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This invention relates to acoustic diaphragms
and more particularly to such diaphragms for
ribbon-type microphones.

Microphones of this type comprise, in general,
a thin metal, elongated or ribbon diaphragm sup-
ported at or adjacent its ends and immersed in
a magnetic field the lines of force of which are
transverse with respect to the diaphragm and
substantially parallel to the faces thereof. In

Presently known constructions, the diaphragm

may be flat or transversely corrugated substan-
tially throughout its length. In response -to
sound waves effective upon one or both faces
thereof, the diaphragm vibrates in the magnetic
fleld whereby potential variations respresentative
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of the sound waves are developed between spaced

points on the diaphragm, specifically between the
ends thereof.

In devices of presently known construction, the
relationship between diaphragm vibration and
developed  potential, or the frequency response
characteristic, is irregular. Specifically, in de-
vices including diaphragms of the forms above
mentioned, the response is quite non-uniform over
a range of frequencies at the lower end of the
operating range so that distortion or unfaithful
translation of the suond waves results.

One general object of this invention is to im-
prove the frequency response characteristic of
acoustic devices, such as microphones, including
ribbon-type diaphragms, whereby high fidelity
translation of sound waves into electrical signals
may be realized.

It has been determined that distortion such as
mentioned heretofore is definitely assoclated with

the manner in which the elongated or ribbon

diaphragm vibrates in response to sound waves
effective thereon. -Specifically, such a diaphragm
flat or transversely corrugated substantially
throughout its length, vibrates in several different
modes in addition to its fundamental mode. For
the latter, the diaphragm vibrates generally as
one section with maximum displacement mid-
way between its ends. In the third mode, which
occurs at a frequency sbout triple that of the
fundamental, the intermediate portion of the
diaphragm vibrates out of phase, substantially
180 degrees, with the two end sections. The
combination of resonance and cancellation effects
results in marked irregularities in the response
particularly in the range of several hundred cycles
ahove the fundamental frequency. In general,
because of the low mass of the diaphragm, the
resonance frequency is low, for example of the
order of 50 cycles. The third mode vibration, to-
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gether with the fundamental resonance, results
in substantial distortion in the range between
about 100 and 500 cycles in typical devices.

In accordance with one feature of this inven-
tion, the diaphragm is constructed to substan-.
tially suppress spurious vibration and especlally
vibration in the third mode.

In one specific construction illustrative of this
invention, a diaphragm comprises a thin metallic
ribbon supported at its ends and having one end
portion corrugated transversely to increase its.
flexibility, the opposite end portion formed to in-.
crease its mass and stiffiness and an intermediate:
or central planar portion. )

The invention and the above-noted and other‘-
features thereof will be understood more clearly
and fully fronmi the following detailed deseription:
with reference to the accompanying drawing in;
which:

Fig. 1 is a face view of the magnet and dia-.
phragm assembly in a ribbon-type microphone
illustrative of one embodiment of this invention;

Fig. 2 is a side view, partly in section, of a dia-
phragm constructed in accordance with this in-
vention, and illustrating the manner of support-‘
ing the diaphragm;

Figs. 3, 4 and 5 illustrate several steps involved:
in the formation of a diaphragm such as illus-.
trated in Fig. 2; and

Fig. 6 is a graph illustrating the improvement:
in response effected by diaphragms constructed in
accordance with this invention.

Referring now to the drawing, the microphone
unit assembly illustrated in Figs. 1 and 2 com-.
prises a pair of similar, horseshoe permanent
magnets 10 and (i having their like poles in op-
posed relation and connected by U-shaped . pole-
pleces 12 and 13 affixed thereto as by screws 4.
The base faces of the two pole-pieces are plane
and parallel and define an elongated magnetic
gap in which the diaphragm is suspended. :

The diaphragm is in the form of 2 metallic
ribbon and, as shown clearly in Fig. 2, comprises
a planar intermediate portion 15, a transversely
corrugated portion 16 at one end and a double
thickness portion (7 at the other end. One end
of the ribbon diaphragm is clamped between a
pair of metallic bars or blocks 18 secured together
by screws 19 and affixed to the pole-pieces by
screws 20. 'The other end of the diaphragm is
clamped between a metallic block 21 and a termi-
nal 22, the terminal and diaphragm being in-
sulated from the block 21 by an insulating strip
23. The block 2f is affixed to the pole-pieces by
screws 24 and the terminal 22 is secured to this
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block by screws 25. Electrical éontiéction to op-
posite ends of the diaphragm may be established
by leading~in conductors, not shown, connected
to the block 21 and terminal 22.

The diaphragm may be fabricated in one way
as illustrated in Figs. 3, 4 and 5. Specifically,
a thin metal strip, for example of 0.00017 inch
by 0.187 inheh pure aliminum, is. pebbled as by
pressing it beétweéen two sheéts of sandpaper.
Next, as illustrated in Fig. 4, a series of trans-

verse corrugations are formed in the strip if

10.

a region near one end thereof. Then; as illuss

trated in Fig. 5, the other end portion of the
strip is folded upon itself, diid the end of the
folded section is secured to the body of the stnp,
as by a suitable cement indicated dt 26 in Fig.

5. The ribbon is mounted betwéen the supports -

18 and 21, 22, tensioned to produce a prescribed .

resonance frequency therefor, for example of 50
cycles per second, and the-excess portlons beyond
the Stpports cut away:

- I & specific ‘construction; the intermediate’

portioni- {5 mdy be S -inch in length, the- cor=
rugated ‘portion 16 may be 5% inch long: aiid the
unclamped part of the double: thickviess  portiot:
T may Be % inch long.

It will be appreciated that the completed

diaphragm- eémprises three distinét: sections- of
different mass and stiffriéss per unit 18AgtH.
Specifically, the seetion 171 has the grestest mass
and stifffiess, the sections 15 and’ {5 have ghout
the same mass; and the section 18- has the lowest
stiffness: - THus; eonisidered as g vibiatory sys-
tem, the composite strip tends to Have thifee dif-
ferént and relatively minor resofiances wheréas
o-Stiip of unifefiy mass afd stiffnass throughoit
has & sitigle provouriced resongnce and;. 4§ has

been:poifited dut herstofore; for vibration.in. the
third mode involves out of phase effects with-

cotisequient” degradation of: the . response ehar-
geteristic. Becatse of its comstruction, the eom=

posite digphragnm. suppresses spurious vibrations:

atid particularly vibration in the third mode:
Theé' improvement i response realized: with

diaphragms: constiucted in.zecordince with this

invention will be appreciated fron: & considera=
tiori:of Fig. 6. Inthis figure, curve A depicts the
response: of g mierophone including a- ribbon.
diaphragm corrugated transversely over substdn=

tially itsrentire length. The pronounced irregii- 5

lgrities..in-the ranger between about 58 and 900

cycles are clearly evident. Curve.B portrays the.

response: of .the sante microphone but including
a~.diaphragm of tlie construction illustrated in
Fig. 2. and described hereinabove. Particularly

tobe:noted are the: relative smoothness of the
response over-the frequency range wherein: curve:
The falling off of .the.
response: indicated in curve B in this range can
be-compensated for-.easily by design of ‘the-elee-

A’ is -decidedly ‘irregular.

trical circuit-into-which the microphone-operates;
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611 said - stiip
- eSS of a Porticr 4djacent the other end there-
‘of, and means mountmg said diaphragm at. its
. ends;. ’

4
thereby to obtain a uniform response ovér this
range and consequently over the entire operating
range of the device.

Although a specific embodiment of this inven-
tion has been shown and described, it will be
understood that it is but illustrative and that
various modifications may be made therein with-
out departing. from the SCope and spmt of this
inveiition.

What is claimed is:

1. An acoustic diaphragm comprising a thin
metal strip- having' a transversely corrugated
flexible portion adjacent one end thereof, means
or iticreasing the mass and stiff-

2. A.ribbon d1aphragm having a transversely
coifugated flexible portion adjacent one end
thereof, a stiffened portion adjacent the other
end: tHereof: sid an mtermedlate planar pomon

and mesns mounting said d1aphragm af its ends -
3. A ribbon diaphragmi having 4 flexible: seé-

tioti-at one eid theréof; an intermeédiste seetion
and & seétioh at the other end: of gréater ‘thass

and stifftiess per uit; letigth - thati said ﬂexﬂole‘
ahd intermedidte sections, 4nd sippeort: means-

engaging said didphragm at its énds.

4. A ribbon- diaphragm- comprising & metallic
strip having &-portion adjacent one end’ therest
trénsversely corrugated and 4 séeotid strip over~

lying diid secured to 4 portion of sdid first strip

ddjdcent thé other’ end thereof, and means=

‘ mounting said: dlaphragm at-its ends:
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diate - Portiofi of single thick-

riess, 4 trahsversely: corrugsted. Hexible DoFtion:

at one end and a double thickness. -portion 4t
the other énd, and. means mountlng said: éha-
phragih a4 it§ ends.-

6. -A: diaphiaghi in- accordaneé With clain 5
whéréin the levigths of said 1ntérmedla,te, flexible:
and doublé: thickness portions. are: ifn the' ratis:

of substa‘ntially 5¢516 tespectively.
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