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One of the special features of this section is the article 
on Listening, Incorporated which appeared in the July, 1967 
issue of Analog Magazine. Written by Pat Flanagan when he · 
was Vice-President in charge of research for Listening, the 
article is actually an Annual Stockholder's Report -- which 
attracted much attention because the Science-Fact had come 
to read so much like Science-Fiction. Also enclosed is the 
face sheet of one of the U.S. Navy Reports Pat co-authored 
while at Tufts University. The Multipath Delay Line described 
by the report was used in the Man-Dolphin Computer to synthe-
size and analyze data. 
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A STUDY IN ACOUSTICAL MULTIPATH . SYSTEMS 

SECTION IV 

DELAY LINE 

4.1 INTRODUCTION 

Acoustical delay lines of many varieties (mercury, quartz, glass, wire) 

are in use. (See Bibliography on Magnetostrictive delay lines 1n "IRE Trans-

actions on Electronic Computers" 1961, p.285). One interestin~ variety, 

a nickel wire driven by an electromagnetic signal, is capable of producing 

electrical signals along its length. Among the many applications of this 

nickel wire delay line, the Whitehouse Correlator, developed by Dr. Harper 

Whitehouse, USNOTS, Pasadena, California, is typical and suggested to us 

applications to acoustical recognition problems, including localization syn-

thesis and dolphin pulse structure synthesis. The torsional stress wave 

generated by the device has a velocity producing a delay of 9.0 microseconds 

per inch which seemed particularly useful for applications in the 0-400 

microsecond region of localization. 

The delay line was developed under the direction of the U. S. Naval 

Ordnance Test Station, China Lake, California: Contract Nl23(60530)-52397A 

and was used on this project by permission. 
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the resultant signal P(s) is given 

P(s) = R(s) T(s} 

M 

I -ST 
= F(s) a e j 

j 
j=O 

M -s-r 
M = 

M -s ( 7: -7' ) I a e M 
k 

k=O 

M -57 +s-rk I I F(s)e a e j • • • (11) ake j . . . . . 
j=O k=O 

1 

The result is the original signal delayed by -r M and modified by th~ 

product of sums. The product of sums can be represented as follows: 

M M M 
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In this product, the cro~s term result for j F k can be given as follows: 
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lax (e x + e x) . . . . . . . . . . . . . . . . 
X 

-14-

(13) 
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BOX CAR GENERATOR 

It has be::::ome obvk,us f.n rny attempts to rernove the vocal puls~ 
that e. nearly 1~erfect "Eo~ Car" or sfap f'unct ~on circuit be made • 

. t~fter 1nuch le.bar and tr~ing of ten circuits, the circuit L., .fig-u.e 
,o;.~e was created. TI1{s circuit is tmique· {n ihat tte storage capacitor h · 
cii•iven by a nea1:iy ze1·0 i.mp~cfa.nce so1.u·ce. The circu!t is f:}d .. ~emely 
2ffect~ve. Tha cii-cuit is tmique in that t.tie1 sampling trigger Q5 turns 
~n a highly linea1 .. amplifie;.. .. consisting of Ql through Q;!, the stor~ge 
capacitor is ci:dvan directly by 2. complimentary e:mittc:r followar 
arrangement. 

When Q5 is off. the im.pedance seen by the storags capacitor f.s 
e:drem·ely h1.gh. co::.1sisth1g of reverse biased tr~nsisto1~s and diodes. 

,.... . l ' d II t " .... 1 • 1 . f im.s c>. so ma!ces a very gco ga e - t.ne c_oaea _oop gain o 
· t~.e ot~tr,ut stc1.ge is tmiiy. ; -

VOCAL PULSE EXTRACTOR 

Figt1re 2 repi"esents a uniqu~ scheme for e:dractjng the · ,,ocal pu.l · .-

•ri1e use of a "'tut!ed" cf.rcui.t in the first staga assures the openi~~: 
i.7av~fore to ah,12ys sta.r·t in the r:::a.:,,,-.-ie directf.on. 

This sigt12l is then cafferei1tfo!ed,' and pas~ed a pair of zero 
crossi:::!g detectors, one is set to C:3tect 11e2:i.tive c.ro.;;sings. the othsr -
1-.r--c:~t1·~ .. 0 "'ro•~c:::i:1rrs· ._ ~- Vi- 1. V \; """ .,_. - • • 

The c,t.,.tputs of tI;ese deteclor·s c:.re tu;ed as triggers to "Box Car"· 
both sig-.:!s or tl:e f.ucoI",.;f~.g \:rav~. 

, T:1e "Bo::;: Car3 1
·' c-.l~~ than added, and th2 resulting snm should 

c<?:·!tdn the i'i.i'St 1,eSLk, 2nd very iHtle of the follo'lling w~ve. 

TI·ds signal c~.n then be i'urthar prccest:ed to re111ove all bt~t the 
"""C:••·""1 .,··.,,~-c:e ti •'""C" .. - •• .. 1~ • 

Fig-1..n·e 3 f.s a detail~cl p1.·og .. ~e:::s;'.on of ''AH". 
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