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The pet force on the 1'h element of an array of elements
can be written f= 'MU' vhere Z,/ is the mutusl radisation izm-
pedance between the 1%h and Jth elaments (B =2,y )end V) is the
face velocity of the Jth element. The net radiation impedamce of the ith
element is therefore

Z:—“ZZ:J"‘C/ /f/ Aﬂ ”Pﬁf‘/)

If, however, elements are arrunged with such symmetry that their veloci-
ties are equal then Z, =3 Z./ . In order to investigate quantitatively
for this special case, the effects op the net radiation impedance of vary-
ing the nunber of elements and their specing, several calculations have
uachﬂﬁn-tbmootctrcumphtm of fixed kn = 0.%0) set in =

ADAU71221

H

The specific mutunl radiation Lmpedance 212 betwsen two identical
ircular pistons 1 and 2 of radius & apd center distance d in a plene
inite stiff baffle is derived by Pritchard (reference (a)) using o

due to Bouwksnp (reference (b))ldhu.mbythmion

Z,.= 0 ik zr(g.—.) (.s.) 3 (kd)

vhere 6 (ha)= 2 T(ha) @) _.:_:.:__l.}i}{--f-JQ\
BEAT o (Re) = 2 T (ka) T, (ka)
Gim)= 3 [T k) + i)

| pempesprs i | — DISTRIBUTION STATEMENT A
o {

is

g
§
*
-3
ff
i
- |
3
i

1150 < ¢Y- 54
DOG FiLE copy

&

£
€.
s
o

r Approved for public release;
€3 PSTWBUTION /20 4T ABILITY GODER Distribution Unlimited

| Bl AWAIL ‘wnd/or SPERIAL 96 q»)"_)_/f______...-"
e A g

25 ¥ 200 ¥
S . . e st i — —— IIIIII'IIJ




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




iy i

: (IS "Maal . Y am
| L ok AGBlle 2 2M0e

s R RRG E Bo. 1150-Gk-356
Gua) = 5[ Ttha) Ja) + 37, (1) o (s)]

G (ht) = 33 [T (0) 44 T (ke T Cha)+ 33 0s)]
5 () =8 [ 50007, () #57, hCh) # 0T (0] (0]
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By calculating s12¢ for several values of 4 a smooth function can
then be plotted for 319 ve d. Actually, what hes been dame is to plot
the convenient quantities 7,/G and X../r.vs 9/2a (for the fizmed
ka « 0.40) wvhere v, and X. are the resistive and reactive componsnts of
ves by the expression

w= Tavix = 1e g [T0M) 2igaa))

Z
( S6b)denctes the first order Struve fumction). Por ka » 0,40, the
resistive part 18 1. = ,OT709 and the reactive part is X. = 0,3252,
Pigure 1 16 then a graph of K./ end X, /s, as & functicn of spacing hd/2he
for two such pistons 12 & plane infinite stiff baffle.
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¥

triangular arrengsmesnt for thres ¢ » SQuare arrangement for
four elements and succeedingly higher order polygcmel arrangemeats for
more elements), it is cbvious that all elements have the same identical

sum of mutual redistion impedamces, ond, tderefore, it 15 iatuitively
clear (and rigorously provadle) that they also have idemtical velocities,
and, consequently, also idemtical met radistico impedances. Ia this Xipd
of symmetricel arrangement of idestical trensducers, ideatically termim-
ated elactrically, the velocities and forces on each traunsducer face are
equal. PFor this arrengemsut ia synmtry the radisticn ismped-
ance bas been calculated for 3, §, 5, 6 and 7 elemsots apd is showm in
Pigures 2 to 6 (1nclpsive) in the form of mumerical factors convesisat
use in transducer design.

For the aumerical calculaticns, the half-integral Bessel fumcticss ars
taken from referesce (c) and the integral crdsr Bessel functicns from
refereace (4).
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M‘heh. Memo .
Bo. 1150-6k-56

The actua) calculation is uade a8 follows: e.g., for the T-rediator
case (Pigure 6) there are tireec independent distamces, 439, 433, end 43}
( .mmmmmsma)mwgngm

mtual impedsnces since the mutual impedance bDetwveen elements
sdausmdmm. Hemnce, ve may write for the met redi-
ation irpedance g5 of any one of the elements:

fmtegmamg = ae % nfie2 B0, 200 LY

Fron gecmetry dj9 g 4, 433 = 1.803 &, 4 3§ = 2,245 4. The values of )2,
513, S34 are than as & functiom of 4 fyom Figure 1, and summed

In the case givea in Pigwe 7 wvs have & close-packed dexagonsl ar-
rangament (one element in the cemter surrounded by six others) and we note

(a) Bobert L. Prichard, “Directivity of Acoustic Limsar Poiat Arreys,
Mr,mmn.aW ﬂ
Laberstory, NR-01A-503, 15 Jaouary 1951 { - p

b) C. J. Bowndkamp, "A Comtridution to the Theory of Acoustic Redistica”

) Bislisoe Resuren Bepeet 3, Bo. b, 1596, 7. 250-262. :

(e)

(a) 3. Caxbt, of ar
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