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What Is Sound? 
There is an old catch question which 

ask s, " Wi1l sound h e produced b y a tree 
falling in a forest if no one is th ere to h ear 
. ?" T lt. . h e re are two apswers. In a psych o-
logtcnl sen se th ei·e w ill b e no sound pro­
~uced i f ther e is no "ear" present t o h ea r 
Jt. In the ph.\'Sica l sense, h owever, sound is 
actually prod uced irrespecti ve of the prcs­
enc~ or a bsen ce of a li ving c rea ture h avin g 
a u th tory o rwms. In t l• e one case sound is 
a SENSATION: in th e o th e t· ('ase sound is 
a PHYSI CAL DISTURBANCE set up i n 
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a material medium, which disturbance may or may 
not he capable of directly stimulating. an auditory 
sensation. 

A Definition 
Sound may be defined as being "a longitudinal 

wave disturbance traveling progressively from par­
ticle to particle through a material medium." 

Sonics and Ultrasonics 
A certain newspaper in reporting a lecture .on 

the subject of SOUND once displayed the follow­
ing remarkable headline, "Bryn Mawr professor 
proves that inaudible sound can't be heard! The 
lecturer had used a small tin whistle, the sound of 
which could not be heard by the audience but was 
distinctly heard by a pet dog brought along for 
the occasion-as evidenced by his actions each 
time the whistle was blown. The reporter's diffi­
culty in describing the event could have been 
avoided by the use of two words, SONIC and 
ULTRASONIC. Sonic sounds are those within a 
frequency range capable of stimulating an audi­
tory sensation in human beings. Ultrasonic sounds 
have a frequency range too high to he heard by 
human beings. The dividing line betweeri the two 
is not too sharply defined. By common usage, 

-Disturbed particles of the medium travel back 
and forth in paths or orbits which are parallel to 
or along the line of motion of the wave travel. 
This results in setting up alternate zones of com­
pression and rarefaction in the medium through 
which sound energy is passing. 

The Velocity Equation 
We know that sound travels approximately 1100 

feet per second in air and 4,800 feet per second 
in sea water. What accounts for this diff~rence in 
speed? Many experiments have demonstrated that 
the elasticity and density of the sound medium are 
the two most important factors which determine 
the resulting velocity of sound propagation. These 
factors are related as shown by the equation. 

In which: 

/ E V =Velocity 
V = \Jn E =Elasticity 

D=Density 

Density Versus#Eiasticity 

(1) 

Density or relative weight is readily explained 
as being the amount of a substance which can be 
contained in a unit volume. Elasticity is not what 
it popularly is assumed to be. Correctly speak-
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FIGURE !-Longitudinal Wave Motion. 

however, frequencies below 16,000 cycles per sec­
ond are termed Sonic and frequencies above 16,000 
cycles per second are termed Ultrasonic. 

Sound Propagation Requires a Medium 
Sound will not pass through a vacuum. Only a 

material substance can serve as the conducting 
medium. This may be air, gas, water, wood, iron 
or any other substance so long as it is some mate­
rial possessing mass and having the properties of 
ela:-ti1·ity and density. Sound energy is transmitted 
throug-h a ::ouncl medium in the form of longitu.f/i­
nal wave motion a~ .;;;Jwwn in Figure 1. 

ing, elasticity is that physical property of a rna .. 
terial which enables it to resist a force tending to 
distort or change its shape, and which allows it 
to return to its original configuration when the 
distorting force is removed. Strangely enougl 
rubber and air are not highly elastic suhstan 

1
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because they are considerably distorted hy ces 
small amount of force. Glass, iron and water 1 a 
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ever, >y e mtwn are qmte e ashe. 
It is known that sea water is about 800 ti•n es as 

d_ense as air, and propagates sound waves 4_36 
times faster than ajr, How then does the elast" · ICtty 
of sea water compare wjth that of air? 
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V ~ Eair . d 
air= -D an 
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V / Ewatcr 

water= "'\.,-D-­
\i water 

but Water Density = 800 Air Density 

so: 1100 : ~ =4800. ~~ \} T · 800 

or 1 :~-;:-

d /
Ew 

an \800 

S . Ew 
quarmg -800 

••• Ew 

4.36: ~ :ovo 

4.36 ~--;:-- (2) 

=19xEa 

= 15,200 X En (3) 

Therefore the elasticity of water is about 15,000 
times greater than the elasticity of air! 

The E/D Ratio of Air and Water 
As indicated by equation {1) the ratio of elas­

ticity to density of any transmission medium is 
all important in determining sound velocity. In­
creasing the elasticity or decreasing the density re· 
sults in an increased velocity. Any influence which 
changes either factor has a corresponding effect 
upo~ t~1e velocity. Temperature, for example, 
ordmanly affects density to a greater degree than 
it affects elasticity. Thus, the higher the tempera­
ture of the medium the less the density and the 
greater the velocity. 

An increase in the barometric pressure of air 
does not have any effect upon the resulting sound 
velocity because air elasticity and density both in­
crease at the sante rate as pressure increases, and 
the velocity therefore remains constant. 

The E/D ratio of the ocean is changed by tem­
perature, pressure and salinity. An increase in 
any of these factors will increase sound velocity, 
although this increase is not directly proportional. 
Temperature has the greatest effect upon resultant 
sound velocity, with pressure variations (usually) 
next in importance. 

Water has maximum density at 4°C or 39°F. 
Pressure also affects both elasticity and density. 
Pressure is a function of and increases with depth. 
Salinity varies in sea water from near zero at the 
mouth of large fresh-water rivers to about 5% or 
more in the more salty areas. Temperature, of 
course, varies over wide limits depending upon 
the latitude, ocean current, and the season. From 
the above it is evident that the E/D ratio and 
hence the velocity of sound through sea water is 
subject to considerable variation. 

Sound Velocity in Air and Water 

In air the speed of sound is about 1,090 feet per 
second at 32° F., and increases 1.1 feet per second 
for each degree rise. Thus, in air at 70° F., sound 
will travel at a velocity of 1,090 + 1.1 (70-32) or 
1132 feet per second. 

It is generally considered that sound travels 800 
fathoms ( 4,800 feet) per second in sea water. This 
is a convenient approximation. Actually, the ve­
locity is about 4700 feet per second at 30° F. and 
increases nearly 10.9 feet per second for each de­
gree rise. At 85° F. a velocity of about 5300 feet 
per second may he obtained. Recent calculations 
for newly designed Sonar equipments have used 
the velocity figure of 4920 feet per second as being 
more accurate and representative of average con· 
ditions. 

Calculating Wavelength 

Since velocity is equal to the product of fre· 
quency times wavelength, one can calculate wave· 
length by using the equation 

WL= 
v (4) -F-

A.= 
v (5) or -
F 

-

and F= 
v 

(6) 
A 

Thus, the wavelength of a 1,000 cycle note in 
air is approximately 1.1 feet. The wavelength of 
the same sound-frequency in sea water is about 
4.8 feet. Since wavelength is so directly related to 
frequency, it is interesting to note the change in 
wavelength produced by increases in frequency, 
as shown in Table I. 

TABLE I. WAVELENGTHS OF SOUND 
IN SEA WATER 

(V = 4800 ft./sec) 

Frequency 

1000 cycles 
10kc 
20 kc 
30 kc 
50kc 
lOOkc 

Wavelength in Inches 

57.6 
5.7 
2.8 
1.9 
1.1 

.57 

Since frequency is equal to the ratio of velocity 
to wavelength, it is evident that tht>- wav(~lt>n~th of 
the transmitted sound ehang('S with the vPlo{'ity 
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factor of the m edium through which it travels. 

For example, if sound passes from one m ediwn to 
another h aving one-h alf the velocity, th e wave­
len gth will shorten to one-h alf of its former length. 
Thus, the wavelength is proportional to the ve­
locity factor of the sound m edium. 

Beam Formation 
A sotmd source may b e an y vibrating device 

which will create a disturbance when in contact 
with the propagating m edium. This source m ay 
be in the form of a plate, set in vibration by 
electro-mech anical m eans su ch as crystal oscilla­
tors, magnetostriction rods, e tc. The vibrating 
plate or oscill a tor face is actually a piston. Any 
sudden d isplacem ent of a portion of th e surround­
ing m edium by pist on movement is tran smitted 

through the m edium as a pulse of displacem ent. 
This displacement results in a variation in both 
the pressure and the den sity of the m edium in the 
immediate n eighborhood of the displacement, and 
through this effect a "sound pulse" is propagated. 

If, now, the size of th e vibra tin g sound source is 
made large in compari son to th e wavelength of th e 
transmitted en ergy, the sound pulses wi ll h e propa­
gated in the form of a conical b eam. In practice 
th e radi ating surface is o f the orde r of eight to 
ten wavelen gths in diam eter. From Tabl e I we 
can see that a 20 kc radiating el em ent sh ould 
h ave a diameter of 22 to 28 inches. A larger di­
m ension piston will have a sh:npe r and more in­
tense cone of radiation. The b eam from a smaller 
di am eter piston will have a broader or wider an gle 
and will u sually be accompanied b y many side 
lobes. 

RATIO OF PROJECTOR DIAMETER TO WAVELENGTH 
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FIGURE 2-Useful beam width is a function of the projector's diameter-to-wavelength ratio . 

NEW DIRECTION OF WAVE 

FORMER DIRECTION OF WAVE MOTION 

FIGURE 3-Simple development by Huyghen's principle. 

Useful Beam Width 
\Ve have seen that a narrow diameter piston or 

projector creates a wide b eam a nd a wide diame ter 
projector creates a narrow beam. The useful b eam 
width of the p roj ected energy can be calculated 
with a fair degree of accuracy by use of th e foll~w­
ing equation: 

S 
1.22,\ 

in G=--n-

In which : D = Projector diam eter in in ch es 
A= \Vavelength in inches 
e =% beam width 

28 = Useful b eam width 

Assume a 19 inch diamete r projector excite d at 
20 k c. What is the useful beam width of projecte d 
en ergy? 

v 
A = F 

4800 ft. x 12 inch es 
. 20,000 = 2.88 inch es 

S
. 1.22 X 2.88 
m 8= 19 = .1847 

but .1847 =sin e of 10° 36' 

therefore the useful beam width 1s 
2 X 10° 36' = 21° 12' 

Figure 2 shows th e manner in which the u seful 

b eam wid th b ecomes less, producing a sh a rper 
and more in tense b eam, as the projector di am e te r­
to- wavelen g th ratio is increased. 

The Wave Front 
Huygh en s tated th e principle tha t the wave front 

of any moving disturbance may b e de te rmine d a t 
any in stant b y drawing th e en velope of a ll the 
secondary wavele ts proceeding from points in the 
wave front at some preceding instant. A simplifie d 
version of this principle is sh own in Figure 3. 

Each particl e in a wave front i s consid ered to b e 
a n ew re-radiating source. The n ew wave is found 
b y drawin g the spherical wave fronts about these 
particles at a given ins tant, and then drawin g a 
line or plan e surface tangent to the indi vidual 
spherical wave fronts. 

While this concept m ay b e a little difficult to 
f! rasp when thinkin g in th ree-dimensional terms, 
it can be readily com p reh ended b y working an 
example using only two dimensions. Thi s m ethod 
i s of g reat utility in dete rmin in g th e b endin g or 
re fractive effect expe rien ced b y a sotmd wave 
which travels throu gh a boundary sep arating two 
different m e dia, or through two port ions of one 
m edium havin g different characteristics. This is 
shown in Fi~ure 4. 

FIGURE 4-Graphical determination of angle of refraction. 
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FIGURE 5-Effects of angles of incidence: #I less 
than, #2 equal to, #3 greater than the critical angle. 

Graphical Determination of Angle of 
Refraction 

To demonstrate Huyghen's principle, let us as­
sume a sound wave traveling through a low ve­
locity medium {1100 ft./sec.) and which enters 
into a high ye}ocity medium ( 4800 ft./sec.). If 
the angle of incidence is 10 degrees (nearly right 
anrrles or normal to the boundary), the angle of 

t? 

refraction wi11 be 49° 12 '. 
This is graphically determined HI the manner 

shown in Figure 4. 
In graphically solvin{! this problem the. wave 

front of the incident wave is drawn perpendicular 
to the advancinrr wave at a point conveniently 
ncar to the boundary line. This line intersects the 
houndary at point P. A distance equal to OP is 
marked off on the incident wavefront as OX. 
F X 1. . d awn parallel to the incident rom a me 1s r Y Tl 
wave until it intersects the boundary at · Ie 
distance XY is measured carefully and noted. 

"/ith point P as a center, a radius PQ is used 
to swinrr an arc The length PQ, compared to 
length XY, is m~de ~reater (or smaller) in .the 
same ratio that the velocity of the second medni~ 
hears to the velocity of the first medium. In this 

I . · · 4800 to 1100 or 4.36 example the ve oc1ty ratiO IS 

to I so PQ is 4.36 times as long as the line XY. 
A new line from point Y is drawn tangent to 

the arc. This line constitutes the new wave front. 
A line erected perpendicular to this new wave 
front eonstitutes the new direction of movement 
of the sound wave in the second medium. 

Mathematical Determination of Angle of 
Refraction 

Knowing the angle of incidence and the re­
spective propagation velocities of the two media 
through which the sound wave will pass, one can 
readily determine the angle of bending or refrac· 
tion of the wave. The sine of the angle of the 
incident wave bears the same relation to the sine 
of the angle of the refracted wave as the velocity 
factor of the first medium hears to the velocity 
factor of the second medium. By formula: 

The Sine of the Angle of Incidence VI 
The Sine of the Angle of Refraction = V2 (8) 

w·here VI is incident and V2 final velocity. 

Sin of L inc x V2 (
9

). 
R~arranging (8) : Sin L refr VI 

Substituting the figures of the problem graphically 
solved in Figure 4: 

S. L f Sin I0° x 4800 I 
6 63 m re r= IIOO =. 73 x4.3 =.757 

but: .757 is the sine of 49° I2' 
so: Angle of refraction= 49° 12'. 

The Critical Angle 

The critical angle is that angle of incidence 
which will yield an. angle of refraction precisely 
equal to ninety degrees. At this angle no energy 
enters the second medium and no energy is re­
flected hack into the first medium. Instead, the re­
fracted beam travels down the boundary of the 
two media. 

We have seen from Figure 4 that refraction takes 
place when one portion of the wavefront moves 
faster than another. In Figure 4 a wave having 
a I0° angle of incidence is refracted to 49° 12' 
With an angle of incidence of I3° the angle of re: 
fraction· would increase to 79° · If the incident 
angle were increased to I3.25°, the angle of refrac­
tion would be (within slide rule accuracy) ex. 
actly 90°. 

At a refraction angle of 90o it is evident that 
effectively the wave does not enter the second 

d 'um but moves in a line at and para11el to the me 1 1 . I 
boundary of the two media. T 1e parti.cu ar angle 
of incidence which wiJI produce this effect is 

indeed quite critical. 

At angles of incidence greater than the critical 

total reflection takes place. AU energy is returned 

to the incident medium; no energy is passed on 

to the second meditm1. 

Figure 5 illustrates the effects of refraction, 

, .. 

I 
i 
I 
(. 

f 
i 
L _________ ._ -· 

=.9S48x.229 
=.2·255 

.-. Lrefr~l3~ 

. ____ .._ ----- ---·-~-S:.--

FIGURE 6-A critical angle cannot occur if sound 
passes from a high velocity medium to a lower velocity 
medium. 

critical angle, and reflection for three different 
incident waves. 

Absence of Critical Angle 

Sometin1es there is no critical angle.· This effect 
will occur when ~ound is passing from a rigid 
highly elastic medium to one that is less rigid. 
When such a wave passes the houndary between 
a medium of high velocity into a medium of lower 
velocity, the angle of refraction (as developed by 
Huyghen's principle) becomes smaller than the 
angle of incidence. 

Since the angle of refraction in such cases is 
always less than the angle of incid~nce, a refrac­
tion angle of 90° cannot be achieved and conse­
quently there can be no critical angle. This is 
shown in Figure 6. 

Phase of Sound Waves 
During the passage of one complete wavelength 

in a sound medium there will he (I) a condition 
of normalcy followed by (2) a compressional 
effect, followed by ( 3) a return to normalcy, then 
( 4) a rarefaction of the medium followed hy ( 5) 
a return to normalcy. These conditions are shown 
in. Figure 7, which is comparable to the familiar 

sine curve of electrical theory. 

Since TIME is involved in the completion of 

one cycle of events, the concept of phase may he 
employed to advanta~e. Thus, if two sound waves 
of th~ same frequ~ney exert their maximum com-

pressional effect upon the same point in space at 
the same time they are "in phase". If one sound 
wave exerts a compressional effect and the other a 

" f h " rarefaction effect they are out o p ase · 

When waves of the same frequency combine in 
various phase and amplitude relationships, an ah­
nonnal distribution of wave particles in the me-

d "' f " dium results. This effect is terme Inter erence · 
Total destructive interference occurs when two 
waves of identical frequency and amplitude but 
of opposite phase combine at the same point. The 
effects of compression and rarefaction cancel each 
other sp that the medium is not disturbed and 
the wave motion is not propagated. 

Reinforcement occurs if the combining waves 
have the same frequency and have such phase and 
amplitude relationship$ that the resultant wave 
h~s an amplitude greater than the original waves. 

Phase Changes from Reflection 

Some energy is always reflected whenever a 
sound beam encounters a mediun1 having charac­
teristics different from those of the medium 
throu(J'h which the sound has been moving. 

0 

When an underwater sound beam strikes a LESS 
DENSE medium, such as the air boundary at the 
surface, the reflected sound is I80 degrees OUT 

· OF PHASE with tl1e direct wave. If, however, the 
sound beam strikes a MORE DENSE medium such 
as an iron hull or a submerged rock, the reflected 
sound is propagated IN PHASE with the direct 

wave. 

If a sound beam is projected horizontally to a 
target just beneath the surface of the water, some 
energy wiJl travel a direct path to the target and 
some energy wiJI strike the ocean surface only to 
be reflected in an essentially horizontal direction 

hut with a phase change of 180 degrees. The two 
components will travel nearly identical distances 

..._:----ONE WAVEL£.NGTH ---..:•_,. 
2 

FIGURE 7-1, 3, 5, = conditions of normalcy in the 
medium. 2 = maximum compressional effect. 4 = 
maximum rarefaction effect. 
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and may cancel because of these phase difference. 
This effect is more pronounced in sonic than in 
ultrasonic signalling because the difference in path 
lengths becomes negligible as the wavelength is 
increased. 

Doppler Effect 

The doppler effect is the apparent change in fre­
quency or "pitch" of an incoming signal which 

results when the sound source moves relatively 
either towards or away from the listener. The rela­
tive motion velocity of the listener is added o~ 
subtracted from the velocity of propagation, with 
wavelength remaining constant. Therefore, the 

frequency of the incoming signal is increased or 

decreased. 

In echo ranging, the sound source and listening 

device are both mounted in the same ship. The 

echo returned by an underwater target ~ill show 

the doppler effect if the target_ or the ranging ship 

move relatively either towards or away from each 

other. 

When this relative motion is "towards" or "clos­

ing~', the returned echo will sound higher in pitch 

than the outgoing pulse. If the relative motion 
is "away from'' or "opening", the returned echo 

will sound lower in pitch than the outgoing pulse. 

These two effects are known as Doppler High 

and Doppler Low. 

The significance of the doppler effect is that it 

instantly indicates whether the target and" search 
ship are getting closer or whether they are sepa­

rating. Much more and quite valuable information 

can be deduced from the doppler effect by a 

skilled sound operator. 

Beam Bending and Blind Spots 
w·e have seen that the velocity of sound propaga­

tion is increased by increase of temperature, pres-

0 

70 F-· 

FIGURE 8-A negative thermal gradient bends sound 
beam down. 

sure or salinity, and is reduced by a decrease in 

any of these factors. If one part of a sound beam 

moves faster than another, the beam will "bend" 

as discussed previously. Thus, a sound beam will 

bend away from levels of high temperature, pres· 
sure or salinity. 

Normally, the temperature of water is highest 

at the surface and decreases with depth. In this 

condition the water is said to have a negative titer­

mal gradient. A sound beam near the surface, if 

transmitted horizontally, will therefore gradually 

bend downward and may entirely miss a target 
at or. slightly beneath the surface as shown in 
Figure 8. 

During unusual conditions a positive thermal 

gradient may exist and the water is cool at the sur­

face but becomes warmer with depth. In tltis case 

a sound beam directed downwards will be bent 

sharply upward and may entirely miss a sub­
merged target, as in Figure 9. 

A third condition, shown in Figure 10, is of 

interest. If a constant temperature (Isothermal 

temperature gradient) exists throughout the surface 

layer of water and the temperature then decreases 

with depth below this level, a projected sound 

beam will split. The portion of the beam in the 

isothermal layer will be hent upwards and the por­

tion below this layer will be bent downward. 

The blind spots created by these three types of 

"beam bending" form "safety zones" in which a 

target may not he detected. Because of the un­
predictability of temperature, pressure and salinity 

conditions throughout the ocean, the mere fact 
that target echoes are not heard does not neces­
sarily indicate that a very real target is not nearby! 

SOFAR (Sound Fixing and Ranging) 

With normal conditions temperature decreases 
with depth causing a horizontal sound heatn to 

~~~~~_.._~~_.~-.~~~70°F 

FIGURE 9-A positive thermal gradient bends sound 
beam up. 

bend downwards. As the depth increases, the 
hydrostatic pressure of tl1e water steadily in­
creases. Increased pressure causes a horizontal 

sound beam to bend uprllards. 

At some definite depth these two opposite effects 
come into balance. The downward deflection 
caused by lowered temperature is offset by the 
upward deflection caused by increased pressure, 

as shown in Figure 11. 

Where tltis balance is in effect, sound transmis­
sion is confined to a "sound channel" almost en­
tirely in the horizontal plane instead of being dis­
sipated by traveling in all directions. Conse­
quently, extreme distances may he reached by a 
sormd of moderate intensity created at this critical 
depth. The depth of this "channel" varies from 
place to place but usually will be between 100 and 

700 fathoms. 

In the operation of the Sofar system, an under­
water bomb is exploded within the sound channel. 
The transmitted sound accompanied by its charac­
teristic reverberations is picked up at widely sepa­
rated "listening posts". At these stations a com­
parison of reception times enables the calculation 
of distance. By triangulation a fairly accurate 
estimate of the location of the sound source may 

be made. 

This system has certain military possibilities of 
importance in addition to its value as a means of 
locating "shipwrecked" personnel. 

Underwater Sound Limitations 
Probably the most important limitation to the 

use of underwater sound is its relatively short 
range. Four possible solutions might be: 

(I) change the pulse duration. 

(2) increase transmitter power. 

( 3) change the frequency. 
(4) increase receiver sensitivity. 

Practical considerations limit the pulse duration. 

If the pulse is too long reverberations increase, 

nearby targets may he lost and the transmitter 

cannot use the pulsing technique to greatest ad­

vantage. If the pulse is too short it becomes diffi­

cult to deliver sound power to the water and the 

ability to recognize tar~et makeup by echo charac­

teristics is hindered. Representative pulse lengths 

are of the order of 12 to 35 milliseconds for Sonar 

Echo-Ranging equipments. 

Considerable research has heen devoted to the 

development of more efT ective transducers for 

coupling energy into the water. Again, there is 

a limit to the amount of power than can he coupled 

to the water using conventional methods. If the 
power is increased beyond this amount, cavita­
tion or break-up of the water into bubbles takes 
pla~e and sound energy cannot be effectively trans­

mitted. It was formerly considered that cavitation 

would take place if the average sound energy ex­

ceeded about one-third (I/3) watt per square 

centimeter. New Sonar equipments, however, must 

he capable of delivering an average acoustical 

power output of at least two (2) watts per square 

centimeter into the water during a 35 millisecond 

pulse. In laboratory experiments using pulse tech­

niques and special transducers, peak powers of 

60 kw and more have been successfully delivered 

to the water without any sign of cavitation. 

Sonar frequencies from the Sonic range up to 

100 kc or more in the Ultrasonic have been tested. 

The lower frequencies in the band of 10 to 12 kc 

have greater range but are susceptible to noise 

interference and have little secrecy. Ultrasonic fre­

quencies in the 20 to 30 kc band possess a fair 

measure of secrecy hut do not have great range. 

In the still higher frequencies the noise per cycle 
appears to diminish hut the greater number of 

cycles per second gives an overall noise figure that 

gets worse as the frequency is increased. In one 

case at 4000 yards range the attenuation over and 

above the noise level of the water was about 20 db 

for 24 kc and about 50 db for 60 kc, an anomaly 

of 30 db or 1000 times greater attenuation at the 

higher frequency. 

An increase in. receiver sensitivity appears to 

hold little promise as modern sonar receivers are 

capable of operating well into the noise level to 

the point where aQ incoming signal cannot be 

distinguished. The use of TVG (time varied gain) 

or RCG (reverberation controlled gain) has been 

found helpful. These systems bias the receiver to 

a point of insensitivity at the time of the trans-

NEGATIVE 
THERMAL 
GRADIENT 

40°F 

FIGURE 10-An isothermal surface layer above a 
negative thermal gradient produces beam splitting. 
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rnitter pulse, and then allow the sensitivity to 
return gradually. N ormally, this recovery would 
tak e place in less tl1 an a second, but if many r ever­
berations are present these undesired echoes pro­
long the recovery time until the reverberations 
have diminish ed appreciably. 

Correlation-A Look Into the Future 
The present ultima te in establishing maximum 

APPROX. 
400 FATHOMS 

musical note has quite d efinite ch a racte ristics such 
as pitch (frequ ency ), timbre (quality) and in­
tensity (loudness), wh ereas pure noise represents 
a random collection of pulses bearing n o "pattern" 
relationship to each othe r. 

If a way could be fotmd to r educe or eliminate 
those pulses bearin g no patte rn relationship and 
to re tain those sound pulses havin g certain pre­
determined characteristics, it i s evid ent that the 

FIGURE I I-A sound channel is formed when the downward refraction due to higher temperature IS balanced 
by the upward refraction due to greate r pressure. 

range is reached wh en th e returned echo i s so weak 
tl1at it blends with the inh erent noise and can no 
longer be distinguish ed. But the mere fact that 
an echo cannot be distin!mished does not mean 

" that the echo is not there. The chief difference 
between a musical note and p ure noise is th at the 

noise level- as such- would no longer h e th e final 
limiting factor. 

This principle is called "correlation" . It is the 
subject of much investi ga tion at present. Its solu­
tion may grea tly multiply th e effectiveness of the 
Sonar Systems of th e future. 

SS/ SV-1 CONSOLE SWEEP TROUBLES 
Occasionally the trouble is encounte red where no 

sweeps appear on the "A" scope a t any setting of 
the range switch and th e " ran(Te error wa rniu .r" 
I. h " " 1g t glows. T hrow the IFF switch "0 " . If a 
sweep appears and the "ran ge error" lamp goes out 
the trouhle will probably be fountl in relay cou­
tacts Kl.1 on the IFF chassis. 

To trace this throuo-h ·the indicator console sch e-
. " 

malic an error in the sch emati c will h ave to he 
,:orrected as follows: on the schematic, to the left 
of the range unit chassis, D- 156657, will be found 
the sync cable from the transmitter runni ng up 
and going into the left of the IFF chassis, D- 152660, 
at Jl. 

I J is C•mnectPd to a movable con tac t on IFF­
K1.1 and 'd en the IFF switch is "OFF" this a rm is 

tl own and .Jl is connected directl y to ] 5, just b elow. 
On th e schematic th e cabl e from .J S appe ars to be 
h anging in thin air. W ith a pen continue the line 

] I hl 1. ' n o- to strai ght ( own Lo m eet t •e syn c ca e m e goJ o 

Jl on th e ranrre unit D- 152657 ancl show TW con­
. · I ,., · ' · tl e IF•F sync c·1ble. neCti Oll W l C I'C It passeS OVel l ' . ' 

· Iow as can be seen, th e sync wh en IFF is " OFF" 
' . . "A" "B" goes directl y to th e r ange umt and th e 

range sweep generator via th e ]ower contact of 
Kl.l. When I FF is "ON" th e syn c goes through 
the upper contact of Kl.l to th e sweep dela y mhvtr, 
sync pulse ga te, lwck to .J S auJ th ence to the r an ge 
unit and the "A" " B" ran ge swePp gene ra tor. 

This error appli e '3 to th e SV- l sch e m a tic as we1l 
as th e SS. 

SUBFLOT ONE E lectronic Newsletter 

MODEL OKA-1 
USS George (DE697) 

A field engineer was r equested by th e electronics 
shop, Puget SOtmd N aval Shipyard, to assist in the 
final check-out of the OKA-1 sys tem . FoJlow-up 
ch ecks on the shop's work r evealed tl1at although 
the OKA- 1 m et the calibration r equirem ents stated 
in th e instruc ti on book, th e equipm ent was not 
p erformin g satisfactorily. 

Furthe r investigati on showed that it was pos­
sible to h ave some of the computing components 
out of adjustm ent, while st.iH permittin g the equip­
m ent to he calibra ted ; thus the two check points 
indicated b y the instructi on book were computed 
pe rfectly, yet proper operation was not achieved . 
For example : it was found that the computed 
target depression an gle (cEtq ) ch ecked pe rfectl y 
at 0 d el!rees and 30 degrees, the two values sug­
<res ted for calibration, yet th e computer would not 
: olve correctly for an y o the r values. Also, it was 
found that th e refrac ted depression an gle (Eqr ) 
ch ecked perfectly a t 5 degrees and 15 degree~, the 
two calibration values, hut did not solve co rrectl y 
for any other valu es. Consequently the dependent 
computations of hori zontal ranl!e (Rhq ), depth 
s tylus velocity (V;o; ), and ~cn erated depression 
angle r a te· (dcEq) were all in e rror except a t th e 
calibration values. 
Assi ~ ta nce was then given to shop personnel 

in r eadjustin g th e necessary components so th a t 
they would provi!le computations tha t lay well 
w ithin th e tol erance brackets throughout th e 
usabl e ran ~e of values. It was found th at the in­
s truc tion hook was vague on some of these adjust­
m ents. This n ecess itated ~ome experimentation in 

o rd er to pe rform th e calihration. After recalihra-

tion, it was noted tha t th e adjustments associate d 
with the depression an gle rate ser vo system ope r­
ated through a m ore sa tisfa ctory range. 

BunTON M. KucK 

TCS-15 
U.S.S. Perch (ASSP-313) 

The external loading coil of this TCS equipment, 
when adjusted for optimum loading of the trans­
mitte r, was fotmd to so far de tune the input to the 
r eceiver as to cause a severe l oss in signal on the 
maj ority of the opera tional frequencies. T h e an­
tenn a system in use, as well as the o ther antenna 
systems on board, ch ecked normal. The substitu­
tion of an RB S receiver for the TCS receiver 
resulted i n a loss also but demonstra ted that, be­
cause of highe r gain in the RB S r eceiver, th e Joss 
was not great enough to prevent n ormal reception. 
H.eadjustin g of th e loadiug coil on reception each 
time a transmission was te rminated, sh owed tha t 
o ptimum rece pti on with th e T CS could h e ob­
tained but at a loss of opera tor e fficiency. Therefore 
the difficu1ties are purely ope ra tional as full signal 
can be o htained on HECEI\"E b y adjusting th e loa d­
in g coil b e tween transmit and r eceive in each 
I ransmission. 

As th e T CS is int ended for standby onl y, it is 
recommended tha t an oth e r rece iver b e used in 
place of th e T CS rece iver. T h e addition of a 
variable condenser o f ahont 100 micro-mi cr ofarads 
maximum in series with th e antenna ]ea rl to th e 
receiver and on th e rece iver side of th e a nteuPa 
relay is su ggested, if opera tion with t h e TCS 
rece iver is desired. T his would tend to retune 
the sy;;tem to optimum o n recei vC". 
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maintenance of 

ANTENNA ASSEMBLY 
AS- 393(XN- 1) / BLR) 

The following information regarding the mainte· 
nance of the AS-393 (XN-1) /BLR antenna installa- . 
tion was submitted by the Philadelphia Naval Ship· 
yard. 

Several failures of the antenna AS-393(XN-l)/ 
BLR have been noted at the Philadelphia Naval 
Shipyard. In three cases, USS Cutlass (SS-478), 
USS Tusk (SS-426), and USS Clamagore (SS-343), 
low insulation resistance in the pyrotenax lead was 
found to he cause of the failure. Replacement of 
the pyrotenax lead corrected the deficiency. 

However, in the cases of VSS Sea Leopard (SS-
483) and USS Cobbler (SS-344), although the pyro­
tenax lead was faulty, the trouble was more ex­
tensive. The complete antenna system, when 
checked with a megger, showed very low insulation 
resistance. Removing the antenna from the RG-
81/U showed that both the antenna and the lead 
had very low insulation resistance, the lead being 
500 ohms and the antenna less than 100,000 ohms. 
Examination of the antenna revealed that an at­
tempt had been made to solder the "transmission 
line" to the "stub" resulting in cold solder con­
nections. In the antenna for the USS Cobbler, the 
solder had dripped across to the "sleeve" and 
~aused a dead short. From the foregoing evidence, 
It would appear that when trouble developed in 
the AS-393 (XN-1) /BLR system, the antenna was 
regarded as the seat of the trouble and not the 
pyrotenax line. 

In order to facilitate repairs and also minimize 
the possibility of damaging the antenna, the fol­
lowing procedure is recommended (reference 
should be made to BuShips Drawing RE 66F 584B, 
Sheets 1-3; Antenna Assembly Type AS-393/BLR, 
Snorkel Mounting, Assembly and Details): 

1-lf the megger test of the AS-393 ( XN -1 ) I 
BLR indicates low insulation resistance, open the 
RG-81/U to RG-17/U adapter. 

2-Megger the RG-81/U and the RG-17/U trans­
mission lines separately. 

3-lf the low resistance is in the RG-81/U lead, 
remove the antenna AS-393 (XN-1) /BLR from the 
snorkel hat and take it to a shop or work space. 

4-Removc the polyethylene mound and clean 
out the petrolatum, washing the petrolatum off the 
antenna. Care should be observed in handling the 
antenna because the "subassembly" 1s easily 
damaged. 

5-Remove the antenna from the "bottom plate" 
using a wrench on the flat portions of the "sup· 
porting stem." The "supporting stem" is threaded 
into the "bottom plate" and the flats are provided 
for a wrench. 

6-After the antenna AS-393 (XN-1) BLR is re· 
moved, the RG-81/U can he repaired or replaced. 
Caution should be observed. The magnesium oxide 
dielectric of RG-81/U is extremely hygroscopic~ 
and prolonged exposure of unprotected ends of 
RG-81/U to the air will result in a lowering of the 
insulation resistance. In order to prevent this, the 
RG-81/U cable should he sealed as soon as it is cut. 

7-No pressure or twisting should be applied to 
the "subassembly" under any condition, nor should 
any attempt be made to thread the antenna into the 
"bottom plate" until the replacement of the RG-
81/U is completed. 

The presently installed Antenna Assembly AS-
393 (XN-1) /BLR, as discussed above, has been re· 
designed. The new Antenna Assembly AS-393/ 
BLR is under procurement. This new antenna 
employs the same antenna proper assembly, hut 
differs in that a pressure-proof coaxial adapter con­
nector UG-685/U, for connecting an RG-17/U 
coaxial cable directly to the antenna, replaces the 
short RG-81/U pyrotenax lead. This adapter con­
nector is mounted directly to the underside of the 
"bottom plate" of the antenna assemhly. Figure 1 
shows the new Antenna Assembly AS-393/BLR 
including the UG-685/U adapter connector. Fig­
ures 2 and 3 are the cable fabrication chart for use 
with the adapter connector UG-685/U. 
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FIGURE !-Outline and mounting dimensions. 
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R G·I7/U CABLE 
BUSHING 

I . CUT CABLE SHARP AND EVEN. 

5' 
2. REMOVE i6 VINYL JACKET 

BE CAREFUL NOT TO NICK BRAID. 

3. FOLD BACK BRAID AS SHOWN IN ORDER 

TO PERFORM THE NEXT OPERATION. 

I' 
4. CUT DIELECTRIC NEATLY BACK 4 

FROM END. 
DO NOT NICK CENTER CONDUCTOR. 

CENTER CONDUCTOR 

FIGURE 2-lnstructions for assembly of RG-17 /U cable. 

5· INSERT O·RINGS IN SEALING NVT. APPLY FILM OF 
SILICONE GREASE ALL AROUND BOTH O·RINGS. 
TAPER BRAID AND SLIP ON SEALING MIT AS SHOWN. 

SLIDE BUSHING OVER BRAID AND UNDER VINYL AS SHOWN 
6, BE CERTAIN THAT NO STRANDS OF THE BRAID GET 

FOLDED AND STUCK BENEATH THE BUSHING. 

FOLD BRAID BACK AGAINST BUSHING AND VERY NEATLY TRIM 
THE BRAID AS SHOWN. DO NOT FAN OR BUNCH BRAID. 
IT IS IMPORTANT NOT TO ALLOW ANY OJPPED BRAID STRANDS 

7, OR OTHER FOREIGN PARTICLES TO GET INTO THE SEALING ~ 
CLEAN a'F ALL METAL PARTICLES FROM THE CABLE DIELECTRIC FACE. 
MAKE SURE ONLY 1/ 4 INCH OF CONDUCTOR IS BARED, AND FREE 
OF SHARP CORNERS OR BURRS. 

FIGURE 3-lnstructions for assembly of RG-17 /U cable. 
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I 
TENTATIVE PROCEDURE FOR 

I 
CONDUCTING INTERFERENCE SURVEYS AT 

I 
NAVAL SHORE ESTABLISHMENTS 

by 

'\V JLT.IAi\1 A. Rrrz 

Electronic Shore Div ision 
BureatL of S h ips 

Introduction 

The El ectronics Sh ore Division under U1 e djrec­
tion of Captain H edley B. Morris h as been vigor­
ousl y engaged during the past several yea rs in 

conducting an electronic in te rference relluction 
program at Naval hore Communication latic ns 
and Naval Ai r tation . Tha t this co mprch ensi\·e 
program. ha been eminently successful in impro\·­
ing l aval Communica tions is attested b y re ports 
con cerning the hundreds of sources of electronic 
inte r feren ce eliminated to da te, antl th e prevail ing 
highly sati factory receivin g co ndition a t m an y 
~aval hore tation wh ere previou ly h igh elec­
tronic interference levels had createu intole rable 
operational conditions. 

The Bureau of hips' electronic interference re­
du ction program based on the highl y b ene fi cial re­
sults obtained, has been continuall y expanded to 
encompass more and more hore Act ivit ies. Acting 
on th e known fact that electroni c inte rference on ce 
reduced at a aval h ore ta ti on can b e h eld in 
check only by con tinu al vigilance and pe rsisten t 
efforts, the Bureau of Ships h a establi sh ed th e pro­
gram on a permanent b asi as an integral part of 
th e Communication plan, funct ioning as a com­
bined elertronic interference reducti on and pre­
ventative prop:ram. 

As an integral part of th e Bureau";; program. e1 ec­
tronie intet-ferenre fi eld surveys arr continu all y in 
progress at aval hore S tations. l\To t of th ese sur­
veys to date have been ronducterl hy rn ~in ecri n :r 
services contrac-tors, operating undf't" avy Con­
tracts. The engi neerin~ service Contrac-tor's per­
"onn el. all expe rienced engineers, spec iali zing in 
the measurement and elimination of electronic in­
terference, h a \ e as a phase of their uuty during 
s un c>y::- at \ <n al Shore Stations, provided instruc-

tion to assigneu pe rsonnel at th ese acti\·iti es, in the 
tech niques of locating, m easurin g, and eliminating 
sources of electronic intcrf ercnce. Improved meas­
ure ment techniques and meth ~ds uf compi l in g an rl 
re porting inte rference data ha ve been 1levcloped as 
a result of th ese mauy su rveys. 

The major problem i nvol ved in th e m ea urem ent 
of electronic interfe ren ce h as been to obtai n a true 
p icture of a given inte rfe rence condition. Th is diffi­
culty stems from th e hi ghly complex nature of the 
electrical disturbances whi ch consti tu Le electronic 
interfe rence. These electrical di sturbances vary so 
greatl y and so rapidl y in p hase, amplitude, fre­
quency distribut ion anu rate of rep etition that they 
are often exceedingly difficult to m easure . It is 
the refore a uifficult task to sel ec t from th e m any 
measurements that mi <rht b e m ade, th e ones tha t 

0 0 

are most s ignifi cant for the desired purpose. It JS 

co mp aratively easy to obtain numerica l values of 
electronic interference, b ut th e difficult part li es in 
und crslanuing just what m easurements m ean. This 
can be particul a rl y confusin g, esp eciall y wh en ana­
lyzing th e results of multiple elec tronic int e rfe ren ce 
urveys at 1 ava l ho1·c Com munication Sta ti ons 

and aval Air . Lations, unless th e m easurements 
are ohtai neu in a standard man ne r, u >: in p: identical 
m easuring instrum ents a nd techn iq ucs. In ord e r to 
l'larify th ese survey techn iques anrl th e 1nc th o1l of 
rrporting th e results obta ined, so th a t I"UI!II izanl 
pe rsonn el in th e va ri ou aval Di strir ls nw y con­
duct electronic int erference surveys in th e m os t 
effective anu effi cient m ann er, th e fol lowin :r tenia­
li ve procedure for conrlucl ing e lcctronil' inlerfe r -

• 1 

ence su rveys at Naval Shore Establishments has 
b een developed by the Bureau of Ships, and is 
printed h ere, as promised on Page 16 of the J anu­
ary 1952 Er.ECTHON m agazine. 

General 
A radio interfe rence survey at a Shore Station is 

conducted for the fall owing reasons : 
1- To locate, wh erever possible, all sources of 

electronic in terference. 

2- To uete rmine the method by which the in­
te rference reach es the rece ivers affected. 

. 3-To ucte rmine the best pract ical m ethod for 
the reu nction of th e in terference, with in the l imits 
of the present state of the art, so that appropriate 
action may he taken. 

It shou lu he noted that all electrical units or 
items of equ ipmen t do not produce radio interfer­
en ce en ergy, hut unless th is energy is transferred, 
b y some m eans, into circuits used for the reception 
of information , it does not consti tute radio inter­
feren ce. I n th e absence of any energy transfer, the 
radio in terference energy becomes m erely a h arm­
less voltage, current, or electromagnetic fiel d. 

A scienti fically conducted radio interference sur­
vey, designed to secure meaniu gful and interpreta­
ble r esults, m us t b e carefully p lan ned. Any neces­
sary sch edules should b e arranged and coordinated 
with all parti cipa ting units anu personnel well in 
advance of the proposed tests. 

In planning for, an d carrying ou t, the proced ure 
outlined below, it is suggested Llwt full use b e made 
of station maps. T his will enabl e th e suney person­
nel to correlate the sources of interference and th e 
afT ected rece ivers and antenn as. 

It is expected that remedial measures will heap­
pli ed, d uring the course of the su rvey, insofar as is 
practica l, when ever discrepancies are noted, or 
when ever the n eed for radio interference elimina­
tion arises. 

Survey Procedure 

1-Make a List of Equipm ent installed 

At the location being investigated (control tower 
or com munication center, a list sh ould b e made 
of all commun icat ion equipment (1·ad io and radar 
receive rs) installed th erei n. Th is' l ist should COil · 

La in model, type, serial llUJIIbcrs, anll other idcn l i­
f yin g infnnn a ti on. 

2-Check the E/ecfronic Ground System 

The electroni c ground system, ( not the power cir­
cui t ground system ) , at a11y survey location should 
he visually in peeLed for goou cn:rinccring practice. 

To other circuit s should b e 1-!:ro undc,] wi th th e rc-

cei \·ers. o braid of a n y kind shoul d be used in 
an y electronic ground system. The syste m should 
terminate at the uearest good earth ground and not 
at a steam radiator, gas pipe, water pipe, electri cal 
conduit, o r s teel structural member. The electroni c 
ground system should n ot be tied to Ute power cir­
cuit ground system. 

3-Check All Antenna and Antenna Sites 

A "thorough visual inspection should be made of 
all antennas and ant enna sites used by receivers at 
the survey loc;_ttion . Included in th e inspection 
should be the foll ow ing poin ts of inte rest: 

a- Proper physical construction and condition of 
all antennas. 

b- Fen ces in th e area. 

(l ) - Type. 

(2 ) - Construction. 

( 3) - Materials. 

(4)-H e igh t. 

(5) -Extent. 

( 6) -Ownership. 

c-Pvu;er lin es, telephone lin es and t elegraph 
lines. 

( I )-T ype of pole or o th e r support. 

(2)-H eight. 

(3)-Numbcr of l in es. 

(4)-System of p ole groundin g. 

(5)-Transformers and other units. 

A visual inspection of the electronic ground system 
will reveal obvious defects such as the use of braided 
looped wire. 
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Check for power lines and transformers in proximity to antennas. 

( 6) - Voltage on power lines. 
(? ) - Extent of lines. 
( 8) - Ownersh ip. 

d- Highu;ays and roads in the area. 

0 )-Di tance from antenn a. 
( 2)-Type of construction. 
( 3 ) -I umber of traffic l anes. 
(4)-0wnership or con trol of road . 
(5)-0wnership of veh icles using roatl. 
(6)-Amount of t raffic on a 2-J.-hour ba~ i ;;: . 

e- Railroads near the antenna. 

( l ) - Distance from antenna. 
(2) - Number of tracks. 
(.3) - Type of train an d locomoti ves run­

ning on tracks. 
(..j. ) - Extent of traffic based on a 2-l-h our 

pe riod. 
!- Buildings n Par the antenna. 

0 ) - Type of construction. 
12)- ize. 
( 3 ) - Ownership or control. 
( 4 ) - Special features such as : 

( a ) - Tin roofs. 
(b)-Underground metal surfaces. 
( c I - Lightning rods and cable. 
( d 1 Windmil1s. 
( c ) Rotating machine ry. 

(/) - X-ray and tliathcrmy units. 
(g)-Other equipment that might 

cause inte rfe rence. 

g- Pipelines under the antenna . 

(1)-T ype of pipe. 
(2)-M ate ri al carrietl b y pipeline. 
(3)-Depth untl ergrouml. 
(-I-)-Distance f rom antenn a. 
(5)-Extent of pipeline. 
(6)-0wncrship or control. 

h- Lack uf good engineering practice such as: 

(1)-U nu crgrountl shield on coaxial down-
- leaus. 
(2) - Cracked insulators. 
(3) - P ainted insulators. 
(4)-No weather guanls on MHF whip an­

tenna. 
(5) - Dirty antenn a insnlatot·s. 
(6) - Antenna located so th a t direct ratlia-

Lion is received from rad a t· antennas. 
(7 )-MHF antenn as too close toge th er. 
(B)- Co rrosion on to\ vers or guy wires. 
19 ) - Loose, unused wirin~ nca r ant enna. 

(10 )- Any othe rs tha t may he notetl . 

4-Check All Antenna Downleads 

A visual inspection should he ma tle of all an­
tenna downl eads installed at the survey loca ti on. 

Included in the insp ection should be the following: 

a- Ty pe of w ire or cable. 

b- Lack of good engineering practice, such as: 
( I )-Un grounded shield on coaxial down­

leads. 

(2) - Antenna down leads wrapped around 
insulators. 

(3)-Downleads painted. 

( 4) - Down leads loose, not secured b y 
clamps. 

(5)-Improper cable connections at coaxial 
junctions. 

S-Check the Type and Location of Filters Installed 
in Any Equipment listed in Paragraph 1 Above 

The visual inspection should include a careful 
check of an y filters th at may be installed on any of 
th e equipment located at -the survey site. Complete 
informa tion on each filter should be r eco rded. 

6-Check the Aural Noise Level 

If the activity b eing surveyed is a control tower, 
the inspection p ortion of the survey should include 

·engineering obser va tions on the general aural noise 
levels exi sting in the tower and the intelligibility of 
th e recei ved signals as h eard b y the inspec tin g en­
gineer. It is not expected that m easurem ents will 
b e made. 

' I, 

?-Completion of Inspection 

A t this point, the insp ection portion of the radio 
interference survey sh ould be c~mplete. B efore 
proceeding further , all information and n otes con­
cerning the visual inspection sh ould be assembled 
ready for inclusion in the fi nal rep ort. Corrective 
action taken b y station p ersonnel, action to b e 
taken b y station p ersonnel, and additional recom­
m ended corrections should he included afte r each 
item which did not conform to good inte rference 
r eduction practice. 

8-Make Resistance Measurements on Electric 
Ground System 

In order t o ch eck the quali ty of the electronic 
ground system, comple te resistance m easur em ents 
should b e m ade. These measurem ents should b e 
made by some standard me tl10d ; and tl1e informa· 
tion thus obtained sh ould be included in the fin al 
report. On e of two m e tl1ods is suggested: eitl1er a 
low-readin g m egger-type instrument, or a Wheat­
stone Bridge m ay be used. I n either case, complete 
informa tion should be given rega rdin g tlte m e thod 
and th e equipment used. 

The d-e resistance, or the equivalent -audio-fre­
quency resistance, sh ould not exceed 0.001 ohm 
between any receiver ground t ermin al and ·th e 

Check for the presence of metal fences in proximity to receiving antennas. 
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Aircraft hangar lightning rods and 
cable in the vicinity of receiving an­
tennas. 

point at which the electronic sys­
t em enters th e earth. 

9-Check the Interference 
Coupling to Each Receiver 

a- Through the power w iring. 

The next step in th e measure­
ment portion of the inte rference 
survey is to ch eck th e levels of 
interferen ce enterin g the receiver 
through t h e power wiring. This 
ch eck should he m ade a t the re­
ceiver power term in als. The m eas­

u rements sh ould be m ad e in accordance w ith th e 
procedu res conta ined in Secti on ( 4 ) of th e follow­
ing instruction books : 

(1 )-NAVSHIPS 91196, Radio T est Set 
AN/URM- 6. 

(2)-NAVSHIPS 91255, R adio Tes t Set 
AN/PRM- 1. 

( 3) -N A VSHIPS 900,990, Noise Field In­
tensity Meter T S-587 / U and 
T S- 587A/U. 

(4) - NAVSHIPS 91388, Radio T est Set 
AN/ URM- 17. 

To insure tha t accurate information is obtained 
on the power line inte rfe rence, cu rves of interfer­
ence versus frequency sh ould be plotted on a graph. 
T his graph should sh ow the avera ge, quasi-peak, 
and peak values on th e same sh ee t p lotted as fol­
'lows : 

2-k c intervals from 14-30 k c 
5-kc intervals from 30-50 kc 

10-kc inte rvals from 50-100 k c 
20-kc intervals f rom 1 00- :~00 ke 
50-kc inte rvals from 300-500 kc 

100-k c intervals from 500-1 000 kc 
200-kc intervals from 1-3 Me 
500-kc inte rvals from 3-5 Me 

1-Mc intervals from 5-10 Me 
2-Mc inter·vals from 10-30 Me 
5-Mc in te rva ls from 30-50 Me 

Report a ll buildings with tin roofs locate d in proximity 
t o receiving ante nnas. 

Check for the presence of television 
receiving antennas in proximity to 
other receiving antennas as television 
receivers are a prolific source of 
radiation interference. 

10-Mc intervals from 50-100 Me 

20-Mc intervals from 100-300 Me 

50-Mc intervals from 300-500 Me 

100-Mc intervals from 500-1000 Me 

In addition, oth er poi nts sh ould b e 
plotted n ear any peaks or dips in 
order to insure accurate curves. 

These curves will indica te what 
filtering, if any, will b e required 
in order to reduce the conducted 
interferen ce to an acceptable level. 
If the r eceiver h as an internal 
power line fi lter, m easurements 
should be m ade, if practical, t o ch eck the adequacy 
of the filter. 

It is important to monitor the interference au­
rally at all times during the course of the m easure­
ments in order to obtain informa ti on which may 
later b e used to identify and locate the sources of 
interferen ce. 

b- Through the control and audio wiring. 
T h e n ext s tep in the survey is to measu re the in­

te rference r eaching the receivers by means of the 
control and audio wiring. Th ese measurements 
should b e made at the receiver terminals in ac­
cordance with procedures noted in Paragraph 9a 
above. The inform a tion obtained thereb y shoul d 
b e presented in graph form as sp ecified previously. 

c- Through the antenna lead-in. 
In order to lnake t h e n ext measurements required 

on th e su rvey, th e followin g steps sh ould he tak en : 

(1 ) - Disconnect th e antenna lead-in from 
th e receiver. 

(2) - Disconnect th e lead-in from the first 
normall y available j ack insid e th e 
building (an tenna patch panel ) . 

(3) - Groun d the patch panel en d of the 
lead-in. 

(4) - Connect th e test equipment to th e 
receive r end of th e lead-in and m ake 
required measurement s. 

Report a ll painted insulators. 
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Report a ll improper j:able connections such as this 
taped anemometer cable. 

Particular care should b e exercised in accompli ]J. 

ing tep (4 ) . It i important that th e co rrec t ac· 
ces orie arc u ed, and that com plete informat ion 
on a11 te t equipment and accessor ies be in cluded 
in the data. 

ufficient spot checks shoul d he made, th rough out 
the range of frequencies covered hy th e tc t equip­
ment, to determ ine the need for complete mea. urc­
ments. Any indication of leakage o r co upling iuto 
the cable hould be cause for complete mca~ure­

mcnts. The data resulLing from th e spot ch <'rlcs 
ma y he presented in tabular form, hut th e rla ta de­
J·ived from comple te m easurements shou ld he pre­
sented in the form of curves, with valu es plotted at 
th e inte rvals and over the frequency ranp:e speci­
fied in Paragraph 9a above. 

d- Thrnugh the antenna system. 
To make the final checks on the re1·e iver, conncel 

the test equipment to the first normally avai lable 
fa" h. inside th e building {antenna patch panel ), 
.. nd Jll l'aRnr.- ;he interfprence pre ent on the an ­
l.'nna anrl <•H tl nota rlc•,, n]ead. Plot !'urves of inter­

lc•n "''" l• \l'l 1luoul!h,, .• th e- ran~ I' of th e anten na) 

as specified in Paragraph 9a above. In every case, 
the r adio interference levels existing on th e op erat­
ing frequencies of the p articular r eceiving activity 
should be measured and reported along with the 
measuremen ts on other frequencies. 

10-Locate All Sources of Interference 
B y means of the measurem ents sp ecified in P ara­

graph 9 together '\vith aural monitoring done dur­
ing those m easurem ents, information should have 
been gained wh ich would assist in pin-pointing all 
sources of interference. If th e inte rference is con­
ducted, the source m ay be l ocated more easily by 
laying out the immediate area into sec tions accord­
ing to power line insta1lation. B y checking each 
section in order, the location of the interfe rence 
source may be determined. If the inte rference is 
radia ted, three-point triangulation m ay h e used to 
de termine the area in which the source lies. When 
the loca tion h as been narrowed down to a small 
area, the loop probe may be used to de termin e the 
offending equipment. 

11-Data Required on Interference Sources 
Each source of interference, except those subse­

quently listed, should he described comple tely by 
means of the following informati on : ' 

a- Dat.e m easurem ents w ere made. 

b- Time m easurem ents 1cere made. 

c- Descript.ion and location of source. 

(I )-Manufacturer's nameplate data. 

(2) - Indication of ac tu a 1 use. 

(3)-Cognizance of source. 

(4)-Distance and bearing f1·om nea rest re­
ceiving antenna on which the in te rfe r­
ence was noted. 

d - Cnrves of in terference versus fr equency, ob­
tained before suppression is applied. Graph 
shottld show th e average, quasi-peak and peak 
values un the same sh eC'I , pl()tled as follmcs : 

2-kc i n tc rva ]s from ] 4-30 k c 
5-kc in tervals from 30-SO kc 

10-kc intervals from 50-100 kc 
20-kc in tervals from 100-300 kc 
50-kc intervals from 300-500 kc 

100-kc intervals from 500-1000 kc 
200-kc interval. fro 111 l -3 M1· 
500-kc int ervals from ~-5 Tr 

1-Mc inte rval from 5-l O Me 
2-Mc intervals from ]0-30 l <· 

5-M ,. i nlc rva Is f ro111 30-50 Iff' 

10-Mc int ervals f rom 50-1 00 Te 
20-Mc inte rvals f rom 100-300 Me 

50-M r inte rvals f rom 300-500 M c 
100-Mc intervals from 500-1000 Tc 

In addition, othe r poin ts should he plotted nea r 
p eaks and dips in order to insure accu rate curves. 
The followin rr inform ation sh ould be included on 

0 

the graph : 
(1 )-Title. 
(2)-Distauce f rom sou rce to loca tion 

wh ere 1neasurements were made. 
(3)-Descr iption of exact location at which 
· m easurements were made. 

(-~)-Specific test equipm ent and accessories 
used in m easuremen ts. 

(5)-If conducted in terference, state type 
of wirin g servin g th e source. 

(G) - Date m easurements were made. 
(?)-Signature of engineer making m eas­

urements. 
e-Notation, based on weath er conditions, re­

garding present ur predicted atmospheric 

IIOJSe. 
f- Pitotograph(s) showing deta ils of the inter­

ference source before suppression m ethods, or 
components, are applied. Th ese would not 
normally be required on com rnon sources 
such as fluorescent; lights, telephone equip­
m ent , busin ess machines mul ignition ~""stems. 

g- Currecti ve m easures. 
( l )-De ta ils of suppression m ethods ap· 

plied . 
(2) - R ecommendations in deta il as to fur. 

ther corrective action . 
(3)-Explan a tion of fai lure to take co1• 

rective action. 
h- Sfw tch es or circu it diagmms giving values a11d 

types of components, or items, used in reduc­
ing the interference.caused by the source. 

i- Cur ves as in Paragrapf~ lld above, 1r:ith data 
taken after corrective m easures have been ap­
plied ( if cmy were applied) . 

12-lnterference Caused by Ignition 
In the even t tha t veh icle ignition inte rference 

(except as n oted below ) is r ecorded at such loca­
ti ons as cont rol towers, communication cen ters, and 
antenna farms, th e following information shall be 
inc] uded in the report: 

a- Distance front measurement site to n earest 
road , highu:ay, parking area, ctprnn or ramp. 

b- N umber of traffic lanes nr par/ring spaces. 
c- Ou:n ership of veh icles using th e road. . 
d- A m ount of tra/Jic based on a 2-J.-hour period. 

All plane-handl ing equipment, era h vehicle!', emer­
gency power un its, and other such sources of igni­
tion inte rference are to be listed separat ely wi·th 
the followiitg inform a ti OJt supplied on each tmit: 

a- Complet e nwnufacturer's data including en ­
gine number. 

b- Distance to the n earest active rece1v1n g an­
teruta. 

c-Type and e:\:tent of inter feren ce suppression 
applieq if any. 

d- l ndication of the extent to w hich the unit in­
terfe res 1cith communications (spot checks 
on f requen cies in th e raJ~ge of interest}. 

13-lnterference Caused by Non-Navy Transmissions 
Transmitters located outsi de the Naval Activity 

be ing surveyed may cause in te rference of one type 
or anothe r. Such transmitters may be any of the 
following : 

a-Commercial land communicat ions. 
b-Commercialrnarin e communications. 
c-Frequency-modulation. 
d-Television. 
e-Amplitude-m ndulation. 
/-Amateur. 
g-Civil Aeronautics authority. 
h- L oran. 
i- Coast Guard. 

Report a ll examples of poor e'1gineering f>ractice sue~ 
as this whip a nten na with t he c!o .•r: .lead t~rmination 

to a rusty bo!+. 
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j - A rm y . 
k-Air Force. 

If interference is n oted, the following information 
should b e furni sh ed on each transmitter involved: 

a- Description and exact location of m easure­
m ent site at the acti1;it y. 

b- Complete d escription of interference and sus­
pected causes. 

c-Sky conditions ( m o1;em ent of cold front , 
'U;arm front , or occluded front). 

d- Tidal h eight ref erred to high and lew tide 
values and average rnean level {if in ticle­
lcater area} . 

e-T ransrnit.ter identification. 
/- Latitude and longitude of transmitt er site. 
g- Operating fr equency. 
h- Pou;er. 
i- Type of emission . 
j- T y pe of antenna and d irecti ,;ity . 

k - Distance of transmitter from m easurem ent 
sit e. 

l- Fundctm cntal fi eld intensity. 
m - Scrond harmonic field intensity . 
n- Third h armonic field intensil y . 
o- Date m easurem ents 11;erc rnade. 
p- Rl'marks as necessary. 

T echn ical informat ion concerning commercial 
transm iLLc rs, and measurabl e signals th ereof, may 
be obta ined from any office of the F ederal Com­
munication Commission. 

14-Make a Noise Level Recording 

A 2-t.-hour recording of noise level h onl d be 
made at uch ites, and on such frequencie , a may 
he specified by th e B ureau of hip- or the Indu -
trial Manager. 

15-0btain Data for a Noise Level Contour Map 

At such ac tivities as may be determined b y the 
Bureau of hips, or the Industrial Manage r, noi e 
levels should be plotted in con tour form on a sepa­
rate station map ancl incl uded in th e report. This 
map may be a ph otostatic reduction, but th e size 
should -not he so sma1l as to render the informa ti on 
undecipherable. 

16-Assemble Data in Final Report Form 

All information resull ing fr om this survey should 
he prepa red in final form for transm is ion to the 
B ureau of Ships !Code 9IO ) in accorda ncr with 
established proredure. If the survey has heen con­
ducted h y ~avy pe rsonnel, it is desired that fifteen 
I 15 J copi es of the repo rt be forwa rded to th e 
B ur<>a u. If the survey h as been concl ud ed hy con­
I ra<·t <·'"lgineer , the re ports should be f:ubm i lled as 
speeiJied b~ the a pp lil"a ble eontrart. 

Jt is f')l.pe<·tC'd th at th e security r lassification, en-

gineeri.ng content, and such othe r m a tters, will be 
approved by the Industrial Manager. Onl y when 
the engineering data is comple te and presented in 
a form suitable for forw arding to the Chief of 
Naval Opera tions, Bureau of Aeronautics, Bureau 
of Yards and Docks, and other departments within 
the Department of D efense, sh ould the reports he 
approved for transmission to the Bureau. 

If a survey is conducted on an air s tation, com­
muni cation station, remo te receive r location, or in 
a large building, th e form al report should he sub­
mitted. T his type of report should contain the 
foll owin g elements : 

a- Title Page. 

(l ) - Subject of report. 

(2)-Number of report (optional) . 
(3)-Name of orr•aniza tion fo r wh om rc-

"' port is made. 

(..t.)-Name of organization submitting the 
report. 

(5)-Date. 

(6 )-Signature of approving offic ials. 
(7) - 0ther statement s required by Navy 

Security Manual. 

b- Distribution List: ( separate page) . 

( I )- Iumbcr of report. 

(2)-0rganization or inuiviuual r eceiving 
report. 
Note : This page is to be used for all 
reports classified "Confid ential" and 
higher. 

c- Lett er of Transmittal : (S<!parate page) . 
(l ) - Auth orizati on- refe rences to all docu­

ments bearin g on th e contents of th e 
report. 

(2) - Pnrposc- bri ef s ta tem ent of th e ob­
j ect of the report. Any assumptions 
shoul d he slated. 

(3) - Scope- a sta tement of th e degree of 
comprehensiveness of tl1 e report : 
what conside rations a rc included and 
wh at have b een cxdud ed. 

( ·~ )-Acknowle <l gm cnt s-tll c pe rsonnel en­
::ra(!erl in th e wo rk covered by th e re­
port may he lis ted ; assistance from 
all coope ratin g agencies and pa rties 
sh ou ld he m ent ioned. 

rl- Tablc of Contents : (separat<> pagl') . 

A list in the orde r of appea rance, of the divis ions 
all(.l suhdi\is ion of th e report toge th e r with the ir 

respecti ve pa:re numbers. F i:rures, tables, and ma­

te ri al in the Appendix sh o uld he li ted. 

<!- Summary : (Sf' para t e page} . 

Measuring and locating sources of radiated electronic interference using the 

AN / URM-6 radio interference and field intensity measuring equipment. 

(! ) - Abstra ct- a boil ed-down versiou of 
th e entire report in th e smalles t pos· 
sihle space without ;;;anifiee of elear· 
ness or comple teness. 

( 2 ) - Conclusions- brief, concise sta tements, 
hased on I h e fa cts ren·a led hy I he 

sun-ey. 
( 3) - Hccommenda Lions - short sta I em en! ~ 

eoiH"c rnin)!: fut ure \\"Ork as a result of 

I he snn·ey. 
f S ur vey Prucf'durc : 

(I )-List. of equ ip ment. 
(2 ) - \"isual inspecti on . 

(a) - Ground ys tcm. 
(b ) - Ant enn as and antenn a sites. 
(c )- An tenna tl ownleads. 
( cl )- F ilt ers. 

( 3 i - l\ fcasu rem en I A. 

( a ) - G round S)'8lcm resistanec. 
(b ) - Tnte rfc rC' nee cou p]ing. 

(-l ) - Sourees of int c rfe rcnec. 

(5 ) - 0thc r information . 
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This section of the report is devoted to a discus­
sion of the work done -on the survey. It should. be 
sufficiently det ailed to e nable anyone at some fu­
ture date to reproduce the m easurements insofar as 
is possible. N o informa ti on should b e left out and 
no assumptions should b e m a de . No o-eneral state-

·"' ments and m eaningless phases sh ould h e u sed. 
FACTS ARE DESIRED. A dequate data-sh ould be 
presente d with n o inconsisten cies. Correct r efer­
ences should be mad e to all material in the ap­
pendix. 

g-Con clusions. 

The find in gs and results of the survey should be 
presen te d in th e order of th eir impqr tan ce. The 
inform ation presented in this section d~al s .with the 
past and present ; a nd must be drawn f rom un­
questionable premises, and based on ~dequat~ data. 
In con trast to the information presented in the 
summary, the conclusions h ere sh ould h e detailed 
and explicit. 

h- Recom m endations. 

T h e informa tion p resente d in this sec tio_n has to 
do with th e fu ture treatment a t an acti vity. · AJl im­
provements that are considered necessary should 
be prese nte d in the orde r of their imp~,rt ance. In 

contrast to the brief s tatements in the summary, 
tl1.e recommendations g1ven h ere in sh ould b e d e­
taile d and complete. 

i ~App~'ndix: 

(I )-Graphs. 
(2)-Tabulated data. 
(3)-Dia grams and drawin gs. 
(4)-Maps. 
(5) - R ecordjngs. 
( 6) - Photographs. 
(?)-Copi es of Data Sh eets. 

If the survey is of bri ef duration ( trouble calJs, 
" . k' " ) I qmc ·1es , e t cetera a etter-typc re port may h e 
submitted, provided the en gineering content is sa tis­
factory. This type of r eport should include th e 
following elem ents listed above: 

a-Survey procedure. 
b- Conclusions ( optional) 
c-Recommendcaions (optional). 
d- Appenclix (applicable material). 

NOTE: All electronic interference work on shore 
establishments should be reported to the Bureau by 
one form or the other. 

AN/URM...:25 DEFECTIVE WIRING 

A r ecent Failure Report from th e U.S.S. Mount­
rail ( APA 13) to the Burea u of Shi ps r eported a 
case of improper operation of a newly r eceived 
R -F Si~nal Gene rator A IJURM- 25. A routin e 
ch eck sh owed that all tubes were good, and n o a p­
parent cause for failure existed. After a short 
time, however, th e set s tarted to blow the line fu ses. 

Upon investigation, th e source o f troubl e was 

traced to de fective wirinp:. It was found t ha t the 
lead supplyinp: filament volta:re to th e audio com­

partment (th is lead is en cased in hra irl and is 
covered with transparent plastic insula tion ) had 
shorted out where th e hraid terminated in th e 
audio compartment and had melted h ack the 
plastic insulation for five inches. This action also 
caused the insulation on the filament supply leads 
in the power supply to m elt a nd sh ort all th e wires 
served togethe r leadin:r to the four-pro n:r connec­
tion plu{!;. It was also found that th e ser ving twine 
was so tightly hound around the wit·es th a t th e 

soft plastic insulation was severed in many places. 

Tlw Bnre~u of Ships su:r:rests an inspection of 
all hra ide rl learls CO\ er~>d with plastic insulation 
lw m a de upon r Pceipt of the signal :renerator and 

approximately quarterly th ereafter. Particular a t­
tention sh ould b e g iven to braid te rn1inations, 
m elted pla stic insulation and tightly hound servinp: 
t wit, e. 

Thi s sitmi tion has been hrou~ht to th e attention 
of the manufacturer and modifi cat ions are bein(" r 

m a de to prevent recurren ce of th e aforem ention ed 
unsa ti sfactory conditi ons. An insulatin rr !tea t r e-r 

sisti ve sleev ing is being substituted for th e plastic 
insul a tion. A new type of plastic lacing coni is 
also b eing used wh ich will not cut th e insu1ation. 

The Index to Volu111e 6 in the December 1951 

ELECTRON covers the period July 1950 to 

December 1951 , numbers I through 18 respec­

tive ly. The a rticles a re listed alphabetically and 

by classification accord ing to the issue number 

(inside front cover) and page. For instance an 

article that is listed as 16-11 is on page I I of 

the number 16 (October 1951) issue. Starting 

with the J anuary 1952 ELECTRON each new 

volume will cover one calendar year. 

Editor 
B uSnrPs ELECTnor-; 

Sir: 

to 

Several times the problem of rad iation pattern 
ch ange, variation, e tc. caused by slight ch anges of 
F eed-Horn position in g at the focus of a paraboli c 
re fl ec tor has occurred on AS- 120/ TPS- lB an­
tenna ; th erefore I des ire an swe rs to th e foll~wing 
questions : 

A radar parabolic r eflector of th e equation 
(y-k ) ''- 4a (x-h ) is fed hy a horizontal dipole sur· 
rounue d by a parabolic r e fl ector of the equation 
(y-k )~ = - 4a (x-h ), hoth axis p a rallel to the x 
a:-.:i's as p er sk etch below: 

a. \Vould th e dis tance VF he m easured to th e 
center of th e Jipole or to th e e dge o_f the fee d­

horn ? 

h. Freque ncy is in th e Lk hand. \Vh at effect on 
th e radiation p a ttern does movin g th e feed-horn 
anu uip ole up or down Oil its y axi's cause? 

p 

X 

MP
2 = 4VF·VM 

MP
2 

I 
VF --·­

VM 4 

c. lf the feed-hom is moved an gulary alon g the 
y ax is ( i.e. dipole h eld fa st at focus and the horn 
rotated up or llown on they axis) would th e center 
of the beam as r eflected from the large parabola 
b e raised up and clown , if so, how much . 

L. C. H. 

The specific anstcers are as follou:s : 

(a) The distance JIF , according to th e enclosed 
sketch , is knotcn as the 'focallengt h of the parabola 
and is m easured to th e renter of the dipole. 

(b) There may be a slight; change in gain b e­
/lceen the side lobes cute! the main d esired lobe 
or th e main lobe ma~' be d ecreased . Further, there 
may be a shift of the main lobe. This is a very 
general question as arc th e foll01cing and a specific 
ans1cer cannot be given . 

{c) If the f11cl or dipole is held constant and the 
para_boli'C refl ector tilted uptcarcls or dotcnu:arcls, 
the beam shift 1cill be affected correspondingly . 
The a.m ount of tilt of the refl ect.or 1.cill det ermine 

the amoun t of shift, of the benm. 
Normally, a parabolic dish w ill have a de finit e 

focal distance when manufactured. W h en a fuel 
or dipole is placed at this stated focal p oint and 
free-space pallerns talrC'n. it may be fo11ncl that 
optimum conditions 1cill be obtained at a focal 
p oint slightly more or less than this distance. To 
rc•stat1•. th e main param et<'rs to consider in d ealing 
ll'itlt parabolic rc•fler tors and which will have to be 
varied to obtain d esired conditions are : 

(l) T h e focal cli.stanN' . 
(:2) L f'ngth of dipolr>. 

(3) Distance bellceen rliJIOle and parasit if' 

ref/ eel or. 
Editor 
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some notes on 

by 

LCnR. F. G. ScARBOROUGH and 
LT. D. W. ToMUNSON 
Fleet Training Group 

Guantanamo Bay, Cuba 

Introduction 
The Naval Operating Base at Guantanamo Bay, 

Cuba, has for many years been the scene of a large 
part of the Atlantic Fleet Training. Since World 
War II, the Fleet Training Group, Guantanamo 
Bay, which is a part of the Training Command, 
Atlantic Fleet, has coordinated exercises and fur­
nished instructors for ships in training. All Atlantic 
Fleet battleships, cruisers, carriers, destroyers, most 
of the destroyer escorts, and some other miscel­
laneous small craft have their shakedown and 
refresher training at Guantanamo Bay, hence, in 
Guantanamo Bay, there is afforded an excellent 
opportunity to evaluate the strength of the fleet. 
The strength of any fleet has, in recent years, be­
come increasingly dependent upon electronics both 
in performance and reliability. To observe the 
electronic reliability of fleet units in Guantanamo, 
is to evaluate the strength of one of the contribut­
ing factors to the operational readiness of the fleet. 
These notes are written in hopes that the facts 
presented here will benefit fleet planning by high­
lighting a current fleet weakness. 

Since effective training depends upon a high 
electronic reliability the Chief of Naval Operations 
has, through the Chief of the Bureau of Ship~ and 
Commander Service Force, Atlantic Fleet, assigned 
civilian electronic technicians to the Ship Repair 
Unit, Guantanamo Bay. These men apply their 
skills when the ships have exhausted their capa­
cities in electronic repairs. The civilian engineers 
work at night and over the weekends to avoid 
interfering with daily operations. It is "patching 
while the troops are marching". 

In an effort to understand the inter-relations of 
the factors effecting the performance of search 
radar, considerable information obtained from the 
sh!ps in training was examined. Most of the data 
available was qualitative jn nature and did not 

lend itself to a quantitative analysis of the ships 
electronic performance. Some of the items were 
educational and practical background of the offi­
cer and enlisted personnel, age and estimated 
material condition of the equipment, vigorous pur­
suit of a preventive maintenance program, and the 
final evaluation of the Operational Readiness In­
spection. The only data which produced any mean· 
ing was "days of operation" and the amount of 
electronic assistance required from the Ship Repair 
Unit. Since this data did seem useful it has been 
assembled and is presented here. By dividing the 
number of days a ship was in training with the 
Fleet Training Group by the man-hours of Ship 
Repair Unit outside help required, an index of 
electronic reliability was developed by types of 
radar and types of ships. These notes are written 
to show something of the electronic reliability as 
observed in Guantanamo both in continuous active 
ships and ships re-activated from the reserve fleets. 

Data 

The data presented below is recognized to be a 
limited sample. However, to wait until a larger 
sample can be ohtained is to wait until the military 
importance of the results has vanished. In the 
seven-month period, 1 November 1950 until 26 
May 1951, the following ships have been con· 
sidered: 

36 ships on continuous active duty 

l new ship in shakedown 
31 ships re-activated from the reserve fleets 

Since the new ship had new gear and had not 
been in "moth balls", it was considered as a 
continuous active duty ship. This number of ships 
has produced some reliable indexes, and some 
which may not be conclusive, though generally a 
guide of some value. . 

sc 

and a half man-hours and thus 
drastically reduced the index. Since 
one out of six equipments was in 
such poor condition, the index is not 
considered significant. In the con­
tinuous active ships there was only 
one equipment and the index is 
meaningless. 

- The continuity of data on the re­
activated ships was S<!tisfactory and 
the index is considered significant. 
There were insufficient continuous 
active cases to be considered signi­
ficant. 

Table I covers the seven-month period and all 
the ships. It organizes the data by types of search 
radar. The index is the days of training divided 
by the number of man-hours of the Ship Repair 
Unit civilian engineers time devoted to the equip­
ment, producing an index of days of operation per 
man-hour of Ship Repair Unit work. This index 
could be called an index of electronic reliability. SR-a -There were no reactivation cases and 

few continuous active cases. How­
ever, these few did not require out­
side assistance. 

Comments on Table I 
SA -In the continuous active ships, four 

of the equipments required no out­
side assistance. One equipment re­
quired eighteen Ship Repair Unit 
man-hours and thus reduced the 
index. A larger sample would prob­
ably produce a higher index. 

SR-6 -The indexes indicate poor reliability 
in both continuously active and re­
activated ships. Most of the trouble 
centered around the antenna, and 
much of the Ship Repair Unit time 
was spent trying to improve per­
formance by adjusting and cleaning 
the r-f section. The index is there-

SL - In the reactivated .ships, five equip-
menta required no outside assistance. 
One equipment required ninety-three 

TABLE 

fore of little consequence. 

I 

7-MONTH PERIOD (1 November 1950-26 May 1951) 

~ Re-activated Active 
1-4 Days Ship Repair Unit Days Ship Repair Unit ~ 

Index 01 Number Training Hours Index Number Training Hours 
~ 

SA 13 439 88 5.0 5 117 18 6.5 

SL 6* 192* 93.5* 2.1 * 1* 29* - oo* 

SC2, 3, 4, 5 6 203 29.5 6.9 a-~~- 82* 9* 9.1* 

SR-a 4* 130* O* oo* 

SR-6 7 257 67 3.9 4* 95* 18* 5.3* 

SG-Ib 13 456 29 15.8 17 507 44 I 11.5 

SG-6 7 269 14 19.2 7 181 7 I 25.8 

SK 2* 78* 36* 2.2* 

SPS 5 213 8 26.6 15 479 67.5 '7.2 

so 7* 83* 8* l_g).4* -

su 7 247 ~8 8.8 4* 88* 2* i 44'' 

SP 3* 103* - oo* 7 171 6 I 28.6 
- --I 

NOTE: Items marked * may not he significant. I 
i -- - --- ----~-~--- ----
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SG-1b - The data is good and is generally 
uniform in all ships. This is one 
of the two _ C<;lses in which the con­
tinuous active gear had a lower 
reliability than the reactivated gear. 
The only explanation offered is that 
the gear is relatively old and is used 
much of the time when ships are at 
sea. It may be wearing out. 

SG-6 - The data is good and generally uni-
. form. This equipment has one of 
the highest significant indexes or 
reliability. Yet .the ships are not self 
sufficient for one month. 

SK - The data is not considered signifi­
. cant since the sample is so small. 

SPS-6 -In the continuously active ships one 
of the fifteen equipments required 
forty-four man hours which is cory 
sidered unusual. If this equipment 
were eliminated the index would he 
raised to 18.9 which is probably near 
a true evaluation. 

SO and SU - The continuous active ship indexes 

It must he horne in mind that no adjustment 
has been made for the supposition that the size 
ship will have an effect on reliability, i.e., an 
SG-1h on a CVB will normally prove more reliable 
on this basis than one on a DD, insufficient data 
existed for an analysis of type equipment ~n 
different classes of ships. 

Table II, an accumulative tabulation of the data, 
was developed to evaluate the improvement in the 
reactivation work on ships from the reserve :fleets. 
The periods selected were arbitrary and reflect no 
wave of mobilization nor any other time schedule. 
The indexes were developed in the same manner 
as in Table I. 

Comments on Table II 
The comments from Table I apply here also. In 

addition it is interesting to note that there is a 

definite improvement in the reactivation reli~bility 
index in data which is considered significant. The 
only exception is in the SG-1b. The difference 
between the 5%-month period and 7-month 
period is in tl}.e order of 7%% and probably has 
no meaning. It may he a reasonable assumption to 

TABLE II 

1 Nov 1950 
to 

1 Nov 1950 I Nov 1950 
to to 

1 Feb 1951 
(3 Mos' 

16 Apr 1951 26 May 1951) 
( 7 Mos) (5.5 Mos) 

Reactivated Active 

3.90 6.5 
Reactivated Active 

I I 4.17 I 2.12 

Reactivated Active 

5.0 6.5 

1.47* oo;• 

4.45* 9.0* 

- 00 

3.83 7.2* 

I oo* 
I I oo* I 

I -
I 
i 

! SL 1--1_.1_8_*_ 
! sc , ___ 3._40_* __ 

'SR-a 1------
1 SR-6 I 2.9 

2.1 * ~* 

6.9 9.1 -~~ 

- oo* 

3.9 5.3* 

17.2 16.5 

15.5 00 

6.5* -

I 

9.6* 6.3 

- 9.0* 

I 15.3* 44.0* 
I oo* 20.3 

jSG=lh!~--7~6~-

i_SG-6 __ 1 9.5 .,. I' 

1. ~SKP_ s ---,· -= * --=--- 2.4 i 
I so - --9.131 
-s-u--·l----oc--r.·-- ---~5~5--1 

12.4 
·--

15.9 11.5 

19.2 25.8 
2.2* -

26.6 7.2 
-~---~ 

- 10.4* 

8.8 ~~.0* 
----1------- --- ··-----, 
SP oc* oo* 28.6 I - --~-------- -·--------'-------~- ----'-------· --------------

~p 

~OTE: Items marked * may not he significant 

are not considered significant since 
the number of days is low. 

- The reactivated index is not con­
sidered significant ,due to a very few 
f-·: u i pment~. 

say that Table II indicates that reactivation work 
is improving and ships are joining the fleet better 
able to sustain themselves electronically. Even so 
the indexes of electronic reliability are very low. 

Table III was developed to evaluate the elec· 

tronics reliability by ship types. It should be 
realized that the size of the sample in each type,-­
with the exception of the DD class, is so limited 
that detailed conclusions drawn from the data 
should he viewed with considerable skepticism. 
The low index of reliability obtained by the re­
activated CV and BBs can he attributed to the 
defects in the equipment when inactivated, many 

exception is SU radar on which the data is not 
considered significant. 

"A furtlter detailed statistical study of this prob­
lem using -data ·primarily accumulated for the 
purpose would produce some factual causes for 
the deficiencies in electronic reliability afloat. A 
representative sample could he obtained from 
destroyer types and the lessons learned there ap-
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TABLE ITI 

Index= 
Equipment Days Training 

Ship Repair Unit Hours 

CLASS 
---

Small Craft (AM, PC, PCS, ARS) 

APD 

DE & EDE 

DEC 

DMS 

DD . 
DDE 

DDR 

CVE 

CVL 

cv 
CL 

CA 

BB 

of which could have been corrected through ade­
quate reactivation and test of the equipment. It is 
felt that continued operation of the vessels will 
bring them to the same index of reliability as the 
continuously active ships of those classes. The 
inability of the DD class vessel to maintain its own 
equipment for n1ore than approximately one week 
indicates a real weakness in that class. 

Discussion 

TABLE I-lt is painfully obvious that the elec­
tronic reliability in the fleet is at a very low level. 
Not one single piece of equipment is effective one 
month without help outside the ship. The only 

ACTIVE REACTIVATED 

14 00 

- 7.4 

7.7 5.8 

- 1.0 

00 00 

7.6 5.8 

- 00 

13.5 -

- 26.2 

00 -

00 7.4 

00 -

- 31.5 

- 8.3 

plied to larger units as well as to the destroyer 
classes. 

The following points though based on experience 
are hypothetic: 

l-One of the major causes for a lowering of 
the electronic reliability is the widespread lack 
of an effective preventive maintenance program. 
Many of the electronic failures are caused by the 
accumulation of simple minor derangen1ents, none 
of which are individually vital. Dust and dirt art· 
constantly noted to gather in such proportion~ a~ 
to short out and disable the equipment. Since tuhe 
failures are frequPnt ly pro~n·~~i ·, e, many elP<>-
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tronic failures f rom this cause could b e intercepted 
by a preventive mainten ance program. 

2- Anoth er of the importa nt r easons the elec­
t ronic r elia bility is low is the lack of an admiriis­
t rative organiza tion and a lack of leadership. F ew 
ship s have a working administrati ve organization 
in electronics of bills, procedures, r ecords and 
publications. T h ere are n o specific instructions and 
direct ives for electronics administration as th ere 
are in th e Bureau of Ships Manual and USF 82 
for en gineer ing. 

T h e leader ship problem in el ec tronics i s ·most 
acute. The technical aspect of the work h as an 
unfortunate effect on leader ship. Probably the 
best answer is plain ordina r y N a val discipline. 
Some o fficers feel that this problem of leadership 
is, in a large part, the k ey t o electronic difficulties. 

3- A no ther detraction to electronic r eliability is 
lack of confidence and lack of knowle dge of the 
capabilities o f th e equipment. Often a radar 
capable of reliable detection of air t argets at one 
hundred (100 ) miles will he a ccepte d wh en pro­
d ucing ranges of fo rty (-10 ) miles. This satisfa ction 
wi th less th an optimum res ults, furth er imposes 
an unwa rran ted h andica p on th e o p era tional p er­
formance of search radar . 

4- P robably the greatest sin gle item which 
lowers e lectroni c reli ability is the r equests for 
technical a s,;'l istance befo re the elec tr onic m en on 
b oard have exhausted t h eir ability to fi x the defec­
t ive gear. T h e Sh ip R e pai r U nit engineers o n one 
occasion r espo n d in g to a call for assistan ce found 
th e difficulty was a blown fuse. Such calls fo r o u t­
side help affo rd no train in g or developm ent of the 
enl isted electro nic ratin ~s and th ey soon lose p r ide 
a nd desi re ·to b e self-suffic ient. 

5- Most o f ten t he b lam e for p oor electronic 
r eliabi lity i s placed on design . T h is i s n o t t rue ! 
Ad m itte d ly so m e few pi eces o f in ferio r desi gn ha ve 
r each ed t he fl eet. hut the Yas t majo rity o f the 
radars a r e well designed , well b uil t, and well 
inspected b efore th ey eve r r each th e installation 
stage. T he poor r esults l ie in th e laps o f th e 
operators and th e m a inte na nce m en o f th e fl eet. 

These fi ve item s may n o t he a magic formul a 
to cu re all electronic a ilm en ts, but th ey will h elp 
a t remen do us am ount. Ships which ha ve seri o usly 
a pplied th em selves to corret:tin g: th ese fau l ts, h ave 
impoved whil e in G uantanam o Bay. 

T ABLF. II- T h ere is. w ith o ut an y dou b t, a 
m m·ked impro vem ent of the elect ron ic r ea d iness of 
thP ships reportin~ fo r duty Jro m th e A tlanti c 
He,;c>r ve F le" t. It i s ol-v iou s the R ese r ve F leet pe r-
,;unne] h ave m ade a "on sc-iC'ntio us effort to improve 

~ and thpy b 'e ~. r ·e··cl c>t l. 

·~: 

TABLE III- It is clear that the larger ships are 
more self-sufficient than the smaller ships. It is 
true that larger ships have more electronic r a tings, 
but they also h ave more gear. Probably the an swer 
is in the be t ter organization an d a dministration 
of electronics in larger ships where one officer can 
devote more of his time to electronics. In sm aller 
ships there is often excf1 ange of talen t on par­
ticularly difficult problem s, hut that is only par­
tially effective. The answer seem s to h e in b etter 
administration and leadership. 

In all the discussion above, the term electronics 
has applied to search radar, but simila r problem s 
and r esults appear in the fi re control r a dar , sonar 
gear, and communications equipment. 

Conclusions 
1- The ships are not el ectronically self-s ufficient. 

The electronic reliability is ver y low. 
2- The reactivation program is improvin g in 

electronics. 
3- L arger ships have a high er e lectroni c 

r eli ability. 

SV MODULATION 
NETWORKS 

T h e foHowin g is th e B ell T ele phone L aboratory's 
recommended m ethod of m easurin g th e mod.n ets. 
and the tolerances lo be ex pected: 

l\I EAS URE 

I I 
UETW EEN 

l\IAXIM Ul\T l\IIN l l\1 Ul\1 

T ERi\II N ALS 
O HM S OHl\IS 

1 an d 2 5.0 3.5 

N OTE : Wh en this m easurem ent is m a de, T enni-
n als 4 and 5 must be connected toge ther - m e as-
ures coil L3 in th e fil am ent circu i t o f th e ma g· 
netron. 

3 and 8 2.30 1.60 

N OT E: This m easures th e resista nce o f coils 9 
a nd 10 of Ll in seri es wi th co il L4. L4 is th e 
coil which usually fai ls. 

6 and 9 485 435 

NOT E : Gi.ves r esista nce o f all secondary coils 
of L 1 a nd L2 in series with th e th ermi sto r. The 
thermisto rs r es istan ce varies i n ve r·sely with t em -
perature and th is m eas ur·cm en t sh ould h e m a de 
a t 70 cleg. F. 
-- --

7 and 9 360 310 

N OTE: Sam e m easu rem en t as ab o ve hu t exdnd-

I ing th e the rmis tor. 

SUI:JFLOT ONE E lw lronirs Neu·slell er 

IS THE HOUR 

Stai-t the New Yeat· off right. Apply an Ounce of 

P rt>vention to your elech·onic e{{Uipment. Consult 

the Preventive Maintenance Section of Your Instruc­

tion Books ! 
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Ol .~R PRIDE 

Arti9t's conception of our 

newest and largest "flat­

top", the USS FORRESTAL 

(CV:S-59) now under con­

struc:tion. Without 'Electron--, 
ics ~he could .not fulfill her , 

mission as one of our finest 

co1npatant ships. 

OUR RESPONSIBILITY 
' 


