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--—-~ ‘Ai Ser~iee C~~ r~t1on’s IntGrir~ ~ e~~ rI tite~~~~~~~tec! ~u3
oontsins transducer performance est i~~t:~ ~~cri .~p~~ear to the i~~ to be in
error . The diecr’ep.rmies noted for the ~~ ‘ ~e c ~he 2000 c.p.~~ urd.t q erat.ing
alone tire re1~tively minor. In the case o U~ 2000 c~p s • unit operating In

>-. the c(~rJplete arr ay, hovever, the diacr p~n~ Th~ aro ~erio~.e an~ i r r ~c~ that ,.a.. the overall pcrfci,~ance is ~ ich poorer t~~ z tlTe contractor predicte. -‘ 

/ jC..) PftE0iCT~~ 0PER/~TI 0TJ C 1~ ~i’ (~~~ ~ ~TT OPLRATI r’. ~X- /
The moving coil, which acts as the pr ~ ary rediator~ is ateted to have aI ~~~ radiating ar ea of 20.8 Cm2 aM an effectiv -~ m;’ .s of 220 ~~ar~s. The contractor

eetiniate~ that ~f the ~~chanical trnn.sfor~r :” ~- i~ operating; prop ’?rly the radia-
~~~~ ticri i!rlpedence ~~ the moving coil ia 22.400 j  2,000 ~~~~ ~~i~~eae if

the mechanical tranefori,zr is ineffectiir.~ ~he radiation ±mped~~ce is 2h50
3 28 ,3~ O dyne-eec/an. In the first Ca.$c t i~ r~diat icri ~ iss is L9 g~is ~nd in
the second case Zi~S gas. Thefe veluss a~.l apr ’~r r~~sonab 1s. It is seen that

~~~ the mechanical trans.torner does not cha’ i: :e ~..he radiation rosintance ~pprcciab]y
but doee reduce 4 .ho radiation rn~sc. Rovcv~r, ~~‘ red~ct~.o~i in tot al mass

‘ii ..~cbiev~~ in this way is prac tical ly neg3ig1~lc (2.2~ ) .

The mechanical Q for the tran 3duccr ‘wit h i c  i •~rn.~’.l los~es~ ~~ 1~atE~r, nay
rt be cornputed from the data abo vo to be 32C . ~1 ~ looses ~~~ ac;counted for, the

contrac tor etato~ the mechanical 0 In v a t ’  -&t11 be about ~ ). This in iciite~I that the mechenoncoustical efficiency fo.. .c’ w~iit opcratinr~ ~lore is q~.ñ te
~~ poor (about 21~%) . The formula for e ecta~c~coi ~tical e :~c~e~c- at :~~~c’~ar~ce

given in paragraph a at the report is correct: ~ i the ba~ie o1 the convontiona1.
~~ quivalent circuit, and the va]i~es of rosij tar .iec given re~m reasongb3.c . Hov-
~ ever, in maldng the ccziputation, we get a 7alue of 8.82~ far th~ efficiency

. rather than the contr actor ’s 22.2~ . The c ilculationi diacuased above arc
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1~ ssur aante on the 1000 e.p.a. i~~~t at Dodge Pond were handicapped 1~~the fect that the ~~snsducer was 3.c~~zig s411-ocne fluid tlu’ough leakage. Th
apdt. of this. diffi*iltiss the reailt. o~itained a~~ee reeaocsb~y ipell with
the %wsdiat.d perforasnea, as the contractor notes in his Interim DSVOIK nI’nt
R~~ort of 18 M~’uary 39%. Ths mechanical Q In water was about 21, and vs.
aubstantja33~ the a with the transducer in air. The efficiency at ree~-was asww.d to be 7%.

~~~CT~~ P~~~~~~1~ E r’ ~ CO PIZTE M~R~T

The ~~iter is ~~~b2. to fol1~~ in detail the contr actor ’s aal.culations
in Appendix VII of his 26 Jub ~$5b laport , ainoe sane of the ruit&.rioal vi]-
us. ~~~lc~’ed require ~~~1anstion. acee ‘~dspanc1ant calculations have there-
f~~~ been earn ed ont, n j~~ the ocnta~.. or’s data and fo~.]adn g hi. et.ted
u~~~~ti~*. Tb. equiva3m~t circuit psr aat rs were used that the
contractor used ftr his calculations of the unit operating alc**, ~~~~~~ of
eo~w s, 1~~ the e].ctnlaal resistance r~~reaenting redist~on.

W~~~ the unit is ap.n.tii~ as part of the large .rray 3 the oontrsator
estimate. that it. epeoifI.c ra~ .atien Iaç.d.nc at X)OO e.p.a. will be
(3 .0 .t. 3 .23)ec ~ ~~ich seen. r.uon.ble. The radiation Izipe~anoe on the
diap~wage ia therefore ~ cZs20(l .0÷J .2~) (6.30÷3 1.h.~)]D1 

~~sa/ca,
aines th. ares of the diap�wapi is 1i20 ce~. This i~~.dar~ e is rad~~ed ~~ the
tr~~~f~ ’eation ratio (3.O.811a20)2 of the mechanical taanaformsr, ~~ hence is
1~1,600 ~

. 3 9,600 ~~n.~.eo/ai on the mavinc coil. Th, radiation mesa added
to the moving ooil calculated A’en this Impedance is 3..5 gas, and the re.on-
ant frequsbcy is t~~~efore nubstsntial]~r the e as for the unit operating
alone. The radiation resistance is converted to its paral lel elaotrio4
qid.vs3an~ ~~ diVidi.T€ it into the square of the £caoe fectar (1.?~ x105 o~~~z (*yn..-sec/ea), as was done for the ~ - vIotis case, and the reeni t i. li.20 ~~~~~~ma equivalent circuit is nmr oaiçl .t. for this case, and perf~~~ zioe ohs~-ao-

terlat3ee ~~~~‘ be calculated, as is doca In the app~~~lx.

C~,er.ticn of the ~~~ t in the ~rrq, with the mechanical tr ief~*~.er..vwad to be fu3~~ effective, i. s.~fl to reduce it. meobsuica l Q to 13.
This is too high a valu, fOr ~~‘oed.-band voltage tranasLttlng resp~~~e, ho,.- —

ever. ~* increased loading has braught the apersting oondit4~ne nearer the 
_________pc&nt of potential ..tticienoy, so that the eff4cI.ri ~ r at resonance baa risen ~~~~

to 27%. Tb. e]asta’~usohsnioa1 o~ ç3iug coefficient a~~ be calculated Zr~~the values of blocked In~aat~~~e and motions]. industan os and is f~ ux! to be 11
.35. This per stea’ aiab].s one to ~~~~ V. P. Mason’s criterion ibr the ~Jamd a bendeidth of $ transducer (•le.tnica3i7 tuned), i~ Ich thus 7te]d. a L~~ Z~~ 54
bandwidth of 39% (of tApe center frequency) f~~ this tran.duser . ELf~..-__. .
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The sont .otor’ e calculated reopcnae ~wvee given in Mcenc~x VI of his
sport ~~~~, a~h ~~sstor ben~4dth than Ia c u ,t ~b3a with the valmee of the
— traradonor ~~~~~ters discussed above. The i~it~~ has not undertaken
calculation of oaç’lats reopens. wee, but Inetsed baa calculated vilnea at
the .ix~ Le frsquuncy of 39)0 c.p.s., ithic i Indicat, wall the aericoenese of
the “4.Mr=~~~it with the oenti’.otor’. reanit. • The oonW~~tci’ ~~thastea the
opsoific radintt~ i~*ia~~s at this frequa ~~ to be (.97+3 .2)ec_, w~dch
Øvee a value at parallel_aleotrlca] r~~ etanoe on~~ slightly cU.fliran t fren
that at 2000 e.p.a. t~a .fflcit of the ~~~ t resetsece is quite severe, ~~~~

s
ever, ad the sffIci. ~~~ at this frequency is on3~ 0.3~~.

The pcesr i~~~t to the trenat~ er fren a 1 vali th”iviag .o~i*’os vs. sal
alalsd f~~ the t1w.e cuss of no electrical timing, fiwad electrical ~~~~~~~~~
aid vwi.bl. slestrissi ~~dng. *iltipbSr€ the.. itçizt p~~&~~ ~~ ‘ the dflr
ds~~ give, the at pm.or, itich in b~ u lad. to vales of the io]*sgs
tr ~~~~~~~ ttIng reopsass. For the cas. of no terd.ng, the vultage_traia3itttI~re~ M11se was dsen 22.5 ~~ at ]~~0 o.p.e. flart the value at re~~~~n~a (2000 ..p. ..).
FW the su. of ~~ed t’~~’~ ~~~ 19)0 o.p.s. reopense was diwa~ 21.5 db frea
the ~~00 e.p.a. vale, and for the veriable ti”dng it was d~m 26.? db. Tb...
rusiti ditf~ ’ fi~~ thee. of the contractor ~ 35.21 

~~~~.

?~ETH~1 C~ l1~~~S MD C~~~1L~I~~~
The ealculatiens di~~~aeed ~~~ ‘e indicate that ~~ i if the nooliaitosl

tr~~~fC,~~~ ps~crmo i~~~tbr as hoped, tb. transducer perfcr~~~. will be
senrsntioi*l aid id]] fill to ~~~ os.h the contractor ’s original_~~~sctstica
~~~t the efficianop ~~~3d be 20% or higher aver a freqn~ i.cy rwig of 2 t.
2.3/2 sstev.s. TI. p~ pu.s of the waohar~oa~ trenaM’aor Ia stated to ha to
re4us the r~~ atisn resistance en the moving coil (Increase the ohaniosl Q)
aid th.rd ~ i’siss the .ffisdm~~ (

~~ 
), bet it a’a~ be rea lised that sffi,.

oi~~~ sehi.’ved in tM. ~~~ I. 3i~~ted to $ n~~~~~ frequsasy bad. The cm~w that the ben&Idth cC the bI~~-atfluitai~~ region n~~ be satarid.d is ~~
~ hisvIng le alsetriesi diasdp.tmen a bI* elaotreaacbanical om~]Ing, aid
the prsasf* traiataer Ia not ~~~~~~~~~ good in siths’ of these zeopest..

is rs~~~~~~1a that the ~~Izio~pla at the ~~~hui4aa1 *ari.fori ~~ has
not been ~~i]srsd acre theronghly fron the visapoint of f~aidaisital no~~ Use,
or m~~~~of nodsis. ‘ft. in ter I isis that the scoheniosi
tranof~~~~ wiU ~~oh~~3r do idiat is ~~pectsd of it, but he also ~~~eota
that s~~~wchi. rescu e oonld be sehioved I~r ad~tting the di~~a’sga end
rs~~ing *~rs~ P ~~ ~~~ of the moving oedl aid the 3~~ge apscii~bjkisai the ecu , of *i3asmit unit, to brim mont the Irni ra~ atien resIat~

~~ ~~~~sstor states that the M— 1iu 1.ga Ia rsq’d.rsd so that a soffisda*~
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large radiating srea will be achieved for radiating the desired power with-
out cavitation . However, the power muet originally be radiated into the
liquid of the tranaformer by the small-area moving coil, and the dynamic
prees~we is aesir~ed to be everywhere equal in this liquid and also approx-
imsto].y equal to the pressure in t~e water on the other side of the dia-
phrsg~n. since cavitation occurs when a critical pz’eeswe is exceeded, it
is diffi cult to see i~iat the basis is for believing the presence of the
diaphragm will appreciably chango the cavitatio n thre shold in either the
transducer liquid or the water . Of course , ~eU-kno~m techniques are avail-
able for inhibiting cavitation in the enclosed liquid, such as using a liq-
uld less prone to cavitate than sea water or by rasintaining the liquid at a
greater etatic pressure than the sea water . Such techniques eorwtirn ee per-.
mit an increase in tho cavitation powe~’ for high frequency tranoduc era,
since the pressure at the outer radiating face may be appreciably less than
the pre ssure at the primary tran sducer face due to divergence of the eoux~beam if the separation of the two faces i.e a ni~nber of wavelengths. This
principle does not apply to the pr esent tran sducer , however , and it is the
writer’s opinion that its cavitati on p~~er won].d be abc~ t the saris if the
diaphragm were r~ ioved and the moving coil radiat ed directly into the sea
water.

cR*~ s~Joi,~1Q~~RMP H S tYOOLI~TT
Physicist
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