BUSHIPS ok DECEMBER 19513

ELECTRON

NavShips 900,100

L d31DI41S3d

RESTRICTED

W RADIO ECH/Oi

W, 'RUTHERFORD



BUSHIPS

ELECTRON

:.becem éer

1951

YOLUME 6
NUMBER 18

High Frequency Radio Echoes ... 1

RTMA Preferred Values ...
ESO Monthly Golimy coeewessnnsemssmmemaacsen. Tl
NEL Notes (The Propeller Beat Simulator)....... 12
A ESS Standardization Program ... 14

Model QHB Transformer and Capacitor Replace-
MAGAZINE The Field Engineer Sz .. 10
Testing Amplidynes and Servo Amplifiers .. 17
FOR Fleet and Force Maintenance ... 18
ELECTRONICS Reserve Fleet Electron Tubes ... 18
“Can Do” . 19
TECHNICIANS Type Allowance Book Revisions ... 20
Field Change Kits for Communication Equipment..... 20
Letters to: the Bdilor ..o s 1
Maintenance of Radar Duplexers. ... 22
New Countermeasures Receiving Equipment ... 24

Electron Index—Volume 6 (July 1950—December

o

PRINTING OF THIS PUBLICATION HAS BEEN APPROVED BY THE DIRECTOR
g OF THE BUREAU OF THE BUDGET 13 JANUARY 1950

tment of Defense activities concerned with the installatioy,

% . se F1E N/ et to Depar ¢ i A ,
DISTRIBUTION: BuSHIPS ELECTRON 75 Jsé? s Tha” gsaitiey cupplied is not correct, please advise s

operation, maintenance, and supply of electronic equipm
Burean prompily. ‘ ‘ .
CONTRIBUTIONS: Contributions to this magazine are always welcome. /;?['1 ;u_ﬂe’;'ofzi 2!){:015:{ CLE ”:z’d/jip:;::j 10 Th,
Editor BuShips Electron, Burean of Ships (Code 993-¢), Navy Department, I ‘T hing , D. C. possib),
articles should be accompanied by appropriate sketches, diagrams, or piotographs. o

CLASSIFICATION: Moyt issnes of BUSHIPS ELECTRON are classified restricted or (_onﬁdent’mi in c;:’[@r 1/);7:[‘:;:/0,.”2:{”0”
on all types of equipment may be inclnded. Specific material published a’m{ mzé}/ :_f.ff’zed 7:;2;3?1_ ;,.!{3); ;z; , ,e/ classifieq
however. Each issue is assigned the bighest classification of material inclua ed. assifiec o al should be shown onjy
to concerned personnel as provided in U, S. Navy Regulations. Don't fmgie-t,‘many enliste m-:n= aic‘um(cl.ned with
the contents of this magazine. BUSHIPS ELECTRON comtains information affecting the national defense of the Uniteg
States within the meaning of the Espionage Act (US.C. 50; 31-32) as amended.

- . .
High Frequency Radio Echocs
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I

by
Lr. (jg) D. C. Kepuart, USNR
Programs Research Unit
Johns Hopkins University

High frequency echoes, commonly referred to as
multipath effects, have been earning hash marks in
the Navy for more than twenty-five years. It would
be nice if they could be retired to inactive duly,
but unhappily it looks as though they will always
be with us to some extent, creating occasional net-
work nuisances on long distance point-to-point
radio circuits. The aims of this article are to review
for Electronics Technicians and communicaticns
men, some of the basic useful ideas about echoes,
and to present a few practical hints for steering
clear of them on high frequency teletype and fac-
simile circuits.

Another aim is to give certain results of some
facsimile echo ohservations along with interesting
conclusions about transmission speed possibilities
on high frequency radio circuits. During a recent
survey of HF Naval communications, supported by
the Office of Naval Research, it was found that 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. Scal-
lorn, who also participated in this study. Some fac-
simile map samples are illustrated in Figure 1. 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.

4

DIRECTION OF FACSIMILE SCAN — =

Causes of Echoes

Echoes occur when radio energy reflected from
the earth and from the ionosphere is broken up
into separate packets or components which arrive
at a receiver along a number of paths of different
lengths. The result at the receiver will often be as
in Figure 2, which pictures a typical oscillogram of
a received signal element followed by a train of
delayed echoes. Radio facsimile picture receptions
will be blurred and teletype copy will be garbled
when a single intelligence pulse is received more
than one time. Where delays are so short that suc-
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
delays are long, echoes may cause message errors

GOOD RECEPTION

CER ECHO DELAYED ABOUT
/ 40 MILLISECONDS

<— 20 MILLISECONDS DELAY
| ™~ PRIMARY SIGNAL

1

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.

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

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

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

2—Back-scatter 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 splitting.

6—Sporadic E-scatter.

The sketches in Figure 3 will aid in providing an
understanding of the 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 types 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 by double-signals occur
when a radio wave traverses both long and short
great circle paths to reach a receiver in two com-
ponents separated by a delay corresponding to the
difference in path lengths. Either of these compo-
nents may continue beyond the receiver as an
around-the-world echo to reach the receiver again
with a transit time delay of the order of 1/7 second.

FIRST SKYWAVE IMPULSE

Extensive double-signals and around-the-world
echoes have been observed when the energy from
transmitter to receiver travels along the twilight
zone. Since the twilight zone shifts seasonally and
moves with the earth’s rotation, a particular radio
circuit is affected only for short periods.

Examination of 76 Navy weather maps received
by facsimile during September and October, 1949
on the Guam to Washington 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 nautical
miles in the opposite direction. Resulting delay on
the long path was about 50 milliseconds. Time of
reception was about 2300 GMT during late Sep-
tember and early October, when much of the trans-
missicn path was along the edge of the twilight
zone. A single-ended directive receiving antenna
with a bheam 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 c¢n the weather maps. However,
they might have been troublesome on radio tele-
type or on more densely coded facsimile. Present
indications are that the echoes should bhe encoun-
tered less than about 59 of the time on the Guam
to Washington facsimile channel. No double-sig-
nals or around-the-world echoes were observed in
a similar study of facsimile receptions on any of
the other Navy point-to-point facsimile circuits.

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

ECHO TRAIN

DELAY OF
FIRST ECHO

Ll

Il

FIGURE 2—Typical oscillogram of received signal element with echo train.
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directivity, and sometimes reduced transmitter
power, may be employed to help eliminate the un-
wanted component.

The strength of an around-the-world high fre-
quency 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
very helpful since the echo may arrive from the
direction of the transmitter.

Back-scatter and Ground-scatter

Echoes in this category are comprised of diffused,
delayed energy returned to a receiver from regions
in the path beyond the receiver and from reflecting
protuberances on the earth’s surface that lie within
the transmitting antenna beam. Scatter echoes
seen at the receiver are especially prevalent on
transmission paths requiring one or more reflec-
tions from the earth’s surface for propagation.

In a study of 110 facsimile maps sent from San
Francisco to Washington about 409 were found to
exhibit evidence of long delay echoes of about 20
milliseconds duration. These were probably due
to backscatter. A typical case is shown in the cen-
ter of Figure 1. Investigators have found that long
delay echoes of this type may occur at all hours
of the day. However, these studies of Naval cir-
cuits provided evidence that the occurrence of very
strong back-scatter echoes may be associated with
peculiar configurations of the ionosphere as the
morning twilight zone passes over the center of a
one-hop transmission path. A path of this type
should therefore be avoided whenever possible.

Ground-scatter echo is especially prevalent on
multihop circuits which must depend upon reflec-
tions from the earth’s surface for propagation to
the receiver. Normally, echo delays of not more
than 5 or 6 milliseeonds are produced. In excep-
tional cases where scatter is from points far from
the great circle path between transmitter and re-
ceiver, echo delays can be 3 or 4 times this value.
The degree of signal diffusion depends on the area
over which reflectien from the earth’s surface oc-
curs. The use of antennas which radiate relatively
wide beams contributes to the magnitude of the
effect. Other factors are the roughness of the
earth’s surface in the area of reflections and the
number of earth-ionosphere hops required to reach
the receiver.

Multiple Mode Transmission

Usually the most important short delay echoes
are those resulting from multiple earth-ionosphere

reflections. A transmitted wave is broken up into
discrete modes or components, each encountering
a characteristic delay in transit, depending upon
the number of hops it requires to reach the re-
ceiver.

The concept of Maximum Usable Frequency
(MUF) is useful in obtaining an adequate under-
standing of multiple mode transmission. The ideal
frequency for successful long distance point-to-
point communication is theoretically the lliglles;
frequency which can be reliably reflected from the
F-layer of the ionosphere at the necessary angle
for the particular distance involved. This is the
maximum usable frequency for that distance. For
a given great circle path, skywave transmission at
maximum usable frequency can be had only in the
minimum number of hops and at only one possible
angle of departure. Frequencies higher than MUF
would pass through the reflecting layer. As fre-
quency is reduced, multiple modes of transmission
appear. Below critical frequency, which is the
highest frequency at which vertical reflection from
the ionosphere is possible, the number of modes
would become infinite but for absorption in the
ionosphere.

The number and duration of multiple modes that
may be encountered on a given path depend upon
path distance, operating frequency, and ion density
in the upper atmosphere. Very roughly, for trans-
mission over a long path, Washington to Honolulu,
4200 nautical miles, at a poorly chosen frequency
which is considerably lower than MUF, an echo
train comprising as many as 5 multiple reflections
persisting for about 3 milliseconds might he ob-
cerved. On relatively short distances, 500 nautical
miles or less, particularly at night when wave
energy absorption is less than during the day, the
wave train at frequencies well below MUF, may
consist of as many as a dozen or more modes with
a delay of 10 to 20 milliseconds after the arrival of
the initial pulse.

One trouble with skywave transmission is that
the ionosphere is an unstable reflecting medium.
During the present part of the 1l-year sun-spot
eycle MUF for a given transmission path may vary
over a range of as much as 20 Mec. in a 24-hour
interval, Variation of MUF during each day is
roughly cyclic—it reaches a minimum value (hlri_ng
the early morning hours, while shortly after sunrise
it climbs sharply to a midday maximum which is
followed by a gradual descent to the nighttime low.
It is generally desirable to operate at a frequency
which will be always less than the maximum usable
frequency, yet high enough to minimize the oc-
currence of multiple propagation modes. Experi-

ence has shown that the most reliable operating
frequencies lie between 70 and 85 per cent of MUF.
A direct relationship between the 12-month run-
ning averages of critical frequency and Zurich sun-
spot number makes possible a technique for predict-
ing, two to three months in advance, the medium
value of maximum usable frequency for any trans-
mission path at any time of the day. Prediction
consists of ‘estimating the degree of future solar ac-
tivity and then deducing from collected data on
past averages of MUF and critical frequency the
corresponding trends in the geographical, seasonal
and daily variations in ionospheric conditions.
MUF predictions are available to the Naval Serv-
ice in a monthly publication, “Recommended Fre-

quency Bands and Frequency Guide DNC-14”. This

MULTIHOP

GROUND SCATTER,
BACK SCATTER AND

SPORADIC-E

MAGNETIC
SPLITTING

PEDERSEN RAY

T

publication lists suitable frequencies for use of
ships at sea in communicating with Naval radio
stations. Frequency tables for 16 widely scattered
stations are given. Recommended frequencies are
tabulated for each month and each hour of the day
for four directions and for various distances up to
2500 nautical miles. Nomograms are also provided
for use as a rough guide in the choice of wave
lengths for communicating between any two points
at distances up to 2000 nautical miles. Reports of
the Bureau of Standards Central Radio Propaga-
tion Laboratory “D* series DNC-13 are recom-
mended for transmission over longer paths and
where frequency information more precise than
that provided on nomograms is needed. The Navy
furnishes curves of optimum working frequencies

_ —F-LAYER R

SPORADIC-E

SCATTER

SCATTER

PEDERSEN RAY

FIGURE 3—Geometry of high frequency 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-
flections 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 hy
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
component 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 near
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-

flections 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 1 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.loflg
delay echoes have been observed on Navy facsollfllle
pictures transmitted across the morning twilight
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 t’he
twilight zone. Reducing transmitter power or shift-
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 signa.l
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 modern 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

Greater

.. . n 8 . | No.
Facsimile Greuie |5 "aar| Shn | Mo | 55| N
Guam to

Washington| 54% | 35% | 11% | 6800 | 20.4 | 397
Honoluluto * 80 16 4 4150 | 204 | 348
San Fran.to “ | 84 12 4 2150 | 9.5 | 110
New Yorkto “ | 100 0 0 185 | 5.0 | 103
Average of 4
circuits 72 21 7

It should be 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 1 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 which communica-
tions would have been feasible in each category
over different circuits. In making these estimates
it is assumed that speed is ]imited§ by the condition
in which baud length is two and dne-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 . Sms 10 ms
Max, word speed (5 bauds/character) 400 wpm 200 wpm
Max. word speed (71 bauds/character)270 wpm 135 wpm

Percentage of time circuits

. would be usable at the maxi-

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 be 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 but it ties
up additional channels and equipment.

If all other measures fail the circuit transmission
speed should be lowered and receiver output filter
widths should be 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 baud 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 be possible
while traffic may be cleared slowly but continuously
when conditions are poor.
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RTMA

Preferred Values

by
Radio-Television Manufacturers Ass'n
RTMA Engineering Office,
New York, N. Y.

A question frequently heard among users of
radio components is: why 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 subject and therefore concerns
everyone who designs, makes, buys or uses any
radio or television parts. It takes up the reasons
for PREFERRED VALUES, which are those se-
lected values that are based on a series of PRE-
FERRED NUMBERS. It is designed to help you
understand how such a series came about, exactly
what it i, and why it is used.

Preferred means first choice or most desirable.
Numbers indicate size, count or value. Everyone
uses numbers, a lot of numbers. Radio uses all
kinds of numbers—some simple, some not so
simple. Rarely do radio men have nice, rounded-
out figures to deal with.

The Sales Department, which calls the signals,
never gives a nice round selling price to shoot at;
like $150 or $200. No, it’s $149.95 or $199.50. And,
by the time the dealer gets a nice series of dis-
counts like 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
money, don’t ever come out as an an even figure.
And with all the deductions, 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 that 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 wound, and cost about 50¢
apiece? Shortly thereafter molded or carbon re-
sistors came into wide use. All were the same size,
about one watt (we thought). You could get any
value you wanted on order. The 38,000 size was
pink and the 1750 ohms was yellow. Replacements
cost 5 to 10 times what they do today.

That Old Bugaboo—Tolerance

No matter how precise the operation or process
iz, there is always some variation in the resulting
product. A production run of 100-ohm resistors
may vary anywhere from say 50 to 150 ohms
(# 509%). Closer control however may hold them
to #+20%, which is the usual “commercial” toler-
ance in electrical components.

Now, somebody may need a 10%, or maybe a
5% 100-ohm resistor. What happens to all the
others in the batch? Average production may give
us only 10 five per-centers, 20 ten per-centers, and
65 twenty per-centers in a batch of 100 resistors.
Unless the whole hundred is sold, the rest are
wasted and the cost of those sold must be increased
to cover this waste.

It doesn’t matter whether we are considering re-
sistors, condensers, coils or control shafts; the
same probabilities hold. The cost—and availa-
bility—of any kind of precision depends on the
cost of the entire batch. The more logical we can
make the groupings of precision (5%), close
(10%), and commercial (209 ) nominal values,
the better chance we have of finding a use for all
of the parts produced and thereby reduce all the
prices.

What Groups to Select?

We tend to think in terms of twos, fives and tens.
That’s why 1, 2, 5, 10, 15, 20, etc. and their decimal
fractions or multiples are “nice round numbers.”
Numbers like 377, 1.414, or .0059 are “difficult”
numbers, and used only when necessary. It is
understandable, therefore, why electrical circuit

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

What brought the prices down, the quality up,
and made it possible to meet the tremendous de-
mand for components for radio, television and
military 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 reached the conclu-
sion that there were too many values floating
around in radio circuits. To cut down these spe-
cials and still not penalize 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.

Resistor manufacturers and users co-operated to
give us this present series of preferred numbers for
resistors some 15 years ago. The RTMA color cod-
ing system for resistance values came in about the
same time. We've become so accustomed to the
color bands and to these preferred values in re-
gistors that we pretty much take them for granted.
The idea has spread to other fields: preferred
values in mica condensers, in ceramic and molded
condensers; and now for wire wound resistors.

What has 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! That’s what simplification means to radio
and television today; more availability, faster sche-
dules, and millions of dollars in lower costs.

Who Selected the Values in This Series?

Probably not the engineer who figures to three
place aceuracy and wants a 50-ohm resistor, then
finds he has to use 47 ohms, if he wants the cheap-
est, or 51 ohms if he’s willing to pay more. But its
terrific 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 most of the circuit require-
ments.

Arithmetic Numbers and Limits

If we select a series with say 20 equidistant
values there would be 18 steps of 5s from 10 to
95 in this series. The same would apply regardless
of the position of the decimal 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 mp-
per end of the 209 range.

=5 Nom. -3 —10 Nom. 410 | —20 Nom. +20
9.5 10 10.5 |27 30 33 40 50 60

1425 15 15.75(31.5 35 385(44 55 66
19 20 21 36 40 44 |48 60 72

22.5 25 275 (415 44 495|52 65 178
28,5 30 315 |45 50 55 |56 70 84

ete. ete. ete.

It doesn’t take a statistician to see that steps of 5
are too close for =209 grouping in the upper
range and too far apart for #=5% groups in the
lower range. There is waste (1) by having too
many groups, and (2) by having 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 1/24, plus 1/48, they had a job on
their hands. Nevertheless, before 100 A.D., they
worked out a “20” series of pipe that is our first
known use of preferred numbers.

About 1856 Brown and Sharpe gave us their
Wire Gauge listing a graded series of wire sizes
which we still use. Then in 1879 a Frenchman
named Renard 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 the same
with 12, and so on until we hit 100, we get a series
of numbers like 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 1o start at 100 and figure the series back-
wards, we don’t do any better.

In looking around, we find that the mathemati-
cians have worked out a progression very nicely
for us based on the 12th root of 10, each value
being 21.15% more than the one immediately below
it. It works out right, both going up and coming
down. When rounded off to two digits, we get the
+109 series of Preferred Values, that is, 109 up
and 109 down.

Apparently from earliest recorded history musi-
cians have set up scales with tones set at “pre-
ferred” values. Thus in another art—music—we
find the same problem of producing subdivisions

A3LOY 1S
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of an octave. An octave is a 2:1 difference to
divide up, whereas in our production schedule we
wish to divide up a 10:1 interval. Earliest music
had 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 pro-
posed. This scale is now universally used. Each
octave has 12 intervals, just as our preferred num-
ber scale has 12 intervals between our decade mile-
posts. Each note on a piano is a definite per-
centage higher than the preceding note. A similar
condition exists in the RTMA preferred number
series.

RTMA PREFERRED NUMBERS
Nearest
Decimal
6 Series 12 Series 24 Series System
*+20% +10% +5% Numbers
10 10 10 10
— - 11
SN IS 12
— —- 13
15 15 [ 15
— | = | 16
— ‘ 18 18
— I — | 20 20
22 | 22 | 22
i [ — 24
- | 27 27
L, e 30 30
33 33 33
— _— 36
— ‘ 39 39 40
- — 43
47 47 47
— . — 51 50
— | 56 56
— | — 62 60
68 | 68 68
== ‘ — 75 70
s 82 82 80
— \ - 91 90
100 100 i 100 100

Now, 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 derived from the 6th root of 10 or 46.76% up
and down. Then, if we take the twelve 10% num-
bers and figure the steps in between them from the

24th root of ten, or 10.06% up and down, we get
24 steps with approximately ==59% intervals for the
“precision” values, like those shown in the ac-
companying RTMA Preferred Numbers 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, headed
“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
ghould tell you more than any amount of mathe-
matical explanation why preferred values are
popular in radio manufacturing,

With these numbers, we have a complete spread
of values with practically no overlap, no gaps and
no waste. Costs are therefore reduced to the mini-
mum. We also have the simplest possible spread
of values in each series, which means better availa-
bility. And, we have a workable standard that can
be applied to any item that can be evaluated by 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 that the numbers themselves are not
“gacred.” It is evident that a great many other
series, equally logical, could be devised, using say
the 11th root of 10, or the 10th root of 10, or
what have you. In fact the latter series serves ad-
mirably in some fields.

As production processes are improved it would
be quite possible to provide more groups of some
components, with closer tolerances. This would
involve the use of higher “root” values. But the
electronic industry has found this series highly
useful and has geared all production, cataloging
and even the color codes to its use. When closer
tolerance values are needed the 24-unit series men-
tioned before, is available, and, in the future,
further subdivisions using a 48-unit series may be
added. The higher the precision requirements of
any application the greater the number of pre-
ferred values that would be ideally suited for that
use. Thus it is reasonable that there is no one set
of figures that makes up the ideal series for all
industries. In the grading of apples a different set
of values would probably be better, but the basic
principle of preferred values would still hold.

—FEngineering Bulletin No. 40.

BUSHIPS SECTIONS, PART II,
CATALOGUE OF NAVY
MATERIAL BEING REVISED

Due to the rapid acceleration of the electronic
supply program and ecstablishment of new activi-
ties, bulk stocks of several ESO publications have
been depleted. The following publications are
being brought up to date and will be distributed
to the Fleet in the very near future:

Section 16-702  Fixed Composition Resistors
w 16-703 Fixed Wirewound Resistors
£ 16-820 Electron Tube Types Cross

Index
ESO Standard Price List
dated 1 July 1950

It is requested that vessels now on the distribu-
tion list review their needs for all ESO publica-
tions and inform the Electronic Supply Officer,
Attention Code 7, of any changes required.

STANDARD NAVY STOCK
NUMBER CORRECTION

The ESO Monthly Column in the March 1951
ELECTRON contained an item entitled “Motor Con-
version,” which pertained to the conversion of
Model 15 Printers from a series to a synchronous
motor under Bureau of Ships Allocation Order
No. 800-92790. The Standard Navy Stock Numbers
for the motor and gear set were transposed. This
information should have read as follows:

ITEM TELETYPE PART No.
Motor MU-4
Gear Set 80437

SNS NUMBER
F17-T-350001-103
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.0.

MONTHLY
COLUMN

BUSHIPS SECTIONS, PART I,
CATALOGUE OF NAVY
MATERIAL DISTRIBUTED TO
FIELD ACTIVITIES TO DATE

Activities receiving BuShips Section, Part II
(Electronics) Catalogue of Navy Material are ad-
vised that they should now have 20 sections in
their possession. The sections previously dis-
tributed and those now being distributed are as
follows:

Section 16-003  Sig Corps to SNSN Cross

Index

£ 16-004 SNSN Cross Index to Air
Material Command

‘e 16-100  Fixed Mica Capacitors

“ 16-101  Fixed Paper Capacitors

“ 16-102  Fixed Electrolytic Capaci-
tors

“ 16-103  Fixed Ceramic Capacitors

“ 16-602  Networks and Filters

e 16-702  Fixed Composition Resistors

& 16-703  Fixed Wirewound Resistors

“ 16-704  Variable Composition and
Wirewound Resistors

£ 16-705 Fixed Precision Resistors

e 16-820  Electron Tubes

“ 17-070 Terminal Boards

& 17-150  Contacts

& 17-405  Insulators

“ 17-600  Motors

& 17-716  Relays

8 17-806  AF Transformers

£k 17-807 IF Transformers

& 17-811 RE Fixed Transformers

Catalogue Section 16-1001, “Introduction to the
BuShips Section, Part II (Electronics), Catalogue
of Navy Material,” will contain a complete listing
and index of all sections distributed as well as
those sections or commodities of material being
processed. '
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THE PROPELLER BEAT SIMULATOR

A useful aid to the training of submarine sonar operators
aboard ship has been developed by the Navy Electrenics Labo-
ratory, San Diego, California. The Propeller Beat Simulator,
SM-41/UQQ-T, simulates the sounds of two-, three-, or four-
bladed propellers as they are heard over sonar listening equip-
ment. The new device was developed originally as a unit of a
complex sonar training equipment to be used at sonar training
schools. It was immediately apparent, however, that with a
suitable problem generator, the Propeller Beat Simulator could
be used to feed target information directly into submarine listen-
ing gear. Thus, whether the boat were underway or in port, the
Propeller Beat Simulator would make possible training in the
fundamentals of target detection in the presence of noise, turn
counting, target identification, reporting procedures, and general
equipment operation. This type of training was previously pos-
sible only when the boat was underway and suitable targets
were present in the arca.

Development of the problem generator to accompany the
Propeller Beat Simulator is now in progress, and the two
portable units will be available for testing and evaluation both
ashore and afloat early in 1952. _

The simulator, which is small and light enough to be com-
pletely portable, can be operated on a ship’s 117-volt 60-cycle
supply. The control panel contains a 4-inch speaker flanked by
the Prop Beat Selector and the Prop Speed controls; mounted
in a line below the speaker are four gain controls and a pilot
light. These gain controls control the degree of accent of one

blade of the propeller, the background noise level,

the propeller noise level, and the over-all audio

>

ASTABLE PROP. .
MULTIVIBRATOR [« SPEED gain.
M1333 (DUAL-POT.)
BINARY BINARY DELAY
DIFFERENTIATOR DRIVER COUNTER * COUNTER " BINARY [T
AND CLIPPER M1503 » (BISTABLE) (BISTABLE) COUNTER
M1253 M1253 M1243

DIFFERENTIATOR NOISE MODULATOR | o OUTPUT | | e wer
AND CLIPPER GENERATOR M1333 V2 6AQ5
V3 2021
-
R §] 02 3

PROP. ACCENT o4 od NOISE AUDIO

GAIN GAIN 1 jf"“-—XL GAIN GAIN

(POT.) (POT.) SELECTOR (POT.) (POT.)

Block Diagram of Propeller Beat Simulator.

The entire equipment is constructed of only
46 components. Plug-in units are used in nearly all
the circuits. These include an oscillator, driver,
modulator, delay multivibrator, and two binary
counters. Thus, a minimum of components are
mounted on the chassis, ensuring easy maintenance.

The propeller beat simulation is accomplished
by modulating a noise signal with “accent” and
“deaccent” pulses. The deaccent pulses produce
the simulation of individual propeller blades by
dropping the noise level for the length of the pulse.
The accent pulses produce the effect of accenting
one blade by raising the entire noise level for a
time interval which includes one of the deaccent
pulses.

The noise signal originates in a 2D21 thyratron
random noise generator. The level of this noise
signal is controlled by the Noise Gain potentiome-
ter, and the signal is fed directly to the modulator.

The source of the accent and deaccent pulses is
a free-running multivibrator whose frequency is
determined by the propeller speed potentiometer.
The square-wave output of this multivibrator is
fed simultaneously through two different chan-
nels: the propeller sound channel and the binary
counter chain.

The square wave fed to the propeller sound
channel is passed through a differentiating and
clipping circuit and appears as medium-sharp
(4-t0-5 microsecond fall time) negative deaccent
pips across the Prop Gain potentiometer. The de-
sired amplitude of these pips (as determined by
the potentiometer setting) is then mixed with the
positive-pulse accent output of the Accent Gain
potentiometer and fed to the modulator.

The square-wave fed to the binary counter chain
passes through a similar differentiating and clip-
ping stage, but comes out with medium-sharp posi-
tive pips. These pips are fed to 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 counter stages.

The two binary counter stages, in connection
with the delay binary counter stage, are used as
frequency dividers and provide simulation of dif-
ferent numbers of blades on the propellers. The
Prop Beat Selector provides a choice of four pos-
sible outputs from the counter chain. In position 0,
the counter chain is open-circuited and iz not used.
In position 2, the output of the first counter- pro-
vides a signal at half the fundamental frequency of
the incoming pips from the free-running multivi-
brator. In position 3, the delay counter is switched
into the circuit, and the output of the second bi-
nary counter stage becomes one-third the funda-
mental frequency. In position 4, the output of the
second stage (the delay counter is again discon-
nected) is one-fourth of the fundamental frequency.

The selected output from the counter chain is
fed through a differentiator and clipper, and the
resulting positive-pulse accent output is developed
across the Accent Gain potentiometer. Depending
upon the position of the potentiometer arm, a vary-
ing amount of this output passes through suitable
isolating resistors, is mixed with the output of the
Prop Gain potentiometer (as previously men-
tioned), and appears at both grids of the modu-
lator.

The modulator output is connected through a
transformer and the Audio Gain potentiometer to
the output stage, which drives the speaker.

Effective shipboard use of this equipment is as-
sured because the type of circuitry used is quite
insensitive to minor variations in the input volt-
age: no appreciable changes in operation occur
when the supply voltage is varied between 100 and
130 volts. The all-clectronic design of the unit
eliminates the undesirable characteristics of the
complex mechanical systems which have been em-
ployed for this purpose in the past: yet the use of
plug-in units and the simplicity of construction and
operation minimize maintenance time and permit
the use of the equipment as a training aid where
skilled persennel are not available. Thus, it can be
used for training purposes at almost all naval
facilities.

Seventeen of the Propeller Beat Simulators and
9 problem generators will be built for initial test-
ing and evaluation. Tt is anlicipated that a quan-
tity of the two equipments will be manufactured
subsequently and made available to training activi-
ties and forces afloat.
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by
L. H. WricHT, Specification Review Section,
Technical Division, ESO

The Electronic 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
electronic equipments. 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 necessarily be those used many times
in many equipments.

Standard Items of Supply (SIS) are being se-
lected for preferred characteristics 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 basis for determining quality under
known tests and fabrication methods; moreover,
these items must be procured from manufacturers
approved by the Armed Services Electro Standards
Agency (ASESA). At the present time this activity
is selecting SIS from only those items meeting the
high standards of ASESA, with the result that in
some categories of material very few SIS are ob-
tainable.

The Electronic Supply System (ESS) standard-
ization program, a part of the service-wide stand-
ardization program sponsored by ASESA, is aimed
toward stocking as few items as possible. This is
an effort of immediate consequence, since it will
affect maintenance on equipments now in use;
whereas, the parent ASESA standardization pro-
gram is concerned with standardization of parts
in new equipment design.

ASESA has published lists of preferred items
(Armed Services Preferred Parts Lists for Elec-
ironic Components) for various categories of ma-
terials to assist in implementing standardization for
design, development and manufacture of new
equipments. These lists have been a guide to ESO
in the selection of SIS. It is understood that stand-
ardization efforts are restricted by the obligation
of this activity to keep existing equipments operat-

Standardization Program@

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 Items of Supply List by ESO be-
cause of replacement requirements.

While some commercial manufacturers maintain
standards equal to JAN specification standards, it
has yet to be ascertained which of these will be
sufficiently reliable in the preservation of these
standards. A study is being made as to the pos-
sibility of approving certain commercial items as
acceptable substitutes for SIS. This approval would
entail careful selection of such items, and careful
review of their characteristics, as well as faith that
the descriptions published by the manufacturer ac-
curately reflect the characteristics of these items.
Meanwhile, ASESA is endeavoring to narrow the
existing gap between present specifications and
present average commercial practice, so that more
widely-used items will be available as SIS.

As previously stated, the standardization pro-
gram is at present confined to selecting SIS which
meet the military specifications and have approved
suppliers. As the purpose of this program is to con-
centrate the activity in maintenance items to as
few as possible, SIS are generally better than those
items which have been used in the construction of
electronic equipments. This means that SIS have a
relatively narrow tolerance in order that they may
be acceptable as replacement in as many equip-
menls as possible. For instance, commonly used re-
sistors and capacitors may vary as much as ==20%
from their optimum or “rated” values. 109 toler-
ance items are also widely used. Narrower toler-
ances of *=5%, 29 and 1% are also used, but in
smaller quantities and in a limited variety of ap-
plications. Consequently, the Standard Items of
Supply are chosen to have tolerances narrower than
209% and broader than 1%.

This tolerance selected for SIS is based on such
factors as frequency of use, availability and cost.

The tolerance decided for SIS fixed composition
resistors is #==10%. It had been originally planned
at *=5% so as to replace practically all require-
ments, since *5% is the narrowest tolerance 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 be held to closer tolerance
without substantially increasing production cost; as
a result, =59 was chosen for standard items mica
capacitors. However, a number of #109% mica
capacitors (not 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 change 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 make the SIS a fitting
replacement for as many presently-used items as are
equal or less stringent in their characteristics. Ac-
tivities cannot expect to receive only standard items
of supply immediately; there are many non-stand-
ard items now in stock, and, even if procurement
is largely limited to SIS, more non-standard items
will yet be stocked in the system because of such
items being found in spare-parts boxes during
breakdown. Issue 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 change the design of equipments or to re-
place existing items with items having different
characteristics, but rather 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, fixed, composition;
resistors, fixed, wirewound; resistors, variable, wire-
wound; resistors, precision; capacitors, mica; ca-
pacitors, paper; capacitors, ceramic; capacilors,
electrolytlc insulators: meters; switches; sockets.

The substitution possibilities of SIS have an im-
portant hearing on the provisions of the standard
supply specifications. As an example, SIS as out-
lined by the standard specification for mica capaci-
tors are limited to case sizes CM20, CM30, CM40,
CM50, CM55, and CM 60. The CM20 and CM30
are considered as replacements for the CM25 where
capacity values are the same. Similarly, CM20,
CM30, or CM40 are considered as replacements for
CM35, where capacity values are equal. Even
though such substitutions (for example, of CM40

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

CM55 and CM60 are considered as substitutes
for CM56 and CM61, since the former differ from
the latter in that the former have threaded inserts,
whereas the latter have clearance hole inserts. The
threads readily may be reamed out to provide
clearance holes if needed.

Slight variations in size among different types of
ceramic capacitors (all electrical characteristics
being equal) are considered acceptable, since the
only discrepancy in performance would be a lag in
capacity change 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 be encouraged 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 reduce unnecessary supply trans-

actions to a minimum, thereby effecting substantial
savings in time and cost. As an example, approxi-
mately 3600 stock numbered items have been re-
placed by 495 standard items of supply in one
representative category of material.

It is important that standardization be con-
sonant with maintenance policies. To insure this,
the maintenance section of the Bureau of Ships
reviews all lists of proposed standard items of sup-
ply; and it is equally important that BuShips de-
sign personnel be furnished the SIS lists in order
that as many SIS as possible can be included in
new Navy equipment designs. Standardization of
electronic parts is not to be considered as an end,
but rather as an expedient toward efficient supply,
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 Model QHB equipments be shipped to the
Sangamo Electric Company has served its purpose
and is hereby cancelled. Information obtained
from the components forwarded to Sangamo en-
abled the manufacturer to modify his production
methods to correct the defects found in early
components.
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MK 39 MOD 3
USS Oglethorpe (AKA-100)

After this equipment had been operating ap-
proximately 314 hours, two 30-ampere fuses lo-
cated in a box in the radar control room disinte-
grated: smoke poured from the box, and all power
went off. Power was secured at I.C. board and in-
spection showed that the DHFA-9 cable supplying
power to the radar was also operating at an ab-
normally high temperature.

The equipment plans do not show any provision
for this line to be fused in the control room; no
fuses are indicated other than those installed in
the equipment. The switch and fuse box installed
was manufactured by Arrow-Hare & Hegeman
Electric Co., Hartford, Conn. The nameplate was
stamped as follows: 2PST Cat. No. 27367 2 pole
30 Amps-250 volts Fuses 2.

Cognizant Yard engineers were adviséd and it
was recommended that a regular Navy type snap
switch be installed and that the DHFA-9 cable be
replaced with a larger cable. Design engineers
concurred that the switch should be replaced;
however, a replacement cable was not provided.

Shop 51 installed the proper switch;. at this
point Raytheon measured the circular mil area of
the cable installed and found it to be above 9000
circular mils which is normal. According to elec-
trical tables this cable should handle 41 amperes
at 50 degrees C. The cable run was 65 feet. Cal-
culations show that a voltage drop of 3.5% is
normal approximating a load of 23 amperes, Cal-
culations were further proved by measuring.

This engineer’s initial recommendation was to
replace the subject cable with another DHFA-9,
However, it is believed that the replacement cable

will eventually also fail, particularly if the 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
unit Mark 6 Mod 1, it was found that the range
counters would jam at approximately 20,000 yards
indicated range. Inspection revealed that the
range counter 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 counter. Excessive end play was
due to improper installation of the collar, Sub-
marine Signal Company #1072-129, on the range
counter drive shaft. Although the collar is nor-
mally pinned to the shaft, this collar was held in
place by a small allen head set screw.

The collar was properly adjusted to prevent
jamming: however, it is believed that the collar
will eventually have to be pinned to the shaft.

C. W. Hunter, H. N. Hobges, J. W. JoHNSON.

SO-8
U.S.S. Greenlet [ASR-10)

The transmitter-receiver (receiver strip, Type
CRP-46ACA-1) was thoroughly examined, and
all components were found to be in good condition.
However, a heavy oxidization of the silver plated
contacting fingers on the bottom shield of the
receiver strip was noted. Crocus cloth was used
to remove all trace of the oxide and to clean the
contacting surface on the strip chassis. The unit
was reassembled and reinstalled in the transmitter-
receiver housing, The condition was corrected, and
normal control of receiver gain was restored.

—J. M. Van Corr
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by
R. G. WALKER, Philco Field Engineer

In amplidyne 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.
You can connect an ammeter in series with the
amplidyne and d-c drive motor armature and a
voltmeter across the armature terminals to check
whether or not the amplidyne is putting out its
rated power. There are several pitfalls to this
method; first, there may be something wrong with
the control amplifier or synchro system which does
not allow it to apply proper signal voltage to the
amplidyne control fields and second, the d-c drive
motor does not provide a constant load on the am-
plidyne. The first problem can be solved by check-
ing error voltage to the control amplifier and the
voltage applied to the amplidyne control fields
while the second problem can be solved by discon-
necting the d-c drive motor from the amplidyne
armature and substituting a more or less constant
load. Ordinary 120-volt light bulbs provide a con-
venient means of loading the amplidyne so as to
check the voltage and current output. Since most
shipboard amplidynes put out about 230 to 250
volts at full load, you may connect two bulbs in
series for a 250-volt load. Choose bulbs 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 the machine as
is practical.) For larger amplidynes where a
greater load is needed, additional series connected
pairs of bulbs may be paralleled across the ampli-
dyne until the total wattage of the bulbs is close
enough. The rated power output of the amplidyne
may be found in the instruction book either in the
corrective maintenance section or in the drawing
which lists the amplidyne specifications and ratings.

For example, the SG-1b train amplidyne may be
loaded to full load by connecting two 120-volt 100-
watt light bulbs in series across the armature ter-
minals (C1l and C4). With 10 volts applied to
either control field (between F1 and F2 or between
F3 and F4) the 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 field and check the voltage across the load
—ryou should read about 230 to 250 volts. You may
use this same method on other amplidynes—load
the amplidyne 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 field and check the output
voltage with first one field and then the other. 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 needed from the
control field resistance values and field current re-
quired as given in the instruction book. For ex-
ample in the SG-1b, the resistance of each control
field should be about 933 ohms (within 10 percent)
and full output voltage, 230 volts, is obtained with
24 ma through the control field. The required con-
trol field voltage then comes to about 22.5 volts.

In the event the amplidyne does not put out the
required power, check the current drawn by the
a-c motor portion and measure the speed with a
revolution counter or tachometer. Consult the 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 line and turns about 3450 rpm
at full load. If motor speed and current are normal
check the control field resistance which should be
840 1o 1025 ohms per winding in an SG. Low motor
speed and excessive motor current indicate either
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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
burn 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-
bar tests made on the generator armature. Connect
110 volts d.c. in series with a 115-volt, 1000-watt
light bulb across opposite commutator bars and
measure the voltage drop between 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 1 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
higher voltage between adjacent bars indicates that
the coil is open.

Needless to say you should meg all armature field
and motor windings to ground and either bake out
or rewind any windings that read megohms or less
to ground. Also meg the contridge type brush hold-
ers to ground since the fiber insulating sleeves oc-
casionally break down. This may not show up in
a power output test, but it sure can raise hob with
the anti-hunt circuit and adjustment in some an-
fenna positioning systems. These same test methods
may be used on other train motor-generators such
as that used in the SRa—although technically the
machine may not be called an “amplidyne”, it still
makes like one and may be treated like an ampli-
dyne.

If your ship has several amplidynes or other
servo amplifiers you may find it convenient to make
up a test panel with 2, 4 or 6 lamp sockets mounted
breadboard style. Use as many sockets and bulbs
eonnected in series-parallel as you need to load
down the largest amplidyne you want to test; then
unscrew any bulbs that are not needed in testing
smaller amplidynes or servo amplifiers. In addition
to testing amplidynes, the test panel may be used
to check the power output versus error voltage in
thyratron type servo amplifiers such as those used
in the AN/SPS-6, SG-6, S0-4/10, SU series and
others. A 0-5 ampere meter is aleo desirable on the
panel. This test panel is of great help in trouble
shooting servo systems.

ServLant Monthly Bulletin

FLEET AND FORCE
MAINTENANCE

Formal and informal inspections, by SERVPAC
Electronics Officers and by personnel of Mobile
Electronics Technical Unit No. 1, 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 opened,
dusted and wiped out at reasonable intervals. The
cabinets and faceplates of equipments also have
been found dirty and corroded even theugh 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 kept 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
cases not enough to carry on both the repair and
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
between the ET and the operating personnel.
Physical cleanliness of the interior and exterior
of equipment should be a responsibility of the
personnel operating the equipment. Operaling
personnel 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 melted capacitor, a
gassy tube, or a loose interlock. The early detec-
tion and correction of such incipient sources of
trouble will prevent a major breakdown and
greatly increase the reliability of the equipment.

RESERVE FLEET ELECTRON
TUBES

Tests made by a commercial firm under Navy
contract on four DE’s reactivated from the reserve
fleet show that of 2,029 receiving-type tubes tested,
96% were good. A TV-3/U tube tester was used.
Defective tubes were scattered as to type and _ill
practically all cases the tubes which were found
defective were not in the original eartons. Future
tests are underway and results will be reported
periodically.
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by
Lt. Joun P. Jenninegs, USNR
ComDesFlot TWO Staff

It is an old Navy custom to refer to a tender, or
other repair 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
organization. It is something that should be cul-
tivated by every Electronics Officer and technician
in the 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 Technician who served in the Pacific
Fleet during World War Two. He had a well
earned reputation as a red hot radar trouble
shooter, though by formal standards he had not
been particularly well equipped to study elec-
tronics. His high school education was interrupted
by the necessity of his working to support his
family. Discontented with a number of unskilled
jobs, he continued his education by correspond-
ence and learned radio repairing. At the outhreak
of the war, he enlisted in the Navy and was rated
on the basis of past experience as a radio repair-
man; but because of his limited education, he was
not sent to Class “A” school. As a result, when he
reported to his first ship he had never seen any
radar, sonar or fire control equipment.

In a similar situation the average man would
have felt so handicapped he would 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-
fidence in himself; and by studying instruction
books and NavShips electronics publications,
learned radar and fire control equipment the hard
way. He became an accomplished trouble shooter
who could fix anything.

There is a difference between being cocky ana
being confident. It is confidence that should be
cultivated. Today, when it is easy to get the serv-
ices of civilian technicians as soon as a ship makes
port, many Navy ET’s are leaving their tough
problems for an upkeep period and then request-
ing civilian help. It is true that some of the con-
tract technicians are very able men, with more
experience on a particular type of gear in which
they specialize than the average Navy technician.
It is also true that on their particular gear they
can probably solve a tough problem quicker than
a Navy man; but when they do the work, you
don’t learn as much since you don’t have to reason
the problem through. You are also developing the
very opposite of a “Can Do” attitude, with “Let
George Do It” thinking.

Of course, there is a place for help from civilian
technicians. When you have to repair gear in a
hurry for operating reasons, or when you have
honestly tried to do it yourself and can’t, you need
help. In a great many cases today, however, Navy
technicians are giving up too soon. A really diffi-
cult problem should be an intellectual and pro-
fessional challenge. When the cause of trouble

is obvious, correcting it amoumts to little more
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than routine maintenance, requiring very little
intelligence. Electronics technician strikers, how-
ever, are selected on the basis of above average
mental ability. Before you give up on a tough
job this ability should be exercised.

You haven’t really tried to solve a problem until
you have made a systematic and thorough attempt
to locate and correct the trouble. The instruction
book and schematics should be carefully studied
before you even open up the equipment. If neces-
sary, review background theory in the many excel-
lent technical publications you have on board.
Then, use all your applicable test equipment care-
fully and intelligently to locate and analyze the
trouble. This of course requires a thorough knowl-
edge of all the test equipment on your allowance.
Once the casualty is pinpointed, correcting it is
often a simple matter. The solution to the most
complicated and unusual troubles can be found by
a persistent, systematic and intelligent effort.

An example of this approach paid off recently
in an Atlantic Fleet destroyer. The ship was
troubled with poor sensitivity in its AN/SPS-6B
radar. Ship’s technicians made all the wusual
checks, but sensitivity did not improve. Civilian
technicians were called in, but could not locate the
trouble. The ship’s Electronics Officer believed
the trouble must be in the waveguide. None of the
ship’s technicians “knew anything about wave-
guides”. The Electronics Officer didn’t either, but
he broke out NavShips 903-5, Microwaves and
Waveguides, and did some studying. Armed with
even a little knowledge of a broad and complicated
subject, he made a survey of his waveguide run.
The trouble was traced to radiation losses in a bad
coupling joint and corrected. In retrospect, such
action by the ship’s force seems simple and logical.
Undoubtedly, there are hundreds of other cases
which could be cited, but unfortunately, they are
the exceptions rather than the rule.

Navy electronics technicians should remember
two things. First, they have been furnished one of
the finest and most complete technical educations
in electronics available anywhere. Many of the
contract technicians are former Navy men. Second,
with proper test equipment, a full allowance of
technical publications, and the necessary repair
parts, a ship’s force can “fix anything” if they try
hard enough and think they can.

Today, more than ever, it is important to cul-
tivate a positive, confident attitude towards solving
our own problems. No one can say when we may
find ourselves in a forward area, with the chips
down, and no “George” within a thousand miles
0 “let do it.”

TYPE ALLOWANCE BOOK
REVISIONS

The Bureau of Ships is in the process of re-
vising TAB (Type Allowance Book) which per-
tains to all types of Naval vessels, with emphasis
to complete that task as soon as possible. To dis-
tinguish the new allowances from those now in
effect, the revisions are being printed on green
paper. The first new revisions were distributed
during September 1951.

FIELD CHANGE KITS FOR
COMMUNICATION
EQUIPMENT

BuShips letter 867—(18)-9(881AK) Ser. 881A-
5514 of 15 August 1950 provided that approval by
the Bureau of Ships for the issuance of Field
Change Kits in certain categories was no longer
required and that the Electronic Supply Officer
implement the reporting of these issues. Accord-
ingly, the cognizance designator is being changed
from “F” to “N” and the reporting activities will
filter such items into the QSSR in the stock num-
ber ranges established by E.S.O.

The categories affected are field change kits for:

1—Communication Transmitters

2—Communication Transceivers
- 3—Communication Receivers

4—Radio Direction Finders (Except ECM)

5—Radio Homing Beacons

6—Loran

T—Teletype

8—Frequency Shift Keyers

Appropriate requisitions will reflect the follow-
ing information in addition to the standard in-
formation:

1—The Electronies Installation Bulletin (EIB)
number (or other authority) authorizing the field
change.

2—Model and serial number of the equipment
on which the installation is to be made.

3—Certification that the field change has not
been previously installed. (This certification will
preclude the unnecessary reordering of a complete
field change after initial installation, when only
replacement of a part of the original field change
is required).

All echelons of supply will insure that requisi-
tions for subject field changes reflect the informa-
tion above, before issue or passing the action on
to the next echelon of supply.

'EDITOR

This new feature is the answer to numerous suggestions and requests from fleet and shore per-
sonnel for a medium of presenting their individual problems, gripes and questions on electronics

matters and obtaining answers to such queries.

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

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

Editor

BuSHips ELECTRON
Sir:

I would like to know if the Navy Department
purchases the rights to specific inventions or copy-
rights that are relative to Navy equipments or proc-
esses. The reason I request this information is
that T recently obtained patent rights on an elec-
tronic design and now wish to sell it. Any in-
formation on this subject will be greatly appreci-
ated.

W.R.,ET1

The Navy Department has, in the past, pur-
chased patent rights under many patents. These
patents must be to applicants and inventors who
are not in the employment or service of the Gov-
ernment. The law as defined in 28 U. S. C. 1498
provides in defining the jurisdiction of the Court
of Claims in patent cases that “This section shall
not confer a right of action on any patentee who,
when he makes such a claim, is in the employ-
ment or service of the United States, or any as-
signee of such patentee, and shall not apply to any
device discovered or invented by an employee
during the time of such employment or service.

Therefore, since you are in the service of the
United States, the Navy Department can not pur-
chase any patent rights from you which have been
acquired during the time of your service.

Have you considered your invention in the light
of a beneficial suggestion? If interested, send your
idea, as such suggestion, through channels to

Bureau of Ships, Code 265.
Editor

Editor
BuSHIPs ELECTRON
Sir:

Recently the allowance list of this activity was
revised to include one Type SK-1m mobile radar
unit. The equipment has been received but there
are several questions that have us in doubt. Per-
haps you can help.

There is no record of any field changes or modi-
fications having been made to the equipment. Can -
you furnish us with a listing of all field changes

d3LOMY1S3d

12 Q3LOYLS3Y



RESTRICTED

22 RESTRICTED

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, O-1, USNR

1—No field changes have been issued to date for
the SK-1m mobile radar unit.

2—Instruction 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-1m, NavShips 900,485-1 has been cancelled.
NavShips 900,484 should be requested from the
nearest District Publication and Printing Office.

3—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
0

Radar
Duplexers

by
VaucHN 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-1b, AN/SPS-6, SR-3,
SR-6, SX, and SP radars. Statements by ships’ per-
sonnel who are responmsible 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 instructions
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 all 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 be free
from any material, such as grease or corrosion
products, whiech would interfere with low-resistance
contact. New tubes which have gold-plated fins

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 be 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,
followed 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
be used except in emergency, and when used should
be 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 the 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 its
proper position. In the case of the SG-1b, the en-
tire gold-plated waveguide assembly should be
removed, after which the cavity lips can be cleaned
easily. Rinsing can be 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 not 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-1b,
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 half 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 be taken to insert the ball 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-1b, 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 be 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

d3LONNLSH

€ Q3LOI¥LSTY




RESTRICTED

24 RESTRICTED

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 film of non-
conducting material (rubber). (Notethat NavShips
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-
ducting 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 bound
to increase ohmic resistance.

NEW COUNTERMEASURES RECEIVING EQUIPMENT

The new radar countermeasures receiving equip-
ments 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
Mec. in a series of eight tuning units. Three mixer-

amplifiers and two indicator-control units are em-

ployed. The equipment is divided at 1000 Mec.

into a low-frequency and a high-frequency system.
One indicator-control unit is used with each sys-
The high-frequency system employs one

tem.
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 be 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 Mec. using the four highest frequency
tuning units of the AN/SLR-2. This equipment
is a system for use primarily on PT hoats. 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 Mec. 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 and RE 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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Distributed to Field Activities to Date (ESO
Monthly Column) ............c.. coiveenennn.
Cabinet CY-597/G Defective Switch Panel Wiring. ..
Cable Failures in Rotating Structures...............
Cable Placement and Radio Interference............

Can This Be YOU? ... ..eeueiueeeiiunesunennnnnn
Captain A. L. Becker Leaves the Bureau of Ships. ...
Care and Maintenance of Motors and Generators . ... .
Cataloging Policy (ESO Monthly Column).........
Caution is Cheap—Life is NOt. .........oo.oveunn.
Centrifugal Casting of Ceramic Slips for Transducer

Elements (USN USL Notes) ..................
Change! (ESO Monthly Column) ................
Change of Resistor Symbols in F.C. No. 10 and

18-B—QGB ....... . c.ciiiiiiiiieiiiiieaanns
Check on Waveguide Excellence ..................
Check Your Shipyard Overhaul Work Lists.........
CLC-1 Task Fleet Flagships Antenna Systems Design. .
Cleaning Echo Boxes Used with Mark 25 and Mark 34

Radars ........ ... .. . ittt
Cognizance of Anti-Submarine Attack Plotters. ... ...
Cold Storage Lengthens Life (ESO Monthly Column)
Common DAS Series Trouble.........covveeevne..
Common Language, A (ESO Monthly Column)......
Common SO/-a/~1/-8 Radar Troubles ........ e
Common_Troubles in SA Series Radars..............
Communication Tests for Vessels Being Overhauled. ..
Compar!son .of RADCM Intercept Antennas.........
Comparison of Telegraphic Modulation Methods for

Intra~Task-Force Communications. ...............

3-32
11-14

9-10
4-17

41

Control Tower Modernization ‘at NAS, Patuxent

River, Md. ... ... iiiiiiiiiiiiiianiiiinnnnnns 1-16
Correction—USS Epperson (DDE-719) Items Should
be Applied to Mark 34 Mod 2 Instead of Mark 25
e 8-19
Corrections to TDZ/RDZ Service & Repair Manuals.. 10-17
Correction—U-H~F Crystal Frequencies............ 5-30
Countermeasures Information—Latest Field Change
7 > 10-32
Cross Modulation Interference ................... 11-1
“Crystal Ball” Radar Range Predictor (NEL Notes).. 16-11

CV-57/URR, CV-60/URR, AN/URA-6/-7/-8 Fre-
quency Shift Receiver Converters. ................ 3-1

CXFU (SV-1) (Field Engineer Sez).............. 18-17
DANGER, HIGH VOLTAGE—Model QHB Series.. 2-21
Date your Priority Equipments and Material Requests..  7-29
DBM-1 Antenna Rotation Failures................. 17-29
Death of an Electronics Engineer due to Electric Shock  4-14
Defective B/T Slides ...........ccivvvinnn. .. 4-28
Depth Sounders—Types, Troubles and Cures ........ 2-26
Detecting Leaks in QHB/QHBa Transducers........ 6-30
D/F Extends the Effective Range of GCA........... 1-23
Dielectric Amplifier Fundamentals................. 17-1
Discontinue Requests for Form NavShips 3550...... 11-23
Distribution of Electron Binder and Indices......... 4-28
Do’s and Don'ts on NavShips 4110................ 7-30
Echelon Maintenance ..........ccvviveeneeennen.. 2-17
Electron Binder Availability ..................... 11-15
Electron Index—Volume 6 (July 1950-December

T3S T ST 18-25
Electron Ofbit .......cciviniiiiiiiiiiiiiiiiaana 15-10
Electron Tube Allowances and Bin Stowage......... 6-13
Electron Tube Failures, 2C39..........ccoinnennen 1-27
Electron Tube Reliability ................. ..., 10-24
Electron Tube Stock Purification Program (ESO

Monthly Column) .................coviinn.. 17-30
Electronic Catalog Status (ESO Monthly Column).... 6-31
Electronic Conference=1950 .............ceiiennnn 2-25

Electronic Countermeasures Field Changes and Draw-

IS ottt ittt
Electronic Countermeasures Info ..................
Electronic Field Change Index ...................
Electronic Field Change Index ....................
Electronic Interference (Field Engineer Sez)
Electronic Interference Survey ....................
Electronic Officer Aboard Ship, The...............
Electronic Symbol at London Fair (ESO Monthly

Column ... .. it i it 11-13
Electronic Systems, Installations, Descriptions....... 14-22
EMCR #10 Being Printed (ESO Monthly Column).. 6-31
Error in Bulletin for F.C. No. 7—AN/SPS-6/6A/6B 16-14
Error in Chapter 67, Bureau of Ships Manual....... 10-29
Error in F. C, No. 12—QCQ-2/QGB Bulletin. ...... 17-31
Error in NavShips 900, 155 .............c0ivvnnnn 8-29
Errors in Bulletin for F.C, No. 42-SU-1 .......... 13-28
ESO Monthly Column ..........covuvieniiininnn 1-28
ESO Monthly Column .............. ... ... 2-22
ESO Monthly Column ............ccooiviiinnat, 3-32
ESO Monthly Column ............... ... ccnntn 4-30

ESO Monthly Column ........... ... c.ccivvvun.n. 5-31

ESO Monthly Column ...........covviinvaninn.. 6-31
ESO Monthly Column ............. . .oviveininn. 7-22
ESO Monthly Column .............cooviiiniennn. 8-30
ESO Monthly Column ............ ... ... covvun.. 9-19
ESO Monthly Column .............. ...t 10-23
ESO Monthly Column ..............c.covuvennnn. 11-13
ESO Monthly Column . ................ ...t 12-17
ESO Monthly Column ...................iviennn 17-30
ESO Monthly Column .............coiiivennannn 18-11
ESO’s Participation in the Shipboard Conversion Pro-

gram (ESO Monthly Column) ................. 2-22
ESS Standardization Program .................... 18-14
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Fabricated Repair Parts (ESO Monthly Column)..... 5-31 Letters t0 the EAItOr . .uvonn v s e e 15-15 Model SP Antenna Train Failure ................. 15-17  Pressure Gland for Coaxial Cable.................
Failure of Noise Generagor SG-23/U % Test Tlol Set Letters to the Editor ............c.covviuinnnn... 12—3; Model SRa (Field Engineer Sez) .................. 725 Propeller Beat Simulator (NEL Notes) ............
ANJUSM=3 oo T 3-25 ° Letters to the Editor .. .. ... ... ... oo 17-32 Model SR—6 Antenna Dipoles .................... 7-30 Proper Care and Treatment of Resistors ............
Failure of 1N23B Crystals in Mark 13............. 3-25 Letters to the Editor ...........ccivuvieiinnenn. 18-22 Model SS_(Field Engineer Sez) ................... 6-24 Protecting Exposed R-F Cables and Connectors. . ... ..
Failure Reports on Submarine Electronic Equipment... 6-30 Lightning Damage to PO-2M Radar Relay Equipment 4-31 . Models SS and SV Notes .........ccvvvvinnnnenns 9-13 Provisions for “Parts Peculiar” (ESO Monthly Column)
Failures Model SG1b ANEADA. . .nvenenrenrs .. 18-32  Limitations of Radar NaVigation ... ............... 13-1 Models SS and SV Radar Troubles ................ 6-7  Purchase of Destroyer Allowance Items (ESO Monthly
False EChOES .. .....seuesrurisosononernininins 832  Locating Buried Cables and Pipes ................. 11712 Models 35 and SV Sensitivity Checks............... 15-23 Column) ..o.............one R R RETEE
False Echoes on Model AN/SPS—6 Series Radars ... 1-23 Loran Alignment and Servicing ................. 15-24 Model SU ‘le:ises S AR R 9-13 P2V Aircraft Tempts Fate ...............ooinne
Faulty Model TBM FuSES . .........o0ovevenenen.. 1-15 Low Amplitude Range Marker Step in Model SS. .. .. 5-12 Mode (Field Engineer Sez) .................. 2-30 QHB-a (Field Engineer Sez) ...l
F.C. No. 1 for the Model OKA—1 .......... ... 18-32 Low Model SS Sensitivity .............. I 13-4 . el SU Maintenance and Operation ............. 1-22 QHB Transformer and Capacitor Replacement. ... ...
F.C. No. 1—Radiacmeter IM=3/PD ............... 13-5 Magnetic Amplifier Fundamentals ( Part One of 2 Model Sy (Flel-d _Engineer Sez) .............. - 321 QHB Transformer and Capacitor Replacements. ... ..
Fie{g ggangc Instm(ctions ........................ 9-12 Parts) ........ccovnuennn. 12-1 %{(oge{ 23 %evrv icing Notes ............c.oeennee. 1;:;6 %aga.r EO“."te"m‘:asﬁri Sy Med s I
Fie ange Kits (ESO Monthly Column)......... 8-30 Magnetic Amplifier s (Comelociony 00T - ode ALMUNE . . oveteeeeinnecranranensnnns 1 adar Equipment Mar od 3 ...t
Field Change Kits for Communigation Equ)ipment. Lo. 18-21 Magnetosuictil:re Hygl:ggﬁ?ne: ta.ls' '(Conclusmn) ...... :3—%2 Model SX Local Oscillator Tuning Rods. .. BOLR 1-15 Rad{ac Parts Status (ESO Monthly Column) .......
Field Engineer Sez Main Frame Cross Connect Cable . .. ... ... . 777 “o12 Model TBL—S/—G/—?/—IZ/—IS I. B. Correction. ..... 3-24 Radio Receiving Set AN/URR-13 .................
Field Engineer Sz Maintenance Notes on Klystrons Used as Radar Local Model TBL-6 (Field Engineer Sez)...... e 4-29 Radgo Station .Readmess ................. eresens
Fielg Engineer Sez Oscillators ............ 14-11 %{{ogeisT’léCSKﬁ‘i/EG P(l:;wlgr Supgly (lionlr)lle:'cnonsﬂ-.I ..... ;jg Radio Trgnsn;xtter Model XDM for Submarine Emer-
Field Engineer Sez Maintenance Notes on the MARK TIT IFF ARK odel sed with Power Supply PP-380/U..... gency Service ...l
Field Engineer Sez Main:engggz f}(’if:di? g'fpll‘gx’g{sK.I.I.I IFF ABK..... 1;2;; Model TDQ Drawer Connector Contact Alignment Tool 13-13 Radioactive Tube Handling ......................
Field Engineer Sez Maintenance Parts for Reactivated Vessels. - - . .- . ...  7-28 Model TDZ/RDZ Feedback (Field Engineer Sez)....  3-31 RCA Tube Handbook ...................ooiien.
Field Engineer Sez Maintenance Problems—A Fleet View 15-1 Model TDZ/RDZ Testing .......cooeeeeveeeanens 7/28 Reactivation of Cathode-Ray Tubes ...............
Field Engineer Sez Major Equipment Stock Numberin (ESO " Monthly Models TEB and TEC Bias Circuit Modification. ... . 12-18 Receiver Noise and Interference ..................
Field Engineer Sez Column) u...ono'n. ... g y 10-23 Model TEB Time Interlock Failure ............... 18-32 Reinsertion of R(2)75 in the SV/-1/-2............
Field Engineer Sez Marine Corps Notes ... ........... . 7o 1-21 Model TED Radio Transmitting Equipment......... 2-1 Relocation of C-1 in the Model TDN.............
Field Engineer Sez Marine Corns Notes | ......................... 7-29 Models TEJ, TEK and TEL Nomenclature Change. .. 3-23 Relocation of PP-338/U Relay Used with Model TDE
Field Engineer Scz Marine GCI Squadron 5 Reports """""""""" 3-18 Model VF Oven Thermometers . .........oeveonen. 17-27 Replacement Lamps for NT-10695 Soldering Guns. .
F{dd Engineer Sez Marine GCI Squadron 16 Report; """"""""" 6-14 Model_s VK and X.VK—F.C. No. 4—Provision of Replacement of Type AB-146/SPS-6 Antenna Mount-
Field Engineer Sez Mark 12 Mod 1 (Field Engineer Sez) -« . nroen.. 17-21 Moisture Proofing .............cocoeieninenns 3-25 ing Main Drive Gear ....................... -
Field Engincer Sez ... Mack 12 Mod 2 EField Ergincer S 3730 Models VL and X-VL—F.C. No. 1—Provision of Replacing C35 and Z3 in the Mark 25/2 Range Unit
Film on Silver Brazing Stainless Steel Waveguide Mark 22 Mod 0 (Field Engineer Sez) ............. 1-29 Moisture Proofing .............cooecieenaeenns 3-24  Replacing Model TEB IPA Band Change Switch. .. ..
FIANGES ... ... i.iiiliieiit it aiae e, 1-27  Mark 22 Mod 0 iField Engineer Sez) ............. 17-21 Model VL IB Correction ..............ccoovurenn 2-29  Reprovisioning (ESO Monthly Column) ..........
Fire Control Radar Antenna Alignment ............ 1-4  Mark 25 Mod 2 (Field Engineer Sez) .............. s-21 . Modernization F.C, Kit for the Model OZ.......... 17-28  Requisition by Material Category (ESO Monthly
Fleet and Force Maintenance...................... 18-19 Mark 25 Mod 2 (Field Engineer Sez) ...l 8-19 Modernization of Transmitting Antenna and Ground Column) .. ..iiiiitiiiii e i
Floating Electronics Warehouse (ESO Monthly Mark 25 Mod 2 (Field Engineer Sez) .............. 14—20 System, NAS, Lakehurst, N, J. .c..uoeveencnrennss 17-24 Reserve Fleet Electron Tubes .................. ...
Lo T R R S 12-17 Mark 25 Mod 2 (Field Encincer ) EEETRRRETTEER 112 Modxﬁcat;on of FSA FSK for Radiophoto/Facsimile Response of Audio Amplifiers ....................
Fluorescent Light Interference at a Naval Air Station. . 320 Mark 25 Mods 2 and 5 hemean Ac® Geit 00 e OPEIAtON - ... \.. ..\ ineeessiinnssannnnnnans Reuse of VRF Recording Film ......... e
Reports ..ottt i i e e 12-32 Mark 27 Mod 2 (Field Engineer Sez).............. 0-18 Modification of TEF Filament Connectors. .. .. Revised Electronic Failure Report NavShips 383....
GCA Saves ............ RRTRUI O 13-29 Mark 34/2 and Mark 2/2 TACU (Field Engineer Sez)  7-23 Monthly Performance and Operational Report Revised Model RDO Schematic ..................
General Data on IFF Use in Submarines ............ 6-19 Mark 34/6 (Field Engineer Sez) g1 624 More On Safety First!.......oeeeeevneeneennenens Revision of Broadcast Services of Stations WWYV and
GFCS MK 56 Radar MK 35 Manual Troubles...... 14-10 Mark 34 Mod 2 (Field Engineer Sez) ........... 1-29 Motor Conversion (ESO Monthly Column) ........ WWVH .o
Gold Piles (ESO Monthly Column) ............... 2-23  Mark 34 Mod 2 (Field Engineer Sez) . ............ 5-20 Naval Air Navigation Electronics Project........... R-F Band Designation ............... PRCSRETEREE
Grease Pencils for Reflection Plotters ............. 16-15 Mark 34 Mod 2 iField Engineer Sez) ............. 16-12 NavShips 4110 ... ... ... 15-17 RMB Pages "SL Series 3-i" and "SL Series 3-ii". ...
Ground Resistance and its Measurement ............ 10-12 Mark 34 Mods 2 and 6 (Field E“gineer' Sez) ........ 18 NBS-383 Failure Reports on Defective Items (ESO RTMA‘Preferred Values ....cooiiinnnnnnnennenns
Handling and Stowing Radioactive Samples Used for Mark 34 Mod 6 (Field Engineer Sez) ............. 1-29 P oly Column) s 32 sl e e e orporation
Checking Radiac Equipment .................... 6-22 Mark 34 Mod 6 (Field Engineer Sez) ....i...iiian 7-23 NEL Casting Resins (Nel Notes) ........ccceeee.. 11-26  Safety Precautions for Times Facsimile Corporation
High Frequency Radio Echoes .................... 18-1 Mark 39 Mod 3 (Field Engineer Sez) ...l 18-16 NEL NOES .. \uunn e e 9-8 TrANSCEIVEIS o vvvvvinnninnennnnnennronennnnns
High Speed Keying of V-L-F Circuits (NEL Notes) 7-20  Mark 57 Mod 3 fpield Engineer Sez) .............. 18-16 NEL Notes .............cccoiiivriieeinennnenn 11-26  Save that Motor! ..............ccooiieiiiiiiis
High Temperature Installations of Shipboard Coaxial Maximum Use of NLM and CI Equipment in Sub- NEL Notes ............oevvvvennnn. e 13-10 Secure Equipment Covers Properly ................
Cable ..r.vrnnn.. s 6-28 marines . ............ 0 duipment i Sub 917 NEL Notes .............c.cciveiiemneienenns 16-10  SERAD at Boston Naval Shipyard ................
How Many Parts Peculiar? (ESO Monthly Column).. 4-30  Measuring Sensitivity of Model RDO’s Modified by v NEL Notes ..........cc.coiiiriieearaeuiennnnens 18-12  Servicing the AN/SGC-1 with a Minimum of Test
Identification and Inventory Program, The (ESO F.C. No. 1 ............. ocihec By 16-14 New Books .............ccccvviiiiinnnnnnnn... 2-31 Equipment ............ ...l
Monthly Column) ............0................ 17-30 Mobile Electronics Technical Units . .. .. .. . 15-22 New Books ................cccoiviiiniiinnnn, 4-32 SG-1B—F.C. No. 63 Bulletin Error ..............
Identification of Left~Over Parts (ESO Monthly Model AN/ARC-1 Autotune Adjustment . .. . ... .. .. 6-25 New Books ... 9-20 $G-23/U Noise Generator ......................
Column) ......... e 6-31 Model DAS Removable Hood . ............ . .. . . .. 9-6 New BooKS ........icoveeieniineiineennneennns 16-13 Shielding Attenuation ..............ccceiceiiainn
Importance of Submitting Changes to the Ship Model DBM-1 Antennas, Maintenance of . . . . . . . . 9-7 . New Countermeasures Receiving Equipment ........ 18-25 Shipboard and Submarine Countermeasures Installations
Electronic Inventory System .................... 7-19 Model JT Hydrophone Brass Bolts Replac.e'n:nér;t. of. .. 9-7 New Model TDZ/RDZ Service and Repair Manuals. ~6-29 ~ Shipboard Integrated Electronic Maintenance Parts
Improved Cover (ESO Monthly Column) ........... 11-13  Model MBF Transmitter—Receiver . . . 1027 New Radar Trainer AN/SPN-T1(XG-1) ......... 7-14 System, NavShips 900,168 ....................
Improved Teletype Reception .................... 2-28  Model NMC Filter Junction Box (W.T.) .......... 3-24 New Shipboard Cadillac Receiver. ................. 8-8  Shipboard UHF Can Work...........covvninnnns
Improved Type JT Hydrophone and Baffle Assembly.. 10-17  Model NMC-1/2 Replacement Transducers . . . . . . 18-32 New Type B/T Nomenclature ................... 6-29  Shortening Model TBL M-G Shafts ..............
Indicator Alignment Models DAS-1/-3/—4 ......... 6-8 Modql OAA—F.C. No. 2—Replacement of Choke NN_IC Transducer Diaphragm Repairs ............. 7-13 SJ-1 (Field Engineer SeZ) i
In Memoriam—Mr. Abraha{n Cory ..o 17-31 Coil ... 3-24 Noise in the JP Amplifier and Supersonic Converter, SO-8 (Field Engineer Sez) ................coo. e
Insulation Resistance of Shipboard Coaxial Lines.... 12-16  Model QCS (Field Engineer Sez)........... .. ... . 10-7 ° Common Source of ..............coceiceieenns 15-18  Soldering Gun (ESO Monthly Column) ...........
Interference Attenuation of Resistor Type Spark Plugs 4-18 Model QDA (Field Engineer Sez) ................ 10-7 Obtaining Stock Numbers for Contractors (ESO Soldering Miniatures ...
Is Your SA Radar up to Par?..................... 15-31 Model QDA Hoist-Tilt Packing ................ .. 2-29 Monthly Column) ........................... 8-31 Sonar Team, The .......cvviiiiiiiriniieinnnnns
Keep the RADCM Gear Ready ................... 14-16 Model QDA Slewing Switches ............ .. " 1-27 OKA Range Recorder Adjustment ................. 10-17 Sonar Transducer Repair Facility .................
Know your Equipment Serial Numbers............. 4-27 Model QFA-1b (Field Engineer Sez) .............. 6-24 Open-Key Voltages in H-F Transmitters (USN USL SP Antenna Train Difficulties ...................
Leak Detector for Model QHB/QHBa Transducers... 1-26  Model QGA (Field Engineer Sez) "............ ... 11-11 ‘ Notes) ... . . it 10-31  SP Radar (Field Engineer Sez) ..................
Letters to the Editor ............................ 4-13  Model QGA (Field Engineer Sez) ............ .. " 16-12 Opening Test-Tool Set AN/USM-3 .............. 3-7  SP Radar, Removing the Bugs From ..............
Letters to the Editor ............................ 5-30 Model QHB-a (Field Engineer Sez) .............. 10-7 Operation of the WFA-1 Talkback System......... 15-16  Special Covering No Longer Needed on Germanium
Letters to the Editor ............. ... . . .. 6-32 Model QHB-a (Field Engineer Sez) ............. 11-11 Order MAR Kits by Stock Number (ESO Monthly Crystal Diodes ........c.cviiiiuininnnennnennnn
Letters to the Editor ............................ 7-32 Model QHB Transformer T-708 Failures .......... 15-19 Column) ....... ... . . . s 11-13 Spurious Radar Echoes on L Band ................
Letters to the Editor .......................—.. 9-32 Model RCK Dial Assembly ...................... 6-30 Othe; Uses for TS—182 .......ovivirreeraneeenns 15-14 SR-3, SR-6 and AN/SPS-6 Maintenance Notes. ... ..
Letters to the Editor ............................ 10-30 Model RDM Failures .......cvvviiennveninniann. 12-11 Pac!(mg of Crystal Rectifiers (ESO Monthly Column)  8-30 SR-3, SR-6 and AN/SPS-6 Series Maintenance Notes
Letters to the Editor ............................ 11-24 Model SG—6 (Field Engineer Sez) ................ 5-20 Periscope Target Bearing Transmitter (USN USL Standard Navy Stock Number Correction (ESO Monthly
Letters to the Editor ............................ 12-19 Model SO-6/-10 Antenna Failures ............... 2-32 Notes) ... ... i, 1415 Column) ......oiiiiiiiiiii
Letters to the Editor ....... e 13-32 Models SO-1/8 Maintenance Notes ............... 6-24 Pointers on Loran ..............oeiiiienieeianinns 3-28  Start a Lubrication Preventive Maintenance Program

Letters to the Editor ............................ 14-28  Model SP (Field Engineer Sez) .................. 4-29 Pointers on U-H-F Equipment.................onn. 34 for Your Electronic Equipment .................
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Status of NavShips 900,123, 900,116, 900,105 and Type Allowance Book Revisions ................. 18-21
BRIS! v sames s siswralodin subtoistecdin sal siepbe i bats i 17-31 Type 23496 Remote Channel Selector Indicator Unit.. 17-27
Stock Status, Issue of Communication Handsets. .. ... 16-31 Typical Shipboard Teletype Installations ........... 15-28
Storage and Use of Chemical Recorder Paper (USN U-H-F Performance .............ceeeenernneennns 3-25
WSE NAes) tos v somsastumsemsiomeesaiotets S Eoe,elin 4-26 U-H-F Performance Item .............cccuuiun... 15-27
SubFlot One Electronics Newsletter Items.......... 15-20 Unauthorized Modification of QHB Hand Keys. .. .. 6-25
Submarine Antenna Program (USN USL Notes) .... 5-32 Universal Array Simulator, A (USN USL Notes).... 16-28
Submarine Antenna Program (USN USL Notes).... 9-14 Umisual, SU Radag “Feouble .o on wectiiin v s v 7-31
Substitute Material for Antenna Trunks............. 16-29 Use Latest Tubes (ESO Monthly Column).......... 11-13
Surface Vessel B/T Recalibration Program.......... 16-30 Use of LM in Receiver Alignment ................ 12-12
SV/~1 Modulation Networks .................... 8-18 Use Your Echo Box ......coviuieeinnnnnanacnann 4-16
Swimmer-Operated Echo Sounding Equipments. ... ... 5-1 TSN USL Notes - uwnss o3 momnd s &5 sauvas o8 verat o 3-29
SX Blower Motor B-2061 ........cvivevvinnnnns 15-19 TSN WSy Notes wusees s weosmies s Sises o6 seiges & 4-26
Symmetrically Folded Antenna ................... 7-17 WIS TISL: Notes: 4 coumonnn s v s sowai o vies s 5 5-32
TBL ‘Blower -Motot Failiires .. . cenwamams s caudas 13-31 EISN TISE. DNOMEE: & s smiion wummmpsn sposas 78 855% 5 6-16
TEK. Alighiment Procedure . .. .c.ccceveois os ve s 11-15 USHN HISE NOES: . cuwmomn si swwssass s wam e st s 8-7
TDZ/RDZ U-H-F Case Histories .........c..ouv.. 10-20 LIS USL. Notes: . i wvamis v srovsvens Lo . 9-14
Teletype Punch Block Bank (ESO Monthly Column).  2-23 TS USL. INOEES: . ..nresstarein wie siwmsmishons sie sswiassion o mimiais win 10-31
Teletype Punch Blocks ........ ... ... ... ...... 16-15 USN USL NOES . ..viiitiettnanaaetaaeaaaeanean 14-15
Ten Lives Saved by GCA: .. . s onssios i 55 59 ws e 4-15 UISK] ‘TISL Notesi: 1 s af shseies o3 vines iaies o 16-28
Testing Amplidynes and Servo Amplifiers........... 18-18 Utility of RCM Equipment ...................... 13-12
Testing of Copper Oxide Rectifier Stacks........... 9-12 Variable Loop Magnetic Type Recorder-Reproducer
Testing Type 6F4 Tubes in the TV—4/U Tube Tester 15-9 (USN USL NOES) . ..vvvtinnrninnnrnneenns 3-29
Thanks—GCA! .. ... covuieeeiinironcisarsessnes 2-7 VK Repeater (Field Engineer Sez) ............... 2-30
Time-saving RDF Calibrator (NEL Notes) ......... 13-10 Waveguide Filters for Pulse Transmission Studies. . .. 13-6
Tips and Lights for NT-10695 Soldering Guns. ... .. 6-27 Waveguide HybEIdS' :oowvwn e aion an sas oa s o4 3-15
TR. Tubes in the Mark 25 Mod 2........c00viunsn 5-13 What You Can Do About Electronic Interference on
Transfer of Inventory Control Cognizance (ESO Boatd Ship o v s o5 s i s 14-1
Maogithly GOl oo so s swesobimi we e st & 10-23 YE-1 Transmission Line Failure.................. 15-23
Tube Tester TV-3/U Hazards ................... 16-15 4C35 Difficulties in Mark 25 Mod 2 ............... 14-21
Two Way Street, A (ESO Monthly Column)........ 7-22
L
PART 2 CLASSIFIED
COMMUNICATIONS EQUIPMENT TEB Time Interlock Failure ...................... 18-32
TED Radio Transmitting Equipment ............... 2-1
. TEF Filament Connectors, Modification of ......... 11-23
Model Letters: TEJ—Nomenclatiite Change’ ... s vawes o v o v 3::25
AN/ARC-1 Autotone Adjustment ................ 6-25 TEK—Nomenclature Change ..................... 3-23
AN/ARC-1 Radio Equipment, Addendum to F.C. TEL—Nomenclature Change .................c.... 3-23
INO: T ehn e 0 SRR IEERS oy At s e 1-27 XDM Radio Transmitter for Submarine Emergency
AN/ARC-1 Roller Coil Tie Rods ................. 2-27 B BTWICR i s v v aieis vin oe oinin e b e e as oie se oies s v s e 10-8
AN/URA-G/-7/-8 Frequency Shift Receiver Con- 23496 Remote Channel Selector Indicator Unit ...... 17-27
WEEOES .o o wsmnion o iR o v S SRR 3—-1
AN/URR~-13, Radio Receiving Set ................ 1-2 Y
AN/URR-13 Warning—Use Proper Alignment Tool. 12-11 Teletypewriter:
AN/USM-3, Opening Test Tool Set .............. 3-7 AN/FRR-3A Band Switch Gear Lubrication........ 6-29
MBF Transmitter-Receiver . ...................... 10-27 AN/SGC-1 Servicing with a Minimum of Test
PP-338/U Relay Used With Model TDE, Relocation HRHBATERE o 17 5. wivo 40w s 808 K5 17-26
OF e s s o, siipsniaets, 3 VR BN TR SRS S 10-22 CV-57/URR Frequency Shift Receiver Converters. . 3-1
PP-380/U Used With Model TCS .. s cuvewansn s 9-16 CV-60/URR Frequency Shift Receiver Converters. . . . 3-1
RCK Dial Assembly ........c.iiiiiiiininnn.. G-30 FSA, Modification for Radiophoto/Facsimile Opera-
RDM Failures .........c.ouiiiniiiiiiinnnnnnn.. 12-11 BIOIN i srebiiehonscns 'aas a0 tiesosnser s Speedlons aive e soysinss Fesants 13-30
RDO Schematic, Revised .............. 0 ccouiiin.. 6-25 NEL Notes (High Speed Keying of V-L-F Circuits).  7-20
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ANET: Nofest' . Bl fa vl vy S5 5 aviSuint | o noll b 11-26
INETL, INDEES, . cicimmie o e dvevenons w5e o mis sl sisntass ots Siefrei s 13-10
BT, DIOTES! worlomie rmgmsisgoit o s rops e fe B s oronaae s e SN 16-10
BIBE, INOESE 0raniaze sommionmimsine s aissiesaabetmiases s winis e 18-12
Publications:

Books; NEW wwods sl sorlembangs s 6 R 2-31
BookS, DIOW v e siminimseeis s stosmars 5o oL i 4-32
BoOSE INEW. e vin sioiscominin son wrhiimmimisidlote scotonsiiis oAy 9-20
BooKS) DNEW vvie e vimisintsintis sie s siaings wos o ofsmms i Tt 16-13
NavShips 900,123, 900,116, 900,105 and EPIS....... 17-31
NavShips 900,155, Error in ....ovvienvnnnacanan, 8-29
REAL Tube Handbook f:is st saveies i soinnr gy, 6-21
Type Allowance Book Revisions .................. 18-21

Test Equipment:
AN/USM-3, Failure of Noise Generator SG-23/U in  3-25

AN/USM-3, Opening Test Tool Set .............. 3-7
AN/USM-3, SG-23/U Noise Generator ........... 10-11
Can e This, Be ¥oU 2 o v s liiss srbemavia®ey s 17-27
Cleaning Echo Boxes Used With Mark 25 and Mark 34  5-14
LM in Receiver Alignment, Use of ................ 12-12
OAA—TField Change No. 2—Replacement of Choke

30ov L e U i R | x| 3-24
OZ, Modernization F.C. Kit for .................. 17-28
Rectifier Stacks, Copper Oxide, Testing of .......... 9-12
ES=-33. ‘Calibrating the - .uscuwmin semoownoe Soivini 15-27
TE-182:. Other Uses FOf vunvan o bievame o s 15-14
EV=3/U HAzards .cou s wamunma ave savssis s sisseiomes 16-15
TV—4/U Tube Tester, Testing Type 6F4 Tubes in the 15-9
Use Your IBeho: BOX: i it . oo sormimesss o i smmsom 4-16
Tubes:
Cathode-Ray Tubes, Reactivation of................ 16-30
Electron Tube Allowance and Bin Stowage ......... 6-13
Electron: Tibé Reltability -oswuses vu e s s o 10-24
Klystrons Used as Radar Local Oscillators, Maintenance

DOLES O, v ssrvaraimsa pyemiee s s st o sssmemeas VAL
QDA Rectifier Power Unit, Arcing Tubes in......... 10-17
Radioactive Tube Handling ...................... 2-10
RCA Tube Handbook . ie:is i inmms we we Semssss o4 6-21
Reserve Fleet Electron Tubes ..................... 18-19
Testing Type 6F4 Tubes in the TV—4,/U Tube Tester. . 15-9
TR Tubes in the Mark .25 Mod 2 v os cnvansn oe 5-13
2C39 Tube Faiflures .. .cvoe o oo cinmsiioe siee s ss o 1-27
4C35 Difhculties in Mark 25 Mod 2 ......0cvnnn.. 14-21

USN USL Notes:

TSN EISE: Notes' «sun in svvvses o sesins seigasss v 2-8
TSN IST NOES »omn o sumerss® s s s Saamm o 3-29
TSI TUSE:INGtes « s senvenmy s sewnmis o wete e 4-26
TSI TISE. NGBS & wvsane v viien o camvarssans o wasies o 5-32
UISIN UISL. NOES' i v smwres um svrsmsies we srwmswiia 6-16
TSI WISL. INGEES" « counanis s mwiman s suamsmivis sue simmssmsnins 8-7
TISN TISTL IOLES: . & voaimid s simminis sin simst mominsn o sisimgens 6ie 9-14
USIN USL INOLes: . ..o v vie sie mos wie sinsiapmrsss 603 Sisas e 10-31
LIS TISE. Notes: : v sas o o so of so sunes o sames 14-15
VSN EISE.DIOLAS. : wozey o5 s 4 srsis &9 Sk 16-28
General:

Armed Forces Day Exhibition ................... 2-8
Bearing Overheating Alarm System ................ 10-18
Bistable Transistor GTeuifs’ i «ou i o seins vo s 16-16
BEA0 DY o b s o sy IS, S SR 18-20
Captain A. L. Becker Leaves the Bureau of Ships. .. .. 1-1
Caution is Cheap—Life is Not ................... 1-15

Chapter 67, Bureau of Ships Manual, Error in .......
Check’ Your Shipyard Overhaul Work Lists .........
Chemical Recorder Paper, Storage and Use of (USN-

B IR G 1)) e s e et SRR, TSR

. Control Tower Modernization at NAS, Patuxent River,

I oy s 5 v D i
Dieclectric Amplifier Fundamentals ................
Electric Shock, Death of an Electronics Engineer due to
Electron Binders and Indices, Distribution of ........
Electron = Index—Volume 6 (July 1950-December

TR e ot e, L
Election Ot Tt s 0B on v st vanas oh sEe s
Electronic Field Change Index....................
Electronic Maintenance Parts System, Shipboard Inte-

grated SANavShips) 900468 #.0. o0 cnvis os veines
Electronic Systems Installation Descriptions
Electronics Conference—1950 ....................
Equipment ‘Covers Properly, Secure ................
Equipment Serial Numbers, Know Your............
ESS Standardization Program .....................
Failure Report, Revised, NavShips 383
Field Changé’Todex ... ..o iiies oumonis con vison s
Field Change Instructions .......................
Germanium  Crystal Diodes, Special Covering No

Longer Needed on

Handsets, Communication, Stock Status and Issue of
High Speed Keying of V-L-F Circuits (NEL Notes)
IM—-3/PO Radiacmeter, F.C. No. 1
In Memoriam—Mr. Abraham Cory ................
Lubrication Preventive Maintenance Program for your

Electronic Equipment, Start a ...................

Magnetic Amplifier Fundamentals (Part One of Two
Parts)

Maintenance Parts for Reactivated Vessels
Marine Corps Notes
Merine GotpshNotesht Mt L Toe D 50 o 0
Marine GCI Squadron 5 Reports
Marine GCI Squadron 16 Reports
§1 Lelee el o e
Motors and Generators, Care and Maintenance of. . . .
Naval Air Navigation Electronics Project...........
NavShips 383, Revised Electronic Failure Report. .. .
NavShips 3550, Discontinue Requests for
NavShips 4110

NEL Casting Resins (NEL Notes) ................
NT-10695 Soldering Guns, Replacement Lamps for. . .
NT-10695 Soldering Guns, Tips & Lights for ... ...
Priority Equipments and Material Requests, Date Your
Radioactive Samples Used for Checking Radiac Equip-

ment, Handling and Stowing
Radio Echoes, High Frequency ....................
Reactivated Vessels, Maintenance Parts for
Resistors, Proper Care and Treatment of ...........
Resonant Metallic Structures Underground, Analysis of
R-F Band Designations
REMA. Prefecred SVAlnesi, . s 08I0 ottt 2 s
Safety BitstyMoresOnt usa IR sl Do e
SERAD at Boston Naval Shipyard.................
Ship Electronic Inventory System, Importance of Sub-

miitting Changes 10, civhn o vesgisea 6 ansimes
Soldecing Miniadtures s s et v wats s s arsss o
Stations WWYV and WWVH, Revision of Broadcast

SBIVICES ) cas e suanesflinsianecd sze) sitoee e oy siomiiororesyerie iaiia’ sd
SubFlot One Electronics Newsletter Items .........
Submarine Antenna Program (USN USL Notes) ... ..
Submarine Electronic Equipment, Failure Reports on
U-H-F Crystal Frequencies, Correction ............
T=H-F Performance i «: vs fsoesnes o S o swsnia
U-H-F, Pointers on Equipment ...................
Variable Loop Magnetic Tape Recorder—Reproducer

(USIN USL NOtes) i ooy vvanesamonsnaanrnes
VRF Recording Film, Reuse of ...................
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Joseph Henry, American physicist (1797-1878) devoted
his entire life to scientific'work. Of his ﬁany experiments,
he is known best for the development of the electro-
magnet, the principle of the electromagnetic motor and
telegraph, and experiments on induced currents. His
name will endure for all time, since the word "henry" is

the standard unit of inductance.
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