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PREFACE 

During the World War submarine listening devices nncl means of 
locating objecbs by under-water sound transmission were cleveloped 
by tlie military forces of the United Sttites and other count.ries. 
I n  1983 the United 8titt.es Coast. and Geodetic Sur\-ey, in coopera- 
tion with tlie United St,ates Bureau of St.andarcls, began experiments 
in the use of siinilar niethocls for position fincling in 1iyclrogra.phic 
surveys. This work was successful, and the resuking apparatus and 
niethocls mere first used for the control of hydrographic surreys in 
1924, under t.he opera.t.ing terni '' Radio ncoustic ranging." The 
equipient and details of operation a s  first, developed are described 
in Coast a.nd Geodetic Snrrey Special Pnblicxt.ion No. 107. Radio 
Acoudtic Method of Posit.ion Fincling in Hyilrographic Surveys. 
preparecl by members of the two services nientioned aliore, who were 
engaged in t,he derelopnien t. work, and published in 1954. 

Since the clnte mentioned this niethocl of cont.ro1 lias been used 
estensively by 6lie siirvey ships Gw& and Piomw, opera t.ing on the 
Pscific coast of the. Unit,ecl St.ates, ancl, due to the zeal and ability 
of the officers and ot.lier personnel of t,liese ships? a nniiiber of im- 
provements have been made, all t,eiicling t,on-arcl st.anclarclizat ion. 
siniplifica.tion, and increased efficiency. 

This pulilica.tion has bee.n coinpilecl from reports submittecl by 
Hyclrograpliic and Geodetic Engineers T. J. Malier nncl R. P. Luce, 
the coinnianding officers of the ships mentioned above. Its piiqiose 
is to describe the. apparatus ancl inethocls in use at, tlie present. time 
and t,o asseinble the knowledge regarcling clet.ails of operation that 
lias been acquired t.0 clate. 

It should not be considered as presenting a. completely clerelo1;ed 
and fully st,anclarclizecl engineering practice, snita.ble for iise nncler 
all conditions and in every region. Like all radio and elect.ric:il 
a.pparatus, the equipment is subject to improvement., and a few de- 
fects in operation, such ns blie failure of sonncl to carry under cert.nin 
conditions and interference a t  shore st.ations, are not, as yet, fully 
understood. Fnrt.liermore, nmny of t,he detata.ils of sliore-stat,ion 
installat,ion described herein have been worliecl out for a cert,ain type 

Historical clet.ails regarcling tlie early development of this iiieaiis 
of cont.ro1. the personnel engngecl therein, and t.he division of ~ o r k  
between t,lie orgqnizations concerned have been oniit,tecl. This in- 
formation. ns well as details relative to the changes that have been 
niiicle. may be olitained Iiy referring t,o the first piiblicntion on tlie 
subject,. 

of coast. and may reqiiire niodificat,ion for use in other ic,i a 'cr 011s. 

IV 



GEMEBAL STATEMEMT 

Nautical cha.rts, upon wliicli ma.riiiers must clepend for the safe 
and especlitions nsvigation of t,lieir ships along coasts and into har- 
liors, are brisecl chiefly on hydrographic surveys. In orcler t,lint each 
chart may .furnish an accnrat,e representation of the area that it 
covers, such surveys, involve, a.s one of a niiinber of essential opera- 
tions, the caref nl location of the numerous soundings by which the 
depths throughout the area under survey are deteminecl and of 
the fei~t~urcs, such as  rocks, reefs? wrec.lage, and aids to navigation, 
that innst be charted for the guiclance of navigators. This operation 
is generally ternied ‘i position fincling.?’ It is a.lso necessary in order 
that t,he courses of the various vessels engaged in baking sounclings 
mey be directed in such n manner as to secure a coniplet,e snrvey in 
an economical manner. 

For hydrographic surveys within sight of objects on or near the 
shore? t.he methocl nlrnost universally followed for position finding 
is to locate accurately a, sufficient number of suita.ble objects and t-lien 
to determine the position of the souncling vessel at  short intervals 
IJY angles, observed froni t.he vessel, between t,he fisecl obiects. 
(See fig. 1.) Visible features are often located by angles observed 
froni two or more. of the fisecl ol)ject.s, and this method is soinetiines 
used t.o locat,e the souncling vessel. 

When outside t,he limit of visibility (as imposed by the curvature 
of the earth) of fisecl object.s, a nunilier of methods of control have 
heen available in the p a s t a l l  less accurate and consequently less 
satisfact,ory t,han fised position work1 This, however? is only one 
of two nnf avorable conditions with which the. hyclrogrnplier niust 
contenc‘; in obt,aining positions. The second is the fact t h tS  observn- 
tions on fisecl objects, even when well wit.hin t.lie.ir norinal range of 
visibilit,y, 1na.y lie preventecl by fog, haze, or oblier tliiclr weather. In 
inany regions atinospheric conditions of bliis nature interfere seri- 
oiisly with the progress of 1iyclrogra.pliic surveys. The desirability 
of a method of position fincling t1ia.t will obviate these clifficult,ics is 
apparent, and it is for t.liis purpose that radio a.coustic positmioil 
fincling was developed. 

~ ~ 

For details relative to the methods used by the Coast and Geodetic Survey for hydro- 
graphic surveys, includiug information coiicernlng the vnrions methods of position finding, 
see the Hydrographic Manual. Special Pnblicatim No. 143, issued by the bureau. 

1 



2 U. S. COAST AND GEODETIC SURVEY 

This method is based on the fact that sound travels through the 
water with a definite velocity, snficiently uniform for the purpose 
required and capable of accurate measurement by tests. The posi- 
tion of a point is deterniined by creating a sharp sound under mater. 
measuring the tinie reqiiirecl for this sound to reach the sound- 
receiving ap1)aratus of each of two shore stations. and then coni- 
puting t.he distance between the known point,s and t.he point, to be 
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FIG. 1.-Position flnding 

Points sucii a s  A, B, and 0 are located accurately and are  plotted in their proper reln- 
t i re  positions on a projection of suitable scale. Any point such ns 0 can then be located 
by observing the angles R and L, for a t  no other point from whlch C is the right and A 
the left object (uuless 0 is on the circle passing through A, B, and C) will they have the 
same values. In hydrographic work the position of 0 is plotted with a three-srm pro- 
tractor. This is the method used for position finding when In sight of known points. It 
is evident. however, that. if the distances OA and Oc? can be measured. nn equally satis- 
factory location of 0 is obtained by the intersection of the arc ae, of which the distsnce 
OA is  the radius and A the center, and the arc  ec, of which the distance OC' is the radius 
and (I the center. This is the  method used in radio acoustic position flnding. 

locat,ecl from the elapsecl t.imes and the velocity of sound in mater. 
(See fig. 1.1 
' The shore stations' sound receivers are accurately located at sites 
far enough apart so that the distance arcs will give good intersection 
throughout the area where they are required for control. A tliird 
station niay I>e provided as a check. but it is not essential. Inipor- 
tant requirements for this method, as well as for visual fixes, are that 
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the survey ship must, have direct control of the observations, and that 
results must be available very soon after observations are completed. 

I n  the past a survey controlled by visual observations on control 
objects has been refe.rred to as ’‘ fixed position ‘’ work. As this term 
must now be extended to include radio acoustic ranging, it is cus- 
tomary to distinguish bet.ween the two metboils by referring to the 
older method as b6 visual position ” or “ visual fix ” work nnd to 
designate the radio acoustic niethod by the abbreviation R. A. R. 

Radio acoustic control has been used on the. north Pacific c.owt 
of the United States for the past four years and, under the condi- 
tions encountered in this region, its value has been proved in “very 
respect. Hydrographic parties have been able to carry on their 
woi*k with little regard for weather conditions and to increase their 
output inany times over that possible with metliocls previously 
available. A position 306 nliles offshore has been obtained by this 
met.liocl, and little difficulty has been esperienced in its regular use 
out to tlie limit fisecl for hydrographic surveys, 50 to 70 miles 
off sliore. 

The apparatus required for radio acoustic position finding falls 
naturally into t,wo classes-that provicled on board ship and that 
inst.allec1 at. shore stations. These will be taken up in tlie order 
named, after which the methods of operation will Ix described. 

I n  the sections relating to sllip and sliore. apparat,ns, a rnclio 
acoustic set recently constructed in the instrument division of t.he 
bureau is used as R basis for the descriptions and illustrations. As 
standard radio parts obtained from diflerent manufacturers may not 
be iclentical in construction, and as the arrangenient of siicli parts 
and their assembly in cabinets is often matter of individual pref- 
erence, the descriptions a.ncl illustrations may not conform in all 
respects to sets in previous use. 

SHIP APPABATUS 

The apparatus proviclecl on shipboarcl consists of equipment for 
producing rz sound under water; for clet.ectinv the sound impulse 
when it reaches tlie ship ; for receiving radio signals that announce 
the arrival of the sound impulse at each shore station: and for record- 
ing the receipt of sound and radio signals in such a nianner that the 
tinie intervals between tlieni can be determined. The principal itenis 
of equipnient are as follows : 

(a)  Bmnbs.-The iinder-water sound is obtained by exploding a 
bonib. Various sizes are tzsecl, depencling on the clistaiice from shore 
stations and other considerations. 

( 6 )  h‘ound .r*mei.zw.-Tlie sound of tlie bomb esplosion is picked 
up by a suitably designed and loca.tec1 receiver which is connected 
electrically with an amplifier. 

? 
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(e) *.lnl.;l.'l,~~er.-Tliis apparatus is also connected with o radio 
receiver. I ts  purpose is to amplify both souncl and radio signals 
suficiently to operate a relay. 

( d )  Rndb epi;vnw~f.-A short -wave receiver is used to pick 111) 
radio signals froin the shore stations and for general communication 
with tlie stations. For the latter purpose a transmitter, of co~irse, is 
also necessary. 

(e) ~~~.~o?bog.m~l.h.-Tliis instrument has two pens. One of these, 
actuated by a split -second chronometer, d r a w  on t.he tape a seconcls- 
of-time scale. The other pen is connected with the relay mentioned 
above, so that it records on tlie tape the receipt of the souncl and radio 
signals. 

BOMBS 

The bombs used in radio acoustic work are macle up by t,he survey 
parties. Each bonib consist,s of a container: esplosive, detonator, 
and fuze. 

Containem-The container is usually an ordinary commercia.1 tin 
can with friction top. Three size-ne-half pint., 1 pint, and 1 quart 
(holding one-half. 1, and 5 pounds of esplosive, resliect.ively) -are 
used. For unusually great distances or with special conclit.ioiia such 
as intervening shoals, banks, or ridges, a larger cast-iron spherical 
container mag be necessary. Such a container usiially has an out.sicle 
dianieter of 7% inches, is one-half-inch tliiclr, has one flat. surface 
about 2% inches in diameter to prevent. rolling in a seaway, a.ncl 
holcls about 4 pouncls of esplosive. 

The size of bonib required depends on the clista.nce' from control 
stations and other conditions and can be cleteriiiinecl only 1)y actual 
esperience on the working ground. Under the most favorable con- 
ditions (deep water a.nd uniform bot.toiii) a small bonib will often 
carry a long distance. Under other conditions the ef€ect,ive distance 
of any bomb may be very uncertain. 

Explosive.-Trinitrotoluol, commonly called T. N. T., is the. e,splo- 
sivc. Loose T. N. T., grade A, as furnished by the United States Navy 
Department, is generally used. Cast blocks of this esplosive, known 
as Triton blocks? each weighing one.-half pound, covered with B thin 
copper plating and having n hole for tlie clet.onat,or, are obtainable 
froni the. 'Ilnited States Engineers. These esplocle with a sharper 
souncl than the loose material! but a.re more difficult to detonate. 

T. N. T. is a light, yellow, cryst,alline substance, relatively insensible 
to slioclrs, friction, or pressure. I t  ha.s high chemical stability, even 
when subjected to temperatures as high as 150" F. for B considerable 
period. At  18W C. there is a slow evolution of ga,s and a.t 300' C. it 
ignites. When a small, unconfinecl qmntity is ignited, it burns 
slowly, giving forth a dense black smolre. Its cleiwity ranges from 
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0.75 t.0 1.0 (hand packecl) . Grade B of this explosive, cla.rler in color 
and containing niore. impurities. niny be used if grade A is not ob- 
t ainable. 

Detonators.-The cletoiiators generally used are commercial blasting 
caps, noneledric, No. 8. Army blasting caps, No. 8, are slightly niore 
powerful ancl are especially desirable if it  is necessary to  use cast 
blocks of esplosive. 

Blasting caps are sinall copper t.ubes containing f nlniinate of 
mercury. The ignition point of this substance is above 1511" C. It is 
not affected by variation in ordinary st,orage t,emperatures but slloulcl 
be ke.pt dry. The esplosive act.ion is very sudden, violent,, and de- 
structive. Fulniinate of mercury is readily detonated by f rict.ion, 
shock, sparks, and snlphnric or nitric acid. 

Fuze.-Strundnrcl conimercial, slow burning, waterproof time fuze is 
used. It has a powder core in a center of jute or similar material 
with n triple taped covering which is cont,ecl with a bitmumastic or 
asphalt conipouncl. I n  cool weather t,he fuze should be warmed 
sliglitlg before using to prevent cracking of tlie waterproof coni- 
pouncl. This fuze burns in air at. an average rate of 1. inch in 4% 
seconds. but the bnrnina rat,e in water of the fuze in use should be 
cleterminecl esperimentally, as the clifferelit, brands vary soinewhaf 
and usually bum a t  a different rat.e in air ancl water. 

Construction of bombs.-The first operation in niaking up a can bomb 
is to weight. the container-by filling it about. one-third full of 
cement,, which is allowed to harden, or by placing iron disks in tlie 
bot.toni to give a weight, of about one-half pouncl per pint of capacity. 
In the cover of tlie can a hole slightly larger than the cliaiiieter of 
detonator is punched. The can is then filled with esplosive and 
covered. I f  it is desired to use less explosive than t,he capacity of 
t,he container, tlie T. N. T. should be placed in the can first. and the 
remaining space filled with clean? dry sand. 

One end of a. snit.atble length of fuze is inserted straight into t.he 
det.onator as fa r  as it. will go without any twisting motion. I f  
rotated when in contact with the detonating material, the frictioii 
might, cause the cap to  explode. 9 pair of special blasting-ca.p 
crimpers are nest. used t.0 criinp the detonator onto the fuze. The 
crinip should be about one-eighth inch from the open end of the cap, 
care being taken not. to squeeze the detonating niaterial itself. 

Through tlie hole in the cover a cavity is macle in t.lie esplosive, 
using a pointed hardwood st,ick to inalre a. hole slightly larger than 
the cap; the detonator is inserted well within tlie esplosive. and the 
joint wade water-bight between t.he fuze and cap. This may be done 
with yellow soap or, better, with modeling was, albliough tlie latter 
is niore espensive. It is not necessary to make tlie can' itself water- 
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tight., but quit,e essential that no water ge4t in between the cap and 
fuze. 

Another and more effective method is to use a quick-drying coni- 
pound, such :is supplied by some f nze iiianuf acturers. -4 product 
known as " celakap '' has been used with good results. The cap 
with about one-quarter inch of fuse is clipped into the compound a.ncl 
held so that the, material will flow clown around the joint between 
cap and fuze. I n  about a minute this compound will be sufficiently 
dry to produce a waterproof joint b.ut will still be soft enough, so 
that tlie material adhering to the cap and enlarging it,s diameter will 
not interfere with the insertion of the cap into the hole in the 
T. W. T. Further dryi.nng of the compound eflect.ively cements the 
cap and fuze into the. explosive, so that t,ying will probably be 
unnecessary. 

The method used for cast,-iron bombs is similar to tlie above. This 
type of container has a %-inch filling hole and may have a second 
hole at the opposite end of a diameter. In this case one hole should 
be tapped and plugged with an eye-bolt,, which will add to tlie'con- 
venience of handling the bomb. A funnel is used to pour in the 
explosive, no additional weight king required. An alternate 
method of sealing the filling hole is to provide a. hole for the fuze 
in a %-inch cork which is clrawn over t.he fuze until it is just above 
tlie detonator. This cork is jammed into the filling hole, and a 
quantity of modeling was is tmiped around it. 

For pressing e.xplosives into the cans a wooden implement, sim- 
ilar to a potato masher, flat on the bot,toni and slightly smaller in 
diameter than the smallest can, may be used. A similar implement 
of smaller cross section may be used for the cast-iron containers.. 

I n  nia.king up Triton block bombs a cIet,onator and fuze are inserted 
in the hole in the block and covered with yellow laundry soap. 

Precautions.-A number of containers may be filled with esplosive 
before t.lie bombs are needed, but under no circnnistances should a 
cletonat,or and fuze be insertd until just before a bomb is to be 
fired. Only one bomb should be thus completed at  a time, and this 
must be kept well away from all other esplosive. Smoking or a 
flame of any kind must not be permitted near the place where the 
bombs are assembled. 

Grade B of the esplosive leaves a stain on bhe hands and is 
poisonous. When it is hancllecl, either rubber gloves shonld be worn 
or the hands washed with the following lotion, which, when allowed 
to dry on the hands, closes and protects t-lie pores: 

Heat 
to boiling poiut and then add 56% grams casein. After casein is dissolved add 
350 cubic centimeters of distilled water. 

Take 0% grams boras.nnc1 232% cubic centimeters of distilled water. 
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Aclclitioiial precautions with regard to storage are given below. 
Storage.-T. N. T. should he stored in a inagazine that is kept thor- 

oughly clean ancl is used for the storage of no other material escept 
the containers. It should be handled as little as possible and kept 
free froin dust, oil, arid, ancl alkali; the latter increases the sensitivity 
of the esplosive. I t  should be kept dry ancl not esposecl to direct 
sunlight or subjected to high storage temperatiwe. I n  case of a 
serious fire by or near T.N.T., a violent esplosion is probable. The 
flooding Systeiii of the magazine should always be in proper working 
order, and magazine temperatures should be taken with sufficient fre- 
quency to detect any important change. 

When grade B of the esplosive is kept in boxes, tlie lower portion 
may nppear moist as if iniprepnated with a brown liquid. This does 
not affect its qualities. T. N. T. esnclate niisecl with a combustible 
material or cellulose absorbent is highly inflammable, ignites easily, 
and can be esploded in a manner similar to low-grade dynamite. 
Boards or boxes impregnated with this aubstance should, therefore, 
be disposed of proinptly. 

When bombing operations are. going on, several containers filled 
with esplosive but not provided with detonators may be kept on 
deck in a special cabinet. Containers stored in the magazine should 
be secured in racks. 

Detonators shoulcl never be placed in the magazine but should be 
stored on deck in a. metal box, secured to the rail in such a manner 
that. it can be thrown overboard readily. 

Bomb lighter.-The heating element of an electric stove afforcls a 
convenient nieaiis of lighting the fuze. I t  shoulcl be secured in posi- 
tion near the rail. 

Bomb failure.-Among the causes of misfires that occur occasionally 
may be mentioned the following: Breaking of tlie fuze in handling, 
wliicli permits water to enter; use of too light a detonator; fuze and 
detonator washing out of the bomb ;* throwing the bomb overboard 
before tlie fuze is burning properly ; ancl failure to crinip detonator 
tightly to the fuze. 

SOUND RECEIVER 

The sound of t.he bomb is received on tlie ship by a hydrophone, 
tlie nature of wliicli is not very imlwrtant, as the bomb is n.lways 
near the ship when fired.. It is best to  have a hydrophone especially 
for this purpose, ancl a hyclrophoiie unit, described later, may be 
installed in one of the ship’s water tanks, or one of the fatliometer 
hydrophones niay be. used. I n  the latter case the hydrophone should 
be connected to a cloul)le-pole, double-throw switch, so that it inay 
be connected either to the fatliometer or to t.lie R. A. R. apparatus 
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with no chance of being connected to both a t  the same time. The 
wires from the hydrophone or from the two-pole, double-throw 
switch will be connected in series with a number of dry cells aiid 
the two binding posts niarkecl ‘‘ hydrophone ’’ on the amplifier. I f  
the liyclrophone usecl is one of the Nary units, four clry cells in series 
are usecl, ancl if it is one of the fathomer hydrophones, two dry cells 
are used. 

If a hydrophone is monntecl in one of the ship’s tanks, it shonld 
be snspencled from a bar of iron bolted across two frames, so that 
it- hangs in a horizontal position about 3 or 4 inches above tlie hull 
of the ship. The tank selected slioulcl be one which is selcloni piimpecl 
clry, for if there is not sufficient water to cover the liyclrophone it 
will not pick 111) the sound of the bomb. 

The dry cells should be wired permanently ancl clnniped or other- 
wise held i n  some out-of -the-way position. They will need renewal 
only once or  twice per year. When not- in use, tlie hydro-radio switch 
should be on the radio side, which will open the hyclrophoiie circuit. 

AMPLIFIER 

The amplifier used on &ipboarcl is illust,ratecl in Figures 9, 3: and 4. 
It, has three. st,ages of aniplificat,ion nncl is transformer coupled. The 
swit,ch marked “hyclroradio ’’ at the left. of Figures 2 and 4 is used 
to connect the primary of the first, transformer t.0 eit.lier the ship’s 
rnclio receiver or t.he ship hydrophone. The seconcla.ry of this trans- 
former has one end connected to the grid of the first tube. and the 
other end to  t,lie bincling yost, C‘, whereby negative grid potential may 
be a.ppliec1. 

Starting a t  the. left lower’bincling post +A,  t.he positive side of tlie 
A battery goes first to t.he filament switch, which will be closed ul~ward 
when the set. is in operation, t.heiice t.0 t.he left hand of each of the 
three. tiibe filaments. There is also a wire going to the positive side 
of the test voltmeter for the Alanients and another wire going to 
one side of B potent.iomet.er, t.he other side of which is connected to 
the negative side of the d battery at. t,he t.hird binding post. marked 
-8. This also is connect.ecl by a mire to one side of the t.liree fila- 
nient rheostats. so t.liat. when the filament, switch is closed the fila- 
ments of the tubes will be heated and map be inclependently regulated 
by t.lie filament, rheostats nmnberecl 1, 2, aacl 3. 

The voltage across each of tlie filaments niay be measured wit.11 t.lie 
filament, voltmeter by turning the filament t.est switch t.0 t,he points 
1, 9, or 3. The fourth binding post,, marked + C‘, is connected t.0 t.lie 
arm of t,he $OO-ohm potentiometer, ancl tlie positive common wire of 
t.he C batteries is connected to this post., so that, the sic1 potential of 
the t.ubes niay be sliift,ecl from tlie p l ~ s  to minus side of the A battery. 
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This gives a very convenient met.liod of changing t.lie sensitivity of 
the aniplifier to any value necessary. 

After being aniplifiecl by tlie first tnbe the signal passes from tlie 
plate through a. closed circuit jack (into which may be plugged a 
head set for listening) to the primary of tlie second t.ransforiner and 
thence t,o t4he fifth binding post,, marked f B .  I n  a siniilar manner 
t.he signal is aniplifiecl by tlie second and third tuhes, escept that the 
latter acts as a rectifier, so that its change in plat,e current niay 
operate a relay. Generally 6lie sanie. negative grid potential slionlcl 
be nsecl on the. first. two tdies, the second and sistli binding post,s 
being connecteci in multiple to the same o battery of about G to 1 ~ 9 ~  
volts. 

These two tubes shoulcl generally have. t,he same N bat,tery voltage 
of about 90. The aniplification by t.lie first two tubes should lie about 
as good in volume and quality ns can be obtained. This iiiay be 
tested by connecting the amplifier tu the radio receiving set and 
listening to radio voice signals. or a microphone niay Le connect,ecl in 
place of tlie liydrophone and soiiie one. talk into it. One t.ronble, 
howerer, with the, latter method is t,liat. the aniplificnt.ion is so great 
that. regeneration will take place from the head phones back to the 
microphone, so that it. niay 1% necessary to have the microphone some 
clist.ance from tlie amplifier it.self. 

The, first two tnlws slionlcl be IT S 201 A or t.lieir eqnivalent,, while 
the third should be :L U S 171 for ship work. The grid bias of this 
t.ube shoulcl be such that, when a B battery of 1SO volts is used the 
plate current t.lirongh t,he relay sho~ild be almost- zero for no signal. 
This should be adjusted with t,he first, two tubes removed. About 
'(57% volts C! battery will be necessary for t,liis. being connected to 
- C' 3,. the second bincling post. from tlie right. side. 

The. C' battery shoulcl lx such that. when the potentiometer is t.urneil 
toward the negative side t.he plate current will drop clear to zero 
when the potentioniet,er is about, half way over, or, in general, t.lie 
combination must be snch that when the amplifier is switched onto 
either tlie hyclrophone or radio set the relay will not be operated 
except when a signal is received. 
In order that. the operation of switching froni t.he lipdrophone to 

the radio set. iiiay not operate t.lie relay, four switch springs are so 
arranged tlint. t,lie relay is short circuited during the change. 
The relay (fig. 5 )  is a regular telegraph relay with niagnet coils 

wound with fine wire to about 500 dinis resistance, so that the relay 
will operate on small changes of current. The magnets may be 
made to approach or  recede froin the arniatnre by means of tlie tlimiib 
nut shown at the legt, of Figure 5. The amount. of nioveiiient of' the 
a.lmature is governed hg two thuml~screws with lock nnts, the one 
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that  is touched by the armature when current flows through the mag- 
net having a silver contact, the other having an insulating pin. The 
armature is connected to terminal A%; the contact just described is 
connected to Al ,  and A3 is connected to a third contact spring held 
on an  arm whereby it may be adjusted. The third contact operates 
the radio transmitting relay. 

FIG. 2.-Ship amplifier 

One end of a coiled spring is attached to the armature, the other 
end being fastened to a thread wound around an adjusting post, seen 
a t  the right of the figure. The magnet terminals a t  the left-hand end 
of the relay base are to be connected directly to the right-hand ter- 
minals of the ship amplifier. The actual adjustment of the relay 

FIG. 3.-Ship amplifier, interior view 

depends largely upon that of the amplifier, amount of static, and 
ot$her conditions. However, the aim should be to reach such adjust- 
ment of both the relay and amplifier that nothing will need to be 
changed to  meet varying daily conditions except the potentiometer 
on the amplifier. 
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RADIO EQUIPMENT 

This consists of a short-wave regenerative receiver with plug-in 
coils having a range from 20 to 200 meters. The regeneration is con- 
trolled by a variable condenser a t  the right of the set, while tuning 
is done with the left-hand condenser. A small vernier condenser 
permits of sharper tuning. There is one stage of audio-frequency 
amplification in this set which is sufficient f o r  communication, but 

F I G .  5.-Relay 

for relay operation the signal is sent through the amplifier, as has 
already been described. Tliis set operates from a 6-volt A battery 
and 90-volt B battery with UX 201A tubes. Regular headphones 
are used for  communications and a loud-speaking unit during 
operations. 

Communication from ship to shore and the dash transmitted when 
the bomb explodes are usually made with the ship’s regular trans- 
mitting set operated on 300 meters. As these sets are standard Navy 
type on most of the ships no detailed description is necessary. 
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CHRONOGRAPH 

The chronograph (fig. 6) sends a strip of paper at .a uniform rate 
nnder two recording pens, whicli mark the paper as previously cle- 
scribed. A battery-driven niotor is connect,ecl through a worm gear 
to a corrugat.ec1 wheel against whicli is pressed a rubber-covered 
wheel. The strip of paper passing between the two is drawn for- 
mard over a flat plate above. which rest the two pens. 

The niotor is connected to a G or 12 vo1.t storage battery, so that 
the paper passes a t  a speed of about three-quart.ers to 1 inch per 
second. No governor is nwcl on tlie motor, as its speed is nearly 
constant when run on a dorage battery without, any rheostat in 
series. Since a chronometer marks seconcls on the tape, it is only 
necessary that. t,he motor speed remain Constant during any int.erva1 
of one second during which :I bomb signal is received. Nunierous 
tests have shown that t,liis will be the case within the limits of 
measwenient. The, paper reel is shown at the left of the figiire, 
with a spring finger pressing on the roll to put a slight tension on 
it, so the paper will not unwind faster than it is pulled by the motor. 
From the reel the paper passes under a table supporting the pen 
magnets to the driving rolls already clesciibecl. 

The pen armatures are each pivoted between the two driving mag- 
net poles, so that the armature has rotatory motion about it vertical 
axis. A spring fastened to the top of the shaft sipplies retrurn force 
to the arnmt,t.ure which may be, adjusted by means of a ca.pstan screw. 
Another capstan screw below regulates the. amount of inotion of the 
armature. At the other end of the armature there is an arni so 
pivoted that it has motion in a vertical plane. This arm carries the 
pen, n glass bulb with a met,allic capillary point macle for recording- 
instrument ink. 

There is a stop for the. arms, so t,hat. when they are raised they will 
remain above the: paper RS shown in the photograph. When lowerecl, 
they shoiilcl be adjusted so t,liat the two will trace the same line on 
the paper; then from this single line one will produce tlie time 
signals on one side of the line,, and the other will produce the bomb 
signals on the other sicle. The table. holding the niagne.ts is hinged 
about a horizontal axis and may be lifted while cleaning the pens 
and is adjustable. in a vertical direct.ion by a thumbscrew unclerneath. 
Binding posts at  the left of the magnets, as shown in the photograph! 
ilre used to make connections. 
Assembly of units.-The assembly of the different units is shown 

schematically in Figure 7: lower half. The radio transmitt.ing set 
on the ship is not shown in this drawing nor some of the switches 
which will necessarily be opened when the apparat,us is not in use. 

lOfJlT24!&-2 



FIG. 6.-Chronograph 
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The wiring is preferably done with substant,ial, well-insulated wire, 
such as No. 14, rubl>er covered, with all joints soldered and insulated 
with rubber. It is desirable to hive rlup1icnt.e sets of st,orage bat- 
teries for t,he radio receiver? amplifier, and chronograph, so that. one 
set may be charging while the other is being used. This assures the 
possibility of using the appara.tus a t  any t.inie, or all the time if  
night, operation is necessary. 

The chi-onometer is t,lie regular ship type but. proviclecl n7ith a pair 
of contacts which are opened a brief interval every second. Since 
these coiitacbs a.re delicate, the least current necessary shoulcl be nsed. 
One clry cell will generally be sufficient. to operate tlie 50-olini relay. 
and tlie 1a.tter shoulcl be so adjusted that i t  will operat,e the t.inie 
si,gnal pen magnet of the chronograph smartly eiich second. Two 
clry cells will generally be sufficient to clo this. The relay ariiiii,ture 
swings awa.y froiii tlie magnets at, each second, closing the chrono- 
pra.ph pen magnet circuit. This is clone by having tlie circuit closed 
on what is called t.he back contact of the relay instead of t.he front. 
contact. 

SHORE STATION APPARATUS 

The function of each shore station is to receive the souncl imgnlse 
of a bonib esplosion and to notify the ship, l y  means of radio signals, 
of the receipt of the sound wave. A radio signal may be t,ransinittecl 
p m c t i d l y  at  the instant. the souncl is received or after a c1efinit.e 
time interval capable of cleterniinabion by test,s. In eiblier ca.se in- 
formation is furnished from which the t h e  of arrival of t.he sonncl 
wave at tlie station can he determined. The apparatus atr e d i  sta- 
tion consists of the following : 

( a )  Hydroyli.oiie ~MX-A hyclrophone is a device for use under 
water to clet,ect and indicate the arrival of a souncl wave. A hydro- 
phone unit consists of one or more hydrophones supportecl 1.y a 

hydrophone block '' and shielclecl to some estent. from water noises 
by .a  " hyclrophone bos," which is a part of the block. At  each 
st,at.iori a hydrophone unit, is established under water near the shore 
aiicl conneotecl with other apparatus on shore by a snbmarine cable 
and land line. 

( 6  ) 8ir.b9izor~iae ctsblt? mid 7md 7iiw.-The su1)marine cable leads 
Prom tlie hydrophona block to the vicinity of the high-water line 
from whence a conductor, spliced to the end of the cable, leads to 
the shore aplmratns. 

( c )  Hydvophoiie ainplifier.-Tlie end of the land line is connected 
wit11 tlie input transformer of an amplifier in order that, tlie current 
effects Froclnced in t4lie circuit by the receipt of the sound waves may 
be a.mplifiecl sufficiently t,o operate a relay. 
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( d )  Relay.-This is provided with t,wo sets of contacts. One of 
these closes t,lie transmit.ter circuit and sencls out a dash by radio. 
Tlie ot-her starts in motion tlie ttutoniatic key. 

(e) dutwiu~fic X.ey.-This device when set, in motion by tlie relay 
causes the radio t.ransmitter to send out a code signal. 

(f  ) Rtrdiol ~~~,cr.?lnii62'terw.-For transniitting the radio signals men- 
tioned above, and for general communication with the ship. 
(9) Rcidio ~wwcreitw.-For communication with the ship. 
Det,ails relative to the aliove items of equipment are given below. 

A schematic diagram of t,he assembly of tlie various units is shown 
in the upper part, of Figure 5. 

HYDROPHONE 

The, type. of liyclroldione in general use for radio acoustic work, 
which is illustratecl in Figure 8, a.ccomplishes the purpose desired 
by converting the pressure variations of a sound wave into variat.ions 
of an elecbric current. I ts  act.ion is similar to that of a telephone 

BIG. 8.--Hydrophone, sectional view 

transmitte.r. A brass cylinder is inclosed in a heavy rubber casing. 
One end of this casing forms a heavy diaphragm, 60 which is attached 
the lighter elecbrode of a carbon microphone, the heavier elect.rode 
providing inertia. Tlie space between the elect,rocles is filled with 
carbon granules. 

When t.he rubber cliaphragni moves as a result of pressure varia- 
tions in the water, t.he inert.is electxode does not fully sliare t.he 
mot.ion, and there is a relative clisplacement of the two elect,rodes 
with resulting va.riation in resistance. A const,ant voltage is im- 
pressed on t,he circuit. of which t,he hyclrophone is a part, and 
resistance variations in the hydrophone, therefore, cause current 
varia.tions in t.he circuit,. 

The hyclrophone in use at! the present tiiiie is manafacturecl and 
furnished by tlie Navy 'I)e]>artiiient. under t.he. designation '; Unit, 
Sonic Microphone, t.;vpe S. E. leos." It sliould have L resistance 
from 400 to SO0 ohms; one having more. resistance than this is usna.lly 
not sensitive enough. while one with less, especially in the case of a 



18 U. S. COAST A N D  GEODETIC SURVEY 

used hydrophone, is probably more or less packed and unsuitable 
for use. 

I n  using these hydrophones special care must be taken that exces- 
sive current is never passed through them, as  this might fuse the 
carbon granules. This effect, known as ‘‘ packing,” makes a hydro- 
phone much less sensitive. Theoretically, a hydrophone should pack 
only from surges of current, which can be largely eliminated by 
suitable condensers, and not froin a continual flow of steady current. 
Actually it has been found that these devices tend to pack with con- 
tinued use and gradually lose their sensitivity-sometinies slowly 
and occasionally a t  a niore rapid rate. This fact should lie considered 
in planning field work. 

Esperinients have been iiiacle in the use of 2 hydrophone of the 
magnetophone type, but no information relative to the value of this 
instruinent is availalile at present. 

HYDROPHONE BLOCK 

l4 hyclrol>hone block consists of a conwet.e base and a hydrophone 
bos, tlie latter being elevated froni 3 to 4 feet-above the base by 
wooden or iron uprights. The base slioulcl have an eyebolt for secur- 
ing the wbniarine cable and a second eyebolt or a mire strap, on tlie 
opposite side of the block from t.lie first bolt, for attaching an 
anchor line. Concrete reinforced with wire or wire mesh and con- 
sisting of a 1:8:3 misture of cement, sand, and broken stone is 
satisfactory for tlie base. 

Hydfophone box.-Currents, eddies, surf ace noises, and water f ric- 
tion, all classed as “ water noises:’ cause variations of pressure 
on the hydrophone dinplu~agiii wliicli interfere greatly with sound 
reception. TO reduce this effect., hydrophones are usually mounted 
in a wooden bos, constructed from %inch planks of some softwood 
such as fir, redwood, or pine. In practice it has been found that 
such a bos transmits sound readily but eliminates interference from 
other sources to a considerable extent.. 

A bos should be tight enough to prevent any appreciable niove- 
nient, such as surging due to wave motion, of the water inside. It 
may be iiiade nearly wvat,er-tiglit with enough leakage to permit water 
t,o seep in and fill the Iios, or as tight as possible by m a n s  of white 
lead, putty, and felt.. I n  the l a t h  case holes are provided in the 
top for filling the bos with water before the block is planted. 

Construction of blocks.-The result desired may be 0btaine.d by 
various types of construction. Two hydrophone blocks that have 
given satisfactory service are illustrated in Figure 9. 

The wooden type is constructed as follows: Two 2 by 12 inch 
planks are set int.0 t.he base in an upright. posit.ion, 18 inches a.part. 
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These are securecl by two iron rods enibeclclecl in the cement,. Planks, 
rods, and eyebolts are placed in position when the base is being cast. 
The top ancl bottom planks of the bos are nailed in place bet.ween the. 
uprights, the bottolll plank 36 inches above the base and t.he top 
plank 11 inches above t,he bottom plank. A hole just large enougli 
for the hyclroplione cable is provided in t.lie bottom of the bos. A 
front board is nailed in place. and a.nother board is provided for clos- 
ing the box aft.er the hydrophones are mounted. The. uprights are 
cross braced, and an iron strap for handling the block is boltecl to 
the uprights. The wooden structure is usua.lly painted with anti- 
fouling paint. 

In  tlie coniposite t,ype the bos is constnicted of %inch planks, with 
the dimensions given in t,he illustrat,ion, and is supportecl by four 
pieces of angle iron enibedcle.cl in the cement. The handling strap 
is bolted between two opposite angles. The ironwork is painted with 
red lead and black asphalt. paint, but t.he box is not painted. I n  con- 
structing this block care must. be taken not to use diffei-ent metals 
that might cause electrolysis. 
Mounting hydrophones.-From one to three hydrophones have been 

used for each unit. A single hydrophone has given satisfnctory 
results, but. some hyclrographers consider that, the use of two re. 
mlts in decreased interference i.11 the operation of shore stat.ions when 
breaks occ~ir in the cable insulattion. The. reason for using threc 
hydrophones is mentioned in the nest paragraph. 

Hydrophones are 'mounted, wit.11 their nses horizont.al, in a wooden 
yoke, constructed to fit inside the box. Whet,lier or not a hyclro- 
phone has clirectiona.1 qualities is not known, but arrangements are 
usually macle to utilize such qualities, if they esist, by installing the 
liyilir>phones with diaphragms toward the source of souncl. This 
may be clone by mounting the hydrophones with their axes parallel 
and properly orient,ing the. block when it, is planted. The same re- 
sult may be attahecl, wit.hout the necessity fo r  orienting tlie block, 
by using three. hyclrophones so niounted that, their asis are at. angles 
of 120" with each other. Before installing the hydrophones the 
stuffing-box nuts shoulcl be. well tightened : covering tlie back of the 
hydrophone with nioltpn pine tnr ms.y also aid in preventing leakagc. 
' 

I n  the type. of hydrophone used a.t present a double conductor 
cable extends from the back of t.he casing. This cable consists of an 
inner rubber-insulated conductor ; an oiiter concluctor, the wires of 
which are wound over the insulation of t,he inner conc1uct.or : and, 
finally, a rubber-coiiipouncl insulation over both conductors. After 
the. yolie holding the hydrophone or hydrophones has been placed in 
the box, the, outer concluctor must be. grounclecl while the other is 
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spliced to tlie submarine cable. All breaks in t,lie insulation and 
splices must be insulated and wate.rproof ed as thorouglilly as possible 
to prevent water froni seeping up t,he wires int,o the hyclroplione. 
Several t.ypicnl inethocls of connecting tlie various condncbrs are 
described below. 

If a single hydrophone is used, a sect.ion of t.he cable insulat.ion 
inside the. bos should be cut a.way, so that the. outer conductor may 
be separated froni the inner conductor. Tlie former is then cut, and 
tlie end leading from t.lie hydrophone is solclerecl to n ground wire. 
The latter is usually a strip of sheet copper about. one-half inch wide 
1e.acling thiwugh tlie hole in the bottom of t,he hydrophone. bos and 
secured to tlie outside of the. box. The cut in the outer insulat.ion of 
t,lie cable is water1iroofe.d by t,he method described on page 94. 

The cable below t,lie. ground connection is then led through tlie hole 
in the IIOS, cut off near the base, and spliced t.o the end of the subnin- 
rine cable (see 11. 24). Tlie lat.ter is securely att,acherl to t,lie eyebolt 
in trlie base of t,he Mock, so that no subseqnent strain on the submarine 
ca.ble will be transmitted to t . 1 ~  splice or tlie hyclrophone cable. 

The hole in t,he bottom of the $os is sealed by pouring melted tar 
nrouncl tlie cable ; and the. cable and splice below the bos are usua.lly 
protected against chafing by parceling and by clamping them to one 
of the uprights. I f  the. hole in the bos is not cloEe to an upriglit? it 
inav be desirable to use a t.riangaulsr, groovecl, wooden bloclr to pro- 
vide a firm lead from the hole t.o tlie upriglit,. After all connections 
have been made tlie box is closed. 

Instencl of separatiw the conduc.t.ors inside tlie bos, B practice 
sonietinies followed is to pass the cnble t,hrough the hole in the, box, 
to separate t,lie conductors a t  a. point below the bos, and to ground 
tlie outer conductor by attaching it to an upriglit. I n  this caKe, if 
the wooden type of hyclroplione block is used, tlie conductor should 
le. stapled and solcle.red t,o a copper plat,e which is nailed t.0 the imer  
si& of an upriglit arid t.horouglily cleaned ancl scraped until bright 
nietal shows. 

JIrlien multiple hydrophones are used t.liey shoiild be nia.tclied for 
resistance as closely as practicable. The resistances of liydrophones 
may be conipnrecl by connecting the ends of the two concluctors of 
ea.ch hydrophone in tnim through a battery and niillianinieter in 
series. The hydrophones should be conncctecl in parallel : that is, 
wi tli all outside concluctors spliced together ancl connected with the 
gromid mire and with all inside concluctors spliced together and 
crmnectecl with the submarine cablet usually by means of an inter- 
niec1iat.e conductor, so that all splices of hydrophone conductors 
may be niarle inside tlie box 
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CABLE 

A satisfactory submarine cable for radio acoustic work slioulcl be 
light in weight so that it may be handled easily by small 1)oat.s; 
strong enough to withstand strains caused by currents, surf, and 
handling ; well insulated ; and sufficiently clurable to resist abrasion, 
clue to chafing on the bott.om, for a pepiod of a t  least three or four 
niontlis. 

The first quality is, of course, opposed to the others, so that it is 
pract.ically inipossible to procure a cable that is ent.irely satisfactory. 
I n  order to secure a combination of qualities that will best serve 
the purpose required it lias been tlie piactice to use several types of 
cable, deliencling on the conditions encountered. The various kinds 
of cable that have been used up to the present time are clescrikcl 
below. It is considered that this equipment is subject to  improve- 
ment, and esperiniental and research work with this end in view is 
still in progress. 

Heavy-duty cable.-Heavy arniored cable is used in areas where 
breakers occur a t  any time or where t.he cable is subject to consid- 
erable chafing from other causes. A type that lias been used to a 
considerable estent has an outside diameter of from t1iree-fonrt.hs 
to 1 inch. It consist,s of a 7-strand copper center, covered with ys-incli 
30 per cent rubber insulation, ovex which is laid a wrapping of oiled 
clot.11, jute, or similar mat,erial. The arnioring is made up of 14 
strands of galv'anized steel wire. I n  breaker areas this cable tends 
to bury am1 protect it,self in tlie sand. I t s  principal disaclvantages 
are a t,endency to kink and the difficulty of handling any consid- 
erable quantity in a small boat. 

Another type of cable has been secured recently in which the 
copper center is replaced by aircraft wire. There has been little 
trouble from brealring of the calile used heretofore, as t.he armoring 
provides tensile strength ; but the ,zircra.f t wire is substituted in 
orcler to secure any advantages that niay result from tlie estra 
strength which is secured wit.hout sacrifice of other desirable features. 
The specifications for this cable. are as follows: 

Cable, arrnofed, Ik-inch center of l swire  tinlied aircraft strand, insulated 
with &-inch rubber plain-ignition cable ClJnlpOUrd of at  least 33 per cent pure 
rubber, covered with clmible braid and armored with 14 wires of No. 14, B. W. G.. 
double-galvanizecl wire. 

Medium-duty cable.-In areas where there are no breakers but where 
the cable is subject to some movement and consequently chafing9 a 
cable with lighter arnioring is provided. The specifications are as 
follows : 

Cable, armored, ?&.-inch center c d  10-wire tinned aircraft strand, insulated 
with &-inch rubber plain-ignition cable cumpound of at least 33 per cent. pure 
rubber, covered with heavy double braid and serred with l/s by 15 inch, half- 
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ovnl, clouble-gnlvanizeil wire, spirnlly wound with n pitch of about three-eighths 
inch. 

A leaded and avmored cable also has been used to sonie est.ent in 
areas where tlie bot.toni is rocky or gravel formation but where the 
effects of sea nncl current are. not severe enough to require tlie heavier 
armored cable. This cable is one-half inch in diameter a.nd consists 
of a stranded core of 'i copper wires, c o v e ~ d  with insnlattion having 
8 high percentage of rubl>er. It is protected by lead sheathing cov- 
ered with t.ape, with a n  outer armor of woven or braided wire. 

Light-duty cable.-In areas where it will not be subject to chafing R 
1ight.er cable is used. Tlie specifications for a cable.of this type are 
as follows: 

Cable, I/s-inch center of 19-wire tinned aircraft strand, insulated with &inch 
rubber plain-ignition cable compound of nt least %3 per cent pure rubber. 

This cable. is ea.sy to lay and splice nncl is very strong. It will not 
give satisf actory service, however, on rocky bottoni or through kelp 
if t.here is any nioyenient to the cable, and it is so light 61iat it will not 
bnry in t,he sand. Its principal use is in the sect,ion between the 
hydrophone block ancl the outer line of breakers, but it has been used 
wit.11 fairly good results in to the shore in regions of sitncly bottom 
ancl moderate breakers. 

Various types of ordinary ignition wire have been used in enier- 
gencies but are not rec,omniended on account of t-heir low tensile 
strength, low resistance to abrasion, and the, difficulty of locating 
biwaks. They are useless unless tlie bottom is sandy with no, swell or 
current action. With the idea of reinforcing t.liis mire, t.he espedient 
of lashing it at  intervals t.0 a steel \17ire has bee.n tried without success 
as the steel wire was destroyed by electrolytic action. Tlie land line 
is described on page 49. 

Splicing cable.-In splicing cable great care must be esercised to 
secure good electrical contact, a thorouglily insulttbecl and water- 
proof joint,, and strength. A study of the inforinntion given on 
this subject in a stanilarcl electrical lianclbooli will be of value. 
Msetliods of splicing the various cables nsecl in radio acoustic work 
are clescribecl below. 

Splicing conductors.-The center of a copper conductor cable usually 
consists of a center wire and G outside wires, while t.hat of an air- 
craft wire concluctor consists of 18 oiitaicle mires around an inner 
layer of 6 wires, which in t,urn are wound around n center wire. A 
standard metliocl of splicing is as follows : Having skinned the end 
of each cable for the sanie clistance, at a point about in t.he middle 
of each bare section bend out the outsicle wires radinlly. Straighten 
each wire, clean it with sandpaper, and then cut away the center 
wire or group of seven wires. 
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Force the wires back nearly to  their nornial position and bring 
the encls of tlie cables together with the wires laced; that is, with 
each wire between two wires .from the other cable. Nest wrnp one 
wire, in close turns around a.11 the other wires as far as it will go, 
t.hen pick up another wire at. the end of the turns ancl repeat the 
operat,ion. Continue unt.il all wires of both cables are mrappecl. 
If  necessary, cut, a little. off tlie end of a wire to prevent its over- 
lapping the nest wire t.o be wrapped. This nietliocl may be used 
for splicing copper wire. to aircraft wire by clividing t.he 13 outside 
wires of the latter into six %wire groups. 

It is very important t,liat all splices in conductors be so well 
soldered or otherwise secured tlia t no variation in resistance can 
be caused by movement of the wires. A considerable amountr of 
interference f ornierly a.ttributecl to water noises has been traced to 
splices t,liat were deficient in this respect. The usual niethocl af 
soldering is to dip the splice. in molten solder, care being taken 
that tlie latter is not so hot as to cause the wire to become bribtle. 
Anot.her met.hod is to  drop tlie. solclex fimm a ladle, on and through 
the wires. After the joint is soldered all sharp piwjections that 
niight break through the insulation should be removed with a. file. 

Insuiating joints.-The method of insulating joints, which is the 
same for all splices, is as follows : Having connected and solclerecl 
the conductors, coat the joint with a thin coat of ruhber cenient, 
allowing sever& niinutes for the latter to become nearly dry. Then 
cover the joint with a number of layers of para rulher, self -vulcaniz- 
ing, splicing tape, which is extended at least. 1 inch over the cable 
insulation on each side. Over the 1at.tm wind several layers of elec- 
trical rubber t . q e  and, finally, tn7o layers of friction tape. Cover 
the tape with a coat of shellac. 

Splicing submarine to hydrophone cable.-Skin each cable for several 
inches and taper tlie insulation with a sharp knife or razor blade. 
Connect conductors [the inner hyclrophone conductor) ancl insulate 
the joint. Dip e.ntire splice in molten pine tar. made inore flexible 
a.ncl less likely to crack when clry by t.he acldition of a small amount 
of  niachine oil. 

Splicing heavy-duty armored cable.-Lay back the armoring of each 
cable for a distance of about. 7 inches over a heavy seizing or nil 

iron collar known as a i‘ Tiirk’s-head.” Skin the cable for several 
inches (not dose up t.o the armoring) , splice tlie conductors, ancl 
insulate the joint.. I f  the bottoin is rocky, a protective covering of 
Iiurlap should be wound aronncl t.he joint, being properly served ancl 
coated with t.ar. 

Additional strength for this splice is p r o d e t l  by connecting the 
ends of tlie annoring on each side. For  this piirpoLe a %-inch wire 
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cable, clanipecl to the arnioring just back of the bulge forniecl by the 
seizing or collar, niay be used. A seconcl.,met.liod is to iise n. splice 
110s consisting of a flat iron bar about by 2% by 14 inches, 
to which t.he cable is clamped by means of four U-bolts. One 
of these bolts on each side shoulcl clamp just back of tlie bulge. in 
the armor and the other about f! jiiches along the armor. The cable 
shoulcl be slack a t  tlie splice to eliniinate possibility of s h i n .  

Splicing medium or light-duty aircraft cable.-Skin encli end for a 
distance of about 1 foot, cnt,t.ing away the spiral arnioring in the case 
of medium duty cable, t,aper the insulation, splice t.he concliictors, and 
insidate. In this type of cable trlie aircraft sbrancl takes 'the strain, 
and no splice bos or st,rap is essential. It niay be desirable, however, 
to use the former (t.lie. cable being well parceled), as it liolcls the 
splice rigid and teiids to prevent nioreinent of the conductor wires at  
the splice. 

Splicing armored to medium or light duty cable.-Lay back the arnior 
as described above for about, S indies, skin the insulat,ion of each cnble 
for nearly the same distance (cutting away tlie spiral nrmoring in 
the case of medium-duty cable), and splice and insulate in the usual 
manner. I f  the armored cable has a copper conductor, the splice 
shoulcl be parceled, served, and clnnipecl in a splice bos siniilar to 
that described above, and snch a 110s may be clesirable with aircraft 
cord concluct.ors as not,ed above. 

Splicing leaded and armored cable.-Cut away tlie armor for 6 or 7 
inches a.nd split and turn back the, lead. Skin the insulation for 
about 3 inches,. splice, a.nd insulate. Place the lead back over t.lie 
splice, cutting away edges to give a fair surface; then wrap the entire 
splice with thin sheet lead, soldered in place and along all eclges. 
Strengthen with 8 strap clnnipecl t.o t.lie armor. 

AMPLIFIER 

The shore stat,ion amplifier (figs. 10, 11, and 12) is quite siniilar to 
tlie ship amplifier. A niillimimeter (0-25) is placed in the hydro- 
phone circuit, so that the conditioii of t,Be liyclroplione niay be known 
a t  all times. The same type of transformers is used in all three 
btages as in the ship amplifier, and US2OlA tubes are used for all 
three. stages. The plate-current nieter reads from 0 to 10 milli- 
amperes, so that a careful record may be kept, of what is transpiring 
in tlie hydrophone, since this is really the most delicate part. of the 
whole system and on it,s proper functioning depencls the success of 
tlie. method. 

A negative grid bins of about 6 to 16 volts is kept, on tlie first two 
tubes and 90 volts B battery; about* 30 volts C' battery and 135 volts B 
on the third tube. A. single rheostat cont.rols all three filaments, 
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although there are filament-test binding posts a t  the rear of the trans- 
formers by which the filament current may be measured, or, if neces- 
sary, additional rheostats could be used for separate filament control. 
Only in  exceptional occasions will this be necessary or desirable. 

F I G .  lO.-Shore station amplifier 

As in the ship amplifier, everything should be adjusted to get the 
greatest amplification consistent with good quality on the first two 
stages, having the head phones plugged into the second jack. Then 
with the first two tubes removed the third tube C battery should be 
adjusted so that  the plate current is zero. The combination should 
now be so sensitive that the merest gentle stroke of a finger across 

FIG. ll.-Shore station amplifier, interior view 

the diaphragm of the hydrophone will throw the plate-current meter 
clear off the scale and, of course, operate the relay. Another method 
of testing is to place the hydrophone in a pail of water and drop a 
buckshot or a tiny pebble into the water. Either one should make a 
full-scale deflection. 
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FIG. 12.-Shore station amplifier, wiring diagram 
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I f  the hyclrophone is disconnected, the entire circuit will probably 
oscillate : but with the hyclrophone binding posts short circuited, t.he 
amplifier should be absolutely quiet,. Soine.tinies there. is a t.endency 
to oscillate a t  some high frequency audible. or inaudible, in which 
case there will be considerable plate current in the t.liircl tube and 
great. 1 0 s  of amplification. I f  this can not be st,opped by reversing 
t,lie ccinnections of the hydrophone or innking sure of t.lie insulat.ion 
of all the clifferent batteries from each other a.nd earth, the oscilla- 
tions may be stoppecl by briclging the secondary of one of the trans- 
formers by a high resista.nce, such as a one-tent,li niegohni grid leak, os 
a conclenser of one hundredth microfarad, or less. 

It is generdly better to do all listening on the first or second stage 
rather than the third. On the first two stages one 1en.i-ns to recognize 
the clifferent sounds heaid in the hydrophone, a.nd too much list.ening 
can not be clone here, for it neecls all one's ingenuity to tell what, may 
be. wrong at. times. Furthermore, if the. phones are usecl in the third 
jack the.ir acldecl resistance to the plate circuit clecre.ases the sensitive- 
ness of the system to u iiiiicli great,er degree than in either of t.he other 
two stages. 

Needless to say, t.he contacts of the 8OO-olini relay must be kept 
especially clean. Nothing coarse! like sand or emery paper, shoulcl 
be usecl. Crocus cloth may be used, or even plain writin& paper. 
drawn bet,ween the contacts when pressed gently toget.lier, will be 
sufficient t o  keep them smooth and clean. 

This relay is the same as that described on page 9 for the ship 
station. The estra contact A 3 is now used to close ths  circuit of 
the tra.nsmitting relay, so that  a radio signal is automatically sent 
simultaneously with receipt of the bomb signal in the amplifier. The 
relay also closes the circuit of the aut.omatic key. 

AUTOMATIC KEY 

This is shown by photograph in Figure 13 and by wlieniat,ic clia- 
gram in Figure 14. V17hen t,lie, relay closes the circuit, the magnet is 
energized, releasing the st.op, so that. the penclnliim starts swinging 
about its pivot. Being a metronome pendulum, its period may be 
adjusted through a wide range by means of a. movable weight at. the 
top. After some period has been decided upon it should not be 
changed, the weight be.ing clamped to keep it, constant. 

As the pendulum swings a short t,rain of gears t.urns a not.chec1 disk, 
which operat.es two sets of contacts. The first set, the locking con- 
tacts, closes alniost iniinediately, and since they are. in inultiple 
with the relay contacts, the metronome magneb will continue to be 
energized even though t.he relay has again opened its contacts. The 
met.ronome will cont,inne to rim until the notched clisli has macle one 
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FIG. 13.-Automatic key 
109172-28-3 
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I b y  RCRrrr 
FIG. 14.-Automrtic key. wiring diagmm 
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coniplete revolution, when the locking contacts will automatically 
open, the magnet mi l l  be cleenergized, its arma.ture will drop back, 
and the nietrononie pencluluni will be stopped at  its nest swing. 
This may take from 3 to 10 seconcls, cIepencZing on the position of tlie 
adj ustalile weight. 

During this revolution of the notched disk the three notches will 
pass successively under the wedge-shaped piece of one of tlie trans- 
mitting contacts and close them three times. These contacts close 
the circuit of the tran.wiitting relay, so that there are sent three 
radio clashes of definite length and spac.ing from which the metro- 
nome get,s its name of “ automatic key.” The radio signals resulting 
from the ac.tion of the automatic key, however, are irsrially termed 
the “ metronome clashes ” or “ signals.” The motive power to oper- 
ate tlie automatic key is furnished by a weight with a cord wrapped 
around a clrum, which is simply turned backwards to wind up the 
weight. A hole should be bored through t-lie table, the cord passed 
through ancl fastened to the weight below, so that many operations 
may be made wit,li one winding. 

RADIO EQUIPXENT 

This consists of a receiver, transmit,ter, wave meter, associ atecl 
batteries, and a gasoline or kerosene engine generator for charging 
storage batteries. 

The receiver consists of B two-tube radiola broadcast rec.eiver 
which! being a standard commercial article, needs no description. 
To this there is generally added another stage of radio amplification 
for lond-speaker operation, so that calls may be heard at some 
distance. A regular single-wire receiving antenna is put up for the 
receiver alone, as  f ai- from the transmit,t,ing antenna as convenient. 

The transmitter is shown in Figures 15, 16, and 17. The regular 
Hartley circuit is used, the coil consisting of 55 turns of copper 
ribbon one-quarter inch wide and one-sixteenth inch t-hick, the turns 
being spaced about one-quarter inch apart, making the total 1engt.h 
about 19 inches. The inside diameter of the he.lix is 3y2 inches, and 
the t,otal length of ribbon used is about 23 feet. This coil is mount,ecl 
on a woocl frame, inside a wood cabinet provided with a balkelite 
front on which are m0unt.e.d the meters and control instruments. 

Seven clips with flesible conductors having porcelain beads for 
insulation are used to make ttcljnstable connections to tJle coil. 
U S 910 tubes are used? and although two are shown in multiple, it  
will generally be found more satisfactory bo use a single tube. The 
coil is to be tuned to the wave length assigned by moving the clips 
along the coil to get t.he right. nurnber of turns and by changing the 
condenser setting, as will be described in detail later. 



FIG. 15.-Shore station transmitter FIG. 16.-Shore station transmitter, interior view 
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FIG. l'i.-.Shore station transmitter. wiring cliagmm 
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d high frequency buzzer is connected across the A battery and in 
series with the low winding of a bell-ringing transformer of which the 
secondary is connected in series with a pair of binding posts, marked 
C -  and C + ,  a.nd the grid leak. Tlie buzzer modulat,es t.he radio 
signals and niakes thein easier t,o read, and as the buzzers a t  the two 
stat-ions have different. tones it is easy on the ship to identify the 
stations by the tone of the siniult,aneous clash. Ordinarily Cr- nncl 
I?+ are connect,ed together but nmy be opened for connecting in 
another modulator if voice is to be used. I n  the schematic diagram 
(fig. 17) the binding post marked 2 is connected to the transmitting 
relay, so that the buzzer is operat.ecl whenever the relay is actuated 
by a bomb or otherwise. 

Plate voltage is supplied by 8 trays of 84 lead storage cells each, 
giving sometlling over 400 volts. Tlie positive wire goes to 4-B 

I I WAVE-M ETER 6-6 U.S.C.?tG SURVEY 
March 20,1928 

Fro. 1s.-Wave meter, wiring diagram 

on the transiiiitter cabinet., whence it goes t.lirougli the plate current 
meter, then &cross the binding posts marked " inoddator cholre? 
through the raclio-frequency choke to the plate. 0rdina.rily the 
modulator binding posts are short circuited but may be opened for 
a modulator cholre-coil for voice work. 
A wave meter (fig. 18) is providecl with each set to maintain the 

proper wave length. An ordinary battery lamp is used as an indi- 
cator, or a telephone rece,iver may lie, connected across the condenser 
if not sufficiently sensitive otherwise. 

The radiation part of the transmitter consists of an antenna and 
counterpoise. These should both be made of enameled copper mire, 
nncl good insulators such as pyres should lie used. The antenna 
should be the inverted L type of a single concluctor placed as high as 
possible with a total length of about 120 feet, including all the wire 
froin the trnnsmit,ter to 61ie end of tvhe antenna. This leiigth will 
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permit easy tuning to some wave length within the required 1iniit.s of 
130 to 150 ineters which have. been assigned to this work. No more 
guy wires should be used than are necessary to prevent, the antenna 
from swinging. They should be well insulated at  the top and 
bottom. 

A single wire counterpoise should be placed under tlie antenna, 
about 8 feet froin tlie ground and carefully insulated, the snnie as 
the antenna. Joints in antenna and counterpoise should be avoided 
if possible, but if not they shonlcl be carefully soldered. 
Tuning transmitter.-In tuning the transmitter it is necessary, first, 

to have t.he correct wave length ancl, second, to have as much radiated 
power at this wave length as possible. in the most eacient manner. 
Both shore stations mustm transmit on exactly the. same wave length, 
so that the ship inay receive each without changing tlie tuning of 
t,he receiver. 

At the beginning of the tuning use only half the B battery or 
about 300 volts on the plate circuit and adjust tlie filament voltage 
to about 7 for the tJ X 910 tubes. This is to prevent undue heatring 
i n  the t,ube or possible injury. Have the clips on the coil about as 
shown in the schematic drawing and disconnect t.lie antenna and 
counterpoise. Close the transmitting key and relay and tui’n the 
tuning condenser at- the inicldle of the set, while watching the plate 
current meter. 

There will be some position where the plate current. will be a mini- 
mum, showing a resonance point. Keep the key closed only 
inomentarily while making trials of this sort. Now, test with the 
wave meter to see if this reads any where near the clesii’ecl value. 
I f  this should be the first of tlie shore stmations gett.ing started, tlie 
wave length inay be anything between 135 and 150 meters; but if 
it is the second station, its wave length must be approximately tlie 
same as the first. I f  the wave length is not near the clesired value, 
shift tslie middle or filament clip t.owarcl the grid dip (left, in fig. 17) 
and repeat the tuning wit,h the condenser. 

When the wave length is somewhere near t,he clesii*ecl value, connect 
the antenna and counterpoise to the set, having a condenser in 
series wit,li the antenna, as shown in the upper part of Figure 7. 
Eventually it may be found that this condenser is not necessary, 
but it niakes tuning easier at  the beginning. Now, tune the antenna 
with the series condenser until some radiation is shown by the radia- 
tion current meter, shiftzing the clips and condensers until a masi- 
inum of radiation current is obtained with a minimum of plate 
current a t  the correcf wave length. 

The full B battery voltage inay now be used and the filament 
voltage increased to 7Yz. Slight changes niay now have to be macle 
to get t,he best result,s. The plate current will be less by having 
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more tilrns in the plate coil than in the grid coil, which means that 
the filament clip is nearer the grid clip. Once. the best conditions 
have been obtained t,lie, values should lie recorded? so t.ha.t if any- 
t.liing is accidently changecl the proper setting ma.y be quickly macle 
sgain. 

It is very impoi%ant t.hat tlie ware length remains stea.cly and con- 
stant clay after clay, so that no time will be lost by the ship in 
waiting for a stat.ion opernt.or t.0 tune his transmitter at  the last 
minute. A sbeacly ancl const.ant signal is more to be desired than 
greater efficiency on an unst~eatcly signal. 

Generator.-The engine-driven generator for charging the batteriea 
is one of t.he small portable home lighting ont.fits complet,ely inclosed, 
giving about 39 volts. It, is stma,rtrecl by winding a rope aromlcl the 
starting pulley and giving a quick pull on the rope. The d bat- 
teries are chai’ecl by putting enough in series to bring their rated 
voltage to about 24 ancl nsing rz series resistance to regulate t,he cur- 
rent to the correct value. 

The inost convenient way of charging 6he B storage batteries is t.0 
have a separate. double-pole, rlouble.-t,lirow switch for each tray which 
will connect all the trays in series when the switches are t,lirown one 
way ancl piit them in inult.iple when closed t,he other way. I n  this 
1att.er inet,liocl of charging, aboiit four 6-volt A batteries may be put in 
series wit.11 the generat.or and t.he coml~ination used for charging the 
B brztt.eries, using a regulating resistance to get the necessary current, 
which for tlie eight t.rags will be eight times the charging rate for 
r, single tifay. 

OPERATION OF STATION 

The shore operator Beeps everything in order, batteries charged, 
etc., and keeps a regular schedule. wit.11 the. ship, a t  xvliicli time he 
n-iM always be present to receive any orders. During the time that 
bonibs are being fired, if ererything is working properly. it. niay not 
be necessary for the shore. opratos  to be present all tlie t.inie, but he 
shoulcl be within hea.ring distance of his loud-spealcing telephone 
receiver which mill lie c.onnect.ed to his short-wave receiver. The 
lat?ter is similar to the one described in t.lie ship apparatus. It is 
not. shown in the asse.nibly of shore units (fig. 7) ,  but is, of course, 
necessary in order that conimnnication may take pla.ce in both 
direct.ions. 

Sonie dags, clue to unusual noises or the dist,ance of the sh ip  there 
may be little. margin between tlie value of the bomb signal and 
that given by noises of, surf, e.tc. In suc.li cases it is necessary that 
blie operator remain in attendance nearly all the t h e  and adjust, t.he 
sensitiv-ene’ss of the amplifier a few seconcls before the. arrival of 
each lionib signal and make a report as to the re,liahility of the signal 
a.iicl the probability of receiring weaker signals. 
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ESTABLISHMEBT OF SHORE STA!MONS 

SELECTION OF SITES 

The selection of sites for shore. st.ations is iniportant and slioultl 
be based on B careful reconnaissance. Sit,es that afford ideal condi- 
tions are rarely available, and it is usually necessary to bala.nce 
various requirements against each other in order to select suitablc 
locations. 

I n  order that an estensive section of coast may be, surwyed with- 
out moving the control stations, t,lie latter slioulcl be as far a . p r t  
as lwacticable, brit the distance behwen the~n is liniited by t.wo con- 
sidemtions : First,, there must be. a siiit,able intersection of clist.ance 
arcs throughout the. area. controlled by the stations, and, second, no 
station shoiild be so far away from any point. on the working groiincls 
as to prevent the souncl of bonib explosions f roni coming t,hrou,ah 
wit.11 reasonable regularity. I n  genera.1, occasional " misses " from 
one station in areas outside the. 300-fathom curve. will not be serious, 
but failure inside, this limit, ancl especially inside t,lie 100-fathom 
curve, niay inte.rfe.re considerably with the work. 

On the Pacific coast it is considered that lmnbs are fairly depencl- 
able for clistances of from 40 to 50 miles, and they have frequently 
come tlirongli for considerably greater distances. Under these con- 
ditions? for work within the offshore. limits previously mentioned, a 
clist,ance, between stations of from 30 to 30 miles has been found 
efficient.. In practice, however, it niay be necessary to modify this 
spacing in order to  obtain suitable locations for planting lipdrophones 
and laying cable, which is tlie most important feature to be coiisiclered. 

Other considerations that may affect. the selecbion of sites are facili- 
ties for overland t.ransportat.ion, accessibility to water and provisions 
for tlie station peisonnel. and tlie ,zvaikbilit-y of a structure to house 
the personnel and equipnient. 

Sites for hydrophones.-A hyclrophoae block must be planted in 
water deep enough not. only to prevent c1estruct.ion of the block by 
breakers but to eliminate any wave action that might affect the 
hyclrophone or cause the bot.tom to shift and bury or capsize the block. 
On the Pacific. coast of the United States hyclrophone blocl- \s 1 iave 
been set in depths from 6% t,o 19 fatlionis? but depths from S to 10 
fathoms are consiclerecl most. suitable. A greater clepbli than neces- 
sary is unclesirable, as the increased pressure may cause leaks in the 
11 ydimphones. 

The block should rest on level sand bottom, with no rocks. A st.eep 
slope to cleep water offshore from the hydrophone is desirable. Off- 
shore areas in t.lie vicinity shoulcl be as free as possible from slioals 
ancl banks in the clirections from which bonihs will lie fired. Obstruc- 
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tions of trhis nature, even with greater depths t.han at  the liydro- 
phone, will interfere considerably with t.he passage of the sound 
waves. 

Conclit.ions between the hyclrophone and t,lie shore that will affect 
cable-laying operations are iniportant. Landing of cable through 
surf is clifficult and in general can be clone only when there is lit,tle 
swell. In  some cases it may be possible to avoid delays in establish- 
ing shore stations, due to weather conditions, by selecting a cove or 
small bay that affords a landing protected to some estent from swell 
and prevailing winds and has suitable depths for planting the liyclro- 
phone block off its entrance. 

On a coast exposed to swell a narrow line of breakers is, of course, 
preferable. Small boats can not carry more t.han about 3,600 feet of 
armored cable., and sites where tlie breaker area is of greater wiclth 
tlinn this are impracticable, even if the bot.tom is sandy. Locations 
where there are more than one line of breakers, with deep water in 
between, must be avoiclecl. 

A smooth, sandy bottom and beach, free from rocks, are most 
desirable ; rocky, kelp-covered ledges aff orcl tlie most nnf avorable 
conc1it.ions. Kelp has been known to part all kinds of cable that 
have been used to date, and kelp beds, if a t  all exposed to swell, 
should be avoicld. In  some cases it may be necessary to lay cable 
over rock bott-om to R rocky point or shore, but if there is any swell 
the cable can not be espected to stand up for any considerable le.ngth 
of time. 

A hydrographic survey, consist,ing of a number of soundings in 
the vicinity of the hyclrophone locat-ion and one or two lines in 
toward the beach, is of value and should be made if practicable, 
usually on a special boat sheet. This will assist in selecting the spot 
for planting the block a.nd give a goocl idea of the. 1e.ngtlis of different 
lrincls of cable that are required. 

HOUSING PERSONNEL AND EQUIPMENT 

In  some cases i t  may be practicable to select a site where there is 
a building that, can be used for housing personnel and equipnient, 
and t.his feature may deserve special consideration if the station is 
required for only a short t,ime. In  general, howevor, tlie greater 
importance of other conclit,ions that. mnst be considered and the 
facility with which L satisfactory structure ca.n be erected warrant 
the construction of special buildings for this purpose. 

Suitable dimensions for a radio shack, which is the principal bnilcl- 
ing required, are lengt,li 10 feet, width S feet, heiglit in front 9 feet, 
height. in rear '7 feet. It should have a door in tlie middle of the 
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front, a window in the back, a shelf across one side for the instru- 
iiiental equipment, and tmwo bunks, one above the other, on the other 
side. The shack should be well rain-proofed. 

I f  a battery-charging out.fit is used, it should be mounted on a firm 
foundation near the shack and provided with a suitable cover for 
keeping out rain and sand. The remaining structure required is a 
cook tent. This is usually an 8 by 10 foot Army tent with fly and 
a wooden floor. I n  order to decrease the possibility of damage by 
fire, it is advisable, if practicable, to wire the shack and cook tent 
for electric lights. 

The buildings mentioned above can be erected easily by the shore- 
station personnel, assisted for a short period by a few men from the 

-5-. 

FIG. 19.-Shore station 

ship The materials required for the buildings and the antenna poles 
are listed below : 

Fiye hundred and fifty linear feet, 2 by 4 inch lumber, dressed four sides; 
1,150 linear feet, 1 by S inch ship-lap; 1 roll roofing paper; 1 glazed window 
sash ; nails, hinges, screws, etc. 

The antenna poles are erected near the shack, and the location of 
the shore plant is governed to a considerable estent by the necessity 
for selecting n suitable site for the antenna (see p. 34). A site close 
to the end of the submarine cable is, of course, desirable but not 
essential, as land lines a mile or more in length have been used with 
satisfactory results. 

It is advantageous to have the personnel actua.lly living at the 
station, so that they will be subject to call by the ship at any time. 
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CABLE LAYING 

In the operations of cable laying described in this section it is 
assumed that armored cable is to be used between the shore and the 
outer limit of breakers, from which light-dnty cable is laid to  the 
hydrophone. The most clifficult operation is landing the heavy cal>le 
through the surf. Before it- is started the usual practice is to estab- 
lish the. shore instruments and personnel so that the latter mill be 
available to assist with the cable laying and testing. This pro- 
ceclnre, however, is not essential ancl may be reversed in order t o  
take advantage of suitable, weather for cable laying. Several 
methods that have been used for landing cable are described below. 

I f  the swell is not too heavy, the cable may be carried ashore by a 
small boat. The ship is anchored as near the hyclrophone site as 

FIG. 2O.-Smnll boats plnnting hydrophone block arid laying cable 

practicable, and a lannch ancl whaleboat are lowered. An empty 
cable reel is securely niounted in the lannch and filled with cable, 
after the launch is in the water, from a reel on the ship. Launch and 
boat then proceed to a safe location outside the breakers, where the 
fornier is anchored. A sufficient amount of cable to reach the shore 
is coiled in the stern of the whaleboat., alternate coils being turned 
over the preceding coil in the form of a figure eight with one loop 
turned over the other. The whaleboat is then rowed to shore! laying 
the cable as  it goes. The cable extending astern takes the place of a 
steering oar. In this operation care must be taken to  avoid kinking 
the cable. 

I f  the whaleboat can not carry enough cable to reach high-water 
line but can reach low-water line. the cable may be landed a t  low tide 
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and haulecl up on the beach by a team of horses or a tackle, the 
launch paying out more cable as required (see remarks below relative 
to the iniport.ance of keeping the cable nioving) . Additional cable 
might also be proviclecl on shore ancl a splice macle near the low-wat,er 
line, but this should not be clone unless absolutely necessary. 

I f  there is t.oo much swell to land a cable in the above manner, it is 
often pracbicable t.o shoot a line ashore ancl haul the cable in to t.he 
beach. For t.liis operation a nuniber of men must. be lanclecl. I f  
there is a sett?lement near the. station, one man from the ship or the 
men at. the station niay be able to hire tlie labor required or a team of 
horses. A reel of cable is mount.ed in B launch or whaleboat. in 
which is coiled a sufficient amount of Sy2-inch rope to reach through 
the breakers. The boat, then proceecls to a position ontsicle the 
breakers ancl upon 8 signal from shore shoots a light line to the beach. 
I f  the. brea.kers are close to shore, a shoulder gnn may be used for this 
purpose ; if t.he breaker area is wide, a Lyle gun, which has a range of 
about one-fourth mile. may be required. The light line is used to haul 
the rope ashore., and the latter is then used to haul the cnble in to the 
beach. I f  the clistance through t.he breakers is short, a few inen can 
clo the hauling; otherwise it niay be necessary to employ a h a m  or to 
use a tackle. Once 6lie cable is in t,he water and under way toward 
tlie shore every effort must be niade to keep it moving before it 
becomes buried in tlie sand. 

wait for favorable weather ancl either lay the cable with a h a t ,  
as nient.ioned above, or carry in a hauling line. I n  the latter case 
it may be desirable to buoy t.he cable. Oil cans are escellent for 
heavy ca.ble, while wooden floats may serve for lighter cable. Lash- 
ings that will wear away quickly should be. used, as it is undesira1)le: 
to have the cable buoyed for a longer period than is necessary to 
get it ashore. 

After t.he heavy cable is ashore it is secured above high-water line, 
and the boat having the reel on board lays tlie remaining cable 
t,oward the hydrophone site ancl nncliors and buoys the offshore end. 
I f  the first cable is long enough to reach beyond the storm-breaker 
line, tlie nest operation is planting the hydrophone 1Aock. Other- 
wise acldit.iona1 cable mnst be obtained froni the ship and spliced to 
the first length. 

Officers and inen engaged in laying cable through the surf should 
wmr life belts a t  all times, and the boats shoulcl be well suppliecl 
with bailing buckets. 

Cementing cable to  rocky shore.-When t.lie shore line is rocky? the 
cable should always be cemented as  firmly as possible. to the rocks 
between high and low water lines, so that it will not chafe a t  this 
point. 

I f  tlie breakers are too wide for t,he LyIe gun, it is nece.ssary tu ' 
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Land line.-Any insulated electric wire with the proper conductivity 
map be used to connect the inshore end of the cable with tlie ins.t.ru- 
ments in the radio slinclr. The splice to the cable and any splices in 
tlie land line should be. soldered and insulated as previously clesc.ribecl. 
Interference from sbatic and possibility of claiiiage will be decreased 
if the land line is r i~n  underground, and this shoiilcl be clone wherever 
possible. 

A wire, which need not be insulated, should also be run froin the 
shack to a gronncl, preferably the outside sheathing of the submarine 
cable or to a near-by stream. The ground is very im11ort.ant and 
should be as nearly perfect as possible. 

PLANTING HYDROPHOME BLOCK 

Tlie hydrophone blocli inxy be planted by t.he ship, if the latter 
can anchor safely at  the liyclroplione site ; otherwise it is plnnt,ed 
by a launch assisted by a whaleboat. I f  a launch is eniployeyed, the 
use of the composite type of block, which is lighter in weight than 
tlie wooden block, is desirable. 

Tlie subiiiarine cable that is to connect. with the cable already laid 
is secured to an eyebolt in tlie base of tlie block and spliced to the 
.hydrophone cable, as previously described. To a wire strap or 
seconcl eyebolt is attached one end of a buoy line. If  it is desired 
to orient the block so that the liyclrophones will point in a certain 
direction, this niay be accoinylisliecl by having a sma.11 boat hold a 
tendon on tlie buoy line in the proper direct-ion when the block is 
lowered. Tlie boat can best hold this line. in the direction of tlie pre- 
vailing current, and tlie point of attachment of the line t,o the block 
should be provided with this fact in mincl. 

A well-painted spar buoy of softwood, preferably cedar, about 
5 feet long and 6 to 8 inches in dianieter, is securely attached to the 
free, end of the line, and R 75-ponnd boat anchor is secnrecl a t  some 
point on tlie line. The object of the biioy line is to provide ineans 
of recovering tlie block; the purpose of the anchor is to s+,retch 
a 11ai-t of the line on t.lie. bottom away froin the block, so tbat tlie 
upright part. will never touch or foul t,lie blocli. Contact bet.ween 
tlie line and the hydrophone bos may produce the saine effect RS the. 
explosion of a bomb. 

Tlie length of the ground 11a.1.t of the line will depend on concli- 
tions relatiye to current,, etc. It must be at  least several fathoms 
greater than tlie depth and inay be as long as 30 fathoms. Tlie 
upright part  should have a length of about 20 fatlionis. In come 
regions it may be necessary to use a concrete block or other substi- 
tube for the anchor to, avoid loss by t.heft. Wire rope five-eighths 
inch in diameter is used for the I~noy line of tlie wooden type bloclr 
and three-eighths inch in cliaiiieter for tlie composite type. 
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A :%inch rope with a large eye spliced in tlie end is used for lower- 
ing t,lie block. This is attac.liecl to the iron strap of the block by 
passing t,he eye under and over the &rap and through the standing 
part of tlie eye where i t  is secured with an iron 01; wooden fid (see 
fig. 9). A rope strap passiiig.uncler the iron strap ancl through t.he 
eye. of the lowering rope will, serve the sa-me purpose. The ficl and 
the rope in contact with it should be we.11 grea,sed. A trip line of 
1Bthreacl stuff is atrtachehed to the fid. 

I f  the ship iq to plant the block, tlie lowering line is taken over 
a davit block, t-he hydroplane block is swung clear and lowered 
to the bottom, and the lowering line is ideasxl by pnlling the trip 
line. The buoy line is nsed, as mentioned above, to orient the block? 
ancl is talien liaizlecl taut away from the block and anchored. Tlie 
assistance of a small boat will usually be required, but at  tiiiws the 
current and wind wi l l  hold the ship in such a position that a small 
boat will not be needed. After the block is planted, the attached 
cable is passed to a 1aunc.h or whileboat which lays tlie cable in 
to a junction with that already laid and splices the two encls. 

I f  a launch is to plant tlie Mock, the cable is first transferred from 
the ship,'taking.care that it leads in the proper direction for laying. 
The Imoy, anchor, and line are next placed on board the launch, 
after which tlie. lowering line ia led through a cleat on the bow of 
tlie launch and a fe.w tuims ,taken around a bit. Tlie block is then 
lowered overboard by the ship until it is suspended from the bow of 
the lunnch. Both boats proceed to the hydrophone site, where the 
launch anchors. The. .buoy line is passed to tlie whaleboat which 
orients the block, while the launch lowers i t  t,o the bot.tom and then 
anchors the line. After the lowering line has been re.le& and 
hauled aboard the launch lays the cable, a.s clescribed above. 

I f  a hyclrophone box is water-tight, it is filled just before it is 
lowerecl. As soon as a block is planted, sestant angles t.0 locate it 
are taken. 

Some hyclrographers follow the practice of attaching a. buoyed 
anchor at each cable splice to aid in recovering the. block if the buoy 
line is lost. 

In  mine cases, where the bottom is irregular or composed of soft 
sand, it niay be aclvisable t.o lash a false bottom to the hydrophone 
block to prevent its shifting, sinking, or capsizing. A bottom about 
8 feet quare., constructed froin 2 by 4 inch boards, has been used 
for this purpose.. 

Recovering hydrophone block and cable.-If the buoy is still in place, 
raising a liyclrophone block, to substitute a new block, or to dis- 
continue the station is easily a.ccomp1islied by nieans of t,he buoy 
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line. If tlie buoy lias become detached, it is necessary to pick up 
tlie cable. Aircraft cable is st,rong enough to lift tlie block, pro- 
vided d i n t  i t  lias been properly att,achecl to the eyebolt in tlie base 
of trlie blocli. To replace the block, tlie cable is cnt and t,he cnd in- 
sul'atecl acrl buoyed. The new block is.planted and 1ocat.ecl by angles, 
and tlie caljle is spliiecl. 

The cable may he picliecl up by means of tlie anchored buoy lines 
iiientioiiecl previously or by dragging wi t.l.1 a grapnell if tlie 1mtt.om 
is santly. Tlie t,ime required for tlie latter operation is uncertain, 
but the cable cn.n usually be recovered nnless it 1ia.s been laid so long 
that it is buried deep in the sand. A heavy grapnell, clraggecl slowly 
over t,lie cable, should be used. After the cable is brouglit to the 
surface it may be underliaulecl in the desired direct,ion. 

A swivel in a buoy line just M o w  tlie buoy will aid in tlie preserva-' 
t,ion of tlie ldter ,  and frequent angles or ranges observed wlien lay- 
ing cable will be of use in recovering the cable. 

TESTING KYDROPHONES AND CABLE 

In order to insure satisfaxtory operation of shore stations and to 
avoid costly delays and tlie inconvenience of making repairs after 
trlie under-water equipment 1ia.s been installed, tests should be made 
whenever possible during the operations of planting liyclrophones 
and of splicing and laying cable. Tests recommended and the 
methods of niaking them are noted Below. 

Testing hydrophones.-Each hydrophone slioulcl be tested before 
being inst.alled in tlie box by connecting tlie two conductors to n 
battery of known voltage and a milliammeter in series. The resist- 
ance of the hydrophone sliould be between 400 and 800 ohms. 
(See p. 17.) This test slionld be repeat.ed after the hyclrophone or 
hyclroghoiies have been installed in tlie bos with all splices macle, 
and again repeated (using tlie same volhge) after the hydrophone 
block has been planted. 

Tlie last test shodd show some increase in talle current passed due 
to tlie effect of wat.er pressure on t.he hydrophone. Effect of ocean 
swell will be inclicat.ec1 by a smooth movement of the milliamineter 
needle, a jerky movement indicating leaks or breaks in the circuit. 
A record of hydrophone tests slionld be liept for comparison with 
later tests. 

Testing cable and splices.-Every section of cable, even if new, and 
all splices, if practicable, slionlcl be tested as follows : 

( G )  Test cable when dry for breaks by connecting the two ends 
through a battery and a.mmeter (or: voltmeter) in series and noting 
if cable passes the full current applied to it. 
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( 6 )  Test cable for leaks by insulating one end and by grounding 

the other end through a liattery ancl milliammeter. The entire reel 
If cable, escept the groundecl end, can then lie lowered overboard 
lor a considerable period, or t.he cable can be passed through the 
water in sections (a running bight), t.he latter method being better 
€or locating leaks. In  either case if the milliammeter shows B pas- 
sage of current a leak is indicated. As leaks of any size cause con- 
siderable trouble, it is best to remove defective sections liy cutting 
and splicing the cable, ancl it is often desirable, especially with the 
heavy cable, to remove sections where future leaks may develop, as 
at  spots where near-kinks exist. 

(c) Test all splices, if practicable, for breaks and leaks liy the 
method described above. 

(d) After laying cable t,o the shore the inshore end should be 
insulated, and the boat a t  the outer end should test for leaks by 
grounding this end through a battery and millianinieter in series. 

(e)  Test same c.ab1e for breaks by grounding the inshore end 
through a battery and milliammeter in series. Repeat this test after 
hydrophone has been planted and all calile has been laid. After 
land line 1ia.s been splimcl to the submarine calde and led to the 
radio shack test coqilet,e circuit in the same manner. 

( f ) Finally, test complete shore installation liy under-water 
sounds produced by the ship’s oscillat.or or by exploding a detonator. 

( 9 )  A possible test of leaks during the season is to connect the 
conductor and sheathing of the cable through a milliammeter. A 
passage of current may indicate a leak, though this may possibly be 
caused by electrolytic action. 

DETAILS OF OPERATION 

Rydrographic methods.-In considering the use of radio acoustic 
position fincling it should be borne in mind that t.liis method is 
not intended ent.irely to wpplant position finding by visual means. 
Each met,hod has it.s aclvaiitages and its limitations. When suitably 
locatecl, fisetl objects are visible ; the latter method is preferable, 
as it requires less time and efFort than a,ny other nieans of position 
finding. The offshore distance t.0 which it can be carried, however, 
is 1imit.ecl by conditions of visibility as nohed previously. 
On the ot,her hand, the offshore limit of r d i o  acoustic control 

does not depend on the conditions that affect the visual positions, 
but the new met.lioc1 is not adaptecl for work close inshore.; mainly 
because of the close spacing of cont,rol sta.tions that wouId be re- 
quired, possible nncert.ainty in the velocit,y of so~ind. and the large 
number of positions necessary to control closely spaced sounding 
lines. 

lrn17Q-2S-4 
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It should be apparent from the above facts that the two methods 
are. admirably suited for iise in conjunction in order that accurate 
control may be ca.miecl farther offshore and t,hat loss of time due 
to weat,her conditions may be reclucecl to a minimuni. Their use 
in this manner has also made possible an important. and very 
desirable change in the procedure of hydrographic surveying. 

Foimierly , in order to carry on fixed-position surveys with any 
degree of economy, it was necessary to utilize. the clearest wertt.her 
for offshore work. As a general rule, good visibility is accom- 
panied by ot.lie,r weather conditions niost favorable for depth- 
measm4ng operations. With radio aconstic control available, this 
procedure has  been reversed and a more logical arrangement of 
work is hossible. Inshore areas are usually the most important, 
as they niay include the approaches to harbors, depths are less, and 
dangerous shoals are more likely to exist. Surveys of such areas, 
which are best controlled by visual means. can now be carried on 
cliirinq west1ie.r most suitable. for careful and accurate sounding 
operations. 

A coastal survey for which b0t.h methocls of control are used 
will nsually proceed in the most economical manner when t.he two 
classes of work progress at. about the same rate along the coast. 
Careful consicleration, in connection with prevailing weather, spac- 
ing of sounding lines, etc.? should themfore. be given to the above 
conclitions in fixing a boundary line between the two methods. 

On the Pacific coast it liw been t.he general practice to use radio 
acoustic. control outsicle the 50-fathom curve, whioli lies from 10 to 
15 miles offshore, and it has been possible to approximate the ideal 
a.rmngement indicated above by taking all possible advantage of 
clear weather for work inside this limit. 

Position intervals.-The number and spacing of radio acoustic posi- 
tions sliould be such that all sounding lines are. located with sufficient. 
accuracy for charting purposes+ and tshat the coiirse of the vessel mny 
be directed so as to run the lines in an economical manner. On the 
Yacific coast these conditions have been secured by taking bomb 
positions about as follows : 

(a) At the beginning and end of cadi sounding line escept as 
noted in the next paragraph. 

(71) Eit,lier a t  the end of one line or the beginning of t.he nest 
when the two points are so close together that a bomb position at. each 
is impracticable. 

(a) At a.11 radical changes of course on a sounding line. 
(a) At, the following intervals on a sounding line: Between the 

50 and 100 fathom curves, 15 minut,es when running a t  10 knots 
and 20 minubes when running at  two-thirds this speed; oiitside the 
100-fathom curve, 25 to 30 minutes. 



RADIO ACOUSTIC POSITION FINDING 47 

At. each bomb posit.ion readings of the log and revolution counter 
are t,aken and recorded, and intermediate positions are provided by 
such readings at. all changes of course (both when the. turn is started 
and completed), at  all radical changes of speed, and at. intervals not 
greater than 13 minutes on tlie sounding line. 

Personnel.-The usual organization of a parhy engaged in radio 
acoustic position finding is as follows: On board ship the officer of 
the deck stands bridge watch and performs the customary duties of 
watch officer modified in accordance with usual surveying practice. 
Another officer, stationed in the chart room, is in direct charge of 
obtaining time intervals, computing distances, plotting positions on 
the sheet, and setting courses to run t,he proposed sounding lines. A 
division of these duties between two ofticers speeds up tlie work and, 
when tlie complement permits, is sery desirable, especially on inshore 
work when positions are taken frequently. 

The chief radio operator operates the. radio apparatus, iinder the 
direction of t.lie officer in charge of the. chart room, and supervises 
the operat.ion of shore stations. A second radio operator relieves the 
chief operabor and is available. for duty ashore in emergencies. 

One member of t.he crew is especially designated to make up? care 
for, and fire the bombs. H e  should have considerable experience 
with explosives and should be a man who will always esercise the 
utmost care and precautions in his work. 

The complement of each shore station consists of a radio operator, 
who has complete charge of his station under the general supervision 
of the chief operator, and a inaa as cook and helper. The latter may 
be dispensed with if living accommodations near tlie station are 
available. 

Radio acoustic position finding is B speck1ize.d branch of radio and 
electsrica.l work and, as the success of hydrographic work con- 
trolled by this method depends on the stisfactory operation of ship 
oncl shore station apparatus, it is eesential that the radio personnel 
be of the highest type and thoroughly trained. Such training can 
be obtained only by actual operation of the equipment under com- 
petent instruction. 0peratoi.s shoulcl have specia.1 lrnowl~lge of 
vacuum-tube work and be of an experimental turn of mind. It has . 
been found that the best operators are me.n who have gracluat.ec1 from 
a first-class radio scliool, or have been enthusiastic aina.teurs, or have 
been connected wit.11 broadcasting or esperimentil operations. Coin- 
mercial operators without t-hem qualifications rarely succeed in radio- 
acoustic work. 

Determination of lags.-Bef ore starting the day’s work the operator 
at  each shore station, when directed by radio from the ship, sends a 
series of lags (nsnally five or six sets). The means of these are used 
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during the clay unless, as rarely occurs, later inforniat,ion indicates a 
change in the lags a t  the st.ation. 

To determine tlie ltes a t  a shore station, the ope.rator opens and 
closes the hydrophone switch, which will cause the plate-circ.iiit relay 
to operate. One pair of contacts closes the. circuit of the transniit- 
ting relay, so that n radio clash is sent out; another pair of c0nt.act.s 
closes the circuit of the automatic key, causing the transniission of .  
the three iiiet.rononie claslies. All dashes are received and recorcled 
by the chronograph on board ship, and the lags, which ai?. the inter- 
vals bet,ween the first clash and the. sncceeding met,rononie dashes, are 
scaled to hundrdths of n second in t,he same nianner as for a bomb 
position clescribecl 1a.ter. 

Condition of shore circuits.-Some 1iyclrogra.phers consider that a 
record of the condition of tlie hydrophone circuit, at. each shore st,a- 
tion is of value in carrying on work. This may he compiled from a 
daily repoi% following the lag signals. Such a report usually con- 
sists of t h e e  figures-the first being tlie amount. of steady mater 
noises in the circuit (the nornial red ing  of the niilliainmeter whe.n 
no bomb signals are coming through) J second? the. milliammeter read- 
ing at which t.he relay will trip; and, third, the number of times that 
tlie re1a.y will trip during a certain period, clue to  wat,er or ot,lier 
noises that a.re above normal. 

ROUTINE OF POSITION FIIPDING 

Before a position is to be obtained tlie ofticer in charge of the, chart 
room has the radio operator call tlie shore stations to mal- le sure 
that they are ready and properly tuned in, tlie bomber is instructed 
to have a bonib ready, and tlie chronograph is tested. Usnally a 3@- 
second stand-by notice is also given to t.he bridge, the bomber, and 
the shore operators. A definite system of signals by bell or other 
means between the bridge and chart rooni, to cover the nsnal opera- 
tions of position finding, is desirable. When time for the position, 
the hniber is instriicted to fire the. bonib. 
Bomb firing.-A bomb is lighted by holding t,he fuze. against tlie 

electiic heater iint,il a spurt. of flame and sparks comes from the fuze. 
The bomb is then held for a second or two until only smoke is emitt.ed, 
which indicates that the fuze is burning entirely on tlie insicle and 
will not be estinguished by the water. It is then clroppecl over- 
board with as little splash as possible : this being especially impor- 
t.ant. in t,he case of cast-iron containers. I f  practicable, tlie I~01ii11 

should bit the wat.er bottom first. 
At tlie instant of dropping the bomb the bridge is notified, so 

that the course or speed will not be changed until the bonib explodes 
and the log and revolut,ion counter are read and recorded. 



RADIO ACOUSTIC POSITION F I N D I N G  49 

Fuze interval.-This terni is appliecl to t,he interval between the 
times of dropping the bonib and its esplosion. It must alwrtys be 
obtained for use in computing the " run," which is discussed later. 
The fuze interval is iiieasured to tlie nearest second? with a stop match, 
or by marking the chronograph bape, e.it.lier with a penc.il or by 
bripping the signal-pen relay. 

Depth of explosion.-The depths to which various types of bombs 
mill sink during any given fuze interval may be determined by 
esperinients. When surveying in shoal water, this depth niay be 
such that the honib will reach bottom Ise.fore exploding. This is 
undesiralde, and may be prevented by supporting the bomb at  any 
clesirecl depth by means of a temporary buoy and st,ring. An in- 
flated paper bag will serve for tlie former. Tlie string should be 
so light, that. it will break if it fouls anything. 

Receiving signals.-As soon as the bonib is dropped overboard the 
officer in charge of the chart! room throws the '' liydroradio " switch 
(see fig. 2) to close the sound-receiver circmit. When the sound of 
the esplosion is received? a long clash is transmitted by radio (by 
means of a transmitting key relay in the signal-pen circuit) to notify 
the shore. stations that a bomb has been fired, after which the 
ship% antenna is .connected autoiiiatically to tlie radio receiver. The 
" hydroradio 77 switch is then thrown to close tlie radio receiver circuit 
for reception of tlie radio signals from the shore stations. 

Additional data from shore stations.-After the signals from control 
stations have been received the radio operator calls the shore sta- 
tions and obtains tlie milliainnieter readings caused by tlie bomb 
explosion. These give an approsiniate measure of tlie intensit-y with 
which the sound strikes t8he liydrophones and, together with t.he size 
of the bomb and distances froni the stations, forni a valuable record 
for the dete.rniination of the sizes of bombs to be used under various 
conditions. 

When a simultaneous dash is transniitted from the stations, the 
intervals between this clash and the succeeding metronome dashes 
give a set of lags for each posit.ion by means of which the operation 
of the stations may be checked. Ot;herwise? one set of lags at, each 
station is obtained in the. manner describecl above after each posi- 
tion. The nest steps are, the, scaling of time intervals from thc 
chronograph tape, tlie computation of distances, and the plott.inp 
of the position, all performed on board the ship. 

CHRONOGRAPH RECORD 

As the chronograph tape passes under the. recording pens, tlie time 
pen draws a base line about. in the niicldle of the. tape and each 
second makes a short offset in this line. Tlie signal pen draws a 
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second line, coincident or nearly so with the first line, from which it 
makes an offset when actuated by the bomb esplosion or by a radio 
signal. Signal offsets are on the opposite side of the base line from 
the time offsets. 

The appearance of the tape and the niethod of scaling time inter- 
r-nls from it are illustrated in Figure 91, wliicli shows the aigna.ls 
from one shore station only. The first signal offset of a position is 
that caused by t,he bomb explosion, and varies considerably in 1engt.h. 
In Figure 21 this 0ffse.t starts a t  the point marked B. The nest off- 
set of a normal record is that caused by the receipt of the radio clash 
tmnsinitt,ecl at the instant the sound reaches a shore liyclrophone 
(if the shore station is arranged to transmit a simultaneous clash) 
followed, at intervals caused by lags in the metronome circuit, by 
three offseta: caused by the receipt of tlie metronome dashes. I n  t.he 
illustration the first radio offset starts at point As and the metronome 
offsets start at points W ,  N?, and M3. After dl signals from the 
control stations have been received t.he tape is torn off at a point 
beyond trlie last offset. and the time intervals are scaled. 

Scales.-A scale of even seconds may be. prepared by adjusting the 
chronograph for constant speed and running off a length of tape 
covering about 100 seconds. The time offse.ts on this tape are nnm- 
berecl consecutively, and t,lie tape is secured to the top of n table or 
clesls near 6he chronograph. Later irreplaritiek in the speed of the 
chronograph motor will be indicated by lack of coincidence between 
the time offsets on the tape record and thow on tlie standard scale. 
For intervals less than one second a glass or celluloicl scale graclu- 
ated to hunclreclths of a second is used. 

Time intervals.-For convenience in scaling time intervals the h i e  
ofls& iniinediately preceding the offset catused by tlie bomb esplosion 
is useil a.s an initial point from wliic.11 all intervals are scaled 
(point I in fig. 131). I n  scaling t.0 offsets the point at which tlie 
signal pen leaves the bnsc line is used. The intervals scaled or com- 
piitecl are as follows, points and intervals designat,ed by letters are 
those shown in Figure 31. 

I.?iititJ i~t.fwzwJ.-Tliis is t,lie interval I23 scaled from the init.ial 
point t.o the bomb offset. 

Rzm-The position determined is that at which the bomb is thrown 
overboard. As t.he ship is under way, it will be sonie distance from 
this p i n t  when the bomb explodes, and an appreciable length of 
time will be required for the sound to reach t,lie ship’s receiver. 
The actual t.inie of t.he explosion, therefore, is always earlier than 
is indicated by the bomb offset. For the pnrpow of illustration, this 
interval is exaggerated to show the actual time of explosion a t  the 
point on the tape marl&l by the arrow A’. The int.erva1 A’B, 
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termed the. “run,” is conipnted from t,he speed of the ship, the fuze 
interval, the didanc.e that the. bomb sinks during this interval, and 
the velocity of sound in mater. 

I n  practice it has been found that a. table for v:trious fuze intervals 
and speeds of vessel, made 111) in aclvance, is convenient for use. 
I n  preparing this table it is desirable to measure the sinking speed 
of various sizes of bombs and to us0 an average speed rat.hei* than a 
different speed for each type. Such tables should be used for final 
computations, but for preliminary computations for use in field work 
time can be saved by obtaining an approsiniate value in t.he follow- 
ing manner: Multiply tlie speed of the ship in knots by tlie fuze 
interval in seconds: divide by 30, and the result will be 6he run in 
hundi.e~2ths of a second. 

Initid mrrwt~on.-Tliis is the interval IA1 between the initial 
point and the actual time of tlie esplosion, obtained by subtracting 
blie computed run Al B from the scaled initial interval IB. 

T&w~e. front hi’$.hk.-Tliis is the interval IA from the. init.ia1 point 
to the point. on the. tape marked by the double.-headed arrow A2, 
indicating the time of receipt of the sound by the shore-station hydro- 
phone. I f  the station is arranged to transmit a siniultnneons clash, 
the proper point on the. tape is indicated by the first radio signal 
offset. The interval is checked by scaling from I t.0 ill1, JP? ancl Ms 
and subtracting mean lags, and this is the only method availn1)le for 
obtaining t,he interval IA? if the st,ation does not transinit t.he 
simultaneous clash. 

EZnped t%~e.-Tlie interval A1 A?, which is the elasped time be- 
tween the explosion of the bomb and the recgipt of the sound by the 
shore-station hyclrophone, is obtained by subtracbing the initial cor- 
redion IA1 from the interval IA‘. 

Template.-When the position is about equidistant from t.he control 
stations, the signal offsets may intermingle on the tape. Confusion 
may also lw caused at times by static, which produces offsets siniilar 
to those caused by the radio signals. As the length of an offset caused 
by any particular radio dash and the intervals between these offsets 
remain constant for each st.ation, a template, as illustrated in Figure 
21, will often be found valuable for identifying the radio signals froin 
t.he st.ations. 

After a series of lags that show no va.riat.ion have been taken 
rectangles, corresponding in length ancl spacing with the radio sig- 
nals froin each station as shown on the tape, are laid off on the edge 
of n strip of celluloid or boat-sheet paper. By using cliff erent-colored 
ink and proper notation the signals from two or more stations ca.n 
be shown on the. same strip. When laid on the tape as the sigiials 
come in this template, in acldition to aiding in identification of sig- 
nals, will indicate any irregularities in the operation of shore stations. 
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Recording.-Time intervals for each station used for control are 
recorded in a bomb recorcl. A sample page illnstmt,ing the record- 
ing and computation of data for one position is shown in Figure 22. 
I n  this figure the columns have. beem nunibei-ecl for convenient 
reference. 

The page is cliviclecl into alternate four and two line spaces by 
heavy lines, a four-line space being used to record the data for each 
station. In t,he first, two columns tlie. position number, time of 
dropping bomb, and name of station are recorded. The entries in 
the third column are. described above. The scaled times in tslie. fourth 
coliimii are tlie intervals between the, initial point and tlie various 
radio-signal offsets. I n  the case of the simultaneous dash, tlie scaled 
time and t-ime from initial are tlie same. For  tlie met-ronome dashes 
mean lags a.re entered in the fifth column and subtracted from the 
scaled times to obtain the. times from initia.1. I f  any radio clasli is 
missed, the appropriate line is le,ft blank. The elapsed times in the 
eighth column are obtained as clesc.rikd above. 

On the right-hand side of the page tlie velocity of sound is en- 
tered, space being provided for an assumed velocity in case work 
is stai.tecl before actual tests are macle. Distances ai?. obtained by 
multiplying elapsed times by the velocity of sound. The last c.olnnin 
Is used for entry of data indicat,ecl by the heading. 

A distance can be obtained from any one of the clashes received 
from a station, and this is often done in field work when the position 
is desired as quickly as possible. A t  a. later t,ime., however, all of 
the entries describe.d ahove are carefully made and checked, after 
which the tape is no longer rguired as a. permanent record. A t  the 
end of each clay in the record t.lie names of tlie persons who conipiled 
and checked tlie record are noted. 

I n  the sounding record positions are recorded by noting the name 
or call letters of eac.h station, the cliskances, and the readings of tlie 
log and revolnt,ion count.er. Rubber stamps are proviclecl for this 
purpose. 

PLOTTING POSITIONS 

As the distances to shore stations are frequently great, and as 
intersections of distance arcs are occasionally somewhatr flat., escep- 
tiona.1 care must be taken in preparing projections. Well-seasoned 
paper of the best. grade should be used both for boat. and snioot.li 
sheets, and projections shoulcl be as accurate as possible. 

Hydrophone positions.-As soon RS possible after a projection is 
completed the positions of t.lie hydrophones and t,he distance arcs 
ment,ioned below should be plotted t,liereon. The. former may be 
plotted wit,Ii a thresarm protrrnctor, bnt it is nsunlly desirable t,o 
compute tlie geographic positions of the liycli-ophones from the. ob- 
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served sest,ant angles. The symbol for a liyclrophone station is a 
square 2 niilliniet.ers on a side with a dot in the center, indicating 
the position of the station. Stations are distinguished by using ink 
of a different color for each and by tlie name or call letters of the 
st,ation lettered with ink of the same color as t$lie. symbol. 

Distance arcs.-For convenience and accuracy in plotting positions, 
distance arcs froin each station are drawn at regu1a.r int,ervals on the 
sheet, tshe arc.s from each station being linked with the same color as 
the station s;vmbol. For scales from 1 : 50,000 to 1 : 120,000, which 
are. generally used, an arc interval of 10,000 me.ters is satisfactory. 
The distance of each arc from its stat.ion is lettered on tlie edges of 
t,lie sheet at each end of tlie arc. 

The sheet shonld he meamred for distortion just before the arcs 
are drawn. I f  there is no distortion of practical importance, the arcs 
iiiay be swung froni t.he stations with cliviilers or beam coinpass. 
Otherwise. allowa.nce for distortion should be made by computing 
the geographic positions of three well-distributed points on each arc 
and drawing the arc of a circle through these points. 

Points on true east-west or north-south lines passing through a 
hydrophone station are niost easily computed, as in this case the 
clistance of a point along such a line from the nearest parallel or 
meridian can be obtained by using tlie total distance desired, the 
distance of the station from the nearest parallel or meridian, and 
the length, in meters. of intervening projection intervals as tabu- 
lated in the projection tables. Special attention should be given to 
distortion when it is necessary to clraw additional arcs on a sheet 
that has been used for some time, as when a new control station is 
est,ablished during tho season. 

Positions.-When the position distances have been computed, the 
distance from the nearest distance arc of each hydrophone station is 
obt.ained. Then, using a meter scale corresponding to tlie scale of 
tlie projection and knowing the locatmion of the position within reason- 
able limits, the distance from one arc is set on a pair of dividers, 
a point a t  the proper clistance, froni one of the st.ations is plotted, 
nncl a short arc is swung in pencil with a beam compass centered 
on the station. The position is then plot,ted on the pencil arc with 
dividers set at  the proper distance f roni t,he nearest distance arc oil 
t.he other station. 

When for any reason only one distance is obtained, a position 
may be plott.ed by various means-such as the intersection of tlie 
single. distance arc with t,he course f roin L previous position-with 
a line connect,ing two posit,ions if there has been no change in t.he 
coiirse, or with an arc swung from an adjacent position using bhe log 
distance as raclins. I n  such cases the method used should be sktecl 
in tlie record. 
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The symbol for a bomb position is an inked section of the c1ista.nce 
arc fi-om each station, each arc e.stending 3 niillimeters on both sides 
of its intemection with the other a.rc or arcs, the point. of intersection 
being the position. Each arc is inked wit.li t.lie, color of its station. 
The symbol for a posit.ion obtained by using only one distance arc, as 
indicated above, is an inked section of the distance arc estending 2 
millimeters on both sides of the position which is marked by the in- 
tersection of the arc and a st,raight. line estending about n o i i a l  to 
the a.1-c and 1 millinieter on each side of it. I n  t.his case both arc 
and intersect;ing line are inked with the color of the station from 
whic.11 a distance is obtained. 

The symbol for a visual position used in conjunct.ion with a bomb 
position for the cleterminat,ion of souncl velocity is a square, 1 niilli- 
meter on a side, with the visual position in the center. When only 
one station is used, the entire q u m e  is inked with the station color. 
I f  two stations are used, two adjacent sicles of the square a.re inked 
with the color of one station and the other two sicles with the color of 
the second stabion. 

Time required for position.--When only one radio clash is used, about 
three niiniites are required to scale, time. intervals, compute clistances, 
ancl' plot a position. When all clashes are usecl? t.he time required is 
gene.ra1ly a 1it.tle over four minutes. 

VELOCITY OF SOUND 

Accurate knowledge of the velocity of sound in sea water is ob- 
viously of vital importance in radio acoustic position finding. Con- 
siderable study of this subject by sc.ient,ists and engineers of the 
United States and ot.lier countries has shown that this velocity 
clepencls on the salinity, temperature, and pressure. of the water 
through which the. sound pa,ws, ancl tables have been pi.eparec1 giv- 
ing theoretical veloc.ities for cliff erent values of these variables. 

I n  radio acoustic work, however. little is known of the path taken 
by t,he sound of a bomb explosion in reaching the shore stations, ancl 
it is? of coiirse, clifficnlt. to determine. t.he conditions affecting the 
veloc.ity throughout t.he area traversed by t.he souncl waves. It is 
t.heref ore considered advisable to measure the velocity of souncl by 
actual tests on the working grouncls. 

Determination of velocity.-This is accomplishecl by esplocling bombs 
at suitable points where accurate. visual positions of the ship ca.n be 
obtained. The tiiiie reqiiired for the sonncl of a boinb e.xplosion to 
reach the shore hydrophones is determined by the. standard methocls 
clescribecl heretofore, and the distances are coniputecl or  scaled from 
the plotting slieet. 

- 
For n description of the experiments of the Coast nut1 Geodetic Survey on this subject 

and nn account of the results obtained see Velocity of Souud in Sea Water. Coast awl 
Geodetic Siirvey Special Publication No. 10s. 
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The conditions under which tesbs are made slionld be caref d l y  
selected. Bombs shonlcl be fired a t  points where strong visual posi- 
tions on well-located objects are obt.ainable and where t.lie, distances 
to liyclrophones are as great as possible. The 1att.er is necessary in 
order t.0 niininiize instrumental and other errors; it is customary to 
use only the results of tests on stations not less than about 15 d e s  
distant,, or at least. to give greater weight to such kesults. 

The &it.ion slionlcl be taken a t  the instant, the bomb is dropped, 
and the distance and bearing between tlie point on the, ship where 
the posit.ion is taken and that from which tlie bomb is dropped 
shonlcl be considered in plotting t.lie position. Great care shoulcl be 
taken to deterniine tlie ‘ b  run” accurately and to obtain good lag 
observations before and after each test. Boinbs of sufficient size 
to produce strong effects at! the shore stations should be used, and 
results that are questionable, in any way slioulcl not be used for com- 
puting velocities. Positions should be plotted on a well-seasoned and 
accurate projection. 

It is also desirable to niake such tests when there ere opportuni- 
ties during the progress of hyclrographic work! but these as a rule 
will not give as good resn1t.s as tlie special tests on account of wealcer 
positions or shorter distances from hydrophones. 

I n  order to provide data for theoretical investigations of velocity 
it is desirable that serial water temperatures and water samples at  
various depths be taken at. fairly frequent intervals during the sea- 
son. These shoulcl be well distributecl over the area under survey 
and slioulcl be snppleiiientecl by surface-water temperatures and sam- 
ples, taken daily at different points on the working grounds. 
Usually the collection of tliese data will not interfere with ot.lier 
work, as they are required for the reduction of echo soundings. 
Instructions for securing temperatures and water samples and for 
recording the data obtained will be found in the H y d i q p p h i c  
Manual published by the bureau. 

. 

Frequency of tests.-It is t.he practice to niake as inany velocity tests 
as possible within reasonable liniits during tlie progress of hydro- 
graphic work. They should be taken freqnent.17 during the season 
and should be as well clistribntecl as practicable .over tlie working 
grounds. The number of tests on each hydrophone should be approxi- 
niate.ly equal. 

During a short season it is often pract.icable to adopt one average 
velocity for use, during tlie season. For longer seasons, however, and 
especially in regions where considerable variations of salinity and 
teniperat.ure niay be espectecl. it, may be necessary to adopt different 
Felocit,y values for certain periods sncl possibly for different sections 
of the worlring grounds. 
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FAULTS W OPERATION 

Satisfactory results in the w e  of radio acousbic ranging depend 
on tlie efficient. operation of every one. of the units of which the 
eqnipnient is composed, and it is therefore necessary to have every- 
thing in the best possible condition at  all times. 

At the beginning difficulties niny be esperiencecl in getting bonil~s 
to esplode, but. these troubles will decrease with esperience. The 
end of t,he fuze nest t.0 the detonator must be freshly cut ancl dry, 
ancl t,he joint, between fuze and detonator mist  be absolutely w-nt.er- 
tight. The fuze and clet.onator must. not, be pulled out of the esplo- 
sive in throwing it overboard, and the. powder must be ignit.ed inside 
tlie fuze, not, merely the tarry compound surrounding it,. I f  these 
and the instructions previously given are carefully followed, t.he 
boinbs shoulcl give no trouble. 

The ship’s hydrophone must. be covered wit.11 water. There is no 
escuse for storage batteries not being charged, and dry batt.eries 
should be t.estecl often enough to be replacecl before t.liey ca.iise 
trouble. 

There is always a possibility of the ship’s amplifier getking salt 
spray on it., and for this reason every precaution shoulcl be tnlren 
t.0 locate it in a protected place and then keep it closed and free 
f roni moisture and dust. The tubes sl~ould be operated sliglit.ly 
below t.heir rated voltage rablier than at or above, as tlie latt,er 
lowers their efficiency and life very materially. I f  anything is sus- 
pectecl of being not up to ‘standard, it should be. overhauled ancl put 
in condition at  the first opportunity when the ship is not working on 
R. A. R. 

Tlie relay contacts shoulcl be cleaned occasionally by drawing 
crocus cloth or paper between them! so that. they are free from dirt. 
Tlie chronograph motor sliould be esaniinecl once or t.wice a season 
and brushes and commutator cleaned aiel bearings oiled. The paper 
shoulcl be renewed in the , ,  so that it cloes not run out just after a 
bomb is fired. The loss of a position costs more than several rolls 
of paper. 

Sonie sliips 
use fountain instead of stylographic pens and a good rule is to refill 
the pens daily before work is begun. The set screws on the magnet 
armatures, blie st,ops, etc., shoulcl be ke.pt tight, so that they may not 
work loose a t  a critical moment ancl spoil a record. 

The contour of trlie ocean bottom may have considerable effect on 
the distance that bombs will carry, and intervening shoals may some- 
times prevent the sound of a bomb esplosion reaching a shore station. 
I n  t,he case of off-lying shoals there is no reniedy for this condition, 
and it is not especially serious, as tlie interference will be felt in 

Pens should be cleaned and ink frequently renewed. 
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only a small area. I f  there is a shoal a short clisbance off from the 
hydrophone, however, it may interfere with the reception of sound 
from all directions, making it necessary to move the hydrophone 
either outside the shoal or a short distance along tlie shore, so that 
the shoal will be  off the line between the hydrophone and points 
where bombs will be fired. Rough seas may also cause a decrease 
in the strength of bomb signals. 

Probably more trouble has been esperienced in the combinatioii 
of shore hydrophone, cable, and amplifier than in all the rest of t.he 
apparatus. Naturally, the hydrophone and cable are more inacces- 
sible than a.ny other parts, so that if anyt.liing goes wrong with them 
there is nothing to do but take t,liem up. Consequently, t.he greatest 
care shoulcl be esei'cised that no electrical accidents occur to ' t.he 
hydrophone, such as using too high voltage on it for testing. While 
high voltage, such as furnished by a megger, is handy for testing the 
cable insulation, it should not be used on the hydrophone circuit. 
Many noises attributed t.0 tlie hydrophone. and called water noises are 
diie to troubles in the cable and the amplifier it.self. These troubles 
may be due to tubes, batteries, poor contacts at  joints, poor insulation 
with consequent leakage, and " static " received on the cable. itself. 

When searching for troubles in the amplifier circuit, remove the 
hydrophone wires and connect. talle hydrophone binding posts to- 
gether. I f  the circuit is not absolutely quiet when listening on tlie 
third stage, try listening with only the third tube. in its socket, 
then with second and third only, and then with all three, and start 
listening on the first stage with the first tube only, second stage with 
second tube, etc., to see if tlie noises can be located in any one stage 
or if it  is always present. Try changing to new tubes. 

Make sure t.hat a l l  the connections to the A battery ape tight, as 
well as the connections between cells. With lead batteries the con- 
nections have a tendency to work loose, especially where a cliff erent 
metal is used with the lead. The best connectors are spring clips 
coated with leacl, as tlie springs always produce a pressure. regarclless 
of temperature changes. 

The B batteries may be in pooi' condition. They may be tested, 
1 block a t  a time, with an ammeter and should give a t  least 1 ampere 
or be thrown away. This test should be made with the circuit closed 
only a very brief interval of time or the battery will be injured. ' I f  
no ammeter is available for this test, the' battery may be tested by 
fastening a short piece of copper wire to one terminal and snap1)ing 
the other end across the other terminal. I f  a spark is visible, tlie 
battery may be used and will probably not be noisy, but if no spark 
can'be seen it will be inefficient even if it shows a fair voltage on a 
voltmeter. It is not economy to try to work with poor dry batteries. 
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If batteries and tubes are good, noise may be due to moisture 
causing leakage. It is assumed that a defective transformer would 
be quickly detected. It sonietinies is beneficial to put the amplifier 
in an oven or neai’ a source of heat where. it can be warmed up t.o a 
temperature not above the boiling point. This will drive out all 
the moisture without injuring tlie insulation. When the amplifier 
ancl its circuits are quiet, connect the hydrophone and its battery. 

There will generally be a slight noise from any hydrophone, due 
to the carbon itself, variously spoker, of as frying 01’ burning. A 
crackling noise is generally due to leakage t,liir>ngli the insulation 
of the cable, or it may be clue to atmospheric or earth currents or 
noise in the ground connection at the radio shack. Sometimes a con- 
denser of as much as 1 microfarad shunted across the cable ancl 
ground will sufficient.ly reduce this noise so that it will not be 
bothersome. 

Hydrophone cable troubles may be due to ljreaking or injury to 
the insulation. I n  the first case no sound can be heard from the 
hydrophone a t  all. I n  tlie latter case if there is only a slight leakage 
through tlie insulation it will act as a shunt around the hydrophone 
and decrease its sensitiveness and probably also produce the crackling 
noise mentioned above, since. the resistance of such a leak seldom 
remains constant. I f  any considerable portion of the insulation is 
injured, amounting to an inch or two of bare mire Ijeing esposed 
to sea water, it is practically t.he equivalent of a short circuit being 
made at  that point between the cable and ground. 

When first put down, the insulation resistance of the cable should 
be B niegoliin or niore. However, as the insulation deteriorates its 
resista.nce decreases, and some stations have been operated a short 
time with the cable insulation as low as a few hundred ohms. These 
are exceptional cases, however, and in general operation a t  any con- 
siderable distance will fail before the. resistance has dropped to any- 
wlicrc near this va.Iue. I f  tlie insiilation is impaired, the usual 
procedure is to send out a boat and bring tlie cable to the surface 
and esamine thronghont its full length while the boat is iiioved 
along slowly. Any cloubtf ul-looking places should be repaired by 
retaping with rubber to make a water-tight covering. 

Sometinies fishing boats may anchor near tlie liyclroplione and 
make so much noise that no adjustment of t.he re1a.y can be macle 
which mill  distinguisli between bombs and boat noises. Nothing can 
be clone but remove the boats. One source of trouble was traced to 
fish bumping against blie hydrophone box ; another to crabs climbing 
over the hydrophone block. I n  one. locality tlie present method has 
failed to work more than a few miles, with the cause not yet definitely 
known. 
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