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7.Claims.
1
This invention relates-to- electrical apparatus,
and-particularly to an improved form of electri--
cal transducer for the-conversion-of mechanical
energy: into-electrical:impulses; or-into variations.
in an electrical current;.

It is'a.principal object of the invention:to-pro- -

vide- &~ transducer- of: extremely: simple -and.eco-
nomical- construction;. yet: which: will: be- capable:
of‘providing a. relatively: large. electrical output
orwvariation in responseto mechanical movements
of a very'small order. Asisuch, the device is par=
ticularly well adapted- for-use-as a phonograph
pick-up or microphone: element; as the driving
power required is: very-small indeed,. so" that op-
eration: at. acoustical: frequencies: without: unde-
sirable: damping: of*thie-higher- frequencies is-fa-
cilitated.

Another-object: of - the:invention: is-to provide
a:transducer -of this- type- embodying ‘s sealed
container: of: a suitable gaseous: medium; for-ex-
ample one of:the noble gases:or a mixture: there-
of-withr other-gases, and which does not-depend
for its operation upon the existence of thermions:
within- the: envelope:: In other  words, as-com-
pared-with hot-cathode:types.of transducers; the
bresent- invention' requires' no+power- supply - for
the production: of> thermions; which: not only-in-
creases:its powerefficiéncy; but:-greatly ‘simplifies
the construction of apparatus, for example, sound-
reproducers; whichrare:driven by the-transducer.
Thus, the invention-provides-a- transducer- which:
iszcapable- of -replacing: existing types: for exam=--
ple of-the magnetic: or-piezo=electric-types,. with.
arminimum- of- redesign ‘or-reconstruction: of: the-
auxiliary apparatus. .

Still anether-object of -the-invention is ta -pro--
vide:such a-transducer-which: is.very.small and.
compact, and-which .may: readily. take.the. form.
of-a capsule-or cartridge that-may easily be.con-

nected. with- and.disconnected. from. its. auxiliary.

apparatus, so that replacement.is.facilitated.and.
made more.economical than is possible with_exist-
ing.types of transducer eartridges. .

A- further object of. the invention. is. to.provide
a.-transducer. of. the .above. type which. will be.
impervious. to climatic conditions such as high or.
low temperatures or humidities,.as compared with
existing. types, many. of which are permanently.
injured by exposure to conditions which_are com-~
mon.in -many. parts of .the world. The unit of
the present invention.is capable.of operation in-
dependently. of “humidity and. altitude, for ex-
ample, and insofar.as temperature, is .coneerned,
requires-merely. the. existence of .a, temperature,
greater than a certain minimum which may.
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2
be: extended: downward. alimost. indefinitely- by
the proper- selection: of the. gaseous:medium.and.
the:other: components-of .the-device.. ,
Still; a: further. object : of: the: invention: is. to.

> provide-a device:of this type whose output. char-

acteristic,. in-terms. of:amplitude: at various.fre-
quencies -of. energization, may. be. varied almost
without: limit: in. order to.provide. a. frequency
response:best suited-to-a. particular application;
or: for-use-with-:given- auxiliary- equipment..such
as reproducers; amplifiers.and.the.like..

An-additional:object-of.the-invention is to pro-
vide a: transducer:hawving. the: movable,. or. me~
chanically: driven;. portion:of.its.mass so-light.and
small-that-the inertia-of-this portion does:not op-
erate:torlimit- the.speed. of: response:te an.-appre~
ciable- extent,. within- audio: frequency- ranges.
Moreover; the:devices does:not require- for. its op~
eration: any-permanent-magnets.or. the like such
as-aresused inicertain-other:types: of transducers,
whereby-the: total. mass-of- the .whole element.or -
cartridge is:maintained.as small-as possible..

The:gbove-and- other-objects and: advantages
of:the:inventionzare obtained- by a: construction
whieliis: extremely -rugged: and: immune- to- me-
chanical shocks such as often occur in service
conditions,. and: yet- whicli: is: well adapted: to
large-scale-production:upon existing-machinery;
5o that:the cost per unit:may be-made:to compare
favorably: withr known: :devices:: intended- for- the:
same: purposes; but:which: are: incapable- of- the
performance: obtained: with: the present. unit..

The-invention:will: best-be understood: by: ref-
erence:to: the:following - detailed ' specification: of.
apreferred:embaodiment thereof; taken: in iconnec-
tion:witlr:the accompanying-drawings; in: which

Fig: 1.is7a side elevation:of-one form:of: the:in-
vention; as® embodied:inva phonograph pick-up.
cartridge;:

Fig: 2-is"a perspeetive view. of the:arrangement -
of:the:electrodes:within.the envelope of Fig:'1;.

Fig: 3:is'a-fragmentary sectionzl view: of a-pors )
tion-of‘Fig: I, illustrating the manner-of: sealing
thie:motion-transmitting-elément to:the envelops
in @ gas-tight manner;

Fig: 4 is-a schematic-view of a ‘possiblé: circuit
diagram-for the utilization of:the output:of ‘the
unit-of Figs. 1108,

Fig, 5is-a- similar-diagram: of’ another method
of utilizing the-output of'such a unit; and

Fig; 6" is 'still another diagram-of a' modified
form of.circuit for-the device. .

Thr the following:specification; tHe invention is
shown asembodied in a particular form of trans-
ducer - useful  as a’ phonograph" pick-up - or res
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producer cartridge, but it is to be understood
that the principles of the invention are in no
way limited to such application, and may be uti-
lized as well in microphones, vibrations or pres-
sure and motion pick-ups, stethophones or sim-
{lar devices, by the application of means well
known to the skilled worker in this general field.
Also, the disclosure of certain preferred circuits
for utilizing the output of the transducer is not
to be taken as a limitation on the circuits which
can be employed, since these also are capable of
wide variation without departing from the spirit
of the invention. All such changes and modifica-~
tions as come within the scope of the claims ap-
pended hereto, are deemed to be covered by this
application.

In general, the invention depends for its opera~
tion upon the fact that there exists a potential
gradient along any electrically ionized column
of gas, and hence that the potential of an elec-
trode lying in such a column may be varied by
moving the electrode along the column. It is, of
course, known that the conversion of mechanical
variations into electrical can be accomplished by
the movement of one or the other of the elec-
trodes of a hot-cathode type of vacuum tube,
most often the control grid of such a tube, but
all such proposals have been rendered imprac-
tical either by the complexity or instability of
the necessary electrode assembly, or by the ex-~
cessive cost of manufacture, or other factors. In
accordance with the present invention, the num-
ber of component parts of the transducer has
been reduced to a minimum, without sacrificing

any of the inherent sensitivity of such a device. ¢

Moreover, prior art hot-cathode types of trans-
ducers have always depended for their opera-
tion upon the control of the number of thermions
which reach a collector plate from a heated cath-
ode, which number is very far from being a simple
function of the position of the control grid. The
result has always been non-linearity of response,
and the output of such devices has therefore
been rich in harmonies and distortion of various
kinds, even with simple forms of mechanical mo-
tions. :

Referring now to the device shown in Figs. 1
to 3 of the drawings, numeral 10 designates gen-
erally a transducer element in the form of &
phonograph pick-up cartridge, by way of exaraple,
which may be mounted at the free end of any
well-known form of pick-up arm; said element
comprising an envelope {2 preferably formed of
glass within which is provided an atmosphere of
a suitable ionizable gas, neon being preferred, al-
though many other gases or mixtures thereof
could be used. The pressure of the gas, within
envelope 12, may be varied within wide limits
in accordance with the electrode construction and
the applied voltage, but a pressure within the
range of 15 to 30 millimeters of mercury has been
found to produce good results. At one end of the
envelope 12 its walls are sealed together in a
typical form of press {4 through which pass three
conductors 16, 18 and 20 (see Fig. 2) whose outer
ends may serve as contact pins for the connec-
tion of the device to the external circuit, and
whose inner ends constitute, or are electrically
connected with, the electrodes of the unit.

The material of which the conductors (6, 18
and 20 are formed is subject to wide variation,
the principal requirement being that it form &
gas-tight and structurally rugeed seal to the glass
of the envelope. Where the envelope is formed of
a soft glass of the composition of Corning G-1
or G-12, the conductors may desirably be formed
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4
of 3 special alloy known to the trade as “Sylvania
#4" 3 stainless steel alloy which may be sealed
hermetically to glass either by flame, radio-fre-
quency heating or by other methods. Alterna-
tively, such metals as “Kovar,” “Fernico” or the
like may be employed.

Tn the construction shown in Figs, 1 to 3, the
three conductors 6, 18 and 20 lie in substantial-
1y the same horizontal plane throughout most of
their length, and are supported within envelope
12 by a supporting plate 22 of mica or other suit-
able insulating material, beyond which the con-
ductors diverge in a manner to be described below.
That end of envelope 12 opposite to the press 14
may be provided with a sealed-off tip 24 resulting
from the evacuation and filling of the envelope in
a manner so well known in the vacuum tube art
that it need not be here described. As best shown
in Fig. 3, the under surface of envelope 12, ad-
jacent the electrode end thereof, is provided with
an aperture 26 surrounded by an external lip or
ring 28 to which is secured a cup 30 which may
be of the same material as conductors 16 to 20
and sealed to the envelope by the application of
heat. The bottom surface of cup 30, which is
designated by numeral 32, is preferably annular-
1y corrugated to increase its flexibility, and con-
stitutes a diaphragm through which is passed a
metallic movable-electrode control rod 34, the
Jatter being welded or soldered to the diaphragm
32 in any desired gas-tight manner. Rod 34 is
here shown for simplicity as terminating in a
stylus point 36, buf it may equally well be pro-
vided with a socket to receive a separate needle
or stylus as is well known in the pick-up art. In
order to provide a controlled degree of damp-
ing of the motion of rod 34 in response to me-
chanical motions or vibrations of its stylus end 35,
a layer 38 of vinyl plastic or similar resilient ma~
terial having a suitable damping coefficient is
secured as by cementing to the under side of di-
aphragm 32, and apertured so as to pass around
the rod 34.

Support plate 22, as best shown in Fig. 2, may
have peripheral cut-outs 22°, and the holes which
pass the conductors 16 to 20 may be intersected
by slots 23 to provide free passage of ionized
(luminous) gas throughout the length of the en-
velope 12.

The thickness of the material constituting cup
30, and particularly the thickness of that por-
tion thereof forming the diaphragm 32, is made
as small as possible consistent with adeauate
mechanical strength, and may be of the order of
001 to .003 inch, in order to provide a2 minimum
of inertia and hence an extended upper fre-
quency-response characteristic. Such a thick-
ness has been found suitable for a device intend-
ed as a phonograph pick-up, but obviously the
figures given may be varied to suit other require-
ments or applications.

Referring now particularly to Fig. 2, the con-
ductor 16 is shown as terminating at its inner end
in a portion turned to approach the center-line
of the central conductor 18, and has secured to
such in-turned portion an electrode plate 48 con-.
stituting the cathode of the electrode system.
Conductor 20 terminates at its inner end in a
portion 42 also deflected toward the center-line of
conductor 8, and a terminal portion 44 lying
parallel to the diagonal of plate 40 but spaced
therefrom by a distance which may be of the
order of .030 to .060 inch, this terminal portion
44 constituting the anode of the device. Between
these terminal portions of conductors {6 and 20
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extends the upper-end of the rod- 34; substantlally
‘midway therebetween when the deviee is at
rest. Central conductor 18 is deflected down~
ward from its-center-line-as at 46, and is soldered,
welded, or otherwise secured to-an edge portion of
diaphragm 32, or to the inner wall of cup 30
below ring 28, Thus, conductor 18 iy in elec-
trical connection ‘with the movable or control
electrode constituted by the upper end of rod 34,
which rod also constitutes means for varying the
position of the movable electrode along the path
between electrodes-40 and 44.

It will be observed that the peint on rod 34 at
which it is connected to the flexible diaphragm 32
Is'only about one third or one fourth of the dis-
tance along rod 34 from its lower end. In this
way, a mechanical amplification of the order of
three or four times is obtained as regards the
relative movements of the electrode end of the
tod and the movements of its stylus end 36.
Compared to the ﬁex1b111ty of the corrugated:dia~
bhragm 382, rod 34 is of course relatively rigid, 6
that its upper or electrode end faithfully executes
movements proportiorial to the extent to which
its lower end 36 is driven, as by the'sound groove
of a phonograph record or the like. _

The actual operation of the device will'be mdde
clear by an inspection of Fig. 4, which illustrates
a typical operating circuit connected to the de-
vice. In thisfigure, numeral 48 designates a bat-
tery or other suitable source-of direct or ‘high-
frequency alternating current of sufficient-volt-
age to produce ionization, .and preferably, a glow
discharge, between the anode 44 and cathode 40.
Suitable D. C. voltages may range from 100 to 250
volts for a unit of dimensions such as earlier de-
scribed, 'and alternating voltages of 70 to 250
volts may be used, depending upon the particular
gaseous medium being employed. One side of
this current source, herein the negative side, is
also connected to the cathode of any suitable
form of amplifier tube 50. The movable electrode
(rod 34) is connected through a blocking con-
denser 52 to the grid of the tube 50. Hence, as
the electrode 34 moves back and forth along the
botential path represented by the discharge be-
tween the outer electrodes 40 and 44, the poten-
tial of electrode 34 and of the vacuum tube grid
will be varied accordingly, and the output of the
amplifier will be varied in accordance with the
mechanical motion of the stylus end 36. A grid
resistor 54 may connect the grid of tube 50 with
the cathode in a known manner, but it is to be un-
derstood that the variations in the potential of
the movable electrode may be utilized in any de-
sired manner without departmg from the spirit
of the invention,

It will be clear from the above that the output
of the device is primarily sensitive only to move-
ment of the electrode 34 in a direction to and
from the fixed electrodes, and only to an insignifi-
cant degree to motions thereof in a vertical di-
rection, or in a direction perpendicular to the-
discharge path. This is a desirable feature, since
in reproducing a laterally cut phonograph record,
for example, it is undesirable that the pick-up de-
vice be affected by merely incidental vertical
modulation of the groove depth. On the other
hand, the transducer of this design can readily
be made sensitive to movements in any desired
direction, merely by supplying a suitable mechan-
ical linkage to the outer end of the rod 34.

As shown by way of further example in PFig. 5,
the output of the transducer may also be utilized
direefly, without amplification, where the power
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output required is not'excessive. ' As there shown,
the fixed electrodes 40 and 44 are connected to
the opposite ends of the coil of any desired ‘type
of sound reproducer, or to sn impedance-match-
ing transfermer-connected thereto, and the mov=
able electrode 34 may be connected through: bat-
tery 48 or other source of potential to the mid-
point of the eoil or ‘transformer primary. ‘In
Fig. 6, a-balanced bridge type of circuit is shown
the transducer 8, battery 48 and a center-tapped
resistor being connected in parallel, and the mov-
able electrode 34 and the center-tap being con-
nected respectively to the cathode ‘and control
grid of the amplifier tube 50. “Many other: possi-
bilities-in the way of circuits will suggest them-
selves to those skilled in electronies.

‘It will ‘have besn noticed that the envelope 12
has ‘been referred to above as formed of glass;
while it could equally well be made of g metal,
as-by the utilization of known techniques-for the
fabrication of vacuum tubes, there is a consid-
erable advantage in the use of a transparent
material. When the device is in operation, and
using ‘a. gaseous atmosphere such as neon or the
mixture of gases known commercially as B-10,
the glow:discharge is, of course, visible, -and pro-
vides a visual indication that the devme is in.op-
erative condition. Thus, the unit is.in a meas-
ure self<testing, since :the presence .or absence
of the-glow when the. device is energized to some
extent indicates whether the envelope has been
damaged or ‘has developed ‘leaks, and whether
energizing potential is' being received at the
device. ‘Moreover, the glow discharge serves the
funection of a pilot-or indicator light for the en-
ergization circuit, and. greatly-contributes to-the
aesthetic appearance of the unit and its asso-
ciated equipment.

The current flow through the transducer un-
der the conditions of operation stated above as
exemplary only, may range from 0.5 to as much
as 15 milliamperes, and of course much larger
current flows could be obtained by suitable de-
sign of the electrode areas and spacing. Useful
output voltages ranging from 0.1 to 1.0 volt have
been obtained under actual .operating conditions,
which compares favorably with existing types of -
transducers operating on dynamic or piezo-elec-
tric principles.

It will be seen from the above description that
there has been provided a transducer element of
perfectly general application, in that any sort of
motion-transmitting connection can be coupled
to the movable electrode exteriorly of the en-
velope 12, so that the device can be used not only
for microphones, phono pick-ups and similar
audio frequency appliances, but can be operated
by much slower impulses, such as might be pro-
duced by gauges, indicators or the like. In this
connection,-it is to be noted that the potential
output of the device depends upon the position of
the movable electrode with respect to the fixed
electrodes, and not upon the existence of a cer-
tain velocity of travel of the movable element.
Moreover, since the potential drop across the
ionized column of gas is substantially independ-
ent of the supply voltage, the output is relatively
stable with reference to minor variations in the
supply.

While there have been disclosed herein certain
preferred details of an exemplary embodiment
of the invention, and the best method known for
practicing the same, it is to be understood that )
many changes and modifications may be made in
the device itself, and in its application, without
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departing from the spirit of the invention as de-
fined in the following claims.

I claim:

1. A transducer for converting mechanical
movements into electrical variations, compris-
ing a sealed envelope, an ionizable gas in said
envelope, electrodes in said envelope for estab-
lishing a potential gradient therebetween suffi-
cient to ionize said gas, a potential sensing elec-
trode mounted in said envelope for movement
along the path of said gradient, and a single
electrically conductive support element mount-
ing said last named electrode and extending
through said envelope for conducting the poten-
tial of said electrode to an external circuit.

2. In combination, a transducer for convert-
ing mechanical movements into electrical vari-
ations, comprising a sealed envelope containing
an ionizable gas, a pair of fixed electrodes in said
envelope, a movable electrode located between
said fixed electrodes, an electrically conductive
connecting element extending outside said en-
velope for moving said movable electrode with re-
spect to said fixed electrodes, a source of ionizing
potential connected across said fixed electrodes,
and an output utilization circuit connected to
said movable electrodes and at least one of said
fixed electrodes.

3. A transducer for converting mechanical
energy to electrical energy, comprising an elon-
gated sealed envelope containing an ionizable
gas, conductors passing lengthwise of said en-
velope and having their inner ends deflected
towards one another to provide fixed electrodes
for ionizing a column of gas therebetween, an
aperture in a lateral wall of said envelope op-
posite to the inner ends of said conductors, &
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flexible diaphragm sealed to said envelope aboub
the said aperture, and a rigid conducting element
passing through said diaphragm and sealed
thereto, said element extending to a point be-
tween the deflected ends of said conductors.

4. The invention in accordance with claim 3,
and a support member fitted within the profile
of said envelope and supporting said conductors
in spaced relationship.

5. The invenftion in accordance with claim 4,
in which said support member has cut-out por-
tions to provide free passage along said envelope
for said ionizable gas.

6. The invention in accordance with claim 3,
in which said diaphragm is of metal, and a con-
ductor secured to the inner surface of a periph-
eral portion thereof and passing out of said
envelope.

7. A transducer for converting mechanical
energy to electrical energy, comprising an en-
velope containing an ionizable gas, means for
maintaining an are in said ionizable gas, a mov-
able electrode in the path of said arc, and means
extending outside szid envelope and connected
to said movable electrode for receiving mechani-
cal energy to vary the position of said movable
electrode.

PAUL F. STILL.
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