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:rerapid method would probably haveto be devised, but the present
method is adequate for the present stateof development of the
system.

19. In all of the previous discussions it has been assumed that
thevelocity of sound in water remained constant. In actual practice
thevelocity of sound is found to vary with the temperature of the
waterand this gives rise to a condition which must be corrected
for. The

case of the electric compensator will be first considered.20.
Consider a sound source at a given angle a from the normal of

the 'water station (Figure III). The difference between the
lengths of the 'sater paths (L1-L) from the sound source to the
hydrophones willalways be the same for a sound source at this angle
from normal. Thetime difference of arrival of the sounds at the
hydrophones however \vill vary im-ersely as the velocity of the
sound in the water (V w ) or t =L1-L

V "..to this time difference t. Therefore, if the velocity of
the sound in'water is different from that on which the calibration
curve was based.the correct azimuth of the sound source will not
correspond, on the cali-bration curve, to the compensator setting
obtained and a correction

\vill have to be applied to the compensator reading before going
to thecalibration curve.

21. The derivation of the formula giving the correction in terms
of the compensator setting obtained is as follows:

If the velocity of sound in water on which the calibration curve
isbased = Y the time difference of arrival of the sound at the
hydro-

. L1-Lphones T is given by equatIon T = -----y-' Xow assume that
the \'elocity is increased by an amount 1 :::.V such that VI = V +
1 :::.V. The

. d'ff .. b . Tl L I - L d T .tIme 1 erence IS now grven y
equatIOn = V- an IS greater1

The correction in seconds is then
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Substitute for L 1 - L its equivalent VI TI.

\.1Tl or T-Tl= VI Tl_Tl.Vi V

Since the compensator settings are directly proportional to T
andTl we can substitute these settings (Cand C I ) in the above
expression.

VI C IThus C-C1=-----y--C I

and

C-C = VI C1- V C I C 1 (V1- V)I V V

where C = compensator setting (corresponding to velocity V) for
angle IXC 1 = compensator setting (corresponding to velocity VI)
for angle IXC - C I = correction in terms of compensator units,Y =
velocity of sound in water on which the calibration curve was
based, \-1 = velocity of sound at the moment.

22. In practice a curve is plotted giving the values of C-C I
asordinates and compensator settings as abscissas for a change in
velocity

of sound of 5 yards. The value of the velocity of sound in water
cor-responding to the mean water temperature to be expected is used
for \. in computing the data for this curve (and V +5 is used for
VI)' Asshown by the correction equation this is a straight line.
For changesother than 5 yards, the correction as taken from the
curve is multiplied

b th f t . Actual change invelocitvy e rac lOn, -. This may be
easily computed5

by the use of a slide rule. The error introduced by using mean
valuesof \. and VI instead of the correct ones.are negligible.
\Vhether to addor subtract the correction is determined by knowing
whether the velocityof the moment is greater or less than the
velocity on which the calibra-tion curve was based. If greater the
compensator reading is too small,since it is directly proportional
to t, and the correction is added. Ifsmaller the compensator
reading is too great and the correction is sub-tracted.

23. The velocity of the moment is determined by measuring
thetemperatures of the water and taking the corresponding velocity
of sound from a "temperaturc---velocity of sound in water" curve.
Therelation between the yelocity of sound in water and temperature
isalmost a straight line relation, the .wlocity increasing by about
1.1yards per degree Fahrenheit .. 24. As the time lag introduced by
the electric compensator isIOdependent of any temperature change
the correction for the change in

velocity of the sound in water is the only temperature
correction re-quired for courses run on the electric compensator.
In the case of theacoustic compensator however a correction for the
change in the velocityof sound in the air in the compensator is
required in addition to the
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correction for change of velocity of soul1d in water. This will
be readilyunderstood by reference to Figure I, remembering that the
sound afterleaving each receiver must travel over an air path
before reaching the

1. , Th d .. 11 P I- P2 h. h .11 .d 1Istener sear. e retar atlOn
WI = - - - - - v - -w IC WI eVI ent y vary.with Va.

25. The derivation of the correction formula for the change
invelocity in air is the same as for the derivation of the water
formula,and the formula is identical, V and VI in the former case
of course being

the velocity of sound in air and C and C I being the compensator
settingscorresponding to the same angle from normal at these
velocities. Themethod of making the corrections is identical, the
same two curves(correction vs compensator setting for change in
velocity of 5 yardsand temperature vs velocity of sound in air)
being required. It isimmaterial whether the air or water correction
is first applied. Therelation between the velocity of sound in air
and temperature is almosta straight line relation, the velocity of
sound in air increasing by about0.33 yards per degree
Fahrenheit.

26. The following table shows approximately the azimuth
errorswhich will result from neglecting a temperature change of
only 6 degreesFahrenheit at different angles of the sound source
from the normal of the water station. This table is given for both
air and water and theresults were obtained from the ordinary
calibration and correctioncurves previously described. It will be
noted that the errors for airand for water are very nearly equal
although the change in the velocityof sound in water is about 5
times as great as in air, for the same tem-perature change. This is
explained by reference to the correction

formula previously given C- C I = (V\ V). It .will be noted that
the

velocity of sound V appears in the denominator. The velocity of
soundin ,vater is about 5 times that in air so that although the
numerator isdifferent for air and ,vater the denominator changes in
about the same

ratio and the correction remains about the same.

o.06 0

.12 0

.18 0

.24 0

Air Changes in velocity =2 yards (approx.)_-1.zimutherror

o102030

40

Azimuth Error Caused by :Veglecting a TemperatureChange of 6 0
Fahrenheit

TFater Change in ,,-elocity =

Angle from normal 10 yards (approx.)~-\zimuth error degrees

o.09 0

.14 0

.20 0

.28 0
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27. The characteristic of the acoustic compensator whereby
twovelocity of sound corrections are required is a most serious
defect.

There is no simple means of combining these corrections since in
generalthe water and air temperature will vary independently, and
the changeinvelocity per degree Fahrenheit is different in both
cases. This defectand several minor ones, most of which are
mechanical, has led to thevirtual abandonment of the use of the
acoustic compensator except forlaboratory purposes.

28. Corrections for the velocity of sound in water, in the case
of the electric compensator, and in addition corrections for the
velocityof sound in air in the case of the acoustic compensator are
the onlycorrections which the present accuracy of the system now
justifies.At lea",t one additional correction for the movement of
the \vater dueto currents and particularly tide will be necessary
to obtain an accuracyof much less than 0.05, but such corrections
can be neglected in thepresent state of development.

29. The binaural units (consisting of the water station and
the

compensator) so far discussed have been of the simplest type.
Theseunits are known as two-spot units from the fact that the water
stationscfJnsistof two hydrophones only. A unit which is more
satisfactory forreasons \yhich will soon be apparent is the so
called twelve-spot unit.The water station used with this unit, as
the name implies, has twelvehydrophones. These hydrophones are
equally spaced and the right sixare connected, through the
compensator, to the listener's right recei\'er;the left six being
similarly connected to the listener's left recei\'er.The
compensator used is an electric compensator similar in principle
tothe two-spot compensator pre\'iously described, but considerably
morecomplicated. Proper compensation is put into the circuits from
the \'arious hydrophones by turning a common hand \yheel on the
com-pensator. 'Yhen a binaural setting is obtained on a sound
source, thesounds from the hydrophones reach the listener's ears
not only simul-taneously but in phase. The sound heard in each ear
is thus the sumof the sounds from six individual hydrophones and is
a maximum.Forany other setting of the compensator the sounds
arri\'e at the listener'sears out of Phase and partial cancellation
of sound results. The resultis that as a binaural setting is
approached the sound intensity increasesas the sounds from the
various hydrophones come nearer into phase,reaches a maximum \vhen
the binaural setting is obtained, and falls off as the binaural
setting is passed and the sounds once more get out of ~hase. The
listener thus has not only his binaural sense to guide him

III making a setting, but also the sense of maximum sound
intensity.Greater accuracy thus results and the selectidty when two
or more~urces are present is far superior to that of the two-spot
installation,Slllcethe sound being set on will always have the
greater sound intensitydue to the maximum effect just
described.
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30. Figure IV shows a schematic diagram illustrating the
principleof the twelve-spot compensator. For simplicity only one
conductor, in

each of the various circuits is shown. The dotted lines indicate
thesound waves given off by a sound source to the left of the water
station(in the direction of the arr~w). These are of course
concentric circlesbut if the sound source is at a distance short
arcs of these circles arepractically straight lines. The sound
waves will evidently successfullyreach the left hydrophone first
and will reach the next hydrophone witha definite time difference
and so on to the last one. Since the hydro-phones are equally
spaced the time differences are all equal. Thehydrophones are
connected to the compensator in groups of three
through'electrically balanced cable. The center hydrophone of each
group hasa network of a fixed retardation in its circuit. The
networks in theother hydrophone circuits are variable. In making a
binaural settingthe compensator hand ,vheel is turned until the
netwo!-"ksin the circuitsof the right and left hydrophones of each
group have the proper retarda-tion to bring the pulsating currents
(generated by the action of the

sound waves on the hydrophones) from the hydrophones of each
groupsimultaneously and in phase to the points AI, A 2 , As and A4.
The sameturning of the compensator hand wheel varies the net works
which arein the circuits of the two right and two left groups until
their retardationsare of the correct values to bring the pulsating
currents from the points..\1 and 1\2 simultaneously and in phase to
the point Bl and the currentfrom A Sand A 4 simultaneously and in
phase to the point B 2 Since thecurrents are brought into phase at
points All A 2, Asand A4 and the pointsBl and B2 the current at
point Bl is the sum of the currents from theleft six hydrophones
and the current at BI is the sum of the currentsfrom the right six
hydrophones and each is therefore a maximum. Thesame turning of the
compensator hand wheel varies the networks inthe circuits from
points Bl and B2 so as to bring the currents from Bland B 2 to the
receiver simultaneously and in phase. At the receiversthe currents
are converted into sound again and since the currents

arriwd simultaneously the sounds will also be heard
simultaneouslyand a binaural setting will result. Since the
currents arrived at thereceivers in phase the sounds heard will be
a maximum. It is evidentfrom the foregoing that for any setting of
the compensator except abinaural setting the sounds from the
various hydrophones will arri,-eat the receivers out of phase and a
sound intensity less than the maximumwill result due to the partial
cancellation of sound.

31. The method of calibrating the tv.-eke spot compensator
and

of making corrections for changes in the velocity of sound in
'water isidentical with that of any other electric compensator.

32. A brief summary of the results ,,-hich may be expected
frombinaural azimuth determination as judged by the results
obtainedwithin the last few months may be of interest. The probable
error in
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binaural azimuth determination will be from 0.30 to 0.40 under
or.dinary conditions. It may be considerably less under favorable
con.

ditions. Ordinary "Long Island Sound" shipping may be tracked
to7 or 8 thousand yards under ordinary conditions and probably
furtherunder favorable conditions. With two boats in the field of a
waterstation not closer than 3 to 4 it will probably be possible to
track eitherat will with the 12 spot installation. In judging the
foregoing it mustbe remembered that binaural azimuth determination
is by no meansthe equal of visual azimuth determination and is in
no way intendedto supersede it. Its purpose is to act as an
auxiliary to the visual sys-

tem for which purpose it should be very valuable at night, in
fog andunder any other conditions 'where for any reason visual
azimuth deter-mination might be impossible.

33. In conclusion I wish to acknowledge my indebtedness to
theofficers formerly engaged in sub-aqueous sound ranging \york
whosenotes were of extreme value in the preparation of this
article. I amalso indebted to various ci\"ilian physicists engaged
in this work, forinformation obtained from informal conferences
with them as well asfrom their various notes and articles. I am
especially indebted toMaster Sergeant Charles Xydam, C. A. c., who
made the tracingE.from which the illustrations \,,-eremade.

IN THE LAST ANALYSIS-

DEPENDABLE DELIVERY OF MAXIMUM STRIKING ENERGY

AT THE RIGHT PLACE AND THE RIGHT TIME-

THE MISSION OF COAST ARTILLERY
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The Present Status of Sub-AqueousSound Ranging

By Major Harvey C. Allen, C. A. C.

Editor's Note: This memorandum, with the comment thereon by
ColonelIt S. Abernethy, C. A. C., should serve to show the progress
made to date by

the Sub-Aqueous Sound Hanging Section, Coast Artillery Corps.
This paper 'andthe preceding article in this issue, by Captain
\\'ebb, have been especially pre-pared for the J OlJRXAL, through
the cooperation of Colonel Abernethy and withthe approvnl of the
Chief of Coast Artillery, in order that Coast Artillery
officersgenerally, may become advised of the technical principles
and present status of the sub-aqueous sound ranging development. It
is perhaps superfluous to suggestthat the officer who has not had
the previous opportunity of contact with thiswork would do well to
precede the examination of the following paper by a care-ful
reading of Captain Y,ebb's article.

1. This memorandum shows conservatiyely (it is believed)
thepresent status of the binaural phase of sub-aqueous sound
ranging; itincludes a brief description of existing equipment, a
summary of pastand recent experiments, an outline of possible
future work and a state-ment of essential requirements.

2. The data on \vhich this report is based were obtained by
thezeal. initiatiye and energy of the yarious officers and enlisted
menass~)ciatedwith the S. A. S. R. deyelopment work during the last
threeyears and to them the Section is deeply indebted. The Section
hasals:.>been aided a great deal by the personnel of the ~a\T
Department,of the Bureau of Standards, and of other Departments of
the Goyern-ment as well as by yarious ciyilian concerns and
ciyilian engineers andphysicists who ha\'e taken a keen interest in
the work.

PERSOXXEL

3. The S. A. S. R. de\'elopment work is being carried on by a
specialSection organized for this purpose during the latter part of
1921. TheSection now consists of four Coast Artillery Officers, one
Signal CorpsOfficer,fiye Enlisted Specialists, and one Coast
Artillery Mine Companyof about 70 men.

4. The organization of the Section and the distribution of
personnelare as follows:

Executi\'e Officer-Commands the Section and coordinates and
super-

yises the work of the fiye sub-diyisions.(a)
_-1.dministration,Planning and Supply Diyision: Consisting of

one Signal Corps Officer, one Enlisted Specialist and about5
enlisted men.

(35)
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(b) Binaural, Radio and Orientation Diyision: Consisting of
oneOfficer, one Enlisted Specialist and about 20 enlisted men.

(c) Laboratory Diyision: Consisting of one Officer, (not
availableat present), one Enlisted Specialist, and about 10
enlistedmen.

(d) Construction Diyision: Consisting of one Officer, t\\"O
EnlistedSpecialists, and about 20 enlisted men.

(e) Company Division: Consisting of about 15 enlisted men"
Theofficer-in-charge of the construction division also commandsthe
company and supervises its general instruction.

FIG.1. K-3 STATION AS FIRST PLANTED. ALL HYDROPHONES EXCEPT W.E.
365-W WERE REMOVED

WHEN STATION WAS REPAIRED

BI~.-\UR:\L POSITIO~ FI~DI~G

PRESEXT FACILITIES

;). The facilities now installed consist of se\"en \\-ater
stations; fiyelarge, and a number of small compensators; the
auxiliary shore stationapparatus; a fairly well equipped
laboratory, and well organized systemsfor yisual position finding
and radio telephone communication.

6. The characteristics of the \-arious stations are indicated
asfoIlO\\"s:

Statioll K-3 .. -\ 110-ft. spar supported by two concrete blocks
about4-ft. high. There are two 50-ft. and two 100-ft. 2-spot
binaural base-lines equipped with \Y.E. 365-\Y hydrophones mounted
on the spar.The station was planted in ~oYember 1922 and is
connected to shoreapparatus at Fort ""right yia Fort Michie by a
4-conductor T-tube
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cable; a selector mechanism mounted on the concrete supports
permitsready selection of any of the four bases. This station was
built bylocal personnel to take the place of K-1 station which had
to be aban-donee! (see Figures 1 and 2).

FIG. 2. STATION K-3

Statiol/ ,\1-1. This station consists of two lOOOpound mine
anchors

e2ch supporting a 3-ft. U bolt on which is mounted one W.E.
365-Whydrophone. The anchors were planted about 600 ft. apart on
aneast and "'est line. and the hydrophones are connected to the
shorestation at Fort "'right by one -! conductor T-tube cable. The
stationwas established to determine the binaural characteristics of
a long base.

FIG. 3. STATION G-l

Station G-I. This is a 50-ft. 2-spot type of station conslst1l1g
of two large structural steel tripods joined at their apices by a
50-ft. woodenspar. There were one pair of \V.E. 365-W hydrophones
and one pairof Submarine Signal Company rats mounted on the tripods
about
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FIG. 5.
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6 ft. from the bottom. The station was planted in July 1921 and
con-nected to shore by two 4-conductor T-tube cables, one of which
(per-taining to the S.S. rats) has since been picked up for other
use. It isof interest to note that this station is sti!! in first
class working orderalthough it has been down for o'"er 18 months
(see Figure 3.)

Station E-I. This station was planted in NO\"ember 1922 and
con-sists of two large tripods, two special concrete base
structures, and onesmall tripod planted as shown in Figure 4. The
large tripods mount

FIG" 6.

two pairs of \Y.E. 365-\\' recei,"ers and one pair of
magnetophones; thetwo concrete base stations mount one pair of
large six button type of :ats de,"eloped by Dr. H. C. Hayes (see
Figures 5 and 6)" This stationIS connected to shore station at Fort
\\"right by one 2 and one 4 con-ductor cable; selector mechanism
mounted on the small tripod permitsthe ready selection of any of
the four binaural base lines. The two-Conductor cable was used for
operating the selector mechanism to keepthe switching currents off
the listening circuits.

Station F-2" This station consists of a 11O-ft. streamlined
15-in.
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I-beam supported by two steel tripods which also mount 3
selector potsand the junction box, as sho\\"n in Figures i and 8.
This is a multi-spot st3tion mounting two sets of recei\'ers, one
set of 12 \V.E" 365-\Vhydrophones and one set of 12 small Na\'y
rats; the receivers in each

FIG. 7. STATION F-2

set being accurately spaced 9 ft. apart. The station is
connected toshore by a i-quad (28-conductor) electrically balanced
cable designed

and built especially for this installation. By means of selector
mechan-ism mounted on the tripod and operated over the center quad
of the

FIG. 8. STATION F-2

cable, either set of 12 receivers can be readily selected for
listening.I t is of interest to note that there are O\'er 13 water
tight joints in thisinstallation none of which have shown any
defects since the station wasplanted on September 16, 1922.
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FIG. 9. STATION K-1

41

Station K-I. This station is a 90-ton 125-ft. caisson type of
stationprovided ".ith 5-ft., 50-ft., and 100-ft. 2-spot bases and
was plantedon September 15, 1921. It pro\.ed extremely difficult
and expensi\.e tohandle and when electrical troubles developed the
station \\'as abandonedas being too expensi\'e to raise and repair
(see Figure 9.)

FIG. 10. STATION.2. CovER REMOVED
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FIG. 11. STATION [-2. COYER IN PLACE

Statioll -2. This station consists of four different types of
hydro-phones mounted on a concrete block and coyered by one half of
a 24-in.mine case (as shown in Figures 10 and 11.) The station was
plantedto determine the relati\'e merits of a \Y.E. 365-\V
hydrophone, a smallNayy rat, a Submarine Signal rat and a large
6-button type of Hayes

rat.

FIG. 12. TYPES OF SUBMARINE RECEIVERS
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i. Some of the various types of submarine receivers
developedduring and since the War are illustrated by Figure 12. Of
these thelarge and small Hayes rats, the magnetophones, the W.E.
365-\V hydro-

phone,.the G.E. and 5.5. rats are the only types of interest.
The othertypes are obsolete and of no value except from a
historical standpoint.

FIG. 13. G. E. 50 FT. 2-SPOT ACOUSTIC eo"'PENSATOR

8. The compensator equipment available for use with the
waterstations consists of one multi-spot and four 2-spot
compensators, des-criptions of which are given in the order of
their delivery to this Section.

(a) One 50-ft. 2-spot acoustic compensator built by the
GeneralElectric Company for the Na,"y during the latter part of the
World

\rar, and turned over to the Coast Artillery when that branch of
thesen"ice undertook the development of sub-aqueous position
finding in
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FIG. 14. 22 FT. 2-SPOT ELECTRIC COMPENSATOR

FIG. 15. W. E. 100 FT. 2-SPOT ELECTRIC CoMPENSATOR

5214
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1919. This was the largest and probably the best two-spot
compensatorbuilt prior to 1920. (See Figure 13.)

(b) One 22-ft. 2-spot electric compensator having a vernier
reading

to four micro-seconds. This compensator was built during 1920
and1921 for laboratory use, according to specifications of Dr. G.
\Y. Pierceof Harvard, and is very satisfactory for the purpose (see
Figure 1 - 1 - . )

(c) One lOa-ft. 2-spot electric compensator provided with
t\\'ostages of binaural amplification and switching facilities to
permit theselection, over a 4-conductor cable, of anyone of eight
2-spot baselines.This compensator was the product of a development
contract made

i

: - t~~'!.'.

I .. \

I':..A~:

. '.' 1" \ 1 ' . 1

, 1 1 :

- f i .: ,,- \ .J. . . . .~ \ I )1

1.... ~.:.1..~ - , . ,i'~j ..rl

FIG. 16. SUB. S'G. Co. 100 FT. 2,SPOr ACOUSTIC CoMPENSATOR

with the Western Electric Company in 1920, and has pro\'en to be
avery satisfactory type. It is by far the best 2-spot compensator
everde\'eloped and with slight modifications will, it is belie\'ed,
be an en-tirely satisfactury type for standardization for 2-spot
equipment (seeFigure 15.)

Cd) One lOa-ft. 2-spot acoustic compensator built during 1921
and1922 by the Submarine Signal Company along the lines of
compensators

d~veloped in Germany. The compensator as it came from the
factorydId not prm"e a success and it is only since some changes
have beenmade locally that any promising results ha\'e been
obtained from it.Figure 16 shows the compensator as it was
delivered. The changes
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made, which seemed to impro,'e the compensator, consisted in
replacingthe heavy rubber ear tubes and ear pieces by brass
fittings tapered toaccommodate stethoscope tubes such as are shown
on the SO-ft. acousticcompensator described in (a) above.

FIG. 17. PIERCE ELECTRIC CoMPENSATOR

(e) One 12-spot electric compensator built for use with the
F-1multi-spot water station. This compensator together with its
waterstation F-2 are the products of de,"elopment contracts placed
withDr. G. \Y. Pierce of Harvard Cni,"ersity and the Steward Davit
andEquipment Corporation of :\ew York, during 1920. The
compensatorwas designed by Dr. Pierce and built by Dr. Pierce and
the GeneralRadio Company of Cambridge, Massachusetts. I t was
delivered tothis Section during 1921 and instaIled by local
personnel during 1921.
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The installation was designed to eliminate interference from
othership,; in the field and to increase the listening range by the
maximumeffect of the 12 hydrophones. Tests to date have indicated
that theinstallation will be very satisfactory; howcver, the
compcnsa tor switchhas many mechanical defccts and will probably
have to be replaced bya better design (sec Figures 17 and 18.)

FIG. 18. Two OF THE 24 TIME LAG CoLUMNS OF THE PIERCE
CoMPENSATOR

9. The shore station apparatus and equipment includes, in
additionto the compensators, rather an extensive storage battery
plant for powerfor the '-arious installations, a laboratory well
equipped for making

necessary tests, and switching arrangements to permit the use of
any~ompensator on any water installation or any number of
compensatorsIn parallel on anyone water installation. The switching
arrangementsWere installed by local personnel during 1922 and have
proven veryuseful.

10. ~leans for visual tracking of ,'essels to obtain data for
com-parison with that obtained by binaural installations are
provided byComplete position finding systems with baselines to
co,'er the entire

"-ater area used. There are short baselines at Fort \Vright and
Fort~l' ... Ichle and two long baselInes between the two forts. 1
\1uch of thedata for these baselines were accumulated bv the S. A.
S. R. Section buthave proven of considerable ,'alue to the eI1;ire
Coast Defenses.
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11. The present equipment, which has required all of 1922
forinstallation, is considerably more extensive and better suited
to carrying

on the development work than that available on January 1st,
1922,which consisted of two SO-ft. 2-spot water stations, F-l and
G-l, andthree compensators described under a, b, and c of par. 8.
The G-lstation is described in par. 6, the F-l station was of
similar mechanicalstructure but equipped with a war-time type of
hydrophone now obso-lete. This station was planted in 110feet of
water in December, 1920,and connected to the shore station at Fort
Wright by one 4-conductorcable; selector mechanism on the tripods
permitted the selection of 8 ft. and SO ft. binaural baselines.
Unfortunately the station took suchan unfavorable angle in planting
that the useful field was extremelylimited; this together with the
fact that the station was very noisyand equipped with an obsolete
type of receiyers made it of little useand the station and its
cable were picked up in 1922, the cable beingused for the K-3
station.

EARLIER TESTS

12. The first binaural test work of any material importance
startedabout Xoyember 1st, 1921, upon the completion of summer
waterwork. During the 1921-1922 winter months such tests were run
onF-l and G-l as weather and availability of boats permitted.
Reportscoyering these tests \,"eresubmitted early in 1922. The
follmving is abrief summary of conclusions drawn from these
tests.

(a) The G-l station equipped with W.E. 365-\Vreceivers was
far

superior to F-l station equipped with the old type of
seaphones.(b) The G-1 station was affected less by water noises
than F-1.

This was believed to be due to the fact that F-l was more
exposed andthe \vater was often very rough over the station.

(c) The 100-ft. 2-spot electric compensator provided \vith
amplifi-cation \vas far superior for general use to the 50-ft.
acoustic compensator.It was belieyed that with comparatively slight
modifications the 100-ft.electric compensator would be an entirely
satisfactory type for 2-spotinstallation.

(d) The 365-\Yhydrophones seemed to be far superior to any
for-mer type.

(e) On calm days with only one ship in the field it was
ordinarilypossible to track tug-boats, tramp steamers, etc., to a
range of 5000 to8000 yards and large 10,000 to 15,000 ton steamers
to 15,000or 20,000yards. It was found to be much easier to track a
yessel if it had a

characteristic thump or squeak which predominated abm"e the
otherdisturbances.

(f) \Yhen it was rough and the sea in the yicinity of the
watestation was coyered with \,"hite caps the listening range was
materiallYdecreased; often in \"ery rough weather being reduced to
2500 to 4000
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yards for tJlgs, etc. There was little opportunity to obtain
data on thispoint from large ships.

(g) A good listener under favorable circumstances with the
boatmaking small angular changes during the 15 second observing
intervalcouldobtain azimuth bearings of a ship to within a probable
error of about ~o, with extreme errors of from 1 to 3. Choppy sea
or a lack of a characteristic note in the ship's noises or
interference from otherboats in the field materially reduced this
accuracy.

(h) The presence of two or more boats in the field made
tracking

by a 2-spot unit difficult and often impossible.(i) Sound tracks
of ships obtained under favorable conditions byF-1\yith the
SO-ft.acoustic compensator and G-1with the lOa-ft.
electriccompensator gave range errors of from SOto 150 yards at
ranges of 4to 5 thousand yards. These tracks ,,-ere difficult to
obtain as the badangleof F-1 makes the field common to F-1 and G-l
very small.

PROGRAMFOR1922

13. (a) From the above data obtained from F-1 and G-1
installa-tions the program for 1922 was made up. This contemplated
thecompletion of the equipment now installed and previously
described.The following objects were in mind:

(1) Elimination of trouble due to interference.(2) Increase in
accuracy.(3) \Vithin limits of available cable place the stations
to cover the

entire entrance to Long Island Sound and especially to coverthe
target practice area.(b) It was believed the multi-spot unit would
increase the accuracy

and reduce interference, that the longer baselines \vould
increase theaccuracy and possibly reduce interference, and that a
suitable arrange-ment of the \vater stations would cover the entire
entrance to LongIslandSound.

RECEXTTESTS

14. (a) Lack of boats since the installation was completed
hasprewnted the making of necessary tests and entirely prevented
thecalibration or testing of the K-3 station; huwever by tracking
commercialshipping, which unfortunately \';as at close range, it
has been possibleto calibrate and test at short ranges the
multi-spot station F-2, one of the lOS-ft. bases of E-1 and to run
some tests on the other binauralbaselines. It has also been
possible to obtain a little data as to rangeof K-3station.

(b) From data obtained from the rather incomplete tests made
todate the following conclusions can be drawn:

(1) Previous data. The conclusions given in par. 12 above that
\Wredra\vn from the first tests of F-l and G-l ha\-e been
verified.
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(2) Compensators. An electric compensator is believed to be
muchsuperior to an acoustic compensator and it is doubtful whether
further

development of the latter type is warranted.(3) Interference.
The multi-spot unit F-2 eliminates interference

to a considerable extent and permits one boat to be tracked when
o~herboats are in the field provided the angular displacement of
the nearestboat is 5 to 10 and the boats' noises are of about equal
intensity.

(4) Accuracy. For the average listener a multi-spot
installationseems to give more accuracy under average conditions
than a 2-spotinstallation.

(5) Carbon Button Detectors. Of the various types of
submarinedetectors now developed the W.E. 365-Wseaphone and the
small Navyrat seem to be the best for sensitivity, tone and
quality. The develop-ment work on these types of detectors must be
continued.

(6) Magnetophones. It is possible to track ships by use of
magneto-phones with two or more stages of amplification, and
objectionablewater noises seem to have less effect than with carbon
button hydro-

phones; however the magnetophones are insensitive and seem to
soundnearly the same for all types of boats, the latter defect
being especiallyobjectionable from a standpoint of selectivity.

(7) Length of Baseline. Good binaural tracking has been done
onthe 50-ft. and 100-ft. two-spot bases and the 100-ft. multi-spot
base.It is believed any baseline not over 150-ft. in length will be
entirelysatisfactory. It has been possible to track a vessel by the
300 ft. base,but the binaural image was hard to find and did not
seem as sharp ason shorter baselines. No results have been obtained
from the 600-ft.baseline as it appears to be impossible to obtain a
sense of directionfrom such a long base.

(8) Short Finding Baseline. 'When using baseline of 100 ft.
orover it is very desirable to place a 50-ft. baseline at the
center of thelonger base to facilitate finding the approximate
location cif the ship.This is especially true if the compensator
has not more compensation

than the total length of the longest base 'with which it is to
be used.(9) Amount of Compensation. If practicable a
compensatorshould have at least 29c more compensation than the
longest baselinewith which it is to be used and the retardation
elements should becomputed for the lowest yelocity to be expected.
This is of specialimportance in a multi-spot installation.

(10) Amplifiers. It has been clearly demonstrated that one or
twostages of amplification such as are proyided in the 100 ft.
electric com-

pensator are advantageous.(11) Range. No very good data are
available as to ranges of these

installations as no boats for long range vmrk have been
available sincethe installations ,",verecompleted.

(12) Two-spot versus multi-spot. It is believed that a
multi-sp:Jt
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installation is decidedly better than a two-spot installation.
Howeveras there are uses for both types and the two-spot is less
expensive than

the multi-spot, it is believed development work should be
continued onboth types, the multi-spot having priority if funds are
limited.(13) Sound Source. A number of types of sound sources for
use

as datum points have been tried, no satisfactory type was found.
Twotypes are now under consideration.

(14) Quantity production. In case of national emergency data
isarailable to place in quantity production a very serviceable
two-spotbinaural installation; however, it would be better to
continue tests on

the two-spot before standardizing this equipment. The
multi-spotwater station seems satisfactory, but the compensator
switch needsradical changes before it would be available for
quantity production.

GENERAL PROGRAM FOR 1923

15. Tests of existing installation.(a) Run range and
interference tests comparing multi-spot and two-

spot installations.

(b) Calibrate and test K-3 station to have a complete
binauralbaseline to track vessels towing for target practice, and
favorable com-mercial shipping.

(c) Obtain comparative data as to relative accuracy and
interfer-encequalitities of 50 ft., 100ft., 300 ft. and 600 ft.
two-spot bases.

(d) Experiment with amplification for multi-spot and other
unitsusingcommercial amplifiers now available.

(e) Determine relative merits of various types of detectors
nowinstalled.

16. Laboratory tests.(a) Determine extent to which lack of
matching of two receivers

broadens the binaural image.(b) Conduct tests to determine
relative still water merits of existing

types of sound detectors and what modifications wiII give
improvements.(c) Deyelop and test directional types of receivers
with a view of

eliminating surface water noises.(d) Conduct tests of long
aerial binaural baselines to obtain data

as to limiting lengths, etc.(e) Deyelop better means for
matching hydrophones, for intensity

and phase, for multi-spot use.(f) Conduct additional tests to
obtain data on relations between

temperature, specific gravity, and velocity of sound in sea
water.17. Installation and development of new apparatus.

(a) Buy and install a new multi-spot switch for present F-2
unit.(b) Buy and'install a special filter to determine its
usefulness in

eliminating water noises and objectionable interference.(c)
Build and install, if funds are available, a complete
multi-spot

P R O P E R T YO F U . S ~
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range will be materially reduced. It shauld be nated in this
cannectianthat a ship can be heard at ranges cansiderably beyand
thase at whichbinaural settings can be abtained.

(b) Accuracy af azimuth determinatians. Far twa-spat 100
ft.installatians under favarable weather conditians with anly ane
baatin the field the average errar will pro.bably be between 7 .
4and 7 2 de-gree, with maximum errars af from 1 to. 2. Far a
multi-spat it will bepossible to. abtain this same degree af
accuracy with two. ar threeboats in the field if they have an
angular displacement af 5 to. 10 andare af abaut equal
intensity.

(c) Errors in locatian by complete sound positian finding
system.Range errors in location will depend on the angular errors
of the two.observing stations and the angle af intersection at the
target. Theyivillprabably vary bet\veen 50 and 500 yards.

(d) Camparison i\"ith visual. It is evident that sub-aqueaus
pasi-tion finding is far fram perfect and far from what is desired;
hawever,eventhe inaccurate data available fromS. A. S. R.
installations are betterthan no. data at all, which \vill aften be
a canditian during periods af

lowvisibility if anly visual positian finding systems are
available.DEVELOPMENT POLICY

22. It is believed to. be essential that the follawing paints be
givenconsideration in analyzing results abtained from or
determining anypolicy for sub-aqueous sound ranging dei"elapment
wark:

(a) The apparatus and its develapment are expensive and
itscommercial applicatian is limited.

(b) A small amount expended each year in development will
ac-complish more than large sums spent under the pressure of
Natianalemergency.

(c) Progress will often be slow and very discaaraging ..

(d) Development and test work should be concentrated at aneplace
'where necessary facilities are available. This place should
bereasonably close to. s~)Urcesaf commercial silpply.

(e) Boat service is essential during the entire year, and ane
mineplanter, ane D.B. boat af the "L" type and ane motar yawl af
the "M-100" type are the minimum requirements. Lighter "en"ice can
be hiredcheaper than it can be maintained.

(f) Xecessary elements af an installation must be individuallv
de-veloped before they can be cambined to. produce a practical
sy;tem.Far examp'le sub-aqueaulOpasitian finding is dependent on
the furtherdevelapment af a statian which \i-ill emsistently giye
accurate azimuth

to . a useful range"(g) The attainment of the desired degree af
accuracy and ather

desirable characteristics may nat be possible but it will
usually require
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a great deal of work to establish the negative and for this
reason fundsexpended on experiments that were a failure are often
well spent.

(h) There are a great many important points about which no
in-formation is available and relative to which data can only be
obtainedby expensive experimental methods.

(i) Funds can be spent more usefully in developing new
apparatusthan duplicating existing equipment.

(j) Plans should be kept in hand for quantity production of
thebest possible apparatus should such action become necessary,
butin the present state of progress, equipment should not be
standardized

and issued to the service as such apparatus may soon become
obsolete.Funds that would be spent in service installations can
better be spenton development work.

(k) A sub-aqueous position finding system is far from a
perfectsystem, and its value lies an an auxiliary and not as a
substitute forvisual systems.

(1) Personnel should be assigned to the work who have
reasonablequalifications and are interested. Research work cannot
be carried on

successfully by unqualified and uninterested personnel and
temporaryassignments to the work should be avoided. It requires at
least a yearfor an officer or enlisted specialist to become really
familiar with thework and in a position to aid materially in its
development.

(m) The personnel engaged in this work, as outlined in par. 3
isthe minimum that can efficiently carryon the development
work.

(n) Qualified clerical personnel is essential as the value to be
derivedfrom years of experimental work depends on how well such
"data aretabulated and filed.

(0) Although sub-aqueous position finding at present is far
fromperfect and there is much to be desired and a great deal of
necessarydevelopment work ahead, still it is believed, that
satisfactory progresshas been made since the Coast Artillery
undertook the work, and thattests to date have clearly demonstrated
that further development of this means of position finding is an
essential feature of our preparations

for National Defense.

HEADQUARTERS COAST DEFEXSES OF LO::\'G ISLAND SOUND

(SuB-AQUEOUS SOUND RANGING SECTIOX)

FORT H. G. WRIGHT, NEW YORK

REMARKS

1. Major Allen's statements seem conservative, almost to the
ex-tent of pessimism.

2. The binaural position finding system is poor when
comparedwith visual position finding in clear daylight but the
latter may be rated
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00%. The binaural system as at present developed IS
incomparablyetter than any other now under development.

3. Generally speaking the system promises to furnish position
find-Igdata accurate enough to permit firing at one capital ship of
a fleetlOvingat full speed at a range of upward of 10,000 yards
from thenderwater installation.

4. My general conclusions are-(a) That binaural position finding
is, and promises to remain, our

best means of obtaining firing data when we can't see.(b) That
Sub-Aqueous Sound Ranging will be a necessary auxiliary

to the defense of important harbors.

5. Major Allen and his assistants concur in these remarks.

(Sgd) R. S. Abernethy,Colonel, Coast Artillery Corps.


	
7/31/2019 Coast Artillery Journal - Jul 1923

58/96

The Importance of Coast Artillery In OurNational Defense

By Major Robert R. Welshmer, C. A. C.

II .UR ~ational p.olicy i~ essentially one .of
no~-~nterfere~lcein the

- affairs of foreign natlOns and results 1n a milItary polley
purely" defen(3ivein character. The popular slogan of more than
a

century ago "Millions for defense but not one cent for tribute,"
trulyreflects our present day National Policy. A defensive national
policydoes not preclude the use of military power offensively in
defense of ourcountry. We most probably would act offensively, and
this, at firstinstance, through our Navy.

The effective offensive power of our Navy depends to a large
extenton effective coast defenses in the continental United States,
Panamaand our Insular Bases. Admiral Mahan has emphasized the
importanceof our coast defenses as offensive agencies since they
facilitate offensiwnaval action, and this principle is recognized
by both the War andNavy Departments. In so far as the Army is
concerned, the mainagencies in coast defense operations are the Air
Service and the CoastArtillery. The Air Service in conjunction with
the Coast Artillery in-creases the efficiency.of our coast
defenses, but in no sense may it besaid that the Air Service limits
the need for efficient coast defense arma-ment, including
antiaircraft artillery, and personnel. Today, as in thepast,
effective coast defense depends primarily on effective seacoast
andantiaircraft armament, provided also that there be a sufficient
numberof trained coast artillerymen immediately m,~ailableto meet
any emer-gency.

The necessity for effective coast defense, in final
analysis-efficientand sufficient coast artillery-has ne,;er bee;}
greater than it is today.Recent treaties, rather than lessening the
importance of coast defenses.including fortified naval bases,
emphasize their importance. Theoffensive power of our own and
possible enemy navies is curtailed bytreaty limitations on numbers
and classes of ships. Coast defenses andfortifie::inaval bases
increase the offensive power of our Xavy, 50 thattoday, with
fe"\verships, coast defenses and the Coast Artillery Corp"

take on an added significance, because they offer the one
feasible a"well as legal method by 'which to obtain the maximum
effectiveneSi'from our fixed battleship fleet strength. The result
obtained throughadequate coast defenses approaches the
effectiveness of an increased

(56)
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fleet. This principle was recognized in the Armament Conference;
it isrecognized and appreciated by both Japan and England. In this
con-

nection recall the rycent action of the British Empire in
establishingan adequate fortified naval base at Singapore. By so
doing, the BritishEmpire secured for a fixed fleet strength an
effectiveness impossible tosecureotherwise, since an increased
battleship fleet is prohibited by therecent naval agreement.
Similar remarks apply to our established andprospective naval
bases. If you would truly appreciate the significanceof these
principles to our Navy, ask them what we lost in naval
effect-iyeness .vhen we surrendered the right to fortify Guam, the
StrategicHub, so to speak, of the Pacific; ask them what naval
effectivenesswould be gained by a fortified naval base properly
situated in the WestIndies. The following extract from a special
message to Congress on:\larch 5, 1906, by President Roosevelt is of
special interest as showinghis knowledge and thorough appreciation
of the importance of seacoastdefenses:

"The necessity for a complete and adequate system of eoast
defense is greater

today than 20 years ago, for the increased wealth of the eountry
offers more tempt-ing inducements to attaek and a hostile fleet ean
reaeh our country in a muchshorter period of time. The faet that we
no,v haye a Xayy does not in any waydiminish the importanee of
coast defenses; on the eontrary that fact emphasizestheir Yalue and
the necessity for their construetion. It is an accepted nayalmaxim
that a Xayy ean be used to strategic adyantage only when acting on
theolTensiyeand it ean be free to so operate only after our coast
defense is reasonablysecure and so recognized by the country."

Recognizing the above principles, we may assert with confidence
that

the mission of the Coast Artillery Corps in coast defense is of
an import-ance in our settled national policy second to no other
branch of theArmy. \Vhile the mission of the Coast Artillery Corps
in coast defenseis definitely prescribed, an eyident mistake is
being made by failure toproyide adequate means, particularly
personnel, for the effective ac-complishment of the assigned
mission. At the present time the efficiencyofOurcoast defenses and
necessarily of our Xav;r, is seriously affected bylack of Coast
Artillery personnel. \Yhile the importance of coast de-fenses is
recognized and \Var plans indicate the major role of the
CoastArtillery therein, nevertheless there is a failure to proyide
the peacetime personnel necessary to accomplish the prescribed
mission. More-OWl', our ,sen-ice schools fail to emphasize the
importance of CoastArtillery personnel and armament in coast
defense operations. Certainsen-iceschool coast defenseproblems fail
to shuwCoast .-\rtillery personneland materiel as being ayailable
agencies to be employed. \Yitness the

problem appearing in General Sen-ice School publication
"TacticalPrinciples and Decisions," Vol. IV. This problem fails to
show eitherCoast _-\rtillerypersonnel or materiel as being
ayailable for use in the?efense of the yicinity of Monterey Bay.
The problem apparently wasIntended to illustrate the case of an
attack on an unfortified harbor,
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yet not a single Coast Artillery unit is listed as being among
the availabledefensive forces. The vicinity of Monterey lends
itself exceptionally

well to the use of railway and tractor artillery suitable for
firing onmoving naval targets. The very best defense under any such
con-dition would be the installation and use of railway and heavy
tractorartillery, converting the locality into a temporary
fortified or strongpoint. By so doing the work of divisional troops
would, to say theleast, be greatly simplified. The best way to
repel a seacoast attack is to destroy the attacking personnel while
still on the water. CoastArtillery weapons and personnel are
especially adapted to this mission,

in fact, it is their main job. These suggestions are not
inconsistentwith the principles of "A Positive System of Coast
Defense," as setforth in the official publication, "Joint Army and
Navy Action in CoastDefense," which is now established doctrine.
That Coast Artillerymateriel and personnel are recognized as
available agencies, auxiliary of course, (but essential
auxiliaries), in these coastal operations is clearlyindicated from
the following quotation extracted from page 44, "JointArmy and Navy
Action in Coast Defense."

"If his ships were held at a distance by the fire of heavy
mobile artillery, hewould be denied the necessary artillery
preparation, because the guns of his fleetwould be unable to
deliver the observed fire required for the destruction of
widelyscattered machine-gun nests. He could expect but slight
relief from the pre-liminary destruction of obstacles, as the
attack of extensive belts of wire en-tanglement requires an
accuracy of fire observation and an expenditure of am-munition that
would probably not he within the capabilities of a fleet. He
wouldprobably be unprovided with or unable to make use of trench
mortars and otherspecial appliances recently developed for the
attack of such positions. Duringhis advance to the beach, his boats
would come within the range of small andmedium caliber guns that
would suffer little from any counter battery effortfrom the fleet.
Finally, on account of the extent and uncertainty of ranges andthe
flat trajectory of naval weapons, he would be denied any close
artillery sup-port at the moment of contact with his prepared enemy
on the beach."

These facts have been universally recognized in approved war
plansfor the utilization of the Coast Artillery Corps in coast
defense. It isof importance, however, that service schools
emphasize them in in-

struction. Failure to do so is a failure to teach the use' of
the verybest means provided for a particular purpose, and the
effects may befar reaching, for unless service schools emphasize
the importance of coast defense operations and indicate the proper
roleof the Coast Artillerytherein, our coast defense sectors and
sub-sectors may be commandedby officers"\vhohave no adequate grasp
of the problems confronting them.We do not want to have a "Port
Arthur" recorded in the pages ofAmericanhistory.

In this connection it is pertinent to remark that in the
mimeographedField Service Regulations prepared at the General
Service Schools, thesubject of Coast Defense Operations is
restricted to a very limiteddiscussion under the caption of Special
Operations. It is believed that
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inthe final publication of these Field Service Regulations,
Coast De-fenseOperations should be emphasized as much as has been
done by

theofficialpublication "Joint Army and Navy Action in Coast
Defense."Infact, the inclusion of at least the subject matter of
that pamphlet inFieldService Regulations would be a most effective
means of insuringproperdoctrine as to Coast Artillery personnel and
materiel being madeavailable to the service at large, including
Service Schools and Com- manders and staff officers of Regular,
Reserve and National GuardVnits allocated to important seacoast
areas, especially the PacificCoastarea.

As before stated, the responsible role of the Coast Artillery
Corps isrecognized and prescribed in War Department plans. However,
thepolicywhich prescribes and the policy which provides are
inconsistent.With an army of greater strength than in 1914 the
personnel assignedto the Coast Artillery Corps in 1923 is less than
in 1914, while at thesame time the Coast Artillery Corps has
logically been charged withthe service of antiaircraft defense,
which is of course an important ele-ment in Coast Defense. The
peace time Coast Artillery is patheticallyweak in numbers; so weak,
that if the people throughout the countryrealized the conditions
they could not possibly have that recognitionof "reasonable
security" which President Roosevelt believed to be sonecessaryin
1906. It has been shown that since 1906the importance of coast
defense has actually increased. These conditions are recognizedby
the War Department and provided for by large assignments of
~ational Guard and Reserve Units to the Coast Artillery Corps.
How-

e\"er,National Guard and Reserve Units cannot be made
immediatelya\"ailablein case of emergency and it is essential that
the Coast ArtilleryCorps have an increased peace time personnel
adequate for the per-formance of its logically assigned
mission.

Caretaker detachments are not skeletonized organizations that
inemergencies can be quickly expanded into effective coast defense
bat-teries; and coast forts, garrisoned by other than Coast
Artillery troops,are not a defense against hostile fleets, although
the public may not

yet realize this fact. vVith the present assignment of regular
CoastArtillery troops, and the relatively few National Guard Coast
Artillerywho are highly trained, it would take some months before
this force,Supplemented by the large number of National Guard and
Reservetroops which would be assigned to the Corps, could
effecth-ely man ourcoast and harbor defense armament. Evidently,
this is a lamentablecondition of affairs, as proper defensive
security dictates that the Navyand the Coast Artillery be prepared
and ready at the outbreak of hos-tilities-not some months later.
Give this preparation to our coastdefenses, and other branches of
our army will have the necessary timeto mobilize and train, for our
Navy .willbe free to carry out its true1l1ission. The truth of
these statements is so evident that it cannot
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long be ignored. There is every indication that a wiser policy
in refer-ence to coast artillery personnel is near at hand. The
Navy is reluctantly

admitting that the present army coast defense measures do not
satisfytheir requirements. This state of affairs is emphasized by
recentPanama Maneuvers, which showed the necessity for additional
anti-aircraft artillery and high powered seacoast armament.

There is a more or less popular belief that our present fixed
defensesare obsolete. This fallacious belief is accentuated by the
abandonmentof many of our coast forts, due to shortage of Coast
Artillery personnel,and turning them over to other branches of the
army to be garrisoned.

These defenses, generally speaking, if adequately manned are far
fromobsolete, for battle decisions will still be reached within
their limits of range. Moreover, many statements as to
vulnerability of certain of our older fixed batteries to air
attacks are misleading. These batteriesare not so vulnerable as
many would have us believe, for they can bedefended against air
attacks by the same methods that are used indefense of the newer
batteries. In connection with our present coastdefenses, it is
interesting to note the statement of a high ranking armyofficer 1 a
recognized authority on international affairs, in
commenting>onthe effects' of treaty limitations in naval
armaments. This officeradvances the belief, shared by many others,
that any limitation in thesize and number of ships has tended to
rehabilitate, as it were, ourpresent coast defenses, \\"hich are
certainly equal to the attack of theolder and lighter armed
vessels. He further believes that if not al-lowed in time of peace
to build large ships, armed merchant vessels will

become effective men-of-war, and against these ships our present
coastdefense armament is more than adequate, and will be needed. In
any.case our present defenses, adequately manned, serve a useful
purpose.Such defenses, supplemented by a few long range guns fixed
and mobile.with mobile high power guns now available, merit such
reapportionmentof the present army strength as will prO\"idea more
effective peace timeCoast Artillery. The importance of coast
defense is such as to dictatethat Coast Artillery personnel needs
be the first to be filled. Troops SJ

assigned can quickly be converted to other uses in case of
emergency.but the converse is not true. These facts have not been
appreciated.Given sufficient Coast Artillery personnel, our coast
defense system, themost \"ital army element in our Xational Defense
Policy, will be asefficient now as it was in 191-1,when our harbor
defenses were efficientlymanned and considered the best in the
world. That our coast defensesare not so efficient today is due
primarily to the late 'war, as a result of \\"hich too much
consideration has been given the special case of landwarfare in
France, ","agedby us with Great Britain commanding theseas.
Erroneous conclusions ha\"e been voiced helter-skelter as to
themission and effecti\"enessof coast defenses adequately manned in
peacetime. The recent war upset many ideas and convictions as to
efficiencY
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of arms and the manner of conducting operations, but the war in
noway upset the fundamental principles which for our country
dictate an

efficientcoast defense system. Moreover, the methods employed by
theCoast Artillery in 1914 are just as sound today as then, for the
warchanged no fundamental principles of Coast Artillery
technique.

The present policy which has limited Coast Artillery personnel
toan ineffective peace time force is unsound and not consistent
with our:\ational Policy. This condition will be changed sooner or
later. vVhenthe public realizes just the present condition of
affairs there will be ademand for effective coast defenses which
neither the War Department

nor Congress can ignore. At present the public, trusting
Congress,rests secure in the belief that our defenses are adequate.
One of thesedays there will be an awakening. The signs of the times
point that way ..-\ few days ago the New York Times quoted the
Secretary of War asstating that "he was humiliated when he was
greeted at Fort Rosecrans,supposed to protect the harbor of San
Diego, by a guard of 13 men."He further stated, "I don't know
,..here we are going to get the mento man the large number of forts
throughout the United States and itsinsular possessions. I admit
that San Diego should be properly defendedand should have the
proper number of men."

The situation which the Secretary of vVar portrays as existing
atSan Diego is typical of the condition which exists at every-
fortifiedpoint in tbe continental United States. Because of this
condition,brought about by the policy which provides inadequate
personnel tothe Coast Artillery Corps for the performance of its
mission, the Chief

ofCoast Artillery reported in 1922, that strong points
(fortified harbors)are strong points in name only, due to lack of
personnel. The defectivepolicy that brought about this condition is
being recognized by thosewhocan bring about remedial action.
Shortly before his death, GeneralGrant wrote "\Ve should have a
good Navy, and our seacoast defensesshould be put in the finest
condition." In a few vmrds General Grantoutlined the essence of a
proper military policy for a nation whosenational policy is
defensive and h\'o of whose frontiers are seacoasts.

+ + + + + + +
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N the JOURC\fAL for June, 1919, appeared an editorial
entitled"The Queen of Battles." From this editorial the following
twoparagraphs are quoted for consideration at the present time:

"This last war and every other war of any magnitude was not won
until the

Infantry, assisted by all of its many aids. had imposed its will
on the enemy'sinfantry. Let us not forget this. Let us never be led
astray by false prophetsor men who, immersed in the study of their
own arm, forget this fundamentalfaet of war. If you belong to an
auxiliary arm you must subordinate your train-ing, your
organization, and your thoughts to the needs of the Infantry.
Onlyby such a policy can you hope to be of adequate use to the arm
for whom youexist.

"This proper relation of all arms to the Infantry goes much
farther in itsapplication than to Divisions, Corps, and the Army.
It extends throughout all

our means and organ;zation for carrying on war. \Ye have said
that the decisionis only reached by Infantry action. This is true
in any cast. A Naval engage-ment simply decides upon whose soil the
final battle 'will bp fought. A harbordefense action will in the
end simply determine whether the Infantry of the enemywill land
conveniently in a sheltered port at his pleasure, or he forced to
comeashore on the beach to the great advantage of our Infantry. If
we gain controlof the sea we will invade the enemy to secure a
derision with our Infantry, andall arms, as aids, will accompany
it. If we lose control of the sea we will be in-vadpd. and all
arms, as aids to the Infantry, will take part in the struggle
with

the invading force. In either event there is no arm. no soldier,
no camp followerwho does not owe his allegiance and the
subordination of his spirit to the arm forwhose aid he is
created."

The doctrine which was intended to be imbued by the
publicationof this editorial is a sound doctrine for every branch
of the service tofollow; as much so today in the cool reaction of
peace, as it was when

.the editorial was written, with the flush of victory still in
the blood of all Americans. In this editorial was acknowledged the
claim long made

by tne Infantry itself that the Infantry is "The Queen of
Battles." Inits fundamental aspects the point of view expressed in
the quotationabove presented, is still sound. Nevertheless, it is
true that nothingwritten or spoken at any time carries the stamp of
absolute finality.

(62)
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In connection with the re-examination by the Coast Artillery
Corps of its mission, its means, and its place in the sun, we
should now criticise

and amplify our own earlier statement. When the statement was
made"a harbor defense action will in the end simply determine
whether theInfantry of the enemy will * * * *be forced to come
ashore on thebeach to the great advantage of our Infantry," an
under-statement was.made of the true service which should be
rendered by the Coast Artilleryto "The Queen of Battles." Again,
when in the same paragraph theassertion was made "if we lose
control of the sea we will be invaded,and all arms, as aids to the
Infantry will take part in the struggle withthe invading force,"
there was the same failure to conceive the initialresponsibility of
the Coast Artillery Corps, in its service to the Infantry_

The point involved may perhaps be illustrated thus: if along an
Armydefensive front in land warfare, a hostile attack is launched
against aportion of the Infantry's main line of resistance, there
be timely responseby the Field Artillery to the call of the
Infantry, so that the defensivebarrage breaks up the hostile attack
before it reaches the position of

our Infantry, all hands realize that the Field Artillery in this
instancehas done true service to "The Queen of Battles," and the
Infantry neednot and will not feel chagrined that the interposition
of the Field Artilleryhas rendered it unnecessary for the Infantry
to demonstrate its pre-eminence in bloody combat which would
involve the loss of Infantrylives. Very well, in somewhat parallel
fashion, if an enemy proposes toinvade our land by way of a
maritime frontier, will not the Coast Artilleryperform an equal
service to our Infantry, if by the fire of its mobile

high powered artillery, a hostile fleet can be held so far off
shore as toprevent it from bringing its transports close to shore
and covering withnaval gun fire the landing of troops on the beach?
If mobile guns ontractor and railway mountings can be concentrated
in sufficient numbersto hold the transports off shore and to sink
the small boats of the attackersbefore they reach the shore, the
lives of our Infantry will be saved, andthe defense will be truly
successful. By the methods of fire which theCoast Artillery has
developed, it is demonstrable that at least in a largeproportion of
the conceivable situations of this sort which may arise,an adequate
number of Coast Artillery weapons could prevent a hostileattack
from ever getting its feet on shore. \Vhenever Coast Artillerygun
fire can accomplish this achievement, our Infantry will be
trulyserwd in the consequent saving of Infantry lives.

Xuw this line of thought should not be misinterpreted nor
misunder-stood. It is clearly conceivable that there may be many
possible situa-

tions where the Coast Artillery could not prevent a hostile
attack fromgetting a foothold on shore. Aside from the immediate
reason thatat the critical time and place it might not be possible
to concentrateenough Coast Artillery guns and men, to accomplish
this end, there arealso the conditions of invisibility through
smoke or fog l,vhich would
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isolated points to be defended." The same statement occurs again
onpage 55. Now, as defined on page 53 of the General Service
School's

publication "A Textbook on Field Fortifications,""The strong
point is composed of several combat groups distributed both in

width and depth, and under the command of a single officer.
Although the normalgarrison of a strong point is a company, in
special situations it may be held by aforce varying from two
platoons to two companies depending on the terrain, thesize of the
defensive force, and other elements of the tactical situation."

This definition, especially as understood with its context
whichdefines combat groups and centers of resistance, embodies a
conception

of the size and function of a strong point which is very well
understoodthroughout the Army and which is in every way distinct
from the or-ganization, size and function of a harbor defense,
referred to as a strongpoint in "Joint Army and Navy Action in
Coast Defense." A seriouscomparison between the functions of a
strong point and of a harbordefense, will convince the reader that
the criticism implied in thuspointing out this difference is
prompted not by a quibbling spirit, buta desire that there should
be no misunderstanding on the part of any-one as to the real
function of a harbor defense. As time goes on, itshould become
apparent that there are other points which need nothere be
enumerated, in which the phraseology and the prescriptions of
"Joint Army and Navy Action in Coast Defense" can be modified inthe
direction of improvement.

If the reader has had the patience to tarry thus far with this
screed,he may be prepared for the statement that its real purpose
is to remind

Coast Artillerymen that for the particular weapons at their
disposalthere is \';ork to be done and a mission to be executed,
which is broaderthan has in all cases been appreciated either by
Coast Artillerymen orothers, a work to be done which no other Corps
can do as well. Notall Coast Artillerymen need to be informed or
confirmed in their belief as to The Importance of Coast Artillery
in our National Defense, buteven those who do not need so to be
com-inced will read \vith profitand interest Major vVelshmer's
article on this subject in the presentissue of the J OT;RXAL. vVhat
all of us do need to realize is the full extentof responsibility
which the Coast Artillery should be prepared to acceptin National
Defense, if given the adequate means and opportunity.Those of us
\vho believe with Major \Yelshmer, that at the present timethe
Coast Artillery Corps is being afforded but scant means to
preparefor the acceptance of its ultimate responsibility, must
neverthelessfrankly realize that the present condition of affairs
is one which is the

logical result of circamstances, many of them harking back not
only tothe \\Torld\Var, but to 1907and earlier. The immediate and
pressingneed is that Coast Artillerymen themseh-es should unitedly
join in theclear thinking which will lead us to a common conception
of what thedoctrine of ;xational Defense sh:mld be i:l its
relations to distinctly
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Coast Artillery effort, so that we may be able as the occasion
affordsto present the Coast Artillery case with confidence and
fairness. It hasbeen truly commented -by many Coast Artillerymen
that the CoastArtillery phase of national doctrine has not as yet
been completely setforth in any form upon which all thinking Coast
Artillerymen may agree.This observation is true, but is not by any
means to be considered acause for pessimism. The fact of the matter
is that there is probablyno other branch of the Army whose problems
have been so widelyextended as have ours. This extension of our
problems has occurredthrough the impacts and reactions of the
changed conditions of Navalwarfare, the tremendous increase in
variety, power and range of all ourweapons, the influence of
aviation and chemical warfare, and above allby the promulgation of
"A Positive System of Coast Defense." Allthe(3eimpacts and
reactions are but a challenge, and if ~he challengecan not be met
in a day, we need not be depressed, but should be stimu-lated to a
heightened endeavor. Nevertheless, the very combination of facts
that in all its phases, Coast Artillery doctrine regarding
technique,

command, and our relations with other arms, is not finally
perfected,coupled with the fact that the Coast Artillery today is
in many respectslaboring at a disadvantage, demands that Coast
Artillerymen every-where bend their keenest energies to the
moulding of a common opinionwhich we will be prepared to back to
the limit of our powers. NeverWasthere a.time when a greater need
existed that all Coast Artillerymenshould be Coast Artillerymen in
fact as well as in name. I t is true weare first of the Army, but
let us never forget that as loyal and efficientCoast Artillerymen
we will best serve the Army, and prove that theCoast Artillery
Corps is an indispensable servant to the "Queen of Battles."

+ + +

The Journal Needs TranslatorsThrough its exchanges and otherwise
there is constantly coming to

the COASTARTILLERY JOUR~ALa mass of valuable material in
foreignlanguage~, much of which would no doubt be of extreme
interest andgreat value to Coast Artillerymen. Through the
cooperation of numerousofficers, the JOUR~ALis able to obtain
translations and digests of someof this material, particularly in
the German, French and Italian lan-guages, but the Editor would
appreciate the sen'ices of several more

officerswho would be willing to undertake translations from
these threelanguages and in addition there is an especial need for
the same kindof assistance "\vith regard to publications from the
Danish, Swedish,2\orwegian, Spanish and Portuguese languages.
Accordingly, it is re-quested that any officers who would be
'willing to undertake vmrk of
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this kind communicate with the Editor. It is believed that much
of the material now becoming available in foreign publications
reflects the

digested experience of the World War to an extent that should
makeits perusal of distinct interest to the translator, and
unquestionablyof great value to the Coast Artillery Corps as a
whole.

+ + +

The Beaten Zone

With something like a sigh of relief the announcement is
offeredthat The Beaten Zone makes its last appearance with this
issue of theJOURNAL, for the time being at least. It is probable
that some monthshence, through the cooperation of Major Oliver L.
Spiller, commandingthe 61st Artillery Battalion, Antiaircraft,
there will be presented ashort course of map problems in the
tactical employment of an Anti-aircraft Artillery Regiment,
paralleling the course just being terminatedin the employment of
tractor and railway artillery. With the exceptionof such an
antiaircraft course, it is believed that the mission of theBeaten
Zone is accomplished. When the Beaten Zone was inaugurated,in March
1920, the War Department correspondence courses for CoastArtillery
Reserve Officers had not been established, there were manyessential
elements of Coast Artillery technique which seemed to be in astate
of flux, and for which at any rate no adequate and up to date
texts

had been prepared, a need for actual problems to be used in R.
O. T. C.instruction had been expressed, and within the regular
Coast ArtilleryCorps itself there was a considerable proportion of
commissioned per-sonnel of limited experience and training. Today
the official corres-pondence courses are in operation, Coast
Artillery technique is in afair way to standardization, and
numerous Coast Artillery texts havebeen published, R. O. T. C.
instruction has become well organized, andthrough practical
experience and attendance at the Coast ArtillerySchool, the
commissioned personnel has shaken down to a desirablestandard of
familiarity with our especial technique. Consequently,with the
passing of the temporary conditions which seemed to renderthe
Beaten Zone enterprise desirable, this department may >vell
giveway to afford space for more pressing matter. During its career
theBeaten Zone has included courses in adjustment of fire, gunnery,
anti-aircraft gunnery, orientation, administration, and the
employment of

heavy artillery. All of these problems were produced under
pressureand never presumed to represent perfection, If to some
extent, hereand there the .. vork of Coast Artillerymen has been
lightened or sup-ported, the Beaten Zone may nmv be
discharged-"service honest andfaithfu1."
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materiel for the Coast Artillery will be welcome from any member
of the corps or of Ithe service at large. These communications,
with models or drawings of devices ~proposed may be sent direct to
the Coast Artillery Board, Fort Monroe, Virginia, ~~and will
receive careful consideration."-

JOURNAL OF U. S. ARTILLERY, June, 1922.

:@:~~~~~~--~-~-~-~-~~~~~~~~~~

Work of the Board for the Month of Mav, 1923

A. New projects illltiated during the Month of May, 1923.1.
Project No. 122. Range Corrector for 155-mm. Guns.-See Figure
1.

This device consists of an hexagonal shaped pulpboard base, on
which is mountedin a recess, a circular piece of pulpboard. CUlves
of ballistic effects are plottedon the face of the circular
pulpboard. Opposite the periphery of the circularboardand on the
base is a scale of yards for plus or minus corrections. A radialarm
of xylonite is graduated in range. The radial arm i~ brought to an
inter-~eetionwith a selected curve at the proper range and the
resulting correction isshown at the periphery of the circle. The
algebr:Jic sum of the corrections isappliedto the true range.

The corrector is designed to avoid computing initial ballistic
corrections andtoobtain a range correction rather than a corrected
range as is the case in generaluseof the comparatively expensive
Pratt Range Board.

Two of these devices have been issued to the 155-mm G.P.F.
batteries at FortEustis for test at target practice.

2. Project No. 123. Percentage Range Elevation Devices.-This is
a con-sideration of means for fixed and mobile artillery of
applying ballistic and arbitrarycorrections as a percentage of the
range. The Pratt Range Board, or a modifica-tion of it, or the
circular range corrector described in Project 122 may be usedto
obtain the initial ballistic correction. This correction, together
~withthe arbi-trary corrections obtained during adjustment fire,
may be applied through anequicrescent scale to a logarithmic scale
of ranges. Corrections applied in this

manner will vary as percentage corrections and will hold true
for a considerablechange in range, or until new ballistic or
arbitrary corrections have been deter-mined. Devices for
accomplishing this will be tested by the Railway and
TractorArtilleryunits at Fort Eustis, and by fixedbatteries at Fort
:\10nroe.

3. Project No. 12-1. Battery Charging Plants for Small Tactical
Units.-The specifications of a small electrical plant for charging
storage batteries wereSubmitted for comment. The Board found that
the charging set described wasnot adapfed for use by the Coast
Artillery. It ,vas too heavy to be carried con-veniently to
outlying stations and did not have sufficient power to charge
the

relatively heavy batteries used near the guns. The Coast
Artillery is not par-tieularly interested in the development of
very small eharging sets.

4. Project :\0. 125. Type EE-8 Telephone, Signal Corps.-This is
a localbattery telephone intended for field use by all arms. Its
"eight is 14 pounds.It is equipped with a handset, an additional
band type watch case head receiver,
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and a plug and jack for use in connection with a gas mask or
other extra transmillcr.The Board has recommended approyal of the
design and the use of the fibre

coyered wood case in preference to the leather case.

5. Project 1':0. ]26. Extension of 6-inch eleyation
Tables.-Because of themodification of certain 6-inch batteries to
permit an eleyation of 20 degrees. ncwcleyation tables are required
extending graduations on range drums. Thesetables IJaye been
prepared. ~

6. Project 1':0. ]27. Heyiew of Training Hegulations.
1':0.4:3;>-210, Gunneryfor Antiaircraft ioolachine Guns.-These
regulations are being studied by theBoard.

52~

FIG. 1.

7. Project :\0. ]28. :\IanuaI for Coast Artillery-Air Sen"ice
Cooperation.As a result of the Joint Coast Artillery-Air Seryice
:\Ianeuyers of October-:\o\"CI1I-ber, ]922, The Adjutant General
has directed that this manual be prepared. Itis intended thaC
eyentually the subject matter of the manual will be included
inTraining Hegulations. The manual is to be prepared by the Coast
Artillery

Board in collaboration with the Commanding Officer. Langley
Field.8. Project :\0. ]29. Angular Gnits of :\Ieasurement for Coast
Artillery.-This is a study of the feasibility of cOIl\"erting all
Coast Artillery materiel to asingl eunit of angular measure. It
appears that as between mils, degrees andhundredths, and degrees
and minutes, no material a(h"antages are possessed by
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one oyer the other from the viewpoints of accuracy,
cOil';enience, or adaptabilityto field conditions. The
recommendations for a choice of unit will be governedby such
considerations as wartime supply and training, and the cost of
converting

materiel to a selected unit. The adoption of a single unit for
the measurement of Yertical as well as horizontal angles has been
recommended. After data as toeonnrsion cost, and wartime supply
have been obtained, a particular unit and aeonyersion policy to
that unit will be recommended.

9. Project Ko. 130. Training of Meteorological Details.-The
proceedingson this Project as submitted to the Chief of Coast
Artillery are as follows:

a. General discussion and conclusions.-The Coast Artillery Board
is of the opinion that steps should be taken to

insure the proper use of meteorological equipment issued to
Coast Defenses; that~ufficientpersonnel should receive training in
meteorological work to insure theprocuring of meteorological data
for target practice; that a knowledge of thefundamentals of
meteorology and the securing of meteorological data should bemade
more general throughout the service.

The subject of "Meteorology" will be covered in the Training
Regulations tobe published under that title and is at present
sufficiently cO\"ered in a printedpamphlet entitled Meteorology for
Coast Artillery published by the Coast ArtillerySchool. This
pamphlet is comprehensive in its scope and includes a
generaldiscussion of the subject, the use of meteo
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