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A.BS'l'RACT 

A ni.r.e-f.rr.Jinf'. device, o-:w.rn.ted b:,, <:.he L~rostPtic 
1Jres~e eff~ct,1 nrod1ic£l'! bf>n~n..th n novinr'. ve~'-'el, 1~ des­
cribed. The nroblem of col'lT)PcnsAtillP' the device for deuth 
chn.n~c~ 11J.10 for b,,vdros tri t 1.c urea sure chnnF,es b~ wa.Vfl !! Rnd 
tide~ ls di~cussecl, ?.nd i.t !.c ~tPtP.c1 th;-t t:1veeniiir. for m!ne~ 
nrmec vith the nub.ject devic'e \l0t1ld A,r,e2r to be very dif­
ficult. The A.unendice .. ore::ent n. re-.rie1-· of the Mather:tPticPl 
analy~e~ of the effect~ nroduce~ by a Phiry1 the effects of 
Wf\VCC\ 11.nd tidan, lll".C. tho r.iechP..nic~l behavior of the t'levice. 

P,,~RSO?IlIBL 

Th~ devtcc 6P.r,cribe~ ~nrl di~cus~eo in thiR reoort 
·..rR'l d0 sipned At the Nr.v~J. ' Rct:e;:irch LP.borrtor~ b~ !•!r. G. t-1. 
Cro1rn, ,,-,ho r-l~o ~rforr.ma the major l>P..rt of th(> devc1 oryrnent 
and e:rnertment.nl wnrk on which th£' re..,,ort i!; bn.,.crl. ?he 
-ore) h~inor;" c!c~crinti.on of the device rind of i t-i functions 
W'!'-~ urltten b:, ,!r. ~lillfac \f. Stifle:::- ~n<1. thP lllltthemA.tic11.l 
ru1n~.:"!le~ we:re- pre-pared ~y Dr.. Bo:::a.,~c M~ Trent. 
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I_ INTRODUC'l'!G:tl , 

' The subJect o~" this rcnort i!'l El 1>re!'i~ure-FlctW1ted. 
devi••e which Prr:tR n Min~ on thn nn'}ro~ch of n <1hiTI. The in­
~trument cle~cribnd in r-i'Lmplc P.nd cormact, Rncl nhoula lend 1 t­
self to qu.c."Ultity -proiluction. It cnn be e11Mloyed with nny t~ 
of ele~1 _- ica.l firinr. circuit ruld is de!'liP,"nP.d to oi,erf\te in 
40 to 120 feet of water. A:n nvcr~re cnrr.o ~hin, 200 feet in 
len~th, n?sRir~ directly over thi!'{ device nt n ... l)eed of 6 knots 
produ.c:es !'!ufficiPnt '!')rescu::.•e cha.v.e to f!Ctl.18.te tt l'lnrl. thus to 
Rrf.l tho intno. 

I I, l'FJ<;SSURE r!FFECTS 

2. Con~idr.rAolr• rc~eP.rch h,"'!.n bnen done on the r-.vdro-
stRtic pressure varintion~ nroduccd on the oc~Rn floor when 
,' ~u:r:.nce <\hiu -pns<1f'S overheri.d. It hs.:; been esteblishad ex­
o~rimentPlly thnt there ~re rP,p:ion~ of incren~ed n-escru.re on 
th~ ocean :floor nhend rmn ast~rn of a Rurf Pce shin. nnd a de­
creA"ed nres":UT8 rer,ion RoceHhere runicl~bin~. The rMx1r:rurn nePll.­
t ive pre~sure variat i.on from the mee.n 1.fl prf!ntr•r ttan s i thcr 
of the no8ltive vnrh1tton:;. nnd i1t therefore more RU<1ce-ntible 
of mine wnrfnre ary~licat1on~. 

III. PRDWlPLE OF THE AID:lNG DEVICE 

3. ThiG ne~ntive nre~nuro VPrintion h.A.s been con~idered 
n~ R mep.ns for ~ctuatinr, both mine-firinr; Rnn nin~ArmillF. mech­
mii~~s. The function of thP- 5Ubject device.~ mine-e.nninr. mech­
ani~m. i~ to turn on -pover r;u~mlie~ nncl to mnke the mine ~tnnd 
by to fire \-;hen given the 91,P.nnl by ~ome other device. such a.s 
a ~ound or w,r.netic detector. 

4. Plate l shows the Armin~ device ~~~e~bled; Pl~te 2 
is i=> vie"· of the in~ tae of the hoA.d. Pl Pt~ ~ sho\1R the major 
QSl'tn di"'nSsenbled, ond Plate 12-A is P.. ~ketch of the mechnnt~m 
witr.in the heA.d.. 

5. 1"'he principle of o~erRtion of the device is ~hown 
~chema.ticrill;v in PlB.te 12. ,.herein numerc>h (1) And (2) r!'!nre­
sent two chnr.bers st-:wrntecl 'b;v Pn interveninp. dinnhrt>.p:l (3) 
which regpo:::iiig to a differentiP-1 of nres!'lu:-e between the two 
chna:.bcrs to move A. '!Jl?.tinum ..,,ire cont Pct (~) throup.h cool')erP..t i ve 
action oetween the menbrc>ne Rtilu~ (5). a yivot beru-inp: (6), and . 
the lever P..rm (7). A ha.'lr ~nrinf" (A) onerP.te"" to exE>rt a lip:ht 
nre~~ure 'bet~een ~ember~ (5) ruia (?). -

--·~1a 
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6~ A ~econd el,?ct:i--::d.e {9) i!. c?n-ied b:, m·m (10). nt-

tachc~ to insulating collar {11). Thi~ collnr rotnte~ ~bout 
nivct (12) throur;h ~~esRure Rction or. a ~ou.rdon P.Pur-e (1~), 
the interior of which cornmu.nic?.tM throur.h tub~ (14) with nn 
o.tmcsuhe1·ic T>resm.1re clu>..mber in tho m!.nP it~el f .. 

7 . ~~en the mine i~ ~lanted, sea water enters CMmbflr 
(2) throU&h ocreen (15) 0 thereb;v comnres~inr: the P. ir in a thin 
ruober sack (16;, flexin~ diaphr~gi:i (~) upw~rds A#'ain~t sup­
norti:ce, -plate (J.?)Q and 1ncreas1nr. the a.ir e,r-T) between (9) ,md 
(4) to a auu-\l'Ol.L~o 

80 DuriP.R the ~ine.'e de~cent to its o~~ratinr. de~th, 
the e:xcens presc;ure on the lower side of die;!)hrnem (~) tends 
to diRn.puen.r tl1r:n~h pMsnP,e of e.ir from within Mick (16) to 
chu:mbnr (1) throur,h A. 2low leak (Us) a.djur. ted b::v scret: (19 L 
This pnstiRgc of air thr1Ju,c:h the slow leak cont~nues flfter the 
raine has reuched the ocew noor until A µrennure eou•librium 
condHion batueen the two ~hrunber!'I obtains, 

9. Since the interior of the Bourdon r-aur.e (1~) remains 
at ntr.iosnheric pron,ure. tl:c increFtsed nressure within chambers 
(1) cnusee a counterclockwi 0 s rotation of arm (20) About pivot 
(21)~ l'Uld. through action of the counlinr. arms (2~) and (22) . n 
counterclocl(wl~e rotntion of collPr (11). This rot~tion moves 
contnct (9) along a p~th chown by the dotted arc~ 

10., Mtcr enu~librium in e!;tr-ibli~hed, nnd. the !)O!"lition 
of cont:ict (9) is fixed. nny subsequent r~lt"tively sudden -pres­
sure dron on the ocei,n floor ii; trAn~mitted to the fl.ir within 
the rubber nnck. This presru.re nrop ~roduce!'I a do1'tlwRrd de­
flection of dtriohrRF,lll (3). which, 1n turn, pl'od11ceci Fl counter­
clockwise rotntion of cont,..ct Arrn (4). If the nre~~ure dif­
ference between cha~bers (1) .and (2) is sufficiently p:reat, 
contact (4) touche~ contnct (9). closi~ the ~owcr £UP~ly switch 
which ~rmq the mine. The contnct lead~ (24) and (25) connect 
"11th a source o~ ~.n.f. within the mine caRe. 

IV. CO!..f?EN3ATION FOR DT-J'TH 

ll~ Since the effect~ of surface d1~turbance~ Are at-
knuated wi.th d.e-oth, the sen~itivtty of the mechru1iam must be 
made to incren.qe with depth" Thin i~ a.ccomnliahed 'tly the ac­
t, ~ on of the Bourdon g!l.~e ., As tl.e pres~urn in chru:ibPr (1) 
incr£?fHrns, t1rm (10) is r.mde to rotnte in e countrrclock'-'i i::e 
direction nr e:mlnined in pl!r:>r;rnTlh 9o This rotation les!'!en11 
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the ath.ti • ~.i<'!tl\nce 'bet;..cen C')n!..r·ct!'l (9) rmd (4) And mPkM, the 
device r,~ore ~ensitive to urcrnaur., vnr1.Rti•m.<:~ 

li?<> The proper or.>er~tion of the device denenoi:; ur1.mn.rily 
up:m mal-:ing contt!.ct (t:) of n form thnt r;iveR :t re1At1.on between 
cont'ct eir p,an nnd danth of mine ~ub~tonti~lly as ~ho'olll by the 
curve r;f Plnte 10, and settinr. ei.r leP.k fldju~tment (H♦) to a pro­
par value. 

V. COl!PIDiSA.TiuN FOE WAYE Al1D Tl.DAL EFFECT'i 

13. Nntu.rel pre~~ure vnriations proauced by wrve and 
tidal ef:fects a.re !re4uentl~r n~ ereAt PR those produced by Ru.r­
f;,ce s 11i~c. To build a m!n"l eannble of dif'forent:ia.tinr, betwePn 
ships and n~turnl ~henononP. under all nosnib]e cAnd1tions in 
very <i.if'fi.cult.. The !!Ub,1cct dev-ice i<t, ho\-:!!ver. de!=:iP.ned to 
filter out ths tidal effects r..nd to re~.nin co~nletely i.nonf!r~tive 
duri~ ntorny \-le::i:i;he::-, a.~ will be exolAined in the followinp, 
narJ;,f~re.,.,hll ., 

140 T"ne difficult:,,· introduced by tidal effoctn depends 
upon the maximum wte of chfl.r,p:e of denth durir.r, ebb tide. This 
difficui.•,r i~ ~olvecl b:v the ~low le8k 0 The si7.f! of tbe leak is 
adjusted so th.'\t air flows from the het1.d int,o the rubuf!r ""~ck 
rP-'lidly enough ~o tli .. nt 11 -pl'8H"-U:re diffe1·ence .ir:re:1t enour.h to 
P.Ctrmta tt.e mechRni~ in not e<\tnblieh~d mer~ly b~ tidnl flow. 

15,. To conser_,c ortterieR durinP' ston,y t:et<ther. the de-
vice is m,d.e to opora'.;e th~ one-t\~be circuit flhown in Plnte 4, 
Fi~. 2, iu which Y. rcnrosents the con~nct~ th~t are closed by 
the pres~.,.re nensiti7e device, The tube is of the cold cathode 
glow type \-:h1ch require~ no filruneut current for it!\ o-pcrut1on. 
At the inRtant K closes0 the ~o~ential of the ~rid is r~i~ed 
to the value of the B sup~ly and the tube becomes eonductinp;. 

16. Since the t,,1:ie dra.ws 1 ts plt'!.te current thTough the 
relay, the contacts m·e clo~ed. supnl~1cr. yo~er to the f1rinr, 
mecha.nism of the comoinntion mine. At the !l:>me time C h chsu-g­
ed to 11eer 1;';5 volt!'!. '!!hi~ conn ~i.on cont:l.nu.e~ to e%1st untU 
the '.l'ml open~ the cathode circ,.1i t a-pnro:.dm:-tel;v 20 "'~cond1; later. 
The tuoe cannot be rendered conductinr; ~ain unt.U C hf\!'1 pnrtial­
ly d:ncb.RrLed throur;h R1 , the a~~roximote time required for this 
delay b~i~ 45 seconds9 If K closes before 45 ~econd~ have elA~~­
ed, C is rech!'r,=:ed without the tube 1 R conductin,e Ar.fl.in. ln this 
event 45 r.econ~~ must elnpse nr,ain before the nuxilinry a~nnratu, 
c,i.n be -powered. 

-3-
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17. $en in ~torr;~ weather, th• ~,1elJ.n lll\ve -oer'!odu 

mainly between 16 ~nd 20 sacond~~ It ls e~sily -oerceived that, 
e,cce'Qt for one 20 second '!'le:.:-1od. trn a•,-onrntu~ "'111 be entirely 
disarmed duriIIF~ perions of h!P,h WPVP~. It ig e~tin;:.tPd that 
this condition will exist between 15 ~nd 20 uercent of the time. 

VI. PROBL}}M Ct' SWEEPING 

18h As lu\s been stntcd, n. relntively ~udden 1rop in hycro-
stfltfc pressure. f'olloved immecl.i~tel;v- by the distur· ance \dlich 
actuates the detona.tinr, m~cl1A..ni!lm, is reo_utred to e,:nlode n mine 
arced with this device. Therefore. to sweep s~ch a mine, it be­
comes neces~nry to r,roduce both n drop in hydrost~tic nreseure 
and the rE~uired ncouRtic or mar.netic nhcnomenon at an~roximP.tely 
the came time" 

19.. This crui be done d.urinr, ft neriod wl1en \o' P.ter cond1 tions 
:ire 'becon.i.:i:r rcngh, S!I. for exEir.mle, before n ~term. Since the 
mine rem..15.ns continuously uuProed niter roue,h \fflter condition~ 
have once been e9ta.blii;hod, i•, i•; neceR"tnry to make use of the 
initial 20 ~econd period during which thP minP. i~ Brmed br the 
fi~st large wnve~ 

20~ Thin ctm be ncco~nli~hed if th~ di~turbroice r e~uired 
for actually fi.r1ri..~ the mine is -orodtteed continuously in the 
mined. area durinr, the ap1>rof1Cb of A ntorma Ii. the ce.~e of a­
coustically detonnted mines0 tll.1~ r.ia~, prove -pot11"'ible. It ap­
'!learo to be d1fficult, if not inroosaible, in the CMe of llll'-1!:­
netically detcnnted aines. 

-4-
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oaIGlN OF THE P.Rr.5SURF. BF}'ECT -- - -------- ---· 
2J.o The action of the r.ubJect device 1~ bP.sed u1>on the 

well ei=;tnblished fact thR.t there is a reductfon of the -pressure 
on the ocean floor i.;hen a nhi-o poscee~ direct1.y overhaad~ lt 
has been establi!;hed e:rncrinental1y that the effect increases 
os the square of the ~peed of the shi~ for 6hiu Rneed~ up to 
a.bout 10 r::not~ (UU .. "t 1'!;-1;?,4). \-.t. ile the V:iriation wt th de"!)th is s 
function of the lenr,th and oh.ape of the l'lhi!'} amt the d,r,th of 
the water at thli.t noint. 

220 The theory of the nroduct1on of the nrP.~~ure effect 
has been nresente<1. odcqun.tel:, both by the Nnval Ordnn.uce Lab­
oratory nnd the Britil'lh M,:i.rel ty (Bibliot;rMhy l and 2L For 
the nurposes of thiq renort, n res'Wile of the as~umptions and 
!ind.inP.A renorted will bo sufficient., 

2:3., The methods of e.nnl;vsls e;:n'!')loyed in the above re-
ference~ are aase11ti.aJly the ;:ia.me. By the une of J:lernoulli's 
theorem • . the nrel't'>ure P.t any -001.nt in an 1.ncox:mresAible fluid 
can be ex·lresnec1.. 1.n terms of the head of the :fluid. the e:r-terruu.. 
ly aunlied pres~uro. and the v~locity of the fluid at the pointo 
For the 'J)Ul"l)Qses of tho present ana.lyA1.!'I• the fir!\t t,-•o nnra­
meters are ae~WJed to re~nin con~tanto It ~hould be em~hA.sized 
that this a.esUP1ption require~ that the wnvc motion initiated 
by t he passage of the snip shall be neglected. Since the she 
and form of this ~ave motion is a co!l!'llicated funetion of the 
outline of the shi-p's hull P.nd the ~-oeed at -which it is trA.vel­
ing, sim:>licity of Ar.alysi~ require~ thnt this assur.rotion be 
made , Some dii'ference between the theoretical predictionf! nnd 
the experi mental f1ndin~s ia therefore to be exneetedo 

34:Q It is assur.ied thnt the h;Tdrodynrunicel ~ction of a 
ship 111 eq11~vo.lent to a nource locnted ju~t e.!t of the bow and 
Rn equal sink loc~ted juqt !orwnrd of the qterno In order to 
assu.:re that the motion of the ~ator nt the bottom ~hall hnve 
no normal comuonent. it is necess;u-y to nostulPte an identic~l 
imag~ source and ain.1':: distribution n~ far belov the bottorn o~ 
the orig1!l8.l distributinn 1~ above. Tht~ a~sumption of R ri~id 
bottoo f'JEJY be questionable w1th n soft mu.d.dy bottom, but is 
~robably accurate enour-h P.t the low fr~quencies involved. The 
renultior. confif;Ul'ation is illu~tratef in Pl~te 4, Fi~ 1. Some 

-5-
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~ 
ir::!'lrovement in the theory \\fOUl<l be obtn~.·nen 1:f distributed 
source!J w.d Htnks -.,;,.re uMd inqtel'!d of A mint di1tribution, 
but the 1!'lprovament in the accu:-"l.C;'l !\O obtained wnulcl not be 
worth the increaRe in the cnmnlexity of the ~n8ly~ia. 

250 In order tht1t the eqw,t~on~ del'lcribinr. the raotion 
of the wP.ter !:!hall be '!.ndr.nP.ndcm't of time, coordi:r.fltes nre as­
sir.ned which wve tbetr orir,in movi.lll; w!th the ~hin, lt ts 
fu.•ther aRsUllled the motton of the w~ter 1s ~rrotational nnd 
thnt ½_pvf<.<.. pv,.V "'here!° h th..-? density of wRter, \J,. 1.A 
the bori2ontnl c~m,onent of the wnter v~loclt~. nnd Vis the 
shin's veloc1t~0 Un-1er these condition~. Berno-.illi's ~~'\ltltion 
crui be reauced to 

f>sCon5tont1-fv,.y (1) 

t··here P is the nran.,ure Rt the p;tv~n "OOinto If the value of 
\1, ,CM be C?.lculr-ted, the cbMP.c in "lTe!lsure can bf' deduc~d R.t 

tiny point., 

26. The so'U.l'ce strenr,th. Sp is as~umed to be prouortion-
al to AV. vhere A is th~ n~i~urn cros~-section of the shi~ be­
low the w1tterlineb The veloci.t;v of thP. "'nter d11e to s. so1u-ce 
Set a di~tance r iij given b;r v = S/3'ITr~o Usillf" this er.,res­
~ion for S0 it i~ eRsy to ~how that for the conf1~Ation of 
Plate 4. FiF- 1. the chAAre in ~re~sure at a ~nint on the bot­
tom nt the center of the source-s\nk d~~tribution 1~ ~iven b~ 
the e:xnreP!'fion 

wheretu the nep.:ativc l\ir.n 11rises from the fnct thnt "~ and V 
are in onposite cirectionc. 

27. This expression 1lluntrE1.ter: the denendcnce of the 
effect on the ~hip I s ~peed and .the <le1)th of the t,:-oter.. D1f-
f crent writers int~·oduce sli~htly d.ifferent -proportionality 
constAnts in the Rbove e:r.pres~ion. The nctUEll va1 ue of the 
proportional1 t;: const,mt r.eed not cor1cern us hP.rc 91.nce we are 
primarily intP.rented in the v~riat,on of th~ affect ~1th de~th. 
A u~eful '::ay of nhowinP. thi~ re1.cttton CPn bP. orrtved at as fol­
lows. Let.c.Porenresent the vn1 ue of the ryrea~ure chanpe for h~o . 
RUd 6. "f>\\ the pressure cn~e on the bottom wht>re the dt'!..-,th of the 
wate1· h h~ From the p,eornetr:r of Pl,; te A, Fir 1, the v111.uP. of 
Ll?o is seen to be 
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The ebove rolnticns arc rnodii!ed in pr~ctice b;v the wave motion 
set up by the shin, the turbulence about the hull, esnecially 
n€ar the pro-pd1er. and th'=' Wru{'e oahind the \'!hi-no 

28~ Actu.nl. menAurementa of the pres~ure varl~tions on 
t.ha botton <:nuaed by the pns"'et;e of e. shin show R i'!mall exceeB 
prescure u.ncler the bo,..·, n stronr, nr1:13sure min!r.Jum under the 
centel· of tho chip. n clilnJ.l e:--cess -->ressure u.-ider the .. tern, 
followed b;v e'!1all oscnla.t!ons ca'l.l.sed b:v the w:>ve trnin left 
by the er.ip, The ,;reo!'!ure a.rminr, device is dei::igned. so that 
an electrical contact io :nede by the action of thfl l~rp:e -ores­
sure reduction occurr1nr, amid~hi pso 
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29. Unfor.tuno.tely. both wPves nr..d _tiac~ cPn -o:-oducc nre~-
Pure fluct~t i.ons n~ r.rent P" thof:c nrocluced b;v the pa.~~t>t:~e of 
a !'ihi.p. Fluctuationri crm-icd b;v w1we~ nre nc?rticnlnr1y tro•1ble­
nJme1 for tho r,F-dofln of thP. lr-rge \<'nvel'l ~')"')er.rinr- ditriM stormy 
"-'Cather P.re co!llTJrr,bie in durnt' on to the effect cnunec! by the 
pns<inre o.~ A nhi:, 0 Becau~e the nArior. o·.4 tital fluctu .. "\.t1.on is 
extrer.ialy lon...,., the nn-onrn.tu'l i~ able to filter rt.:t the effect. 
On the other halll'i, it is not eaay to ct'('lnnrnte the eff,f'ct~ of 
wrvea and ~hin~ on the bnsi~ of their '!)eriodicitie~. 

~O. The t!1eory of the prer.!":ure effecti:; CR.used b:r t•:,-vei:: 
hc.s been tre11ted. b~r n,wal Grdnanc·e Lt,l>ou1.tor.: (Bib!.iorranhy 3L 
:Br!ef\'I, the ma.thematicnl technique cor:.si!'t~ of ~ettinr; uu e. 
velocity -pote:ittul fu,nction for the wnve r.1otion 0 fror:i \.:hirh the 
rinrt:l.cle velocit~, ~t any 'TlOint i~ doriveci b? forr.iiw the direct­
ional cicr1.votivc of the uotentiol functiona ThP n.1rHcle ve­
locity !lO derived is s,1b!lti..tuter. i.n l3ernoulli Os eqUtJ.tion, t:1.u!-\ 
:,ieldin1~ an e,:pres~ion for tho px·cs,.ure. TM.s Rnti.l~:si, yield.., 
the follo.•inr. forr.m.lfl.!'~ 

A" Amp\ttl.l.cie of the "l'to..'Je. me1hon 1 

c = Ve.lcc·,t~ vf 'th~ wa:ve.51 

·A -= 'v,Jave \eng-th, 
,., - e..'tT 
r.- ),. J 

h :. o~pth of wo.ter , 
6 ==- Cc,ns-\-a.nt , 
T =- Per,od o·f tr.e v10. 'le mof1on . 
~ = Ac:ce\ero.t·1on due to 9n:x11it~: 
? = pr-e......~ure. a.t the. bottom ., o..nd 
f ~ DenS\1'j 01 the 't40..ter 
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THEORY Q! ·I•J-,.E P.hl!SS'l.,'RJ-; Ar'JlU:iG- ?JEVICE 

310 Both wrwe ond tid~l efffi,eta cnn be considered as 
harmonic vnriat10J4!: of '!lrez~1lree 'l'he for·mer blve ueriodr; !"f'~-

1 ,g i.o r:,,nr:rnl between 4 A.1.ti 20 RCcvru1u Md the latter have -oer­
iod~ of abo~t 12 hour~ ann 25 ninute~o The nrP.seure fluctuation~ 
caused 'by ,:,·!- na!HJtrf,e of n !!hip hnve much the S.;>"!)enrnnce of bftr­
monic va::.·ia.t-l.ons. bi:.t the pllen<lmenon :i~ ovrr befo:-e l' stend:,• 
gtatt c:rui be i.~~alized in the a:-m1.llf' device. Tho rcnctton of the 
de,; ir '3 ':~ ..-,,:vel'I nm'\. <~ic"'.al ef'fec-.:.s vill be "h°'m by celculntlnr, its 
stt:nuy r.tnte rec~o:!"'se to hnrrn')ntc -nrP.s"ure fluct1Wtions cover1Ill?" 
tl.e c1r,nificnnt fr~;.1umcy rnnges v.z:.d its trMdent n.nture by 
cr.lcu.lo.tinr, 1 ts res·oonse to a. f:.ten function. 

32~ ~ schoJMtic di8f;l'Em ·of the "Ores~ure-scnsltive device 
is shown. in Plate 5, Fir l~ It cons1.t.tc.;;!::four Helmholtz re­
uonE<to:rs interconnected. As lon/P r!l tte T.>ressure fluctuation~. 
a.re ~er;v- r.~n.11 comn~--red to the rn, an pres.tu.re, a He~.mhol tz !"e'!on­
nto1 Ccm ~3 shown tc be couivRlent to n n.~ss acted unon 'by P. 

sm•\r..~, fl drivbg fore". Nid e.. vir,cou"' force ( ~ibHor,r;,n:ihy 4) ~ 
Tne , iRc .... u.o force iii mnde 'Ir.) of tvo collll'.)onents. t'.. rtuiintioti. re­
dstn.."lce a.'\d fl. Vi.!'coci tJro BibJ iogr1i.,hy (4) give~ for the former 

R = .f!'"'''l 5t. 
'2.'TT C ) 

{' = Denoity of the flt.de"\. 1 

w = 2'tf::r: frequt"ncy > 
c = velocity of eound in the f' .... uid , 
5~ Cros~-sectionnl ~ren of thP. orific~. :md 
R: RacUntion r"'Si!?tance. 

At tr.e frequenc~v~ of i~;ortnnco for tr.i!' ~evic~. thi~ radiation 
comryonont becoce"I entirely insip:n.ificont. The on)y vi,;cout'I 
forces thr~t ne~d tc be considered are thoKe Rr1s1~ from the ef­
fect cf the t,-10 ~au"er: and the exterw.l lonk. 

~~. Inn Helmholtz re~onPtor. the f1uid enclosed within 
thn cho.,:Jber nctn nn R nnr1Nr.. The fluid will oe cnr.roresc-ed in 
generfll b:r I:' co;:ibinntion of isctberrnP--1 r>..r.~1 of f!diPbntic nroceR!lCR. 
This i~ d;vna~icall~ equivalent to~ ~nrir.~ ~ct\ne in p~r~llel with 
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n corobinr:itft:::,n conRi~tinP of a "!)rin,: sr.cl o vir,cous C'1nduct1vi ty 
in eericls. ·, h will be t":l•own leter t:r.Rt t1.e e7t'"·rn"l lerJt h 
equivalent to~ vi~c us conductnnce. 

M. From the forehoinr, brief introrl~ction, tt i~ a~nnrent 
thnt a. mech;•n1.cA.l assembly con!':tructec1 t:Jf c,mvent 1.rmrJ. snrinp:s . 
mnsRos, ana viF-co~itieP c~n be can~tructen which wil~ hAve for 
itR dc~cri~tion the snr.i.e 1ntcgrc-different1el e~u~ti.on~ nn the 
r--:ubjt>ct dov'lce. Such nn nrraru;cment i\11 ~hown in !llAtP. 5 1 Fig 4. 
in t-:hich con~·entionnl s~rr.,bols Pre uncd (Riblio,-:rn·1hy 7L The 
s;n:fbols hPve the followinf': meroiinr.~: 

Mz = 

51..: 
s., & 

fJ 

S3 & 
S4 = 
S5 & 
Ss& 
Gi::: 
Gz = 

Gs= 

external d.r1.vinr, prt"!s"ure5 
effective ::w.eq of water in the 
lowent oriftcc, 
eff't:ct1ve J!ln.119 of air in the 
ouening betveen V2 and V3, 
effective maRs of the diP-nhrAl?:lD, 
effectiYe mnRs of air in 01,en­
iI111: between V4 Md V5. 
elAf>tic effect of w~ter in v, 7 
e1a~t1c affect of air in V2. 
elastic effect of ~ir in v~. 
elP~tic e:r:·oct of the diP..nbr~p,m, 
elnrtic effect of nir in V4. 
els~tic effect of air in V51 

visco11s effect of lo,1er r,a.uze, 
thermal conductivity in walls 
~urroundim: V2, 
viscou~ e~fect of unncr 1t1-n.1,r.e 1 

viscous effect of the e7tern~l 
leek. 
thermal conductlvi ty in W!.lls 
!'lurro1.mdinP, V3

1 

thermal conductivity in walls 
surrouruli~ V4. Etnd 
thermal conductivity in wallR 
l\urroundinp. V5. 

~5. It iR p0£$1blc to estr.."oli~h an electricnl circuit 
'11:hich will hnvc the aamc inte~ro-c7.if!'P.renttnl ecUl\tion!'I for 
its de"l<.'!'iut1on f';; w~ld be u<:ed in the ae'"cr•ntion of f\ r,1ven 
nechrmicP.l s:rra.n;>:ement. Fire~tone {Bib,._iot:"rt-\~)hy 5), and Miles 
{BibliogrRphy 6), hPVA nointcd out t r.t \f forcP. is m~..de nnP-o­
p;ous tri c·,1rrent nnd velocity anP.lo~o.::.n to vol tP..p:c • the eoui­
valent elec trica.l Arr11~r can ue ci rmm -o~r in.::l)ection. ;,uch nn 
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ElC?,•1ivvhmt electrico·1 circ ,ft in shown in 'Pltit~ 6. 'FiP. 5. in 
which the nubscrint~ h,,.,.e the s;c.1:1e r.lf!flr.inps fir. in th~ eou1.vn­
le.1t r.iecr.P.nic~l ~tructu.re. It m,.,t b,. reroem'bPred tht-tt in tllh 
nn..~loTT;,, OA.sr.cs b~comc c~~~cit~ncec, ruld Rl'JT1n~~ beeomes 1n­
c1ucte.nces. The qwu1ti ty of 1.ntn·ef>t i<1 the current trr~ur,h 
the :m.rf'...llel cor, b111F..t4-o.1 of C3 n.'l.d. L4. fol' th1 s -will be eqUP..1 
to thP net ::orci? n.ctinr, on the dienhrae.m ... 

:~6. Gnr.d.eno-r ex.d. Bn.rmrn (Riblior.rnnhy ? ) de~cribe a 
eir.ml~ ~P ihicnl method of constr.:..ctiDP. a circuit which \iill 
hnvc&.acri~tive inte~ro-diffcrentinl eqUAtions of tho RP.me form 
!'!.R e. giwm circu1. t, but \Ii th the role!; of current nnd vol te,P-e 
iut:.rcl.f'..1~ed., Thi-i c1rc·t!t r,l!o'"'n in PlP.te 6, 1-ip 6, wa., con­
rtruct~d in thia rna.nner from :t'i~ 5. With the p;••mr r A.sRipn­
,:.ent if cu.rC'~i .t ;mrar.,.et, :.-a, it wi 11 hnvs thP. ~orne ~et of cen­
cr!.1t1 ve equ.e.tiontJ no tho ori~inf".l mechn.nic1•l device. In thift 
circuit, voltrr:e iie analor;ou:; to '!)l'essw-e. current to velocity-, 
CR1acity to cleataacc, inductAnc.- to mAa!. M~ r~~\~t~nce to 
v1.r.cosity. Stncc tM.n so-cru 1.ed 11D1.ract Annlop,y" i!' th~ Arutlo,e:y 
mo<1.t widely known, all su'bseq1..ent ctlculatiot.!'l wi 11 be ba!\ee 
unon 1t. The i~ortAnt 1tem to be crllculftec1 is the voltt>f:P. 
acrons C4, nince this is pro~ortior.ru. to the dianhregm dis­
!)lnccment. 

U,nt h ~ .ill .l:!m. J1fll~,uati&rul.. 

:w. In the cnlculntionr. that follow. the nnit <>f -oree-
sure will bo tAken f.6 the ~,re(!sure cl.ue to r>n inch bend of wAtr>r, 
ond th3 unit of vohma will be the Ct'.bic inch. The density ot 
~nter then becomeF A.D~roYira.~tely l/~85. end the unit of mass 
1~4Pl lbs. A ch.~nRe of urescure of 1 inch of YPter will be 
tak~n to be equivalent to 1 volt, nnd a neg~tiv~ ch~npe in vol­
lJ.llle of 1 cubic inch to be equivalent to one co11lo'llb. 

~e. Con!;tnnts of th€ Plttid Vo1-·.l1:1t'!::1. 

:.t.'he c irt!u.it contP.in~ four comb"a.n~tt,mR o! tbe ty,H~ ~ho,..n in 
Plllte ,, , Fir. 8 , which re~1reser.tn the el~ntic yro"OertiP." of the 
fluid end the thPrmnl C"nduct·ivit~, 1-1t th~ t·1alls of the V!9~el. 
In ordP.r that thi~ circ,....it 11'1Fl7 be a t:ru.e renre~entntion of the 
net ion of the fluid. the fol1c..,.,1n~ cond.itfon~ r.n:u,t be satiflfier: 

l ) ;.•hen R = O, the ,;ns rer,ct" isotrP.r'MA.lly, 
2) !,.!hen ~ :; ::-;; • tha :t'.ll~ reRct~ ndi:·•b· ticlllly. 

nnd 
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t·hen R i<'.I nnite, the rFte of chnnge of 
ch:>rFC q rri-:inP fnm P uni. t !\tr.n ;1\'°c­
tton of voltSt-~e must be the ne~ative of 
the rnte of ch.."l.!l~e of volume v ~.risinr, 
from a unit ~te~ function of pressure. 
The ner,ntive siroi aJnenrq bncau~e d~ 1~ 
an.e.lo~ous to -dv. 

Condition l) ~1voR Pv ~ Con:.:.t-1h1 1 

.(l) 

(3) 

. . 
'Yv.,-1 Pov + v""dP :.o 

l 
I - (·1-1' P., ~- ,-

(., ~-
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rro. c~n.it\ ,n 3) ~he v~,u" of R c~n be ~~t~o1t~h•d 1! it is 
Rs<1umed the te!:1-:,erf'ture of thF.: r,3s :followr. 1~~ton' n ln~ of 
cool1.lP., which cnn be l.:r!tten 

(5) 

whe:re El h the ecp1ilibrbun te!!rperoturc, 0 ie the tcmpere.t,tre 
at ony in:ltnnt t, End K is a conotruit, For the ~ns, 

(6) 

re~rJRenta the r~~nonno ton unit nten fwiction: for the elec­
tTiCP.l circuit the equivalent eT?ression i~ 

(7) 

Thea:, two cnua.ti.onr. .i"'e conoistP.nt. l)l"Ovided 

(8) 

Since tle v~lls of the device a.rs mRde of thick bron1.e. which 
is n good cond'\lctor of hen~. it con be flSflw:ied th('!t lC 1s lnrge, 
This nukes R e !mali. 01...antity, nnd a.t the frequencies of in­
tere~t it c·m be a~m.u:ied thet tioe constnnts of rul RC1 combi­
nP-t~ons ~re ~o sl!\Elll that they do not mntnrinl1y affect the 
final rcs1'l tn~ Such C')r:ibiJ.+,')tions will be ner;lected herenfter. 

~£10 From the deA1pi dimen11ions of the devi-ce. C:3 nnd C5 
nre vory sm,ll coDM~red to Cz, c4 , and CG• Since they are par­
allel oler.-.ents. they t!M be ner,ll'eCt!id in an anprorlmnte ~olu­
t1on. 

40., The e'\.o.~t:uice of the volume of water is renresented. 
by C, ~ This -cerPmet"r CRn bo shown to be nE'!p,ligi ble by the 
followir.e, or..alysi~. fy definition, 

Compreas1b111ty, 

Also. c~~ :: ~ \':'here c is the velocity of Round in s Pa .ater 
( 57 • 6t)0 inc?1Ern i ~P. con.d). 

(9) 
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c~~ -' c-, (10) 

Thi~ qu-mtity ir, of the crder of &O,,iJ.ii Since thir. ca"D-
~city ir n nnrRllel element. it cP.n be n~electea nt the fre­
quencie~ of illlf'lcdiate interent. 

"l,, Calcu1A.tion of the Equh·~lent lnductnnce'1. 

In three tr..stancf)R, ',.he tn\\uct11-1ces f\re duo to the r:iot1on of 
a i'~llid thro"i.1r,h nn orifico. Ir. Bibliogrnnhy 4, i.t is r.hown 
that the YPlua~ of thc-e p.'l.rn=ietf','S car. be calculP.tP.c'!. b~ uge 
of th::. rel:-tion 

where, L: iudu.ct,~1.cP of the fluid in the orifice. 
( = len~th of tho oriftce, 
a= rrd.1. U" of thP orifice, !',Ila 
c.:: 
I 

de~-:;1.tp oi the :fluid. 

16P / 3n 1s t~ice the fl\mtl 1.pr end correction for ~ tu~e. The 
dimen~ions of the lowc~t crifico are 

3 II a.=w 

A.2. The other tno orifl.ce8 hn.ve dimen!'iionA of the ~a:ne 
orde1· of l"...:l(';nituue, C\'.t since the motion in the~e ,:A.r.e~ involvee 
Rir 1nstcsi of wnt?r, their 1nduct~nccs will be swler by R 
factor eql!Bl to the :;neciflc P,l"'fi.Vi ty of e.ir. The RT>Pcific 
6r&v1ty of air i~ .00129~ at 10° C. Hence the va:ueq of L?. nnd 
L4 r-re eb'1ut .001 tbnt of L1 0 At the frequeucie~ of interest 
the~ cnn be ne~le ~ted. 

4~
9 

Tr~ equ1vnlent inductnnce of tr~ diRphrf\P.l!l CNl be 
shown to be neflif'.;ble "by- the follo• ·ing rea~oniw. .l\<:cordin~ 
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~ to CrMd.-'lll ('Jibl 'i.cm-n":hy 8T, the dcflect~on. y , of n T>oint 

loc .. ted et dint:mce 1~ fron tho ccnto:r of A. circulPr -nlAta of 
racd.us a, clrur.pcc'l et the P-dr:P. is, if Tlrnssure il'I uniforr.ily @n­
"?lied, closely aunro:xi!ill'ted by 

(11) 

The Ch£lllf'e in vo~\'Ul!C from the mean pos1 t1.•m is r.iven b:r the 
value of the definite integral 

v-=-J
0
""2.11 =10(,--$jrdr=-3'ITa.'-::\o, (12) 

'l'hc kinetic enPrgy, T, of the -plllt e. b d"term1.ned by the defi­
nite integr~l 

wh2ro f is tho de.n~ity per unit ar~a. 

If the kinetic er.error ts c:x-o:-a~..,ed in terms of the rnte of 
cb.·•.?lge of vol~e instead of the voloc:it,.- of thP ci-nt,,r of the 
d1a"!)hrnr,i::, the c:-:pl·ession becomes 

Therefore, the equivalent inductnnce of th~ die~hTRf-:Jll iq r.iven 
by,. 

(15) 

where M :::. total oaau t\f the din:nhragmD and 
S .. area of the dia,'f}h:rn~n. 

When the con~tants ~f the device are ~~b~tttuten in the relA­
t1on (15). the valuG of 4 i~ found to b~ 00000103. ~hich iA 
entirely ner.liF,lble. 

44. C.~lculation of the Resir.tnnce~ 

The viscous effect of the lo"'-er ~creen CP.n be founa directly­
b~ 1)Uttinr a knom1 ~end of w:,ter in the lowent chArnber and 
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L.,.___, _J 
rJeas\ll'ill;, thr rptc of <U"lclu rgc 01.· •,m.~er into en infinite vol­
ime of w;,ter. l'i'h'.s value i1 :·ou11r1 ":to be r .. oout .18 cubic inche!'J/ 
sscond/unit prc.,.sura. 'l'lm cqutvnlent re~i.ritru1.ce ie th~ rcc1.­
-procF.J. of t~in qu4'ntit:v, or 5.r-i5 obms. 

45. In the ens~ of the uup~r ~au~c, the vi~coua effect 
ari~er. from the nRs~~P.e of atr, v.hich hns ~ viRcoB1ty of on1? 
001342 times that cf WA~er~ ~he ~~utvalent rn~i~tnnce ~ill 
be recmced e-'l equi volent cJnount -:-,elow thr-t of the lover f:Ru~e • 
or a•nro:,;:1.mute1 -:, • 0?5 ohi:t!lo The ti.me con!'ltru1t 1:ntr,,ducen by­
tM.r,, q-..,rntit:r 'i~ ner,1 'lr:iole connrrod to thn du.rP.tion of the 
ollenor!cnon bei~ detected. Cl}nReq1.1ent.ly • thiq re~i.~tt'lncc cnn 
be nor,lected. 

460 The equi~ale~t rosir.tnnce o~ th~ leRk will be c~l­
culr.ted b. · the V."8 of Fit; 9 on l'l~te ? • 1n vhich tt il'l M~urned 
too k14et1c reaction of th:> F.A3 iA negli~ible cor.roared to the 
viscou~ ~ orc,rn. The virco-J.~ force i!'! ns~umed in the convention­
al rnar . .n-::· to be 1)to,1ort i.onal to the ":"elocity of the flo\-•, The 
'P!.U"tinl c-if:'ercntfo.l ecrwtir-n der;rrib1nr. the motion of th~ /!M 

in the t""J.·oe 1 s 

PA-('P+ ~: At)A- K'AuAll =J)AA"' *) (16) 

-~-\<u~f~~ ~fl ~+;au~ (11) 

In the above relntionr. 

f>:: 
A s:: 

u: 
k'..., 

presi;ure n.t the -point 1{1 

cross-section rrea of the tube, 
velocit~ of tho ~as. and 
viscous force n1n• unit velocit:, 
uer u..l'\i. t lanet.h. 

Whon a --:ten<h' st:>~o has been i-cD.chad, ~~ = O .. 
vice. coth u nnd ~ Are such ~m:ul q1.;,'Ult!:tieR ax , , 
duct ca?y be ne~lect1c'i in cco_;R.rison with KU. 
recuce!\ to 

~p + K> 1\.1. = 0 • 
~ 

In such a de­
that tbeir -pro­
'Equation (i7) 

(1a) 
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If e:iun.t1on (18) ifi rml tinUrn't b:-r f>.. end,PU.iR f'let equnl to 
rn. \-ihc;:•a m is the rn::i.sr, of. ,;:r>~ pa~•·in1; a r.ivP-r~ cross-section 
per aer.ond, it~~ found ~hn.t 

In such n device, the r.ns wil: exnnnd isotherrn\lly so th~t. 

(20) 

The eqnl".tion of m~tion bP.comci:;. by s:m.b~t1 tut:on a! (:10) in~o 
(19) • 

If equnt1on (21) ia 1nte~rPted with re.;nect to )(. over the en­
tire le~th of the tube (-!). the followinr ~qun.t~ on resultn 

where 1; :: :>rcosure n.t -oosit1on x .., o. P.!ld 
"ft-.: proa!.ure ct 'f)Osit1on ::i: = e,., 

Let k't= \\ e.nd\1 •'Po +e.? where A°P<.<.. 'Po. 
Et1uat1on (22) becomeo, Dfter the subatitutionR are rnP__f..e, 

~cnn 'be ne~lected in compnri~on with 2.?o ll°? • ruld the equa ... 
tion (2~) reduces ~o 
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Zquat'.0:1 (~t;.) nhow., thrt the vohwe of air uas~inP. throu.o:h the 
leAk ':)er socond ia !ndeucnd.e,1t of thP. m~n.;. n::-f?s~u:re, n rel':ul t 
thct hf: .. ,. been vori:fied expe?\r:1cntal!y. The equlvP.lent res1A­
tr-nce is Geen to be eq_unl to k . !tg v:-lue ce.n be fo,md b~, 
npplyi?J.r, to the Rnds of tt.e lec.1c a d.1fference of preAm1re 8\lu.P.1 
to a 1 1nch he~..d of wnter ruid measurinR the volum~ of has 1s­
suint~ pn 9PCond. The leak is a.dju0 ted to r.he a rt-te of flow 
of .00141 cu. ir:../~o<'-/unit ures'?ura. The vnlue of the equivA­
lent rP.si~tAnc~. orr,_ • iA the roci~rocol of the rr..te of flo~, 
o:r 709,2. 

47G From the nbove an.._~lysia. it is ~bviouR thnt the 
uehlectir.ir, of rnrmy of t,ha pEtrtU!leterr, in th2 e;-nct circili t, eq_ui­
vnle11.t i.nti:oduces en urror of c,n1y :i fm•· -p0 rccnt., If these 
p,..ra.,etero are n1?glect~d the ctrcui t cAn be reducer. to the fair­
ly eimple one shO\:n in Pl.-1te 6~ l'ig ,; • Actunl numerical re-
~u1 t~ will n~w be calc-~1.e.ted for tbiP. orrA.n~e~ent. As ~tated 
before. the desir~~ quantHy 1~ the rt-1t.io of the voltP~e P..cross 
C4 to the d r~.vtrig ...-01 tn.ge, for thi~ 'A'1.ll i-how the froct1on of 
the ext-Tnal proe~u.ro fl~ctuo.tion that ffone:,rs ncrosi:; the din­
ryhra,,;,-m. It ehould be pointed ou~ that the va)ues of the cir­
cuit p~rs.metors very w· th tm:mcr~t,tre., Thii:; h ~Prti.culPrly 
truo f:,r the cn·,aci ne;; which renrr~ent the elA."'truice5 of the 
air volur.ies. in which crr3~ the vniues nre 1.nver~el~ uro~ortion­
A.l tc the nb~olute temncr~ture of the sir. The cslculntions 
\\•rich fellow •Aill be baned U!)OI, the aesU.'ll'?tion that the e~uil-
1 britl!?l tei:ronra·vure of the air 1" the ffamo r..s it YA~ when the 
rain~ VRB first plonted. 

4 8. As po5.nted out in AppP.nc.i:• :s. the ~.ction~ of we.ves 
nu:i. tldee are equivnlent to hnrm~nic p=esRu.re flu.ctlllitions. 
A steady rtate soi.i:.tion if' of value "because tt sho-wn hov1 the 
d.twicc will rc~ct to such stirnulnti,:m:lo Such ce.l,:u.lations een 
be bared U?On c:on·:ent t 011al /:Off,ple:,- a.c voci;cr~. The ctr cut t 
of Pl~.te 6. 1''1g 7, CPn be rec.uccd to foi.l.r iinyednnc~ A.!=! show 
in Plate 'l. :::•11; 10., It 1~ ea.:ily se~n th,:it ':.he value of the 
rPtio ¥~/E i~ Riven b~ 

(25) 
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Vnlue:; of this rs·t1.o :for tn:r:<?e tlif:!'n:-cnt fre(!u.enc\e~ ~na five 
c.ifferont dt·,tt.s m·e r,iven in Tr.ble I. '!'h~ nh;,'le r.i!f~rer.cr.s 
bet'l:.'een t'be vol tnf,~n r>re d ~o 1:ihot.-n. Thi,; tf'ble "hO\t". clen.rly 
the a5:f:'crence between the rer,cti.on!'I of the device to fre­
ou.encie ~ e,-iui vnlent to w~·.re ,3ffec'.;~. nwi. to tho~e f':o·-ii v;:ilent to 
ti11a1 effects. In t.he fonN•r casel'!r 'bet-ween 1/3 find 1/5 of the 
extern:>J. pre~au.re fl·~d;u.atlon a.:n".>i1Pr~ Acroe•\ the dianhrngm, ar.d 
the r"e'.,onsn 1s elr .. o ,t in 'Ohnr.~ w!th t'ru:l e::xternP-1 var!f,tion. 
In the Ji:_ tte:r C'Ar.c. the fre.ct1on i!; 'bctweer. 1/70(1 ,ind 1/1200 
~.nd the re~ron~e ic fi.l~or.t ?O~ out of nh.~~e w~~h the external 
varia.tton. 

s~e~ Functi@ Solut~Qn 

1i9. A :;te, fur.cti.m f:olutton i~ o~ ir:mort;;nce becauRe 
it show~ the raRf:11it1lde~ and time conqtruits of thn nr1nci~Rl 
trpnqiP.;·t effecti;, :-..nd gives rore infomntiou conce:rninR the 
duration of ~h'.? cont-net resultinp: froM ii "udden d.ecrl'P.se in 
~res~ure. Such n r.olution c~n be obtni::ied ~o~t effectively 
by the uc:~ of t·1e Laol,ce t?'ant1for!llfl.t!on. 

~O. P~ferrinP. a~ain to Fi~ 7 of ~lnte 6, the intepro-
differe«tial eqwition~ describin.~ the circuit on h nodal bRB18 
are: 

G,"\( + f' f v;d1 -G,Vi ~ f'f[Jt l 
GV.-GV _rci +r') ~v" +C d\/,=O 

0

0.nd . (26) 
11 ,'2.\)~'--6 1 6cff l j 

C dV, _re, +C ~ d'L - G,. "\[3 -0) 6 dt \J "' s J d t 

r'- _L -L I 
\ G,-:: 1t ) ond 

\ 

r-- l I....,."'~ l5:..) 
If the L!'lnh.-e t-rfln~!·or1n,1.ti,m ifl p"-rforoed. on equnt-1.nn!'l (~6), 
~li.d V' r~lll'f,l'l'Jnts th.~ ta..-,ll'lce trnn~form~t ton of ,r, the trr,n~­
iormed eo._,u.1.ti or..13 \Jeco::ie 

(G1 +-f )\(- G.,V; = I's~ ~ 

G.. V,'-L G, 1-(C, 1-c.) "]V~ +C. s v; ~o , lj <21) 

Cs s"V;_' ·_ [ ~-\-(C~+C8) 5] ½' = o • 

-l."· -
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In er..1:'.tio~s (3'?). n is thP ce:r~ule;:{ "!'.)P_.T!=!mett'r A.r\.ffiD.P. frot!I a 
La~)lncc t;re.nrforiwtion. of Tei dP-riva.tive o:.- f}n inter,rnl (BibUo­
r,rr..,,.,:i-.. v 7L Equn.tion\'.l (27 J are nO\·' !'!ol ved s irrm.1 t~n,.,ousl.11 for 'f- yieldinr: the equat~on 

"t--;.. ·--rl\,r----:-7.- T\"J~~f~,,_____ __ 
(.G..~ ·t- 1 ;~+\Ct. +C~;5J(,.;+-(C~+Cv5 J-c~_st(G~+ f')-G~~~ +(~tCe)s) 

In 0:.-.1.er to perfo1·m the iriver~e La.1lace trnnnforn2tion on 
Equation (~8), ~~d obtain 8n er,rc~~inn for V~ in termR of 
the ci~c~it l)FTPmetPr~ nnn tine, it t~ necesr.ary to find the 
root11 of the d<·nom~n::tor. :.ince tl~is ex-0resc:ion 1~ ~ cubic 
!n s 1t iG cnsi~r to aeterminP. the root~ b;., tl:e Gr~effe t~ethod 
after Actual nu;J~ric~~ valuer. ru:ive been 9ubstituted for the 
circuit con11tru1t'.3. Tb~s hP!'! been don~ for five different de-,,th!l 
~ith the re!'!ult6 ~ho•..m. in Table II. 

61. A t;v-:,icr.;1 plo4; of the qto11 function colution for sn 
eq_,l.il11.,r1ur.i nre-:; 0 -..u-e of 1200 i.nchen of 1.-11>.ter 1~ s~o-.m in Pl<>.te 
80 Tho -preonm·e a.crocs tho d1fl.-p!'lr?gm ri~es to A. r:in:dmum in 056 
ncco~ds. a.ftPr t,hich it dec8yil n.t a rate determined es~entia.l ly 
by tho fi:-:;t term of the e(lu~tion for V3.. A finite tioe 1s re­
qui:n,d. to re;,ch thifl maximum beca:u.ea uf the inertia and v1e­
cosit.;v of the 1'·a.ter ente:rill{; the device. The fb:.~1 decay ie due 
to the externRl leak. lt should be poi~ted out that the im~or­
tant coefficients nnpear1nr, in the cte,., fu-:i.ction so'l.u.t.ion are 
almost equal to the coefficients for the 5tendy state 80lutton 
wt th tha larger VP.1 ues of w ,. 

52.. Eq1.1.ntion (r.) of A-p">ar.di:x .. \ gives an exnre9~ion for 
the decreaae cf the presm.u·e effect \··ith de'!lth. If a tynical 
value of 90 feet be assi~nea for 1. the ~ffect will d~crea!'!e 
with depth cccording to tho ~pnex curve of Plate 9~ Tb.a cnl­
culat,lons .listed in Ta.ble I show thnt the ser.sitivit~, of the 
dia:-1hrag!ll dec1'NH,f:-r, -.with dc;ith accor~Ull/';' to the lower curve of 
Plcte 9. If P.. con'Jtz.nt n:res-,u·e different!P.l ~:are required 
acron~ tbe d'\.a.nhrrH,:m to !)roduce contP..ct, the cnrve~ of Plate 9 

how thnt the sensi ti',ity of the device ,.,ou.ld decret>se rE\-o!dly­
with thei d.enth ,,f the w~tero 1£0 compen!'IFte for tr.is effect the 
initir..l sp?.cing ~etw~en the contact~ !R mndc to decranse with 
increar,in{~ dei,th a.c.co1•:i.1n~ to th~ curve of Plate 10., Fron the 
curves of Fu tsa 9 .end 10 :::id ea__Wltlon (4) of ~endix A, 1t 
it ~ossible to deduce the pres~u:re cht\np,e Just undnr e shin 

·--------~:;; 
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thnt 'llil ... ' ~ r<"quire5.. t.o !,:.•o.:-~uce cont~ cto P!Pt,e 11 Ahown auch 
:i. cnrre for E.. c;hil') \'h~=1e vP11.1.e nf l 1!1 90 feP.t. '!'his c1~-ve 
s!~ows tl-mt t,10 device h clir;ntly ovBr-comnennated for thi!'! 
t:me o! sh1-o. If 1 ts P.moller, the co::men .. A.ti.on i!=: more nerfect. 

!53 Cl ::n.ck. 

The device inclu.clsH; a coi:l11ofd. tion snck uhich sep.~ rf'tes the water 
from the n.ir in the 1011:est c~bnro The ori~inAJ. r::ech:Ultcnl de­
~1gn ns~u..-ie~ this rac!-:: to be completely 11 fle,ppy11 

• i.e. it offers 
no oppreciabJ.c l'flSi~ti-.Lce to the mot~on of ~he watf:r, ThiB Sl'me 

nssw:mtion hao been 1r~~e in the theoret1cnl treatment~ There is 
some q_t•.).=.';ion r.s to whoth~r the Mck folds up pronerl;v so thnt 
the- c'bova aem:.npti'in :l. r: Vf'.litl :1.t nll denth~. If thil'I assum-otion 
ici not quite vr..lid~ t.he mea.snrec1 p:·es~ure differant1nls required 
to nrotl.uca c:unt?.ct will b~ l;:irp:er t~.nn the :>redicted. vslueR. 
Dnte. to he colJ.ccted rrnon 1>.re err,<:cteo to shed !'Orne light on thie 
; ·1est1on.., 

54~ ThernP.l Effects 

~he thcoreticr'.1 trimtmen.t o-:: the a:onro,d.rmtf, !!G.uivnlent circuit 
e.oGt~es thc;.t thn e i:, el1,m;,.-~; ~:,.:');1nds il'lotherma.11:,. This ?mounts 
t~ s ra1t,"".1inf; tbct thia I".tc of hent conduct~on throurh. t 'he walls 
o! the device ! ~ in"':,1ite. :fo €Vidt!;icc collected to dote incli­
ca.tec; thn.t th!.,; ar.r:,· ptio:l introdr.ccs any a1)•)recinble errora 
Ir :.t•ter testt '!.ndic;,te t!lll.t the ef~ect mu~': be inc!uded, e,rreri­
i::.e.1t:3 will have t.o ~-e mAc.-'.' to determ-\.ne the .rE!.te of coolinr, of 
the e il' ix:.dde the d..:,~icc~ 

5f~ Fr1cticn Effoctc 

'l'he ootion of the d1r..nhrop:rJ i:-; co!'!l!!IUuic:>ted 'lio the contrct through 
n !'!1.l.ltipl:,·ir:t; device ~-1h!ch C\OV'.oual;. hti!! sow., frictiono This 
hafl been nep;lcct.ed in trw theorsticnl treatment becau~e teste 
hllve JhOW!'. thnt the contacts o:1cn ..-·n~. close on the same :9ressure 
differentt~l ncro5s the dir:r,hra;~:n to vithi.n oOl tnch of .,.,ater. 
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TAEL"B l 

St"!ndy State Rc-ci,:ir.mC\e cf the Pressure Ju-mi ni"' De~ices. 

Po 

%!1 
8r,f, 

865 
1051) 

1050 
1050 
1200 
1200 
1200 
:V::50 
1~.50 
H .50 
185{) 
ifl5C. 
HJ50 

w :: freqwmcy of tl!e -;>ressurr. variation~ , 
·ro :: mean -pres~.ure in iocµeq of WF.tf'r, 
'R g rat1o of di:fe~entinl prc~su.re~ Acres~ 

the d1fl:>h:·l.'.r,r:: to the ~,::ternP-1 -oreA­
~ure 2mnlituilf' 1 ru.d 

fl :. 111'~-i.ce diff~:.-encc bf't\.:cen the nre~sure 
a.i:fferential fl.cros~ tre dinnhrP-r-:t Rnr. 
the e :--ter!1al nrP.f! r.v.re. 

w "R e 

~ .~!-?fi -9.34° .!. 

1/~ .~.l;:01 1. ':!5° 
1/7000 .00148 89.90'.) 

l n?.991 -5.6~1 
l/3 .2995 ~~50° 
1/7000 .001?,8~ 89.~6° 
1 .?,669 - ~.67° 

1/3 .2726 4.35° 
1/?000 .001066 89. 96° 

1 .?.~'75 -1 .. ?2~ 
1/~ 0~~68 5 .. 27° 
1/7000 .n(l(')5568 89.,G6o 

• .. 1968 -.E17° .L 

1/;r, .. 1957 6.,76° 
1/7000 ~ 000M~~~ goo 

-
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Re~rpon13c of the Pressure Arroinr Devlcc to a Sten F1mction . 

R 

"Po -= ;i;~1uUibr!.u:1 nrefisu:::-e in inchen of 
WPtE'r • 

V~.,, "re~.,.ure differenti:Al ncro~!I the 
d.iArihr~. 

865 .;-....;soc-.o:-~nt .M99E-5.104t t- .. 00479:::.-•wo,.2t 
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