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ABSTRACT C __...----
A 1::.ethod ,i,1creby stendard J 1:·1-l type Sono Rsdio Buor cq_uipr:Kint c r.m 

be D.Jj~0rcd. for use in t .c,.tota,_tic;:;.11~,. ti.Din:.: torpcd.os OV('i~ !:.heir t est run 
is described ,in th:i_s repurt. By r0L,tricti;1:; t hB n.co,.:.stic ha~1dY,;j_dtl1 of 
the E;q,;_:i_p.,,1.cnt, 1.1sin_: <?- directional h;ydropho;,.e, a::1cl :'-'TE;vc ntin::; li:nitinz 
• . ,:he ·'-- ·»•_,,·, .-.-.-- i'-'-t,,r J. )ic, c,v -=:+ c,; ·.1 """~ ..; .,,1·1 i·"o-v'""c1·· <' ·f·r.•~c-i"' ,"'·l ,r to - --~ r1•-, ,-:,-j· ··i·'e,--lt1 V.>. l l ll. r...., .Q: ,. ,_ Li , .. , l.J . ... v vi'./ vu,;;,,. _ __ , , c.:: .,._, ..I.J. •-J.· l ...;;; . o ,.,. ..L.l. _ ..._, _ 1 V ~ .. ,.j, c:. ..._ ..,.:.J ._, _ .:, 

i ,1stallaLion fop -c1sc on t ho n2--ve.l To:t},edo Tsstir:c; • ,on,; c, l iney I'oint, 
1 ~l~.ry·l c::1.d. 

• 
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INTRODUCTION DECL~SSIF~ED 
Th~ Nav.::.l Reseach Laboratory vras requ.ected by the Bureau of Ships i.11 

!heir letter No. 2358 (945) of 2 October 1944 to modify .'?. JM-1 type Sono 
Buoy transroitter and an RBF receiver to aid in ~utomaticall? chart~ng'the 
progress of a torpedo at the Naval Torpedo Testing Range, Piney Point, 

Maryland, 

2. In the past torpedo timing has been accomplished by observing the 
wake of the torped~ as it passes an observation raf~ and relaying this informa­
tion back to the firing barge where the travel time is measured vrith e. stop 
watch. The measured time is then corrected by the amount of time the bubbles 
take to reach the surface. There arc several serious error;:, in this method 
a,.'1d the advent of a wakeloss torpedo will make it impractical. 

3. The suggested plan was to use a hydrophone to pick up the noise from 
the torpedo a.11d transmit it back to the firing barge where it would be 
rectified and recorded on an Esterline Angus Recording Voltmeter. The rna.Y..imllrn 
sound peak would indicate the time at which the torpedo was near0st to the 
hydrophone. , Initic'.l tests were made with a standard .TT.1-1 Sona Radio Buoy and an 
RBK receiver, but the results were unsatisf P.ct.ory because the hydrophone was 
not directional and the recorded sound peek w2.s broad. However, the results 
of this test vrcre considered promising enough to we.rr2nt further work on the 
problem. BuShirs rccornmended the modific2.tion o.f a JM-1-type :transmitter md 
an RBF r eceiver to restrict the acoustic bandwidth to the range bet-ween 15 
and 20 thousand cycles per second in order to improve the hydrophone 
directivity and reduce backgrou..n.d noise. Tho use of a Brush C-37 5-foot 
hydrophone was also recommended. 

DESCRIPTION OF MODIFICATIONS AND TESTS 

4, It vms desir2.ble to E'.Cccmplish the modifications described above by 
as simple a mee.ns as possible to permit modification of further units vdth 
the parts and personnel on hand at the Torpedo To sting Range. Simple RC 

· networks were utilized in th,e first nttempts to restrict the 2.udio 
bandwidth in both the transmitter 2.nd receiver; , This method provided e. 
rising audio charc.cteristic in the trc.nsroitter, but no sharp rise in the 
15 to 20 Kc/ s band was obtninablo. Slight nee.kinD'. in the band vras nrov:i.dod 
by replacing the c.athode bypass condenser: i~ one ~udio stage with a~ series 
resonant circuit resonating at 17,500 cycles per second. The v.2.lues of 
audio coupling condensers were reduced to decrease the r9sponsc at low froquonci , 
A plot of tho frequency response of tho audio nmplifior in tho transmitter 
r esulting from tho chan~cs described above is shovm on Plate (1). 

I 

5. The internal resist211ce of the recording D.C. Voltmeter is approximately -
500 ohms v;hich w2.s to be the load on the r ectified output of the RBF rccoi vcr. 
For such 2. low resistance load a selenium rectifier was chosen because it has 
th0 advant~ge of introducing less resistance in the circuit than ordinary 
j~cuum tubc·rcctifiers, a~thou?h its efficiency falls ~off raJilidly above 5 Kc/s. 

rtunatcly, tho RBF receiver incorporates a 17 Kc. beat oscillator and n,.5.,xer 
ih' 1 lch may be inserted in the audio amplifier. 
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For use with this problem, the oscillator-was retuned to 17.8 Kcs. which, 
vrhcn mixed ,-rith the incoming audio signe.l, ge.vo predomin2..nt difference 
frequencies in 2, bend from O to 2500 c. p. s. This is tho range over v;hich 
tho selenium rectifj_er j_s most cf ficicnt. 

6. A tr2.nsrrd.tter and a receiver ·with the modific::,tions described in 
p2,rac;r·aphs (3) and (4) wore inst2-llod on tho end of the NRL pier 2nd tho 
transmitter vms connected to a Brush type C-37 hydrophone which vw.s suspended 
hori,zontc::lly in the Potomac River with its l ongitudine.l 2.xis p2.ro.llol to the c­
cour;c of c.ny small ere.ft going by. Obsorv::,tions showed thc.t the scur1d pc_c,k 
-w-a.s recorded when the stern of the passing boat was opposite tho center of the 
hydrophone. This preliminary test did not exactly si..rr1ulatc conditions · to be 
encountered · with the passage of 2, torpedo in the.t tho speed of pe,ssing b:) ::cts ' 
was ~'\..bout one fifth tho.t of a torpedo 2nd the sound output v,as much l ess. The 
slower speed we,s me.de corr.pa!'2..blo by slowing down the r::-~to of cho.rt feed on tho 
recording voltmeter. In addition to tho main peak recorded when the boo..t w2,s 
directly opposite the hydrophone, two minor pc,ilis wore recorded on ce.ch side, 
-'.lppo.rontly representing ird.nor lobes in the dircctiono.l pattern of tho 

· h3rdrophonc. In most cases those minor peaks vrcre well below the amplitude of 
tho center pc.::.k. 

7. On tho basis of t he t0sts described in P~· ragrc>.ph (6), tho equipment 
· was t o.ken to tho T;:-rpcdo Testing Ro.ngo at Piney Point, on 3 Nov. 194L,. Tho 
transrrd.ttcr was inste.llcd on station 3 vrhich is 4500 y ,'.::.r ds dovm the course 
from the firine:; be.rgo , where tho rccciv·er and rc_c·ordine; voltmeter were inste.lled 
Tho 0;1uipmont we.s opcr·' tcd during -'.m o.verc.go dcw~s ruri and ccmpe.risGns m,:1.dc 
between the aurc,lly rccGivod bub;:>lc m2.rk 2nd the i'!',e.rk tc'.kon frcm tho rccc·rding 
voltmeter. Thero W?.s usually c.. dis"'..grccmcnt of scvcr::'.l seconds in no consistent 
manner. On many c,f the -shcts t wo er three pco,ks of equc;,l e.mplituclc were reccrd.­
cd t wo or three: sccc·nds e,p.:-.rt. Subsequent invcstigo,tion showed this tc be d.ue t, 
limiting in the trt.~1sr:~i.ttc r e.udic r;11,plifier. Tho lLrritins t ook pl-9..ce in the 
stc:.gc e.hc~d of tho tr-'."....rismittcr gain control bccc.usc turning tho ccntrcl duwn 
h,:d no cffoct on the lilriting. An attci:tpt wo.s ni.adc tc ti.:'Tlc e, t orpedo ever the 
c8urso by mr:.rking the chc.rt v,hcn the t,crpcdo loft the tube c,nc1- letting tho 
recor der run until the torpedo pc:,ssod the hydrophone . The rcccrding meter 
ch.'J.rt dru.rn ·w,:s gc-?.r driven from. e. synchronous motor closigned for 60 cycle 
operation. Tho ponor s ource on· the bc'.rgo 'i'!C~s c. diesel-driven c.ltorn2.tcr which 
clcli v0rcc1

• o.. c. at 2,b ut 56 cycles. .Vfncn the t orpedo run t1ilr.J.c w=:.s corrected 
fer this slov;,r chart speed it c 0mpe.rccl with the tirno obto.incd from the e.ural 
bubble mark v-rithiri the lim .. i.ts of hum:m or;rcr in the c)1ral m2.rk. 

8. The equipr:10nt was r eturnee~ t c NRL fcllcwing the tests at Piney Point, 
whore work Wi'..S undcrte.kon to eliminate tho limiting whictr he.cl been taking 
Pbcc. Infcrm,::,.tion obtd.ncd. fror;1 the .Sound Division on the intensity of 
t orpedo s :.,und levels indic ,:,.tcc1. thd the signe.l pco.k on tho first grid wo..s in 
t?c order of millivolts wh0n the t c:.rpcdo pc,s,sod nc0.r tho-hydrophone. This is mn,r 

. tmos the volt :,_go the audio stn,go WE>.S c',esigncd t o handle, consequently, e. stcppoc 
L~pad wr.,s inssrtocl between the second,'.'.ry cf the input transformer end the 
first grj_d which rocl.uccd tho input by apprr::xime.tc r.mltiplq of ton. 

9. An cnortll E'.Udi o response ch2rc.ct e:ristic of the cntir0 system was t i'kcn 
e.n altcroc:. tre,nsnitter c1.s described in Pa ragr2.ph (3). 
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DECLASSU=IED 
rrhis curve is shc,vn on Pl,'.::.tc (2). A comp2.risori of the response of tho 
;;2.nsmittcr 2.lon<:,, 2.s shown on Pl,:1.tc (1) with Plc.tc (2) indic ,tcs thF.,t 
the rospcr:sc ch,".'.ractcristic is d.ue me.inly t o the 2.ction of tho 17, 8 
Kc/s oscill£>.tC'r .-:md r:cixcr; ;md tho frequency ch:cre.ctcristic of the 
r ectifier, A tnmsmittcr, um;,.odificd except fer the rcmovc.l cf 100 E>:!I'lf. 

bypass condenser in the grid circuit . of t he r c.?.ct~nco tube , vr,s subjected 
t o o.n icJ.cnt ictl r esponse 1:ic,?.suror:1ent with the coir,plctc system, Tho 
r esulting curve is plottccl on Pldo 3, It differs from Curve (2) only at 
the extrc:rrj_ties and t hen by only ,::>:. small. nmount. The r cncv e.l of the bype .. ss 
conden,scr ha.d no app-,rcnt adverse effect on the tr2.nsmittcr operation and 
its rcmcve.l r102.sure .. bly i mprovcc', tho audic response from 15 Kc/s. upvr::-.rd, 

10, An un..rnodified tr;:,.nsmittcr was equipped with an L-p2.cl in the input 
circu;i.t :'.nd the ccndonscr' mentioned in paragrr.ph 8, wr:.s romovod . A 
s chom,:J.tic circuit cliagro.i1'1. of tho trnnsmitter 2.udio input circuit including 
the modifica.tions f:l[:' .. do is shown on Pldc (4:). This transmitter c.l eng with . 
tho receiver and r e cording actor vms D.gain taken t o the Torpedo Testing R2.ngc 
and installed f or test on Nov. · 1944, Ai."1 input l os s of 100 to 1 w2,s f ound 
t o give best results. Hovmvcr, it was noccss::-.ry t o compro.rdse on the s etting 
of tho attonue,tor. For torpcdos passin_g within a fcvr foot of tho hydrophone, 
a l oss of 100 to 1 or norc, could be inserted Vii tlY)Ut lin:i ting ,?.ct i on, but 
on corto,in s Lots tho t orpedo would pass ·sovc:: r~.l hundred yarc~s fror:1 tho r ,:, .. ft 
whore, in scmo inst2.ncos, insufficient v olt2.gc vms ckvclopod f or 9. geed 
peak ." Those · shcts aro fired at 211glcs of 60 or 90° off the center lino . of tho 
r ange a.11d a switch could bo prcvi dod t o decrcnso tho inserted l oss when such 
a shot is t c be fired. 

11. Following tho so le.st tosts, the torpec~o tasting Stf'..tion or der ed .~nd 
r ccci voe: eight new unrr.oc1j_ficd buoys f or inst2,llation on C!'.Ch st2.tion on_ their 
l ower r::,,,J,1ec. Tcchnic2,l assistrnco vrc. s giitcn by this Labcrc:.tory on tho 
modification one'. ihstall,".tlon c f enc tr2.nsr:1ittcr b otwoen 18 e.nd 23 Nov. 1944. 
A second RBF receiver w;,,s supplied with 2. rectifier. ,The rcmc\inclcr of tho 
tr,:i...11srJittors wore to bo moc:ifioc1.. 2.nd inst ,'.',,llcd by tho personnel e..t / tho 
Tcrpodo Tostin8 St 2.tion .?nd this work is n ,;:v,r p r occcc:ing . · The Ne.va,l Orclr1211co 
Labor atcry he.s prcvic.od tho Torpedo Tcstin[; St2.tion ·with tvK clcublc-pcr._r1ocl 
recording met ers and a timing circuit to c1.ctu2.tc ono of tho pens. This will 
make, the ,'.'.ccur ,.cy c f tcrpoclo tixning independent c f the che.rt spccc:, 

CONCLUSIONS 

12. Tho JM-1 Sona Buoy· 0quipment, with sli:?;ht mc,dific,:,,ticn s , uscc'. with £>. 

Brush typo C-37 hydr ophone, c.nd RBF r eceiving cquipnont fcec'.ing c., r e c or ding 
Voltmeter con be us 9d successfully t o cha.rt e.c c,ustic2.lly the progress of a 
t orpedo along . its test course, ~ · 

' 

13. The No.v-2 .. l Rcseo.rch Labcratory r ec cr,rncnc~o that a t ypo RBF - 1 r eceive r 
be installcc: in place cf tho RBF. This vrulcl pr:.vidc e .. scparo.tc tuner f e r cc:.ch 
buoy sc tho.t the systcn c ould be pre-tuned 2.nd tho aud i o level c c:ulcl be pre-set 
for 0 £'.Ch buoy. It woulcl then be possible t o switch the auc:io 2 .. mplificr from 
0

~ 0 tuner t c the next after tho t e r pcclo p2.sscs c e .. ch buoy. I t is ple...11nod t o use 
~!ght bu,::lys on enc r ;-'.ngc c.nc: fi vc on tho other sc the.t t wo RBF-1 rccci vcrs ; whd.d:h 

<e.VG ten channels each, Ncul c1. adequately serve the purpcs G. 
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