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This inventlon relates to’ improvements in or

- relating to microphanes, and more parl:loularlyl

to electrostatic or condenser microphones.

. 'The best known mierophones, particularly the
§ condenser microphopes previously Introduced
" into practice, are so-called sound pressure recefv-

ers, since only one slde of the membrane or dla~
phragm Is exposed to the sound field. Since the

sound pressure is a scalar quantity all sound pres-
10 sure recelvers possess the property that their .

sensitivity is not dependent on the direction of

incidence of the zound but is the same for sound -

‘waves coming from different directions, at least
- for the Iow and middle fr ! ., 'This-can be
16 shown by the fact that if the sensitivity of the

microphone or the effect of the sound pressure
- on _the mierophone, relative to the éirection of

incidence of the sound, i3 platted for a single

plane, the curve obtained is a circle at the centre
. 20 of which the membrane of the microphone is.

Tlocated. This mesns, therefore, that the pres-

sure microphone shows a characteristic, which -

represents the sensitivity according to the direc-
: tion of the sound (known in short as the direc-
28 tional response characteristic) which iz in the
torm of a elrcle.. "
- Such pressure microphones are certainly ad-

vantageous for many purposes, e. §., for picking

_ up conversations of a plurality of speakers gath-

30 ered eround the microphone. For many other

purposes, however, where the selective plcking up

a single sound soures from’s particular direction

- is desired with the suppression as far as possible
" of sound waves from other directions, 8 micro-

35 phone. having the\best possible directional re--
sponse characteristic, 1. e, having & decided max--

imum sensitivity for one partieular direction, 1s
rvequired. It is certalnly possible, by employing
complicated auxiliary devices of large dimensions,
40 e, g, reflectors, to impart to pressure mierophones
- also a certain directional actlon.  The employ-
ment of such devices 1s, however, possible only
to a limited extent,

ular direction of sound ecan, however, be con-
- gtructed If, msteadofudnsﬂ'lesmlarpmopa-ty
of the sound pressure, the ysctorial quantity of
- the . differenice in pressure for two neighbouring

50 points of- the sound fleld is used for actuating
the microphone. In this cese the gquantity of

the effect of the sound on the membrane or s
corresponding member of the microphone is rep-
. resented by the sound pressure gradient. This

55 principle has been realised for an electrodynarnic

A microphone which is sensitive for a partic~

microphone hy the ribbon microphone exposod
on both sides to the sction of the sound.

The object of the present invention 15, how-
ever, to provide a pressure difference microphone
operating on the capacitative principle. This can &
be effected sccording to the Invention by arrang-
Ing the diaphragm or membrane to be struck by
g:e:oundwamnotonlyonone side but on both

According to the present invention, therefore, 10 -
there 1z provided a condenser mierophone in
which the membrane aeting as the movable plate
oreleotrodeortheoondenserisexposedonboth.
gidés {o the sound by the provision of perfora-
tions in the Axed plate. FPurther, the distance 15
between ‘the membrane and the perforated plate -

_Isarrans‘edtobesmallinm'oportiontothealze
.of the perforations and the spacing thereof, in

order to obtain high frictional damping of the
memhrane for a purpose which will be herein- 20

_after described,

Condenger microphones of this kind ha.ve the
property of converting into electzical oscillations -

-only those sound waves which come from = par-

ticuiar directions, whilst sound waves from cer- 25
tain other directions are transmitted electrically
to a considerably lesser extent or not at all -
In order that the invention may be well under-
stood 1t will now be deseribed by way of example

- only with reference to the accompanying draw- 30
“ings, in which

Figure 1 shows djagrammatically the direc-

_ tionzl response characteristic of the pressure dif- .

ference microphone which may also be.termed a .
pressure gradlent microphone, compared with 85
that of the pressure microphone, o
Pigure 2 is a curve ustrating the dependence
on frequency of the response of the pressure dif- -
ference microphone, - o
- Figiares 3¢ and 3b Mustrate 1n side sectional 40
elmtion and rear plan view respectively a mi-
erophone according to the invention, i
‘Figure 4 illusirates a microphone according to

another embodiment of the invention, -

Plgures 5, 6 and 7 {lustrate dlagrammatieally 45
the membrane displacements of a microphone
according to- the Invenilon under the action of

- the sound pressure and sound pressure difference

for different directions of sound incidence. - 50
Figure 8 shows the directional response char-
acteristic of a microphone according fo the in- '
vention, and -
l!'is'lu'es 9 and 10 ﬂlustrate in front and side

¥lew Tespeciively .a microphone provided with sg




2 2,179,361

means for increasing the sound pressure differ-
ence.
Re:l’errlng ﬂ.rsi; to Figure 1, the circle D rep-
resents the directlonal response characteristic of
s the pressure microphone and shows thai the
sound, which acts on a microphone located at:
the eentre of the circle, influences the memhbrane
to an equal extent from all directions, If, how-
ever, the microphone 15 of the above-mentioned
10 construction such that the membrane iz influ-
enced on both sides by the sound, the directional
response characteristic obtalned consists of two
clreles G, which touch at the line in which the
microphone can be regarded as located. The
18 directional response characteristic of the pressure
gredient microphone has, therefore, the form of
figure 8. Thig characteristic of the pressure
gradient microphone shows that the membrance
is most strongly influenced by sound incident in
20 s direction at right angles fo its plane., 1. e., at
right angles to the horizontal line of the dia-
gram, that is to say from the front or rear, whilst
the membrane is not influenced by sound ineci-
2ent in a direction parallel to the membrane.
25 On grounds of symmetry it may be advanta-
- geous to arrange on the second side of the mem-
brane e plate simflar to the fixed condenser plate.
With an unsymmetrical arrangement the. circles
G (Figure 1) would be of unequsl slze. :
80 Such a microphone is diagrammatically illus-
“trated in Figures 38 and 3 'The fized condenser
.plate E has s plurality of openings n, and at the
other side of the membrane M is located a plate

E'’ gimilar in shape and arrangement to the fixed

35 plate K. 'This plate either does not take part
-electrically in the operation of the microphone,
or is connected in a particular manher known
in comnection with differential microphones, The
funetion of the parts X and L will he referred
40 to Iater,

In order that a capacitive microphone may
possess & horizontal frequency curve, it 15 neces-
sary that the amplitude of the membrane be
constant over the audible range. Since the

45 membrane of the microphone is exposed to the

" sound field on both sides, the difference in sound
pressurey &t the front and rear sides is propor-
tional to the drive of the membrane. This sound
pressure difference has, however, a rising fre-

50 quency characteristic up to that frequency at
which the half wave length corresponds to the
difference In path between the front and rear
sldes of the microphone button.

During the movement of the membrane the

55 quantity of air located between the memhrane
and the fixed electrode is displaced. The force
necessary for this displacement increases with
increasing frequency. An increasing force hav-
ing this dependence on frequency is available,

60 however, in the operative pressure difference, so
that the membrane execuies oscillations of the
same amplitude over the whole range of fre-
quencies.

8ince, according to the invention, the distance

65 hetween the membrane and the perforated plate
is small in proportion to the diameter of the per-
forations and the spacing thereof, with the ef-
fect that the membrene would suffer a. hich
damping by friction of air, therefore, a complete~

70 1y horizontal frequency curve over the whole
range of sounds would only be obtained if the
friction control widely exceeds the mass control
and the elastic control of the membrane, Since
this is not technically desirable on grounds of

76 sensitivity, and the employment of & not {09

great friction is advantageous, there 15 abtained
in practical constructlons a dependence on fre-
quency having the characteristic of a& highly
damped resonance curve, as shown in Flgure 2.

The frequency is plotied as abscissae ¥ and the 5
amplitude of the membrane as ordinates A. The
resonance curve ig shown by % full line. Iis flag
course with a weak maximum at the point W-
shows the high degree of damping. The damped
naiural frequency of the membrane 1s arranged 10
to lle In the middle range of frequencies by a
proper selectlon of iis mass and 1fs elasticity.
This. curve can, by the following measures, be
Improved so that the frequency eurve, shown in
dasgh-lines and having for the most part a hori- 15
zontel course, is obtained.

Por the high frequencies the arrangement of a
flat air cavity in front of the membrane brings
about an increase In the driving force. By suit-
able dimensioning of the air cavity the positior 20
and the degree of this increase can he suited to
the falling characteristic of the frequency curve
(right hand part of the curve, Figure 2).

For the lower range of sounds the fall of the
frequency curve (left hand part of the eurve, Fig- 25

‘ure 2} can be compensated by coupling one or

more closed air cavities with parfs of the mem-
brane. Figure 3 shows such 2 construction by
way of example. A completely closed cavity L is

" coupled by means of a tube K with the space be- 30
-tween the membrane M and the fixed electrode

E. By suitable shaping and dimensioning this
coupled closed air cavity the strength and prog-
ress with frequency of the desired compensating
increase ¢an be dmlensioned for the fall at lower 85
frequencies.

If a microphone constructed in .accordance
with the invention. is of such dimensions that its:
diameter is not grester than the wave length of
the highest frequency to be transmitted, there iz 40
obtained s microphone which is extremely satis-
factory in aperation, sinee the satisfactory prop-
erties of directional response are further suppie-
mented by 8 good fremuency curve, -The upper
Hmit of the dlameter lies at about 3 cms. corre- 44
sponding to a wave length of 10.000 Hertz (cycles
per second). For the lower Imit the considera-
tlon arises in connection with the construction
that with reduction of the diameter the sensltiv-
ity of the microphone is reduced. It follows from 50
this that the most satisfactory dimension of the
microphone described is such that even having
regard {o the lower imit of sensiiivity the diam-
eter is approximately 3 cms. -

The basie form of the pressure grachent micro- 55
phone, which as above described possesses a fixed
perforated plate, can be altered by mounting a
second membrane on the rear side of this fixed
plate. The action obtained thereby will be ex-
plained more detailed in.the following. 60

For a large number of purposes of employment
& condenser microphone would be required which,
whilst retaining its otherwise good transmitting
properiies accepts sounds from .z particular
direction selectively and is less sensitive for the 63
remalning directions of Incidence. This property
can be achieved by the arrangement eonstructed
85 described in the following and illustrasted by
way of example In Figure 4 In cross-section,

On hoth sides of a metallic plate & provided 70
with bores a exiending through it, which plate
constitutes the fixed plate of the condenser, are
mounted two membranes ¢ and ¢ having similar
mechanical properties. One membrane ¢ Is elec-
trically conducting and is used as the counter- 75
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plate or electrode for the perrora.ted ple.te or elec-
trode b; the other membrane d is electrically
operative. Under influence of the sound waves

such a system of two membranes executes two

5 prineipal -movements. On the. one Hand the
sound pressure causes a movement with respect
to one another .of the two memhranes with com-

pression of the enclosed volume of air. On the
other hand there occcurs, owing to the differénce.

10 in the sound pressures acting on the two sides
& patallel displacement of both membranes, the
enclosed volume of air belng carrled along with
them. The manner of aperation for sound incl-

. dence from various directions is shown in Figures

15 8 to 7. ' In the case of Incidence of sound nor-
mally to the electrically oberative membrane
(Fgure 5) the sound pressure represented by
the arrow 8, causes a membrane movement of
the sense and magnitude of the arrows 81, Sz, and

- 20 the sound pressure difference causes & movement

of the sense and magnitude of the arrows s, 3.
‘The resultant movement of the electrically opera-
tive membrane ¢ Is proporfional to the sum of the
* two sound. pressures acting on it, that is Si-}81. -
25 It is represented in Figure 5 In direction and .

‘magnitude by the atrow P. In the case of lateral
sound ineldence, represented in Figure 6 by the
arrows 8, the arrows 81, S2 agein represent the
membrane movement under the Influenees of the

30 sound pressure. Since they are equal but oppo-
-sitely directed, there is no sound pressure differ-
ence (represented by «07)..
sents the small movement In this case of the

) membrane ¢. In the case of Incidence of the
35 sound from the.rear on to the electrically in-

: operstive membrane 4 (arrow 8 in Figure 1), the

arrows 81, 82 &8 in the. previous cases show the

membrane movement under the influence of the

pressure and the arrows si, sa represent the mem-

40 brane movement under the inflzence of the pres-

sure difference. The resultant movement of the

operative membrane ¢ is in this case zero, as S

and s: are oppositely directed. Movement of the

. electrically inoperative membrane 2 only occurs.
45 Such a microphone possesses on this account a

directional response characteristic in the form'

of the cardicld shown in Figure 8. In this case

the microphone is to be regarded as being on-the

horizental line parallel with the membrane, so
m'matthevuﬂmunemmsaperpendlm

{o the electrically operative membrane. '

.- The conditfon for s decreasing or vanishing

senaliivity for sounds from rearwerd divections

is the equality of the membrane dlxpla.cements
53 under the influence of the sound pressure and

under the influence of the sound pressure differ-

erice, The displacement of the membrane caused

by the sound pressure difference is detérmined by
the properiies controlling the movement of the

60 membrane and the magnitude of the sound pres-.

sure differenice. 'The latter 15 determined by the

_ length of path between the front and reat sides

of the membrane, 1. e. slmp]y by the diameter of
the microphone.

85 Far the production of u straight line frequency

- curve the movement of the membrane must be

principally determined by friction. Similarly

for the production of a constant displacement of

the frietion controlled system independent of the

70 frequency, the driving force must Increase with

the frequency, i. e, the pressure difference must

increase as far as the upper lmiting frequency

of .the transmission range, This requirement Is

- fulfilled if the Jehgth of path between the front

756 and rear sides of the membrane for the upper

The arrow P repre- =

limiting frequency is- smel]er than a half wave

length. Accordingly the dlameter is preferably _

-arranged to he aboul & cm., as above explained.

The electrode b possesses, according to Flgure o
4, besides the bores a extending through it & 3
number of shorier Lores e not extending through '
it Their number, size and arrangement inflo-
ences the membrane displacement caused by the
actlon of the sound.

The requirement referred to above, that the 19
cophase membrane movement shall he friction
controtled, has the result that the sensitivity of

"the microphone is reduced in proportion. It 1s,

however, possible to compensate for the falllng- o
off In sensitivity in the case of reduced friction 15 -
for the lJow frequenciés due to the elastic prop-
ertles, by increasing the pressure difference for
these frequencles, This can, for example, bs
dene by smrrounding the microphone button, as
shown in Figures ® and 10, with an annular sheet 20 .
f of a material such as possesses a sound perme-
ability dependent on frequency in the sense that

the ouder ring or annules offers a greater resist-
ance to the passage of sound at low frejjuencles
than at middle and high frequencies. An ar- 25
rangement such as is {llustrated in Figures 9 and

10 acts for the low frequencies as it the diameter

of the microphone had been increased. A suita-

ble material for the sheet 7 is gauze.

The described . microphone arrangement may 30
2150 be so constructed thst # can be msed as 5=
directional or non-directional microphone se- -
cording o the manner in which it is connected.
For this purpose it iz only necessary to make both
membranes electrically condueting, For a dlrec-~ 35
tional microphone one membrane remsins.un-
connected, and for a non-directional mierophone
bath ‘membranes are used connected in paraliel], .

Having now particularly described and ascer-
tained the nature of our sald Inventicn and in 40
whet manner the same is to be performed, we
declare that what we clalm 1s:

‘1, Tn 8 condenser microphone & fixed con-
denser plate having transverse perforations ex--
tending from side o side. and also having recesses 45 .

from each plate side only partway to

the other side, s diaphragm constituting the mov- -

able condenser plate and being spaced from said
fixed plate by a distance small compared with .
the diameter and apacing of said perforations 50

and recesses and of a valte which would render

-the frictlonal air damping on said - dlaphragm

high as compared with its mass- and elastieity

-demping and a second diaphragm disposed on
-the other side of said fixed plate at a distance 56

similar to the epaeing of said first menﬁosned
dlaphragm.

2 A eondenser microphone having a fixed eleo-
trode and a movable diaphragm electrode fixed
only at its perfphery and spaced from said fixed 60

" electrode, sald fixed electrode having = relatlve]y

small number of wide-spaced fransverse perfora-

“tlons through which the slde of the dlaphragm

electrode facing the fized electrode is exposed to
the effect of the sound waves, the distance he- 66

‘tween the diaphragm and seid fixed electrode be-

ing small with respect to the diameter and the
spacing of said perforations and of a value which
would render the frictional alr damping on the .
djaphragm high as compared with Its mass- and 70
elasticlty damping and a plane sheet of materia]

. swrrounding said fixed electrode In its plane, said

material having a sound transmission which de-
creases with increasing frequency. -
3 A condenser nﬂorophone he.vins a ﬂxed elec- 75
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trode and & movable diaphragm electrode fixed
only at its periphery and spaced from sald fixed
electrode, sald fixed electrode having a relatively
. smal! number of wide-spaced tzansverse perfora-

5 tlons, the distance between the dlaphragm and
sald fixed electrode heing small with respect to
the dlameter and the spacing of aald perforations
and of a value which wonid render the frictional

alr damping on the diaphragm high as compared .

10 with its mass- and elasticity - damping, & second
diaphragm disposed on the other side of said fizxed
electrode at a distance similar to the spacing of
said first-mentioned diaphragh and adapted to
transmit the soind waves through sald perfora~

“15 tions to sald first dlaphragm, and a plane sheet of
material surrounding sald fixed electrode in its
piane, sald material having 4 sound transmission

" which decreases with Increasing frequency,
4. In a condenser microphone a fixed condenser

20 plate having o relatively small number of trans-
verse pertorations uniformily spaced over its area,
and having a diameter not greater than the wave

-length of sound at the highest frequency to be
transmitted, and & movable condenser plate of

25 similar diameter and heing spaced from one side
of said fixed plafe a distance small with respect to

the dismeter and spacing of sald perforationa and -

of 'a value which would render the frictional air
.demping on the dlaphregm high as compared
30 Wwith its mass- and elasticity damping, and where-

by the sound acts upon both sides of sald dia- "

phragm, and a plane sheet of matértal surround-

ing said fixed electrode in Itz plane, said material

having a sound transmission which decreases
35 with increasing frequency.

5. In a condenser microphone a ﬂxed condenser
plate having transverse perforations extending
from aide to side and also having récesses extend-
ing from each plate side only partway to the other

40 side, a diaphragm constituting the movable con-
denser plate snd being spaced from sald fxed
plete by a distance small compared with the di-
ameter and spacing of sald perforations snd re-
cesses and of a value which would render the fric-

45 tional alr damping on said diaphragm high as
compared with iis mass- and elasticlty damping,

.and & second diaphragm disposed on the other
side of sald fixed plate at a distance similar to the
spacing of sald first mentioned diaphragm, the

5o diameter of sald fixed condenser plate and of setd
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diaphragms helag not greafer than the wave
length of sound at the highest frequency to he
transmitted.

8. In a condenser microphone & fixed condenser
rlate having iransverse perforations extending
from side to side and also having recesses extend-
ng from each plate side only partway to the other
gide, & dlaphragm constituting the movable eon-
denser plate snd belng spaced from said fixed
plate by a distance small compared with the di-
ameter and spacing of sald perforations and re-
cesses and of a value which would render the frie-
tional air damping on sald diaphragm high as
compared with its mass- and elasticity damping,

~and a second diaphragm disposed on the other

side of said fixed plate at & distance similar to the
spacing of sald first mentioned diaphragm, the
diameter of said fixed condenser plate and of said
dlaphragms. being not greater than the wave

Jength of sound at the highest frequency to be

transmitied, and a plane sheet of material sur-
rounding said fixed electrode in its plane, sald ma-
terfal having a sound tramsmission which de-
creases with, inereasing frequency.

7. A condenser microphone having a fixed elec-

‘trode and s movable diaphragm electrode fixed

only at its periphery and spaced from said fixed
electrode, satd fixed electrode having a relatively
small number of wide-spaced transverse perfora-
tions throygh which the side of the diaphragm
electrode facing the fixed electrode 1s exposed to
the effect of the sound waves, the distance be-
tween the disphragm and said fixed electrode be-
ing smell with respect to the diameter and the
spacing of sald perforations and of a value which
would render fhe frictlonal air damping on the
disphragm high as compared with itz mass- and
elasticity damping, 8 second diaphragm disposed
on the other side of sald fixed electrode at & dis-
tance similar to the spacing of said first-men-
tioned diaphregm, and a plane sheet of material
surrounding said fixed electrode in its plane, =aid
material having 8 sound transmission which de-
creases with increesing frequency, the dlameter of

1K

15

35

sald fixed condenser piate and of sald diuphragm 45

being not greater than-the wave length of sound
at the highest frequency to be transmitted.

HANS JOACHIM von BRAUNMUHL.
WALTER WEBER. _
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