jurisdiction of the Court 
of Claims in patent cases that. "Thi.s section shall 
not confer a right of action on aJty patentee who, 
wh en h e makes such a claim, is in the employ
ment or service of th e United States, or any as
signee o f such patentee, and shall not apply to any 
device disco-vered or invented by an employee 
during the time of such employm ent or service . 

Th erefore, since yon are in the service of the 
United States, the Navy Department cart not pur
chase any patent rights from yon which have been 
acquired during the time of your service. 

Have you considered your invention in the light 
of a beneficial suggestion? I f interest ed, send your 
iden, as such suggestion , through chwutels to 
Bureau of Ships, Code 265. 

Editor 

Editor 
BuSmPs E LECTRO 

1r: 

Recently the a11owance l ist of this act1V1 ty was 
revised to include one T ype SK-lm m obile radar 
un it. The equipment h as been received bu t there 
arc several qnestions that h ave us i n doubt . P er
haps yon can h elp . 

There is no record of any fiel d changes or modi
fications having been made to the equipment. Caa 
you furnish us with a l isting of all field changes 
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and/ or modifications so that we can check the 
equipment for these changes. 

The equipment was supplied with temporary 
stopgap instruction books which contain no pic
tures, etc. I feel sure that by now a permanent in
struction book has been supplied and we would 
appreciate a copy when available. 

We are having a very difficult time in maintain· 
ing dry air pressure in the antenna itself due to 
old and leaky gaskets, etc. Will the lack of such 
pressure affect the efficiency of the equipment? 

The transmitter itself has the bad habit of burn· 
ing out Type 527 oscillator tubes in short order. Is 
this common in this type of equipment or does the 
moving of the equipment shorten the life? Most 
common troubles are internal shorts, gassiness and 
tube breakage due to binding in the supports. Per
haps a field change has corrected some of this 
trouble. 

We enjoy the ELECTRON very much and it passes 
through all interested parties. Believe this new 
feature of "Letters to the Editor" will be highly 
beneficial to all concerned. We'll have more ques
tions for you later. 

B. R. T., RMNC, 0-1, USNR 

1-N o field changes have been issued to date for 
the SK-1 m mobile radar unit. 

2-lnstruction book for the SK-1m equipment 
is NavShips 900,484, Advance Instruction Book for 
Radar Equipment Navy Model SK-1m under Con
tract NXsr-29461. The Spare Parts Catalogue for 
the SK-lm, NavShips 900,485-1 has been cancelled. 
NavShips 900,484 should be requested from the 
nearest District Publication and Printing Office. 

.1-Dry air pressure should be maintained in the 
antenna if at all possible to prevent the accumula
tion of moisture and consequent accumulation of 
corrosion and dirt. However, if the antenna is 
maintained clear of corrosion and dirt, normal at· 
mospheric humidity will not decrease the efficiency 
of the equipment. 

4--The difficulty you are experiencing with the 
Type 527 oscillator tubes is something with which 
the Bureau is familiar and the manufacturer is 
presently making some efforts toward a solution 
of this problem. 

When additional information on your inquiries 
is available the cognizant technical codes at the 
Bureau of Ships will.supply the information to the 
field via BuSHIPS ELECTRON and/or the Radar 
Maintenance Bulletin. 

Editor 

Maintenance 
of 
Radar 
Dnplexers 

by 

VAUGHN KELLY 

Pearl Harbor Naval Shipyard 

Pearl Harbor Naval Shipyard reports that ships 
continue to arrive at Pearl Harbor with radars in· 
capable of fully satisfactory operation because of 
improper maintenance of duplexing systems. This 
applies especially to SG-lb, AN/SPS-6, SR-3, 
SR-6, SX, and SP radars. Statements by ships' per· 
sonnel who are responsible for maintenance of 
radars indicate that there is disagreement among 
various training activities and repair activities as 
to recommended maintenance methods. In general, 
equipment instruction books give either no special 
instructions, inadequate instructions or instructiontt 
which we consider to be incorrect. 

It is believed that maximum efficiency of radar 
operation in the fleet depends on the employment 
of suitable maintenance procedures by ali con· 
cerned. Since the presently available information 
in regard to duplexing tubes appears inadequate in 
the opinion of personnel at this activity, the follow
ing procedures are recommended: 

Cleaning of Duplexing Tubes 
In order to insure optimum operation of tubes 

which make contact with duplexing cavities by 
means of metallic fins, it is imperative that the 
fins be clean. This means that they must he free 
from any material, such as grease or corrosion 
products, whish would interfere with low-resistance 
contact. New tubes which have gold-plated fins 

I , 

and are packed in sealed cellophane packages 
should not require any cleaning before installation. 
New tubes which have silver-plated fins will re
quire cleaning to remove the silver sulfide or other 
corrosion products which may be present. Any 
tubes which have been previously used or which 
have been exposed to the atmosphere may he as
sumed to carry a film of grease, and will require 
cleaning. This cleaning should be accomplished 
by gentle application of a neutral silver polish, 
(ollowed by rinsing with hot water. Excess water 
may be shaken off, and the tube then dried by 
means of clean tissue paper. Lacking a suitable 
silver polish, tooth paste or tooth powder moistened 
with water may be used in similar fashion. The 
dentrifice used should be preferably one of those 
containing a non-curdling detergent, such as Pepso
dent. Extremely old tubes whose fins appear to be 
neither silver nor gold plated were probably origi
nally silver plated but have lost their silver through 
chemical or abrasive action. Such tubes should not 
he used except in emergency, and when used should 
he cleaned as above. After having been cleaned, 
the fins of any tubes should not be allowed to come 
into contact with substances, such as the human 
skin, which will recontaminate them with grease or 
corrosive chemicals. 

Cleaning of Duplexing Cavities 
Those portions of the cavity structures (herein 

called th,e cavity "lips") which come into contact 
with the fins of the tubes must be free from any 
foreign material which would interfere with good 
contact. In general, the same cleaning methods 
should be used on these parts as on the duplexer 
tube fins. However, certain mechanical features 
will in some cases interfere with efficient cleaning. 
In the SR-3, SR-6 and AN/SPS-6, the cavity 
cannot readily be cleaned without removing the 
duplexer assembly. If the assembly is removed for 
cleaning, care must be exercised to keep water and 
other foreign matter out of the cavity, and care 
must also be taken to reinstall the assembly in it.s 
proper position. In the case of the SG-1b, the en
tire go~d-plated waveguide assembly should he 
removed, after which the cavity lips can he cleaned 
easily. Rinsing can he done by putting the whole 
assembly under a water faucet, if desired. After 
they have once been made thoroughly clean, cavity 
lips may be expected to stay clean, provided that: 

1-They are not recontaminated by insertion of 
a dirty tube. 

2-They are not exposed to airborne dirt. 
3-They have not corroded nor tarnished. 

4-They are no~ improperly handled. 

Installation of Tubes 
Tubes must be carefully inserted in the cavities 

in such a manner that the fins make proper contact 
with the cavity lips. In the case of the SG-lb, 
it is possible to place the tube in such a position 
that one fin is on the outside of its corresponding 
lip and the other fin is on the inside of its lip. 
Duplexing action in such a case will be very poor. 
It is also possible to insert the tube properly in 
one haH of the split cavity and improperly in the 
other half. This also will result in very poor opera
tion and probably in destruction of the tube. In 
the case of the AN/SPS-6, SR-3 and SR-6, care 
must he taken to insert the hall tip of the tube 
properly in the contactor inside the cavity. Undue 
sidewise pressure on the contact fingers may spread 
them so that they will not make firm contact with 
the ball tip. Experience shows that in many cases 
the fingers are not tight enough to make good con
tact. This condition, if present, should be corrected 
by slightly compressing the fingers. The rings 
which clamp the tube fins against the cavity lips 
must be screwed in tightly. It is generally insuffi
cient to screw these in by hand. Therefore, a large 
pair of pliers ("water-pump" or "battery" pliers) 
should be used, and considerable force should be 
used to insure firm contact. In the case of the split 
cavities in the SG-lb, it is advisable, after pre
liminary tightening of the cavity clamps, to loosen 
the two cavity-joining screws one-quarter turn and 
then retighten the cavity clamps. The cavity-join
ing screws should then he retightened. The. pur· 
pose of this latter procedure is to diminish the pos
sibility that a burr in a thread will prevent the 
clamp from seating properly. In the case of 
SR-3, SR-6, and AN/SPS-6, it is highly important 
that Field Change 9, 11, or 5, respectively, be ac
complished. This field change adds two spacers, 
one of metal and one of Neoprene, which improve 
the contact between tube fin and cavity lip. It is 
essential that the spacers be inserted in their proper 
order; that is, the tube should be inserted first, 
then the Neoprene spacer, then the metal spacer. 
(Note that the applicable field change bulletins 
provide for putting the spacers in the reverse order. 
However, it has been found in practice that in
stallation of the Neoprene spacer next to the 
clamp may result in rolling up or bunching of the 
spacer.) Some cases have been encountered where 
the spacers have been installed between the tube 
fin and the cavity lip, causing poor contact both at 
the cavity lip and at the ball tip. 

Procedures to be Avoided 
Don't attempt to clean any part of a duplexer N 
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with rubber eraser. Rubber erasers may contain 
abrasive material which will injure the plating. 
They may contain sulfur which will corrode the 
metal. They are certain to leave a :fihn of non· 
conducting material (rubber). (Note that N avShips 
900,531, the final SG series instruction book, recom· 
mends use of rubber eraser.) Don't use carbon 
tetrachloride or any other organic solvent as a final 
cleansing agent for contact surfaces. To do so will 
practically insure a thin coaing of oil or grease, 
since these solvents are very apt to have picked up 
such soluble matter during storage or previous use. 

In addition, there is some reason to believe that 
use of carbon tetrachloride promotes corrosion of 
brass and copper. Don't use crocus cloth to clean 
contact surfaces. Crocus cloth is apt to injure 
plated surfaces, and also leaves a film of non-con· 
dueling material (iron oxide). Don't expect a TR 
cavity to tune properly unless the contacting sur· 
faces are clean and tight. The sharpness of reso• 
nance of a tuned circuit goes down when Q goes 
down. And Q goes down when ohmic resistance 
goes up. Dirty or loose contact surfaces are hound 
to increase ohmic resistance. 

NEW COUNTERMEASURES RECEIVING EQUIPMENT 
The new :radar countermeasures receiving equip

menta being procured by the Bureau of Ships are 
the Radio Receiving Sets AN/SLR-2, AN/SLR-3, 
and AN /BLR-1. The Collins Radio Corporation 
is manufacturing these equipments, less the an· 
tenna systems, under Contracts NObsr-52150 and 
52471. Delivery of these equipments is not ex· 
pected until after 1952. 

The AN/SLR-2, AN/SLR-3, and AN/BLR-1 
equipments consist of remotely-controlled motor
driven tuning units, mixer-amplifiers, indicator
control units, remote switching units, D/F control 
units, servo amplifiers, and power supplies. These 
units are common to all three equipments. The 
major differences between the AN/SLR-2, AN/ 
SLR-:-3 and AN/BLR-1 are the number of the 
above units employed, their system arrangement 
and cabling, and the antennas used. 

The AN/SLR-2 equipment, for use on surface 
vessels, covers the frequency range of 90-10,750 
Me. in a series of eight tuning units. Three mixer· 
amplifiers and two indicator-control units are em
ployed. The equipment is divided at 1000 Me. 
into a low-frequency and a high-frequency system. 
One indicator-control unit is used with each sys
tem. The high-frequency system employs one 
mixer-amplifier, while the low-frequency system 
requires two mixer-amplifiers of different i-f fre· 
quencies. Each system has its own power supply, 
D!F control unit and servo amplifier. 

The antenna system consists of four D/F an
tennas and omni-directional antennas, including 
the antennas CAGW-66131 and CAGW-66132. 

The antennas and r·f tuning units are remotely 
switched from the indicator-control unit. 

All controls for the equipment are located on 
the front panel of the indicator-control unit and 
on the D/F control unit which is to he mounted 

on top of the indicator-control unit. All cabling 
enters the rear of the equipment units. 

The equipment operates from 115-volt 60-cycle, 
1-phase AC and requires approximately 3 kw in
cluding the D/F control units. For dimensions and 
cabling, refer to BuShips restricted drawings RE 
100D 2013 and RE 100F 2011. 

The AN/SLR-3 covers the frequency range of 
1000-10,750 Me. using the four highest frequency 
tuning units of the AN /SLR-2. This equipment 
is a system for use primarily on PT boats. Only 
one mixer-amplifier and one indicator-control unit 
are required. The antenna . system consists of one 
D/F antenna and the AS-371/S omni-directional 
antenna. Remote switching of the r-f tuning units 
and antennas is employed. 

The equipment operates from 115-volt, 60-cycle, 
1-phase AC and requires about 1500 watts. All 
units except the antennas are the same as those 
employed in the AN /SLR-2. For dimensions and 
cabling refer to BuShips restricted drawings RE 
100D 2022 and RE 8D 2013. 

The AN/BLR-1 covers the frequency range ot 
90-10750 Me. using eight r-f tuning units. This 
equipment is the countermeasures system for sub· 
marines. It employs the units of the AN/SLR-2, 
but uses an antenna system designed especially for 
submarines. Only two mixer-amplifiers, one indi
cator-control unit, and one D/F control unit and 
servo amplifier are employed. The equipment re
quires approximately 1500 watts including the 
D/F control unit. For dimensions and cabling 
refer to BuShips restricted drawings RE 100F 
2000 andRE 100F 2001. 

More complete information including outline 
and mounting dimension drawings will be made 
available at a later date after the construction of 
the first production model by Collins Radio 

Corporation. 
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Joseph Hen ry, American physicist (I ~97- 1 878) devoted 

his entire life to scient ific·work. Of his many experiments, 

he is known best for the development of the electro

magnet, the principle of the electromagnetic motor a nd 

teleg raph, and experiments on induced currents. H is 

name will endure for all t ime, since t he word " henry" is 

the standard unit of inductance. 
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