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ABSTRACT

, .;The uoe of explosicp waves in the re’atlve callbrat1on of a hydrophone;‘*
;_:’offers a new method of approach te the proclems of response ‘measure= FEITIRA
o .omente Appllca*lon of this mothod %o two stendard hydrophonss in‘the - ‘
'frequancy renge 5=100 ke gives a relative calibration which agrees with S

- the relativs calabratlon obtalned by conventiaﬁal covtlnuoue wave
.uqmﬁthodso j? TR ”\ O TERTR : < ‘ SRRTIPELI

“The met hod nay be app;le4 o thn celibratlon of prcgector and'dther
linear underwater sound tranﬂdaco“vJ -kore rapid analys:s of the" uaﬁa B
Cis p0°s$ble through thé use of anproprlatc ‘mechaniceal or electrlcal

‘ f“harmenlc acalyzers. Restriction to the use of explosion waves is not
”~W§nbce sary &8 the mathod ‘is appllcab]e w1th any trantiento‘:, e e

” {fTha mothod aloo glves in ormataon concarnln the e£p1051on wave, xf
i; the absolute callbratlon of th& nyﬁ“ophnne ;s knownq
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i1, jf‘ ‘NTROﬂbczzcw .

CATHTSSYION

; lo' Thn use of tranienta tcrcnlzbrat@ nfdrorﬁoacs 1& based on
‘”the mafhematical theorem that ‘the re»ponse of & linear qygtem to any
tr9n91enﬁ deterinines Coiplebﬂly its: reapon¢e te an y other transi ient.
a5 well as its stm’dv siete or continucus weve' responeeo In this re=
pOx+ this principlp is used to- obtuln thz Pd1&tl¥@ calibrat:on durve
Cof two stendsrd tolirme 1ina hydro haues, the resulis being conpared _
w1th those obtained by the convsntiodal CW mathod, - The explosion wave
from & blasting cap wes used nveniemﬁ t-enalen alrce it is
‘strong, consistcn ‘ arJ frep

ot e The ms»nod ‘can not vet e clnlmed to be~au rap¢d B8 the oW
connaxiqcn method unlras mechanncal o ‘eléctronic harmonie anglyzers
“ere used, however, orcjllograma ‘of the 'rcsponseao” Hydrophane“ struck
by explorlen waves show many ‘'of iheir tharaﬂternstic qua11tat3vu}v,"5
Just es the re:ponuea of eleéctrical ne*morkw to’ square waves or Heavi-
‘side pulses = with whieh the explos:on wsve has much in common - dise
- close cireuit qualitius (szllcg, ). in tnls senge” the explosion -
wave can be considerel a tool of janalyriu, ‘as is an eleetrical square L
}<wavco The method cutlined in ‘this report can be' eytendcn to p“OJSCt0r°”'; * ‘
or to anp elcc{ omeckAnieql syotenzvdach 1° lincs‘ 8 5%442{. é}ﬂﬁ&qﬁ4;«i {t@l

| ]i ThEORY

59 The re honse of “ llnvar by%fam to any type of ane can be
°determinvd from Duhamcl’s intevral if s zegponue ‘to a Heavisids unﬁf‘
funation5 or.its 1r61c1u1 admvttarca, is kno'm,' Bedford and FredenP% ‘
" hall (Blbllog 2a ) glvo & methed for dctornzning, by & graphical ewmﬁuawl
_tion of this integral,” ths steady state’ sensitivity and - ‘phace ¢ ghilt of .
‘a given system from its observed respénse to' a square waveo This .=
grabhical proceda e sugrosts t“a ?GIIOWﬂng method for deterri nlng the
R relativs senultiv1ty and phase G frequeney curves of two system 31 :
K S "“.,7 ‘and Sz, by observing tnelr re‘pﬂctive reronseu ta m arhiurary aﬁd TR
. e unknown tx’anmexﬂtow ‘ e : R ; I o s v

. 4, Auaumn hmt en’ addit10n a2l structura B havfng the propc
of Laanhforming an incident unit function xnio ‘an arbLtrery ﬁvanement

irmrd ately preeedes edch. systen: b(ukchk 1) “The response and phsue i
of Fach quch comoinatiﬂn, B % 31 or B 8 u?, to an inm1danu souare wavo,‘

Combination 1

Loics T conbimatton ' o

*

S CONFIDENTIAL O




it

k][as dcteﬂmincn by tﬁe rebnrn Qf ”@ﬁfoia and P;#den“all;’may bp plot*ad :
¢ 85 8 eurve in thie - eomﬂlex p!an,, “the” frcquenvy Eppeering s a para- o0
T oometers’ Any one poin it on such & curve will be the product of two iac» e
Cutors, BY) x'81(V) or B(Y) x §5(V), where B(¥), 83(V) and s5(V) ere o
gﬁ"furctions of ths fxscu@ncy ﬁnd reare<eﬁi the s’iﬂc“ on qensit1v1ty and
. phase that the additional structure and each’ syatem sogpectively have
‘j{on an incident s;nur01d of Prrouenqy 3 - Rence Y pojnt by point ratio
7ifof the curves” for the two combinations w111 gmvc 9 BUrVE rapresentlng R
~the relatxve res ponsa gnd phase differeace of the two syutams, since
- ‘the effect of ‘the additional structure cancels One een thus elspansa :
~arith ‘the artifice of the addxtlonal structure B and morely °me(ify tbat f»?f
‘tne sama translont b 1ncidsnt on” both systemgo L : :

Vﬂfthe reoponse to a sinuvoid may he wrzttan in tho fcrm “‘:lg‘«‘”&

‘”7whaﬂ Af krOD ﬂ@rﬁ l’T s thp re»pcﬁse to the sirnsoid of frcquency i

o presext case, A()) is the oscillogrem of the responue of the Pydropnone
%o the erplosicn.mavee Only %ho absolute mqmnzuhdc and phese dif- "
- ferences of the two syktemb are cf 3nte"e°t here anﬂ the fhctcr’ eth‘f
’can be ellmjnﬂtﬁd. - . o Rt i

oy

‘Lvintcgral graphically by vecvori&l addition of the AA's at ¢anIVF1€ Ll

. At, the angle between successive AA's ueiru 360° % ‘wAt.  Theoreti=- -
eally the’ integration should be carried out to 1nf:n1ty or until the -
- te il of the curve returns perns nently to the % exis, if one wishes to
_ ‘ebtain from: equation (2) the stn&dy state res pomsa,\ Brom g prectical‘ e
. 'viewpoint this corditich may be difficult te felrill, snd sufficient &
. accuracy can be obiteined by 1nueﬁrating unmtil the tail apnreaches RIS Rl
i ‘consteant value near zero. .In practice, also, T must be less than’ “the
. -duration of the swasp.v If the osbillogram hes not "settled down“ by
©the end of the sWesp, then equation (2) obviovsly can not give a gocd R
:estimate of th sfcadv <tate reuponse in such & shﬂrt 1ntervalu i

'wfor Duhew&l’s iutevral yl@ldlng

7

The mathsmatical exprausic

i ;?bf:: a

)a the t;me T Yard A(AJ is the *rcicla] adﬂ*ttar Jn the

v

l‘ "‘ﬂ ‘ ; f”w’\ v

Bo "”he mvtﬁon of Eeﬂford ane Fruoenhhll is to carry out this

Ty

CCONFIDENTIAL - g e o




-

I A(7)= 0, a0 equation Ofﬁth”‘"ﬂﬂk Suomns (9) is obtalncd witn the o
© o ordinates” themselves replacin@ the d¢f¢arence in or dlnates,‘ If ﬁ(1)7 nyl)&
‘e eorrective term is necessary i7 one ié to obtain the same result as i

f)fwith eouatlon {2). .In mos+% of the n@chanlca1 or electrovic methods of
- harmonic analysis (Blbl&ob. a), an integrel of txe Porm anpear¢ng 1n
"':equatlan (3) is. evaluated¢ bl : s

111 :APDARATt:?‘

_;*Q'tourmalane ‘hydrophones’ OL=A=2 and OL=A=3o

< Cboth hydrophcncs from 5 to 100 k¢ based on a weighued absolute cal hvad
~:tion of the gtandurd OL-p-4° (Elbi&ﬂg—*%"and 5), are shown in Plate 1,

. . The weighted calibration of OL=A<4 is obtained from data t ﬁﬁn ‘at the -

. Naval Research vaore*ery end &t &he Mountein lakes static

Undérwater-Sound-Refererce - Laboratqnlss,and ‘38 considered - ccurate on e

. the avernge w1+h1n + 2/3 db, " with any point w1th1n + 146 db. In addl-’w;

U %kion to the comparn 04 o%talp&ﬁ from the above abuolvte cel*bratlonn,

Cdirect CW uoﬂparlson.o‘ the two hydrophones was mode as an addatlonal ‘

"."‘»check durlng the course of t}ws inveatigatwn '%“‘""/’

o ray c8c 1llograph1c asse"bly wﬁa‘enplnysd o recnrd the transient voltegs-

 mtho oscillograms wes obieined by moduleting the spc 1ntene1ty with 3 :
 voltaga of kgown fxeqw@uvvo, {See Pldte 5)i ~The vo]tsg@ scale was ob»‘”‘ﬁ*

‘*7f‘jamn11ﬁad9 from & stﬂvdard si
‘"52véoarceaf The sweep ecireust of the csc;llograah was triggdred by the
Ampulse from e hgdrophonu conelstxng of & bwngl ,?ocholla salt erystal
smounted a few inches &bove and in front of the hyﬁropnﬂno “to' be calibratadn j
"“grame (Plates '5,76) or the deley batween the triggering of the sweep

. ,circujt and the arriva‘ of ‘he explosion'wave at the hydrophone° '

L iono mcen° of analyzing thﬂ’oscillogram “Ite’ dxstzn@aishlng character«"‘
‘gisth 1s 1t< ability to araly&? 8 Lur»& of arb1trazy base_length.‘,‘ z‘\A0

~ CONFIDENTIAL
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1,

a1

e ﬁrm

e NRL suanda‘
Absoluue calxnmationa of

"t g, The two hydrophovcs mhich were oo nared wore t

the =

\

9q ‘ A Duhant Type 17?A exper:muutal modpl singlamqmeep cathodea”>§,? 

espouse of ths hfurophono o the explﬁSmon WevE The time sGale on

tainsd fromAirequfnt calibration fhotcgraphs of & vlnu301ﬂ of known"
‘“41 gcnerator L L O

~.

v.iO A\ﬁﬁbonh #8 elec%r:c blastmngf &P‘WPS used fnr tha eyplvsion L

This distence corrosponds to the iuitiel straight pert of the oaci]lo=

..m

by 11. A mcchanical harmonic analyuev (Bibll‘“. 6) wav‘cmployod ‘as




3';‘drophone.- Aﬁ {his distance thc cchcew from bottom and. suaface did not .

"’a'the direct wavea ,;g-ﬂ

" medulsted and one unmodulateds  One group was made vsing & sweep of

 af}ser1es of. GSGIl}QETQNw (OL=A~2) whilé the 40d ;Aser sweep was used in ﬂ;f?iﬂ

" each osc¢illogran befors the camera shutber wes cloged. - Amplituﬁe

"Qnypical 0~01110 are shcwr in Plate Ba S ey L \aﬁ'ﬂ g

7',ﬁ1cn ‘point on the os clllmgrame‘ Mogeurements: of the ordin%tes 4in'the cauefj

’ ;\to the oeclllograﬁn and messuring the rasultant doflection amplitudes

TR

B »,i'I:V“, - Tbcm &.UL UF OL‘GL.-T'{V"\T:lOT‘ MD mLA URI:J; m\\

12. The hydrogh@ne Lo b cal:bra ed N4$ mrvuted on’ uhe end of .
_ 1ength of stonderd 2% pipe and wos locuted agnroximately rudwny betwcen
- “bottom and surface’ An witer the d?ruﬂ of'whioh varied from 17 to 20
“feot with the +%ide. The blnstlug cap was Jocated 18 faet from ‘the hys“ﬁ

AILATS SV

‘arrive until at leagt one mJllaeecond had elapead hfﬁﬁr’%he arrival of N

RN 130 Two series of o=¢1llog;aws were zede for each hydrophone, F
‘each series consgisting of - two groups of thres oscillograns each, two .00

tLgapprommately 200 peec’ duretion and the ‘othdr us ing & sweop OL elther ’
£ 400 or 1000, jsec duraticn. The 1000 ysec sweep Whs usod inome .

': ’the rcmaining series of o~cillogramu, ;

g 1&» A wcdulrtlon frequencj bf 200 kc, produclng pckhtq at 5 psec

kin+ervals, was used on the 200 and 400 usec swoeps, and s modulatlon T
-~ frequency of 50 ke giving 20 ueec intrrVals was used on tho 1000 ;Awec ey
.gweep. ' At & Further ‘aid to messurement a time (x) axis was ‘applied to

“'1jcal1brat1oa orclllograms were takun folloaang each exp1051ono'w ‘ ,g‘"

lﬁe Tne efx@ct of orlentation oi the hyﬂrnphone r»ln*ave to tho
~direction of the explo ion wes 1nveet1@ated for azglcv up to 4 30°

o 10, The ogclllograno to be analyzed ‘were’ projectﬁd upon the screen ;""
cof & Recordax miercfilm resder and traced upon thin paper from'which - 5
. “the ‘measurenents were mndeo ' The stert of the shock weve was loceted ”f,ﬁ
in the time eoordinate by mnasurlng back from & woll ectabl;shed modulavu o

et ‘the 200 /Lsec swoen were made every usec. through apprOtlmétaly tqe S
U Pirst 40 s8¢, wheroin the most repid fluctustions in armplituds oo="
:curred° ‘Thereafter the’ ordlnaue; wers measured ut 5 ,pﬁcc intervals
Toand slso st any mexima or minimae »In “4he cases of the ‘400 usec oF
jﬁ,lOOO psec sweeps,’ mﬂasuraﬂents were rade at & or 20/43@0 znterval
S respectivety, sfter the passmge of the mein pcak,‘ In the region of :
. ‘the peak, wyplituds chaugaa ocourred too repluly w1in thcse swoeps for¢5:,5;f
"accurnte mcaauronents to ‘bs madeq . }/ : : T AT e

‘ 17,, Tne ob scrvcd Yie as uremcnt wers corzect d tc w*d-screeﬂ po*im”‘w"f
tlDu by appli(atiﬁﬂ of exne;imentaWIy determined gorrection factorsa
These corractions were found by applying callbratiﬂg ginvsoidal woltsges

i iat the various ‘positions on the sore@n,~ I should ke “remerked that R
. these corrections qﬂould always be dst termined expa imentally,’ since
f“thay are aaymm t”lv dn x, and in add1+1on are 1n & directicn opposite

. CONFIDENTIAL




}to that to be\ spe"tem on LLV baexs of & spherical %crseno N¢asb%éﬂéﬁts“f'w’»,¢¢
‘from ong oscillogram of 200 weec: sweép and fron ope of fOO ‘or 1000 micro- e
Jsec gweep ware combined into one. cuyve to be anuljzed the shorter uweap i e
Sfurnishing the details of the peﬂk region, snd the longer showing the .
“behavior in tne tail of the curve, - Two stch mmvbs, orie. from cach series B
of oscillograms, were obta ined for each hvdrogbonea Thus two‘igd"

ralatlve eal*bratrons wa*o available,‘ s . ‘

L 18.; ?hrea metuods were used in analvzing tho curve, e) graphieal,
jb) nnmorical, and c) mvuhanxcal.', w-* ‘ ek

SR Y. N

Vv,rqghicax - blxxerencns 1n thé ordlnates wvrc'det@rmlued from‘ S
“the curve for every uséc through the first 200 used. “Ror
Sa given fr@queﬂcy v, at which the res sponse Wwas " to be’ found,"‘
- these dlfferunccs were edded vec»ormally acco*dlng ko the - % oy
. miethod of “rdford end Fredenhells One pscc intervels were_}‘,w»l‘ ‘
< used over ‘the entire ¢eglon grﬂp 16d at’ frquCﬂCIQS ‘above 5O
?);kc and over’ the fzrut 40 psec at frequﬂnrle “from 10 %o 50
ke, -Intervals groater than 1 ysec were Used in the rogions‘ A
© " where ths - ,AAJ” were smell, though the tiwe 1ntercals were oo
kept suall’ enough §0 ‘that the engle. bstwoen successive vertors
“'was never greater then 36%.° For ense in plottlng, alues of
: V g:vmng ang}es Qf 560°/n n an 1nuegor, WFFG us edo‘; RO

f Numcg&xgl - At the hxﬁher frequenC¢es where there were ?O or
“  19oﬂ vector adetsons per 3509, all the veotors “dn &’ given
“Udirection were sdded algebralcally and the” ‘resultant ©f the
,<'c9wponcnts thus Obyﬁlned wes dr%erm1ned by‘tr:gosombtry, This
methed was much more rapid then tha graphlcal isthod end also
‘fellminated errors due “to ggaphzngg &t lower frqucucies,hOWuh
L evor, it becanc cumberu he because of the number of com}on nts
'.~inv01vede " L PR SRR s

“4f,¢)'",hechanical - A harmonlc analyzar wva u_sd rh¢ch evaluateo an
0 integral of the form f A )e"”’ dA 7, the imtegral inm
equation (3) of parugraph 7. In the oscillograms analvzadm_7°'
- Ahé curve had not rstvraed to the t exis at the time T to
u,"whlch integration was carrked, and the cowrentaon term’ " T
S W-Lfkq' € tWE o e inc]uded.: At & check and to reduce"““
ENVET a‘?any errors oecurrin bets uge of the choice of the ‘direétion -
TS of tracing, each cuy ve was traced by the ‘sralyzer both elock-
 wise and counter-clockwise et ench freque“cjo Since this '
~;‘type of aﬂalyfcr (h) is indapendent of the baﬁ@llﬂE, it was Co
_~pOQQ;ble ta det crmlne the response ‘a% freqacnc%as which were
>nun~¢ntegra] harmoriics  of the "fUndamentaJ“ freguency of period
: .This proparty of thoe analjzer, along with the seving dnoo
'tlre,_que th‘s meuhod supcwiar to the o?hc;‘maohods enploysd.

;o
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S

9 cw comparx on. calln at¢on ‘and the- oorpa son obtainea from the abs olutﬂ:

'V‘comparzson is as’ gooq as the agreamnvt ‘between “the' dlrect GOmparlson a3
‘fand chP compariscn of the abmolute ca]mbratlons.‘* o L

‘preaenu analysis. The most promine pseillations in “the OL=A<3 osc1llo«*ﬁ*‘i

,f*fle.ena1y51s which were not’ agp&rent from” ‘the Gther metho“su‘ Pla+a 7
‘show, ) *ypiral grz?hical p]nto The nuﬂber “on the graph indicate the

‘at moest frequencleﬂ end 200 usec therefore was chosen eg the standard

thar at other freqvenc1eug‘,‘

Tho compa,lson callbratlon of the Gwo hvdzophonus”bv“thé‘

*_iga,
trazniént metho i &ﬂOJn in Plate 2g A\so 1noiud ﬁ sre the' dlrect

cal1hrhtlons, .The calibrations’ agroe very well eAcnpt for oceaaiona]
~points. The agreement between the transient method ‘end ‘the direet”

: 2o,u Obczllogramq of both 0L Am? ard»0L~A=o fésnbns for 200, ysec’
and 400 ;4@@@ sWeent’ are shovn in Playe 5 and 6, Tha" zesonances which
.appear as 1rregula**tleg in the caiibr ‘ation curves of tbe hvaropbones
aupeer as eeclllat10nm in thc»oscallogrEMaoa The' per:od of the mogt

prnwinont os et’letlous in‘the QL A=2 osvillogrems i &ppr0x1m;
'}Asec, corregpn*o;np to-a frvquenvy of 125 ke, above the range ‘of tke

R

gramg ‘have por1ons thW@Qn 13 end 6 }AS@CE"OerSPODdlnF to' frequencles
“betwoen 60 and 77 koo This dis the region'of violent fluc*uaulon in
the Ol f=5% cali»;atlan curve (Plato l) There 45 also e vsry long -
period (approxlwai 1y GOO ;&ser) 08¢ i’latmcn in the OL«AnZ os»lllogram,
v1s:bla in the 1oraor BWEeP - correapondlmg to a frequf'Cy of about 1,6
ko' A resonance has been found in this region in‘other OL=A typs hy~ L
drophonea tested el the IOW% ‘audio frequencies ¢ In torfersnce phenomenn

or beats of’ the osri}lat ona ml1 be nou@ﬂ whnre nuluap]e resonancas
aro pvosenta ER 3 R : -

.

2 r Tne graphlcal methad of anely is e“hzbl d‘chafact@rl tlcagof

“time- interval in psec from the arr:va] of che shoc& fronto The channd"
of's 3gn of the J&A‘s at gach mayiuam or m:njm s resultsin the formatlar
“of cusps in the grnph°< A criterion on hOh far the xntegratlo ohould

“be carried is glven by the convevgnnca of tme veotors in the tail of
“the osc1llogramo Integratloq over 200 Jigee wes - found to be sufflcient

tlmu for use in. this investl"atlong AL froquﬁn01es of pranouﬂccd rea R
sonance the ctcps oceurred aoproxlmately every 180° of roiat1on and
reuulted ina series of semihlrculur SG{ﬁPﬂtu the" dlamﬁter of whiv
ware additlve in the éama dl”@CthJar Lonvergencp wWhS 16 5 repnd in o
these cases and the uncertelnty of the revu tlng wevpon'e wqo'greater

R 2uo- Au abs01u+e callbrat1onu iow hoth hydronhcnes ware knewn, :
the eb oluue proesuv$ “of the axplosion wave was calculated fron the o
hydrephonc résponse. . The “Lal:brat]ons" ‘of the explesion wave, obaf
. tained from esch hycropnonp ara shoun in Plates 3 and 4e - Th9m8>”‘
“eurves can be 1nterpweied in two wquo Mathamahlca13y,'encept for a
consian% factor, : //Jiir" each glves LH& abnoluue magrltude‘of thc (5




' vadUrier‘tfaﬁSform of the dérivduiVé of ihe éxpld€aén‘wmﬁo;"of if the -
S iblasting cap is consmdernd as ;) 11pea" projector which emat& tne ‘actual
‘3vgexplo'ion WEVE: when excited by a unit fu“c?lon, then edeh curve 5ives;7
AL e e funetion’ of freqqpnay “the anpllbude of the TW wave déveleped at™
el 0o the reference point by the'“projector" when ‘excited by & CW voltage of
e T gondtant emplitude,  The value of the pressure approecbed et high fre-*'
.quencies by thisg cu"xe is the value of the peak pressure in the eXWlos1on
7 swave; 1t 1S ebout 3.7 % 105 dynes/cm® at 18 feet, ‘s value in agresﬁsn+
'ij‘:w1th the peak pres ure rnaaured by nore direct methouso ‘ .

) : Zdo On the af=u7muiun +hat the ezplosion wave obovs the eAﬂon&ntie1
..: lew of decay e’ g s where Te -is “the time constent of the expgﬁantial
- the ‘pressure should be fal“ing off rapldly be*ow 8 frequency V' ~.7;23“T
. The theoretital pressure vs frequency curves (the preasure et high frew‘
: 'quencicu belng ‘eesumed correct) sre also shown in Platés 3 and 4" for .
o e jdlfierent values of T, near ‘the “corrsct’ va]u@ {r20 aseo) for a-#8 cap.;
o o oIt ds seen that the press ure does not fall off at the lower. frequenciQS‘-
‘ LA )\{’Q 85 the theor a’cical curves would indicate. Actually the’ pressure in the

tal] is believed to follow w t“@/d' instesd of an exponential law, g0
hat the deviatlon of the ObSEPVEthHo from the valués preﬂlc ed by thel'
odﬂJ- xponaptial approxima+1on is "in the right dlwectiono ﬁ:* W

[ S

24/ ‘The osci]lopremn of Plate 8 show fhat the affc"tﬁ £ rotaf;ng

he hy rophone relative to the direction to’ the" edploslon are “a) to

;rouvd off the' rain péak and’ ineréase” “the tiné of r;sc, and b) to smooth’

T ol Yhe oscillatiOﬂr 410 *the taxlu Thc grephlcal analyeis ST &an osci)lom’
L 7 taken at ‘an ‘angle opﬂﬁda shcwed the empecued d@creuSF in the h ’
'}'frequcncy senslilvxtyg - ' : ‘

. L Rbe Thy tran:vcnt netuad pf compprison also glvns the relatxve
_~phﬁsa’sh*fta ‘of 'the hydrunncncu, and ;4L the uhap“’of the erploszon'wave;“
S ds 'known, the abqo?u?e pua & shiftvw ith froquency can be determined. !
oL e AZ]=The aceuracy is not very hlzh, -E-lOo “but this aad¢t¢ona1 datun is men= .
‘ RSP 7 tloned since rela‘;wv'p}’me whz;t is not eas:Lly duterr\lneu uy cw methods :

,of compaugjnl. W,w&: fom ) M kcim (ﬂw{

’-‘ngvl,‘*, VU%bAEY &mp COY{'UéTC&

AN 36°~ The uge of 2 tranolent in the re]at:ve calibrat;on of e hym‘»'v

'f»drophone is fessible and gives results which ave 1n agreement with re-

i lative calibrations ohtsined with cortinuous waves. ‘The use of explo=

" sion waves, or other types ‘of trens:ents,'can be extended to the rela»iji

e S e ive calibrat1on of prOJec ors and other 11near underwater uound trans» )
T I S R ducers., : . o ; sl ; ; e

SR T  1 27. The callbrat on of an ex01051on.wave or otxer transient by f;ﬂu i
Sl means of 8 qtendard hjdropncne ig" illustrated, and this sug gests the .“
T  f'po s:b111ty of ut11121ng a standerd tra 1ent’rgth er than a staudard

7. CONFIDEFTIAL




;hyﬁrcphane’*or cu$10¢ailcn~;‘”am'nach quallta ?é‘ fornatlun conccrnlng}”'

“ithe pcr;ormanco ‘of a unit- -can’ be oktalned from en'examlnatLOﬁ of an - |

"°uoqcillogr&m of its ‘rédéponse to an explosion’ wave, it is suggested that

“explosion waveq can be used as tools .of ana1y51s in underwdater sound

coof similar units by COﬂ«ar1°on of he unl‘ormlty of their "espcnse"*
g }osclllogramsw o N R I

:ﬂwfrom a #8 b!astlng cap has been obtalned from the rcsponseo of standerd
 5hydrophones. ‘This pr@squrc does not dacrease in the tail of the wave as
- much as the" simple exponential theory 1ndacatcg. “The peqk "ressure so ‘
1idet°rm1ned 9gree='we11 w1th thqt obtelned by obher me?hodso e

" CONFJDENTIAL -

28. A determlnatLQn of the absolute pre ssure 1n thc explosion wave ”f‘

ssy1Nn

Vwﬂtrebea “ch in the - same ﬂ,y that squh;e waves are used in inveatxgatlons\cffl;wf"
'*ge]eczrlcal ~Vstews. ;ﬁw 104 ma" bé/é&aptahle to tns multlple testlng' :
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CONFIDENTIAL

‘

TYPICAL OSCILLOGRAMS
0L-A-2

2004 SEC SWEEP
MODULATION FREQUENCY 200 KC

LOO MU SEC SWEEP
MODULATION FREQUENCY 200 KC
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TYPICAL OSCILLOGRAMS gi
OL~A-3 e

200 4 SEC SWEEP
" MODULATION FREQUENCY 200 KC

LOO M SEC SWEEP
MODULATION FREQUENCY 200 KC

- - .CONFIDENTIAL | | PLATE 6




PLATE 7
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+ 200 - 200

+ 3QO - 300

aoo/u SEC SWEEP

RESPONSE TO TRANSIENT VS. ANGLE OF INCIDENCE
OL~A-3

PLATE 8



