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18 Claims,

This invention relates to acoustic devices snd
more partioularly to asoustic transEmitiers hav-
ing g hisher response level to sound from a Iim-
itedrnnnﬁﬂ!mﬁmﬂmuhnmunﬂﬂnmmt-

5 side of this range.

One object of Ehisiumﬂnnhwtﬂhﬂl.tﬂ
sound waves into electrical energy with high offi-
clenoy and Adelity throughout s wide range of
Erequencles.

ﬁ:mthnrublmtﬂthmmmﬂmhhnhtnm,
for an acoustic transmitier, s substantislly uni-
directiomal responss characteristic over a very
wide range of freguencies,

nnnth&rohjmﬂthhmvmumistumduu
L& gr subsiantlally minimize diffraction efects in
© geoustle transmitiers. :

AIurthErﬂhjmtufthlnmmmnlatumar-
coime ohjectionable phose shift effects in an
acoustie transmitter including a pair nfmleru-

20 phone units of different types,

Btin mﬂhﬂﬂﬂm-tnfthiﬁlnrenﬁmiuhru-
duce the sige of composite ecoustlc transmitiers
and to produce & compact easily fabricable strus-

28 Im one Hlustrailve emboditnent of this invem-
tion, an acoustic transmitter comprises & pres-
aumnaﬂhnbmlmﬂmeumhmmnlgmm
as a veloclty microphicne, &nd & pressure micro-
phone ynit, which may be of the moving cofl type.

80 The pressure gradient unié, wherein both sldes of
the disphragm are exposad to the sound fleld, iz

- bidiveetionsl n character from the standpoint of

response. The pressure unit, only one surfnee

of the dlaphragm of which 1= exposed to the sound

35 feld, iz substantially non-directionsl throughout
an axtended portion of the low frequency range,
for example, up io frequencles of the order of
three thousand cycles, and 1= fairly nmidicectional

. at higher frequencies. Means Including & cham-
4 ber or cavity are provided at the rear of the da-

phragm of the pressure unit to produce an im-

pedance, primarily resistive, to obtain s uniform

response over 8 wide frequency range, the cham-
ber or cavity being of such character that its

45 stifness reaciapce ls substantially negligible as
eompared with the reslstance, througheout the
frequency range of interest,

In accordance with one festure of thig faven-
tion, the pressure gradient and pressure unit are

50 so coordinated that in cooperatlon they define

. an acoustle tranamitter having a uvhiform re-
aponse characterlstic throughout a desired lim-

10

ited range of sound wave directions. More specifi. .

cally the two units are so coordinated that & sub-
g5 stantially unidirectional response effect obiains,

(CL 1781}

the response being 5 meximuom to sound waves .
emansting from e souwice directly in front of the
composlte transmitter and garo to waves smanat-
Ing from & source direcily hehind the transmitter.
The response t0 soundes &t bermediate polnts 16
such that the curve indicative of the Tespomse
of the transmitier, determined bw a plot of re-
mmme.mamm In order that
the deslred cheracieristics obtain, the relative
phmandmaguituﬁnufthawﬂueaprudumﬂhr 10
the two units n accordence with sonnd wares are
mnparucuhrrﬂahnnhhmuihuuttheﬁ'emmnw
range to be translated,

In secordance with enother feature of the in-
vention, the exterior surfaces of the transmitter 1%
elements are made menerslly convex so that
diffraction effectz on scund waves approaching
either diaphragm ars minimizsd.

In accordsnce with s further faatura of thizs - -
invenfion means are provided for producing 20
equalration of the combined responses of the two
micrephone units the range of fre-
Siantially | untiirectional | response . fesman:

on raspongs

this range 1z obtained,

~ In aggordance with still another festure of
this nvention, the egualizing means ape in-
cluded within the impedance chamber or eavity
to the rear of the diaphregm of the pressure unit
wherehy a relabively simple. compact m-untnm
of small glze iz achieved. -

. 'The invention and the foregoing and -::rhm: fen~
mreatharentwﬂlhaundarnuﬁmmcluﬂrmd
fully from the following detailed description with
m'ﬂ to the accompenying drawings In
- Flg. 1% a side view of & transmitter illustreiive
of one embodiment of this invention, portlons be-
ing shown in sectlon and portions of the outer
shield o cesing heing broken away:

Fig. 2 is & front vlew of the transmitter with
the front portion of the shield or esging removed
to show the internal siructure:

Fig. 3 is o perspeotive view. of the transmitter
mﬁmﬂuﬂuﬁmmﬁmmtmahﬂmmﬂm 1
an

Fig. &iﬂaﬂrﬁmtdiummﬂluahﬂtnzthuulm-
trical assoclation of the various elemsnts of the
transmitier; and _

Plg. 8 is & vilew In szeclion, along lne 5—5 of
Fig. 1, llusérating details of the microphone units,

Reforring now io the drawings, the transmitter
there {llustreted comprizses a perforated shigld or
casing having frong and back portions f0 and 11,
respectlvely, nndpivnhﬂrmuuuudun a yoke l! 56

£5
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extending from a suitable standard, a portion of
which i1s shown at 13. Mounted within the shield
or casing iz & support or bracket member |5 hav-
ing oppositely extending arms i6 and 17 and an
5 angular porticn 18, The grms 1§ and IT bave
*  bent oriflced end portions for attachment to the
voke [2 by suiteble fostening means, such as
bolte 1§ and 20. The shield portion Il s secured
to the support or bracket member I8 by & screw
10 or equivalent means 21. The shisld Is also sur-
ported by the fastening means 19 and 20 in co-
operation with the yoke i1 and the brackei srms
I§ and 7. Two pands Iz and 13 of metal or
other sultabls material may extend around the
15 putside of the screen to strengthen it.

The pressure microphone may be a moving coil
unlf mecluding o diaphragm 24, a3 magnet as-
sembly 80 and & driving eoilf 81 mounted in the
front portion 25 of a casing 26. The driving coll

20 81 iz located in an air-gap E2. An acoustic re-
slatance comprising & ring 83, having perfora-
tHons B4, covered with & [abric 85, 1s mounted be-

85,
hind the alr-gap 82, Az may be seeh in Fig. 5.-

'The back portlon 27 of casing 26 is secured to
28 the front 15 by fastening means, such as screws
28. The moving soil ynlt Iz
against & shoulder in an opening 28 by & screw
30 threaded throush the back portion 27
cnging 28 and bearing against the ymit,
30 The casing 16 is substantially air-tight except

rikber, Omne end of tube
85 side zir through a fiiflng
communicates with the Interier of

B8

cavity or chamber to the rear of the dlaphragm
40; %o provide a terminating impedance of the mag-
nitude requlsite fo assure a uniform response.

ber mentioned and the tube 3T,

mllmhﬂdmphmbramﬂnlmmm.mch-

a3 & clip atéached to the fransformer and hay-
ing arms 35 and 36.

The ribbon velociiy microphone may comprise

& palr of U-shaped permanent magnets 39 and

80 22, such as shown In Fig 3. These magnets,

ch may be of substantially circular section,

rranged approximately in parallel rela-

tion to

gles to pole-pleces 41 and 42, The pole-pieces
have parallel portions 43 and 44 forming an air-
snp_tnr & ribbon diaphragm 4%, and eats or pro-
Jections 45, 46, 471 and 48 for aitachment to tha

fransverse curvature, g shown In . 5.
materiel from which the riphen is

any suitable conductor material capahls of
worked to & very thin sectlon. A preferved ma-
terizl Is alminmumn foll of abont 00035 ek &
thickness., If desired, the ribbon may be trans-
versely corrugated mear one end only., Such
Tribbob may be substitufed for the one previously
deseribed and give substantizlly equivalent per-
formance, Ribbons of the shape and thickness 10
described reduce wind disturbances considerahly.
It iz possible o employ successfully a ribbon hav-
ing a greater stiffness thap 15 ordiparily found
in microephone ribbons because of the use of the
Enmnwmﬂaﬂm means to be later de- I

To maintain the mesneis 39 and 40 in spaced
relation and fo strengthen the structure a plu-
Tality of rods 63 are provided. These may be
secared to the magnet In eny suitahle manner as 20
by welding, riveting and the lke.

The casing 26 is formed with o recesced por-
tion §4 which fits around magnet 40 whereby a
very compact composite structure is obtained.

" he diaphragms of the two microphone unlis 25
are thereby located close together, thus minimiz-
Ihg phase dificultles.

The bracket member |5 has its maln portion
fastened fo the bottom of casing 26 by screws,
one of which 35 shown &t 56 in Fig. 1. The an- 30
gular porticn 18 is secnured io the back part 27
of caslng 26 by a screw §6. A portion of magnet
4 is clamped between bracket [F and recessed
portion §4 of casing 28. The two micronhone
units and the bracket member are thereby firmly 35
secured together. )

It will be noted, particularly from Figs. 2 and
5, that the exterior eontour of the slements of
the units Is generally convex, with no sherp cor-
ners nor edges. ' Although these gurfaces In the 4o
form llosirated are generally curved, they may
comprise & plurality of substantially plane in-
tersecting surfaces provided the angles of inter-
sectlon are greater than sbout 120 desrees,
Thiz avoidance of sharp corhers and edges 4
Ereetly reduces diffraction effects on sound waves
approaching either microphcne unit.

A circullt whereby the parts of the transmitter
may be interconnected is shown in -Fig, 4. The
parts enclosed in hroken Imes are those of the 59
assembled transmitfer having output terminals
B and 6. The ribbon mierophone unit is com-
neated to the primary 62 of the thres-winding
trapsformer 31. The inductance cofl 33 of Fig. 1
Is shown in the wiring disgram sz inductapce 55
68 and resistanes §5 conniected across the ribbon
init. In the devics 3% the reslstance may be in-
corporated in the winding, The condenser 34
1s connecied across the tertiary winding 67 of
transformer 31. The resistance 88 is that of the 00
windmg 67. The moving coil microphone Is con-
nected to terminals 68 and 61 in serles with the
secondary winding 3. Switches 63, 10 and 11
may be employed for a purpoge to be described,

A plurality of taps 72 are shown on the second- 05
ary winding §3. These may be employed, if nec-
easary, to obtain a substenilislly exact output
voltage match between the microphone units,

The terminals 60 and 6 of the transmdtter are
coltnected by way of a transformer 13 to suft- 70
:Ejt;; Ta;mpliﬂm: means represented by its first

The impedance 33 (Inductance 64 and resistancs
63) which is shunted across the ribbon micro-
phone unit is a low frequency damping means 75

B



for this onit. The value of this impedsnce and
that of

. coil device are so adjusted that the-relative re-

i1

70

-the
Iy to

ﬁﬂﬂm& are suhatamﬂnﬂr nqunl at low frequen-
e,

The hetwork connected to the taﬂia.rr winding
ET of transformer 31 1= for high frequency equall-
gation. The effect of this network ls to mske

response correspond aloge-
at of the moving coll unii up to about
ﬂlrmthmnd cycles per second. For fregquen-

‘cleg-above three thousand oveles per second, the
petwork acts as a filter b gradually cut out the
ribbon unlt as the frequency increases.  Sinca .

the moving coll wmlt becomes increasingly di-
rective ebove three thoussnd cycles per second,

the unidlrectivnal characterlstic of the trnn.umit-—- . & bidirectional microphons and s second micro-

ter 1s maintained,

A particular functlon of the terflary winding
67 of the tranaformer 2l 13 to allow the use of a
high frequency filter condenser of small gize. The
Impedance of the ribbem microphone elrcuit is
made such that i matches the pressure misro-

phone impedanece, For stuch Impedance a filter

‘eondenser of the proper reactance would be phys-

JAecally large ag compared with other slemants of -

the trensmitter. By (ransforming to & higher
impedarnce a smallar sondenser sould be used bub
& second trensformetion down to the matching
Impedance would be necessary, thus requiring an
eXtra transformer. In accordance with this jn-
ventlon, by using & terflary winding having an
Impedance that 1s high relative to that of the
secondary and connecting the capacitative els-
ments therewo, & small condenser will serve. Thus
B greal saving In slze and weight i= schieved.
For exsiople, without the tertiary winding 67
the condenser 34 (see Fig. 1) whigh is of bhe
order of .2 microfared with a tertlary-secondary
impedancs ratic of 20 4o 1, would have to be of
about 4 microfarads. Such a condenser would be

approxXimately 20 fimes as large as condenser 34.

The switches §3, T0 and Tl previously men-
tiooed may be employed to lbcresse the versa-
tility of the devise, If switch 76 is closed and
awitch 11 lefit opem the transformer secondary
€8 iz shorb-circulted and the rlbbon unit is cut
out. This lesves the mmoving coll unit alone In
service, IF, on . the other hand, a bidirectional
fransmitter ls deslred, switch Ti is closed and
switches §9 and 70 left open. 'The moving coll
unlt s then cut onb and the high frequency
equalizing network rendered inoperative. For
normal unildirectional operatlon switch #3 is
ekeed and switches 70 and 71 are left open.

The transmitier deseribed In the foresoing
trenslates sound waves with efficiency and fAdal-
It¥ and has an average directional discrimination
of about 20 declbals between 0 degres and 180
degrees sound incidenca over the rangs from
hity {o ten thoussnd oycles per second, It is
both amall and Hehé in weight for a device of
its character and efficlency.

Although the invention has been dizclosed with
reference 0 a spectic embodiment It will be un-
derstood that it is not restricted thereto but i=
ummmamnahwmﬁmmdaﬂﬂmﬂnmm

What §s claimed 15:

1. An acoustic trensmitter comprising 8 Cas-
Ins inchiding & reduced portion and containing
a moving eoll pressure type transmitier unit and
a ribbon diapbragm, velocity type transmiltter
unit inoloding & pair of - U-shaped permanent

. magnets having common elongsted pole-plece

T3

members belween which Is mounied a ribbon dis-

the acoustic Impedance of the moving.

3
phragm, one Dinnldnmehmhrmmgnnﬂ
m:mmmmmmmm-
mﬂmt-a allowing compact sssembly of the two
2. A composite acoustls transmitier compris- 6
ing & bidirectional mivrophone and & second mil-
erophone, ssid sscond microphone comprislng a
moving coll unit mounted in & casiog, sald cas-
ing providing a substantially closed air chamber

‘behind sald unif, and means for equalizlng the 10

respanses and combining the outputs of $he fwo
microphones, sald means including & transform-
er, & condenser, &n inductor and an acoustle im-
padanﬂe cumpﬂaing‘ a low freguency mnliﬂnr

3 A compoaite muxtin transmitter mmpﬂ.ﬂng
‘phove, sald second microphone comprising &

moving coll unlf mounted in g casing, said cas-
ing providing a substantially. closed sir chamber 20-

‘behind said unit, and means for equalizsing the

restronses and combining the outputs of the two
microphones, sald means including a transform-
er, & ¢condehser, an induztor and an acoustic lm-
pedance, saild equalizing means belng housed 25
within the air chamber portlon of sald caging. -

4, A composite accustic transmitber comprislng
& ribbon veloclty microphone unit, a moving ooll
pressure microphone unit, and & high frequency
corrective network for tha ribbon miecrophone, 50

.sald network Includlng a condenser and a trans-

fermer for matching the impedances of the two
microphenes, seid {ransformer including a pri-
mary, 4 sarondary and & terfiary winding, said
tertiary winding belng connected to sald network 86
and having an impedance ratlo with sald sec-
ondary winding such that the condenser eapaclty
neceszary for correction is low, whereby sald com-
dmmrlsphrﬂuﬂhmﬂlrﬁaﬂwhﬂitmm-
phone undta. :

3. A composite acoustic transmittar manﬂr
comprizsing & ribbon veiocity mieropbone, & mov-
ing coil pressure microphene, a pair of output
termingle, en Inductance coli, a condenser, &
trangformer having a primery, & secondary and 43
& terblary windinge, sald tweosformer having s
primary winding connected to the votput of the
ribhon microphone, its secondary winding cone
nected geriplly with the moving colf microphone
and the ouipnt terminals, and its tertlary wind- 80
ing connected to said condenaer, gald inductance
coll being connected in shunt with said primary
winding and a casing for sald moving ooll micre-
phone, sald ¢asing comprising an acocustle im-
wﬂmandmnthehauﬂngiwmmﬂn b&
at, Inductance coll and condenser, . .

4. An acoustic fransmitter having a unidirec-
tional sound pick-up characteristic, sald trans-
mitter comprising a velocity microphone 1mit, o
pressure microphome unit, and equalizing mesns G0
including elecirlcal and acoustle impedances for
equallelng the high and low frequency responses
of sald units, sald pressure unit heving a dis-
phragm, & coil atteched to sald dizphragm, mag-
netic struciure cooperading with ssid coil and a 65
substantjally closed chamber behind sald dig-
phragm and coil, said chamber comprising part
of the acoustic portlon of the emuallzElng mesans
and also housing -all of the remaining equaiizing
MOENS, ' : o

1. A sound pick-1p device comprising & moving
Ing coll preasure microphone unit and a ribbon
diaphragz velocity microphone unit, said velocity
unit ncluding & pair of U-shaped pemmanent
magnets mounted at approximately right angles 7a

a0
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the plane of the ribbon disphragm, sald pres-
sure unit having lts casing recessed to interfit
with one of sald magnets, thereby sllowing the
of the fwoe units to be lo-

8. A unidirectional acoustle transmilfter com-
prising a velocity microphone enit and & pressure
microphone unit, said@ welocity unit comprising
twe U-ghaped permanent magnets and s thin
ribhon diaphragm mnounted betwesn parallel pole-
pieces, the pole-pieces each being secured at either
end ta & pole portion of one of the magnets, sald
megneis being of penerally cireilar cross-sectlon
and extending at right angles to the plane of
said ribbon diephrign, and said pressure micro-
phone comprising a moeving ol tnit mowmnted
In a casing, the casine having a reduced portion
fiiting within one ¢of the U-shaped magneis to
provide a compact unitary transmitier structure.

9. A unidirectional electroaroustic transmitier
in which a pressure and & velocily microphone
unit are combined, said transmltter Including eleg-
trical iImpedance means connected across the ve-
locity microphone terminals end seoustic imped-
ance means comprising & tube connected to the
pressure microphone for substantially egualizing
the low Irequency responsze of the two miero-

10, A unidirectiona] acoustis transmitier com-
prising a ribbon valocity microphones and a mov-
ing coll pressure microphone combined in & umi-
tary structure, said ribkon microphone having an
electrical Impedance shunted across its terminals
and sald moving cofl microphone having an acotls-
tie pedance connected thereto, the relative
valnes of sald impedances being such as to so
equalize the low frequency responses of said mi-

2,297,580

crophones that they combine eficiently for uni-
o g

« In com & moving coil pressure type
transmitter unit, s ribbon diaphragm velocity type
transmitter ynit, & cesing for seid pressure unit, §
sald casingrthaving a recess for receiving a portion of
the veloolty unit therein, and means for combining
the ouiputs of said units sa that the combination
has a substantially unidirectional responze char-
acteristic.

12, A unidirectional acoustic trensmitter com-
prising e ribbon veloeity microphone and & moving
coil pressure microphone, sald velocity micro-
phome including a pair of parallel pole-pleces de-
fining an elongated alr-gep, a ribbon daphragm 18
mounted in saild air-gap, and & pair of substan-
ti=lly parallel U-gsheped magnets of circdlar see-
tlon secured at substantially right angles to sald
pole-pleces, sald pressure microphone inecluding
8 moviog coll unit, & casing enclosing sald unig 20
and defining an sir chamber therebehind, said
ciilng being generally convexly curved exteriorly
and having a portion shaped to fit within snd
partly around one of the @-shaped magnets,
means for equallzing the responses of the two 28
microphones comprising electrica]l and acoustie
impeﬂanq& elements, al] of said impedance ale-
ments bn-;:i housed In the pressure microphone
ceEingy, an extelor perioraied caszing enel
eaid transmitter, F e 20

13. A velocity microphone comprising & ribbon
diaphragm of the order of 00025 inch thickness
and having a compliant portion adigcent at least
one €nd and a stlffened portlon Intermediate its
ends, and a low frequency damping means com- 35
prising an electrical impedance shumted acrozs

said disphragsm,
WILLIAM R. HARRY.
ROBERT N. MARSHALL.



