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* Thisinvention relates to apparatus for 
the conversion of soundinto equivalent va? 
riationsofelectric current orpotential,and 
to the conversion of variations of electri? 

1ocurrentorderivativesthereofintomechanical 
vibrations? Theprimaryobjectofmyinvention** 
reprodüction 6fsoundwithingroyedfdel? 
it?in which tonal g?rity,defnition.*d 

?? beautyareenhancedwhiedisturb*ces, false tonesändblastsareminimized,andingeneral 
inwhichdefeetsgsualyattributed*the*a* 
ural tones of diaphrag's are elimin?d… Theobjectsoftheinvention areataned by 

* providing an acoustic_device whichis ngn 
?esonantin nature The acoustic device in 
cludes a mass whichiseither in fact or in 
efect devoid of tones,and a coilimmersed 

ss inamagnetiefield. Thedevicemay be used 
?asaprimary detectorto deriveelectricalpo 

tentials fromsoundwaves orvice versa. 
? In the detection of sound the sound vi 
brates a plain mass freely supported. To 
ductorimmersedinamagnetiefield?a wind 
ingor coil. The electrical conductor isin 
mérsedin a magnetic field so that when the 
conductor vibrates an electromotive force is 

*3 induced. If this E. M. F. is diferentiated 
electricaly the result is a practicaly true 
replica ofthe wave ofexcesspressure 
If the primary detector or microphone is 

operatedin thereverse diregtion,that isif? 
electricalvariationsaresuppliedtothewind 
ing,the plain mass wil set up sound vibra 
tions. 
I will now define what I mean by a plain 

45 mass Consider a body of mas M.to be 
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acted upon by a force which causesit to vi 
brateinsimple harmonic fashion,thenif 
s=amplitude ofvibration 
z=acceleration 
?=time 
f=frequency 

the expression forthe accelerationis:? 
das_ ? a=???4r ?s 

I define a plain massasa bodysosupport 
ed and free from external or internal con 

55 

straint that it would require a force of M? 
times4n*fs to causeitto execute thisvibra 
tion. A diaphragm of mass M does not in 
general for the purpose of thisspecification, 
constitute a plain masssince anytonesit pos 
sessesrequiremuchlessforceofthesamefre 
quency or nearly thesame frequency to ex 
cite_to a given amplitude than corresponds 
to_the above formula For the purpose of 
this specification the reaction of the sup 
ports necessary to maintain the mass in po 
sition relative to the other apparatusis neg 
legtedsineetheconstraintistrivialcompared 
with theinertia of the masitself A body 
so supportedismasscontrolledin anacoustic 
sense ascomparedto beingstifnessorspring 
controlled. A plain mass has now been de 
scribed technically;it wil be observed that 
it does not preclude a compositenature for 
the body employed. 
Mathematically ifthe mass is acted upon 

by_the pulsatory force of sound the ampli 
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tude of vibration to each harmonic is in 
versely proportional to the square of the 
frequency of the particular harmonic,and 
the maximum velocity attained is inversel 
…proportional to the frequency,hence the E. 
M. F.generated in the coil falls uniforml 
asthe frequency rises. Ifnowthis E.M. ? 
is applied to an apparatus capable of en 
largingevery harmonicin the proportion of 
its frequency the root mean square value of 90 
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ratus sound is 

the current orpotentialso attainedis a ?on 
stant quantity??The harmoni? referred 9 are harmonics of pressure on_the body. At 
this stageit may be observed that without 
any modification the goilgeneratestrue eleg 
trical equivalents of the ordinate of particle 
displacement. - 

apparatus with the propery of e? 
1arging every harmonic in proportion toits frequency,thatis,ofobtainingthe electrical 
equiyalent of mathematical_diferentiation, can be constructed in the folowing fashion. 
Let the E. M. F.generated in the detector 
coil be applied to the grid of a thermionig valve,orany distortionlesselectrierelay,and 
let a smalinductance be placedin the plate 
circuit;then the potential developed.on the 
inductancewillbe the diferentialofthegrid 
voltage Care should, of.course,be taken 
to avoid the use of any iron core in such 
fashion asto distort the_result by the influ 
ence of hysteresisor eddy currents A de 
vice of this nature cannot be loaded or in, 
otherwordscannotsupplymore than atrivi 
al amount of current without vitiating the 
conditions;it is the equivalent of a current 
transformer on open circuit and a valve so used is one used ineficiently or wastefully 
inthe amplifyingsense.,? 
My inventionisillustrated bythe accom panying drawings Figure 1 is an eleva 

ioniaFart segtion.of a non-resopant detecr tor. Figure2is a fragmentaryviewinpart 
section of a non-resonant detector and a 
diagram of.connections. Figure3 is a rear 
elevation of a non-resonant sound detecting 
element with attached coil. Figure 4 is a 
fragmentary sectional view of a non reso nantdetectorshowingavariationinconstruc 
tion. Fig.5is a plan view of the modifica 
tion illustrated in Fig.4… 

Figure 1 shows a plain mass 1 of.com? 
posite construction built up.from a disc of 
ebonite 2,asheet ofindia rubber3 and more 
ebonite 4 cemented together; a former or 
frame 5 carries a coil of wire 6 immersed in 
the field between the poles 7,8and 9,of the 
electromagnet 10 with a winding11. The plain mass1issupported by ligaments,light 
springs or the like,in an aperture.in a wall 
12,shownin section,from whichit is sepa 
rated by a space 13 ? madevery Small. The ligaments have such a Small restoring 
force that the body 1_is mass controlled 
in an acoustic sense. To operate the appa 

produced on the side of the 
wallremotefromthe electromagnet. A con 
venient arrangement is to make the wall 12 
a division between two rooms,one the re 
cording room and the other the instrument 
room.?A horn.or trumpet may if desired 
be used to concentrate the sound waves upon 
the mass1. - Figure_2 is a_fragmentary.view in part 
section of the elevation of Figure 1. The 

1853068 
1igaments 14_attaghed to projections 15 in 
the wall and.plain mass?repectively are 
shown supporting.the m*s Terminals 16 
receive wires from the coil 6. Across these 
terminals are placed a non-inductive resist 
ance 17 and a condenser 18. Between the 
terminals 19 is,felt the voltage variation 
across the non-inductive resistance 17. A 
number of valve relaysin cascade are inter 
posed between the terminals 19 and the ter 
minals 20 so that the plate current in the 
1ast ofthe seriesiscarried bythewires from 
the terminals 20and this plate currentis an· 
en9rm9us magnifeation ?nd repliga.of the 
potential.across the_terminals19;_this plate 
current is caused directly or indirectiy to 
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operate a receiving or recording telephone, 
Figure3isa view ofthecoil6woundonits former5attherearoftheplain mass1. The 

pples 7,8 and 9,9f the eleetromagnet arein 
dicated by dotted lines. Of course the for 
mer and coils move with and therefore add 
to the mass of the primary detector1. Figure4isamodification oftheapparatus, 
represented in Figure 1. Herethe poles 7 
and8 ofthe electromagnetareofthepegand 
ring type,that is,the pole 7 encircles the 
pole 8 and the field is radial. In this con 
struction the pole 7 is built into and forms part ofthe recordingwall12. The primary 
detector_or.plain mass1 is of conical shape 
and made from ebonite;the coil 6is wound 
on the periphery of the detector. 

Divisiblesubject matternotclaimed herein isclaimedinmycopendingapplication Serial No.30,605.filedMay15,1925,entitled"Means 
for recording sound",now Letters Patent No._1743251,granted January 14,1930;in myLettersPatent No.1711.511,granted May 
27,1929,onanapplication Serial No.424421, filed November16,1920,entitled"Reproduc? 
ing and recording of sound";in my Letters 
Patent No.1639713,dated August 23,1927, entitled"Reproduction ofsound";andin my 
application Serial No.319299,filed Novem ber14,1928,for"reproductionofsound". 
What I claim is:?, 
1.In means,for reproducing Sound,the 

combination of a conical vibration respon 
sive member,a coil support bonded to a cir 
eumferenee on Said conical member,a wind ingonsaid coilsupportadaptedtocarrytele 
phonic currentsorderivativesthereof,means for producing a magnetic field threading the Saidwindingthroughamagneticairgap,and 
means for suspendingsaid conical vibration 
responsive member andattached coilsupport 
so thatsaid windingisimmersed in the said 
tnagnetic air gap,said vibration responsive 
member and said coil support being sus 
pended so as to be without substantial re 
straint in an acoustic sense. 

2. An acoustic device of_the_moving coil 
type comprising a conical diaphragm,a cy 
lindrical member connected to said dia 
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phragm,a coil on said cylindrical member, 
an electro-magnet system_for providing an 
annulargap of magnetic flux,and meansfor 
? said diaphragm with said coilin Said annulargap,said means having such a 
small restoringforce that said diaphragmis 
mass controlled in an acoustic sense. 

3. An acoustic device for the interconver 
sion of sound waves and electrical energy comprisinga conicaldiaphragm,acylindrical 
memberconnectedtosaiddiaphragm,awind 
ing on said cylindrical member,means for 
providing a magnetic field,said winding be 
ingimmersed within said field,a supporting 
memberspacedfromsaid diaphragm,andre 
silient means connected between said dia 
phragmandsaidsupportingmember,Said re 
silient means being of a diferent material 
from that of said diaphragm and providing 
a,very small restoring force whereby said 
diaphragm is mass controlled in an acoustic 
sense and the natural period of vibration of 
said diaphragmis at a low frequency. 

4. A device for the interconversion of 
sound waves and electrical variations com 
prising a conical diaphragm, winding sup 
ported for movement with said conical dia 
phragm,a magnet system for providing a 
magnetic fieldin which said windingis im 
mersed,a member spaced from Said conical 
diaphragm,and flexible supporting_means 
of diferent material from that of the dia 
phragm connected between Said conical dia 
phragm and said member,Said fexiblesup 
porting means having a restoring force 
which istrivial compared with the inertia 
of the diaphragm itself whereby said dia 
phragm is mass controlled in an acoustic 
sense over at least thegreater portion ofthe 
audible frequency range. 

5. An acoustic device comprising a coni 
cal diaphragm,means forproducing a_mag 
netic feld,a winding secured to Said dia 
phragm andimmersedinsaid field,and sup 
porting means having such a Small restor 
ing force that said diaphragm is mass con 
trolledin an acoustic sense,connected to said diaphragm. 
6,A vibratile system for an acoustic de 

vice comprising a substantially conical vi 
bratile diaphragm,a coilsupportingmember 
secured thereto,a coil on said coil support ingmember,andflexiblemeanshavingsuch.a 
low restoring force that Said diaphragm_is 
mass controlledin an acoustic sense over the 
1argerportionoftheaudiblefreqengyrange, 
extending outwardlysubstantialy from the 
peripheral edge of said diaphragm. 
7 An acoustic device of the moving coil 

type comprising a non-planar vibratile dia 
phragm,a member Secured to said dia 
phragm,a winding on-said member,means 
for producing a magnetic field,and means 
forsupporting said diaphragm,said means 

* havingsuch asmall restoring force and of 

3 

feringsuch a minimum resistance to move 
ment ofsaiddigphragmthatsaiddiaphragm 
is mass controlled in an acoustic sense over 
atlast the greaterportion oftheaudible fre 
qgeney range,said means supporting said 
@iaphragm sothatsaid windingisimmersed 
in Said magnetic field. 

8. An acoustic deyice of the moving con 
dugtor type comprising_a vibratile body, 
said vibraile body_inclidingsubstantiallya 
conigal portion_and_8 cylindrical portion,a 
condugtor 9n Said cylindricalportion,a mag 
netic field_for cooperatingwith saideondué 
tor,and flexible means for supportingsaid 
bodyso that said bodyis mass controlledin 
an ?coustigsense overatleastthe largerpart oftheaudiblefrequencyrange. 

9. In a soundreproducer,anelectricasys 
tem including an annular magnetic gdp,a 
coil support arranged within said ainular 
magnetiggap,a windingcarrieóbysaid coil 
support*a conicalshapedsound reproducing 
element connected to said coil support,and 
meansfor supporting the peripheraledge of 
Said conigal shaped sound reproducingele 
ment,said means comprising_a stationary 
member spaced from the peripheral edge of 
said sound reproducing element and low re 
storingforce means ofmoreflexible material 
than the material ofsaid sound reproducing 
element extending between said stationary 
member and the peripheral edge of said 
'sound reproducing element. 

In testimony that I claim_the foregoing 
as my invention I have signed my name this 
15th day of May,1928. 

ADRIAN ERANCIS SYKES? 
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CERTIFICATE of coRRECnoN 

Patent No. 1,852,068. - Apri15,1932, 

ADRIAN FRANCIS SYKES, 

It is hereby certified that error appears in the printed specification 0f the 
above numbered patent requiring correction as follows: Page 2,1ine.104,for 
"No,1,711,511" read No. 1,711,551; and that the said Letters Patent should 
be read with this correction therein that the same may conform,to the record 
of the case in the Patent 0ffice. 

Signed and sealed this 1st day of November,A. D 1932? 

M,J. M00re, 
(Seal) Acting Commissioner ef Patents. 

  


