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This invention relates to microphone devices
and has for its primary object to provide such de-
vices and microphone systems whereby sound
waves emanating from positions which are an-
gularly displaced in relation to the location of
the microphone, selectively can be received, thus
permitting for example, substantially complete
attenuation of sound waves from one sound
source whilst obtaining satisfactory reception of
sound waves from ancther but angularly displaced
source.

Microphones according to the invention can be
employed for a variety of purposes such, for in-
stance, as a “voice pick-up” for film studic work
when it is desired to eliminate pick-up of inter-
fering sound waves from camera or other mech-
anism. The devices can also be used with con-
siderable success for determining the direction of
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a sound source or, to be more precise, the direc- .

tion of approach of sound waves, without inter-
ference from other sound waves approaching from
an angularly displaced direction.

Many known forms of electro-acoustic means
possess directional properties and those of the
ribbon “velocity” type have quite pronounced
directional characteristics. Even so, in general
the response of such directional microphones is
too broad to obtain in practice a sharply defined
directional effect, except possibly in cases—not
often occurring—where the approaching sound
wave has, at least in effect, the form of a narrow
beam or emanates from a point source. Further-
more, the sensitivity of these known devices to
extraneous noise remains unduly high so that in
cases where sound waves of large amplitude are
being radiated from a close-by source, and even
though such source may be located in the direc-
tion favourable for minimum microphone re-
sponse, the pick-up of such unwanted sound may
seriously encroach upon or even dominate over
the pick-up of the wanted sound waves, thereby
jeapordising if not completely annihilating the
directional properties of the device. An arrange-
ment of twu separate microphone devices for
sound location purposes may, in certain circum-
stances, give reasonably good sense of direction
but the above mentioned disadvantages with re-
spect to extraneous noise still exist, and irrespec-
tive of their electrical interconnection, phasing
troubles are introduced. .

Now, a microphone device according to the
broadest aspect of this invention comprises, in
combination as a unitary structure, two electro-
acoustic means of the kind exhibiting a pro-
nounced directional effect, said means being so
relatively disposed that their respective lines of
maximum sensitivity are angularly separated.

In more elaborate embodiments of the inven-
tion more than two electro-acoustic means are
grouped to form a microphone device and in such
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cases some of the said means may be so disposed -
that their respective lines of maximum sensitivity
are substantially parallel, Thus for example,
four electro-acoustic means can be assembled to’
form a microphone unit comprising one pair of
stich means so mounted that their respective lines
of maximum sensitivity are substantially parallel
whilst the other pair of means is so arranged that
although their respective lines of maximum sen-
sitivity are parallel these parellel lines are also
normal to the- correspondmg lines of the first pair
of elements.

Preferably, an arrangement is provided where-
by the output of each electro-acoustic means of

5 each group of such means having relatively par-

allel lines of maximum sensitivity, can be ob- -
tained separately, thus enabling a variety of
phase and/or amplitude modified combinations
readily to be made through the intermediary of
suitable equipment which may include space dis-
charge valve amplifying means.

One particular practical embodiment comprises
four electro-acoustic means of the ribhon type
arranged to form a single and compact micro-
phone device possessing variable directional prop-
erties of a very high order of efficiency. In order
that the invention more readily may be under-
stood this particular embodiment will now be de-
scribed, by way of example, with reference to
the accompanying drawing, wherein—

Fig. 1 shows a side elevation of the microphone
device.

Pig. 2 is a plan view of Fig. 1.

Fig. 3 is a sectional plan taken on the hne 3—3
of Fig. 1.

Fig. 4 shows diagrammatically one embodiment
of a mixing and amplifying circuit for the signals
obtained from such a microphone device.

Referring to Figs. 1-3 it will be seen that the
magnetic system of this device comprises a cen-
tral common pole member § of cruciform section
and four pole-pieces 6—9 symmetrically arranged
therearound, one pole piece being disposed op--
posite each arm of the cruciform section but
spaced therefrom to provide a “magnetic gap.”
In each of these four ‘magnetic gaps” there is
mounted a vibratory element consisting of a cor-
rugated ribbon 10—13 respectively of aluminium .
or other light weight conductor, the several rib-
bons extending along the common pole member 5
in radial planes through the axis of the common
pole member. The poles are apertured at {4 to
provide a direct air path, between the oppositL
sides of each sound wave responsive ribbon, of
dimensions small compared with the wavelength
of the highest frequency to which the device is
designed to respond.

It will be noted that each pair of dlametncal-
1y opposed ribbons is disposed in a common plane,
that is to say, all four side edges are in alignment,




2

whilst the two planes containing the respective
pairs of ribbons are at right angles. Thus two
pairs. of ribbon microphone means are provided
and their relative arrangement is such that the
respective lines of maximum sensitivity for one
diametrically opposed pair are normal to the cor-
responding lines of the other diametrically op-
. posed pair.

The output from each: individual microphone
means is taken from the opposite ends of the rib-
bon and each of the diametrically opposed pairs
of ribbons is adapted to be connected in parallel
or in series so that their outputs are in phase and
thus complementary.  Suitable output trans-
formers may be mounted upon a platform which
carries the microphone device or alternatively
such transformers may be attached to the de-
vice itself. -

From preliminary- experiments it is believed
that each pair of the opposed ribbons behaves in
a manner to be expected from a single ribbon lo-

cated at the centre of the assembly and that co- .

operatively -the two pairs resemble, in action,
two single ribbons so-centrally disposed but con-
tained in relatively normal planes. It appears
that this theory holds good for the high audio
frequencies so long as the ribbons are closely
spaced and in this respect it should be noted that

the constructional arrangement described is con- .

ducive to close spacing of the ribbons. It should
also be noted that the multiplicity of symmetri-
cally arranged pole pieces results in a highly ef-
ficient magnet system.

One manner of utilising such a microphone de-
vice consists in feeding the two separate outputs
to g mixing circuit. An example of such a mi-
crophone system is shown in Fig. 4 and comprises
a thermionic valve amplifier having two valves
Vi and V2 provided with a common anode load
impedance Rl and separate coupling means be-
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position for minimum sensitivity to the said wave
and very little pick-up, if any; will result, except
if the sound wave approaches as a fairly broad
beam, in which case the small amount of pick-up
will be equal for each pair of ribbons. However
such pick-up can be rendered completely ineffec-

~tive by cancelling out the response of one pair
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tween the respective control grids and the micro- -

phone device M. Such coupling is- made by au-
dio transformers Ti, T2 across the secondary
winding of each of which there is connected a po-
tentiometer R2, R3 respectively.” The valves VI
and V2 are suitably biased by providing a cath-
ode resistor R4 across which is connected a con-
denser C1. 'The output from this mixing circuit
is obtained by way of a condenser C2. Thus,
separately variable attenuiation of the output
from each pair of ribbons can be effected by
means of the potentiometers, whilst, by providing
a centre tapping on the secondary winding of
each transformer, as shown, and connecting this
tapping point to the valve cathodes or “earth,”
operation of either of the potentiometers will
bring about a modification of the phase relation-
ship of the signals applied to the input grids.
The microphone device in combination with
this or an equivalent mixing system can be made
to behave in various ways. Thus each coupled
pair of ribbons can be employed separately. - Al-
ternatively, both pairs of ribbons can be employed
with their outputs in phase or 180° out of phase
and with the same degree of attenuation or dif-

ferent degrees of attenuation, --Furthermore, the

output of one coupled pair of ribbons can be em-
ployed to cancel the output of the other coupled
pair of ribbons.

If the device is so positioned that all four rib-
bons are in alignment with the direction of ap-
proach of a sound wave (that is to say the sound
waves travel along the length of the ribbon) and
ignoring reflections or other disturbances from
nearby bodies, each pair of ribbons will be in a
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of . ribbons by the response of the other pair thus
leaving each pair of ribbons free to receive sound
waves coming from other angularly disposed di-
rections.

The microphone device can also be so posi-
tioned for use that one pair of ribbons is located
for minimum sensitivity with respect to an un-
wanted sound wave whilst the other ribbons will
be more sensitive to such sound wave and a small
fraction of their output can be employed to can-
cel out the pick-up from the other pair. With
such an arrangement sound waves coming from a
direction other than that of the inwanted sound
waves will not be subjected to cancellation and
consequently can be received free of interference
from the unwanted sound waves.

According to a modified embodiment, means
are provided whereby the output of each or more
of four ribbons can be obtained separately and if
desired such separate outputs can be passed to
separate. input channels of a mixing circuit.

In another arrangement, the outputs from the
separate electro-acoustic means are paralleled
and applied to a common input circuit-of a valve
amplifying equipment.

What I claim and desire to secure by Letters
Patent is:

1. A microphone device comprising -a central
pole means, a plurality of outer pole means ar-
ranged about said cenfral pole means to form
a plurality of angularly separated and elongated
magnetic gaps all extending substantially par-
allel to the axis of said .central pole, and a sound
wave responsive ribbon element in each of said
gaps to form electro-acoustic means, said ribbon
elements being located in angularly spaced
planes, whereby the respective lines of maximum
sensitivity of the plurality of electro-acoustic
means are separated angularly.

2. A microphone device comprising a central
pole means, a plurality of outer pole means ar-
ranged about said central pole means to form a
plurality of magnetic gaps, and a sound wave re-
sponsive ribbon element in each of said gaps to
form - electro-acoustic means, said ribbon ele-
ments being located in planes at right angles to
each other, whereby the respective lines of max-
imum sensitivity of the plurality of electro-
acoustic means extend at right angles to one an-
other,

3. ‘A microphone -device comprising a center
pole member of cruciform cross section, four
outer pole members cooperating with said cen-
ter pole member to form four symmetrically dis-
posed magnetic gaps, and a sound wave respon-
sive ribbon element in each of said magnetic
gaps to form electro-acoustic means, ‘said rib-
bon elements being arranged along the central
pole member in angularly spaced planes, where-
by the respective lines of maximum sensitivity of
at least two of the plurality of electro-acoustic
means thus provided are separated angularly.

4. A microphone device comprising a central
pole means, a plurality of outer pole means ar-
ranged about said ecentral pole means to form a
plurality of magnetic gaps, a sound 'wave respon-
sive ribbon element in each of two of said gaps
to form a pair of electro-acoustic means, said
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ribbon elements being so disposed that their re- -

spective lines of maximum sensitivity are sub-
- stantially parallel, and a .sound wave responsive
ribbon element in another of sald gaps to form
another electro-acoustic means, the latier ribbon
element being so relatively arranged with re-
spect to the said two ribbon elements that its
line of maximum sensitivity is in angular rela-
“tionship with the said parallel lines of maximum
sensitivity. :

5. A microphone device comprising a central
' pole means, a plurality of outer pole means ar-
ranged about said central pole means to form a

plurality of magnetic gaps, a sound wave respon-’

sive ribbon element in each of two of said gaps
to form a pair of electro-acoustic means, said rib-
bon elements being so disposed that their re-
spective lines of maximum sensitivity are sub-
stantially parallel, and a sound wave responsive
ribbon element in each of two other of said gaps
to form two further electro-acoustic means, the
said latter two ribbon elements being so rela-
tively arranged that their respective lines of
maximum sensitivity are substantially parallel

but at right angles with respect to the corre-

sponding lines of the first mentioned two ribbon
elements. : ’

6. A microphone device comprising a central
pole means, a plurality of outer pole means ar-
ranged about said central pole means to form a
plurality of magnetic gaps, and a sound wave
responsive ribbon element in each of said gaps to
form electro-acoustic means, said ribbon ele-
ments each extending parallel to a common line
and being so relatively arranged that the respec-
tive lines of maximum sensitivity of ‘the plurality
of electro-acoustic means thus provided are sep-
arated angularly.

7. A microphone device comprising a common
magnetic pole member, a plurality of pole mem-
bers arranged about said common pole member
to form a plurality of magnetic gaps, and a
sound wave responsive ribbon element in each
of said gaps to form electro-acoustic means, said
ribbon elements being so relatively arranged that
the respective lines of maximum sensitivity of
the plurality. of electro-acoustic means thus pro-
vided are separated angularly. :

8. A microphone device comprising a common
maghetic pole member, a plurality of pole mem-
bers arranged about said common pole member
to form a plurality of magnetic gaps, and a sound
wave responsive ribbon element in each of said
gaps to form electro-acoustic means, said rib-
bon elements being so relatively arranged that
the respective lines of maximum sensitivity of
the plurality of electro-acoustic means thus pro-
vided extend at right angles to one another.

9. ‘A microphone device comprising a common
magnetic pole member, a plurality of magnetic
gaps arranged about said common pole member,
and a sound wave responsive ribbon element in
each of said gaps to form electro-acoustic means,
said ribbon elements each extending parallel to
a4 common axis and being so relatively arranged
that the respective lines of maximum sensitivity
of the plurality of electro-acoustic means are sep-
arated angularly.

10. A microphone device comprising a mag-

. netic structure having at least two magnetic gaps,
and a sound wave responsive ribbon element in
each of said gaps to form electro-acoustic means,
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and angularly displaced, whereby the respective
lines of maximum sensitivity of the plurality of
electro-acoustic means are separated angularly.

11, ‘A microphone device comprising a mag-
netic structure having at least two magnetic gaps,
and a sound wave responsive ribbon element in
each of said gaps to form electro-acoustic means,
said ribbon elements being arranged side by side
and at right angles to each other, whereby the
respective lines of maximum- sensitivity of the
plurality of electro-acoustic means extend at
right angles to one another. <

12. A microphone device comprising a mag-
netic structure having at least two laterally
alined magnetic gaps, and a sound wave respon-
sive ribbon element in each of said gaps to form
electro-acoustic means, said ribbon elements be-
ing laterally alined and angularly displaced,
whereby the respective lines of maximum sensi-
tivity of the plurality of electro-acoustic means
are separated angularly. .

13. A microphone device comprising a mag-
netic system having a center pole member, a plu-
rality of symmetrically disposed radially extend-
ing pole members each of which is spaced from
said center pole member to provide a magnetic
gap, and a sound wave responsive ribbon element
so arranged in each of said gaps that the respec-
tive lines of maximum sensitivity of the plurality
of electro-acoustic means thus provided are sepa-
rated angularly. ) )

14, A microphone device comprising a mag-
netic system having a center pole member, a
plurality of symmetrically disposed radially ex-
tending pole members each of which is spaced
from said center pole member to provide a mag-
netic gap, and a sound wave responsive ribbon -
element so arranged in each of said gaps that the
respective lines of maximum sensitivity of the
plurality of electro-acoustic means thus provided
extend at right angles to one another.

15. A microphone device comprising-a common
magnetic pole member, four pole members sym-
metrically arranged about said common pole
member to form four magnetic gaps, a sound
wave responsive ribbon element in each of said
four gaps to form four electro-acoustic means,
the said four ribbon elements being in lateral
alinement and symmetrically disposed about the
axis of the common pole member, whereby the
respective lines of maximum sensitivity of two
of the electro-acoustic means are parallel but at
right angles with respect to the corresponding
lines of the other two electro-acoustic means.

16. A microphone system comprising a micro-
phone device having a magnetic system with at
least two magnetic gaps, a sound wdve responsive .
ribbon element in each of said gaps, said ribbon
elements being arranged side by side in a man-
ner .such that the respective lines of maximum
sensitivity of the plurality of “electro-acoustic

“means thus provided are separated angularly, a
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said ribbon elements being arranged side by side

separate valve amplifying device for each of said
electro-acoustic means, and a common load im-
pedance provided for said valve devices.

17. A microphone system as recited in claim
16, in combination with means for adjusting the
phase and amplitude of the voltage impressed
upon one valve amplifier device independently of
the phase and amplitude of the voltage impressed-
upon another valve amplifying device. :
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