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3.356,917
DYNAMIC CAPACITOR HAVING A PERIPHERAL-
LY DRIVEN ELEMENT AND SYSTEM INCOR-
PORATING THE SAME
Carmi S. Goldstein, Los Angeles, Calif., assignor to Kine-
logic Corporation, a corporatinn of California
Filed July 16, 1965, Ser. No. 472,643
10 Clmns. (CL 317245)" ‘

The invention described herein was made in the per-
formance of work under a NASA coniract and is.subject
to tlhie provisions of Section. 305 of the National Aero-
nautics and Space Act of 1958, Pubhc Law 85-568 (72
Stat, 435; 42 U.S.C. 2457).

The present invention relates to a caaacntor in which
one plate or elecirode element thereof is vibratable to
achieve a variation in capacitance.

Briefly, as disclosed herein, the capacitor includes two
spaced stationary elements each gererally in the form of
a ring having their plaues extending generally parallel
and a third element in the form of a disc tetween the
two staticnary elements, this third element being sup-
torted at its center and being in the form of a thin dia-
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phragm which is vibrated at its inherent mechanical -

resonant frequency to achieve a corresponding variatioa
in capacitance betwezn ope of the smumary elenems and
the vibrating diaphragm.

It is thercfore a general object of the present inven-

. fion to provide.a novel capa:x!or construction havmg the

above indicated features.

A specific object of the present mvention is to provide
a novel capacitor construction which includes a capaci-
tance deiermimning element vibrated at its mechanical
resonant frequency to achieve a.corresponding variation
in capacitance.

Ancthzr specific object of the prescng»invemion is to

provide a novel capacitor construction~of this character

featured by its assembly which results in it ‘being-simple,
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FIG. 3 illustrates a system using the capacitor shown
in FIG. 2. .
The d)nam.c capacitor, as represented in FIG. 1, in-

cludes a pair of staticnary capacitor plates or electrodes
10, 11 (referred to later 2s anvils) between which a third -
flexible plate or electrode in the form of a center sup-
ported diaphrazm 12 is disposed, the plate 12 being illus-"
trated as being grounded and the other electrodes 10; 11
being connected to terminais A and C, respectively. A
cougpling capacitor 14 is connected between plate 19 and
terminal B.

In use of the dynamic capacitor, a small voltage from
input signal source 15 may be applied to terminal A, and
an A:C. drive voltage having a frequency commensurate
with the mechanical resonant frequency of the diaphragm
12 in series with a D.C. polarizing voltage may be applied
from source 16 to ierminal C. The resulting mechanical
vibraiion of the membrane illustrated by dolted lines in

FIG. 1 causes tl:e input signal voltage to be amplitude

modulated at the vibrational frequency of diaphragm 12.
This variaiion in input signal is applisd through coupling

capacitor 34 to, for cxamp!e, the input circuit of an A.C.

elecirometer ar\pl fier 18 bhaving its output circuit cou-
pling to a utilization fireans 20.

Referring now 1o the detailed construction of the dy-
_namic capacitor shown in F1G. 2 wherein elements of the

. gapacitor are within a vacvum-se2led. housing, the elec-

trcde, plate or anvil 11 is generally in the form of a ring

- of stainiess steel which is stationarily and insulatedly
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efficient with low power consumption, compact, rugged -

and stable under varying temperature conditions wilh
respect 1o both conversicn efficiency and frequency sta-
bility.

Ancther <pecxﬁc object of the ‘Present invention is to

" provide a capacitor of this character in which the dia-

phragin vibrates at a relatively high frequency in, for ex-

. ample, the region of 4000 1o 5000 cycles per second.

* Anothker specific object of thc present invention is to
provide a capzacitor which is particularly useful in pro-
ducing a modulation in clectrometer tvpe circuits where-
in small D.C. currents in the order of 10-1! to 10-15
amperes arc to be accurately measured and thus may, for
example, be used in analytical and control devices such
as gas chromatographs, pH (acidity and alkalinity) meas-
urements and radiation measuring devices.

The features of the present invention which are believed
10 be novel are set forth with particularity in the appended
claims. This invention itself, both as to its organization
and manner of operation, together with further objects
and advantages thereof, may be best understood by ref-
erence to the following description taken in connection
with the accompanying drawings, in which:

FIG. 1 illustrates in schematic form a dynamic capaci-
tor and circuit conncctions thereto in accordance with
features of the present invention.

FIG. 2 is generally a sectional view through a dynamic |
capacitor embodying the present invention.
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surported on a lower generally cup-shaped housing mem-
ber 20 using three equally circumferentially spaced sup-
porting pins, one of which (typical of the other two)
sesiingly extends through.an insulating bead 21, and in
1his case, prolonged to provide the terminal C

. The electrode, plate or anvil 10, sencrally in the form
of a centrally apertured disc of stainless steel, is- sta~
tionarily mounied on an upper generally cup-shaped hous-
ing member 22 using a plurality of screws 24 which secure
anvil 18 to the lower flanged end of a center support pin
26, the pin 26 extending sealingly through insulating bead
28 and being proloneed to provide the terminal AL

- The plate, electrode, diaphragm or membrane 12 in
the form of a thin flexible disc of a malerial known

‘as Ni Span C is centrally apertured for securing the

central portion thereof to the lower hcousing member
20, using a clamping screw 32 whieh is threaded in
member 20, the screw 32 being prolonged and having
the terminal or wire lead G secured thereto as, for ex-
ample, by a2 wcid or soldering material 34 which has
the additionzal functions of provxdmg a seal at the lower
end of screw 32 and grounding the lead G to the
housing.

A coupling plate, electrode or anvil 36 also, like anvil
11, is generally in the form of a ring of stainless steel
and is stationarily secured in like manner using, in this
case, four equally circumferentially spaced supporting
pins 38, two of which are shown sealingly extending
through insulating beads 40 in housing member 22, with
one of such pins 38 being prolonged to provide the
terminal B.

A magnet 44 in the form of a cylinder sealingly extends
through an insulating bead 46 in housing 20, with its
upper end spaced from membrane 12 and with its lower
end mounting a base member 48 of stainless steel to
which a coil 50 is secured using for the latter purpose

.«

e s

¥ e

AN AR BB Y o i bt ST M L e A g AT SATIEM 7 76y nATI S A D s AN £ D L

SRTKE I REREGVITT AT SN HIABE LT W0 L e s N,




a

3,356,917

3

a stainless stes! supnert which includes a core 52 with-
in the coil and a retairing disc or cover member 54,
the elements 48, 52 and 54 being sccurcd as, for example,
by an epoxy cement.

The two cup-shaped housing members 20, 22, each
of stainless steel, are secured ogether with a stainless
stec]l spacing washer jnterposed therebetween, «using six

equally circumferentiatly spaced screws 64 tach threaded

in the upper housing member 22.

The assembly described above is sealingly enclosed
within a thin wall stainless steel shield 66. which has
its upper and lower cylindrical ends’ welded at 68 and
70 to adjacent circumferential ends of housing members
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Tke A.C. drive voltage and D.C. polarizing voltage
may, for example, be 80 and 150 volts, respcc.wely.

Thus, when the saturating amplifier 72 is energized,
the diaphragm siarts and continues to vibrate and such
vibrations tesult in a change in magnetic flux in the
polarized magnetic circuit which includes the permanent
magnet 44 and the core 52 of coil 50. The change in
flux induces a voltage ia coil 50 which is applied. to
amplifier 70 in a positive feedback sense to sustain oscil-
lations of the diaphragm 12: The gain and phase con-
ditions in this feedback circuit may be controlled using

. conventional means.

22 and 20, respectively, to thereby provide a good electro- ~°

static shield for the capacitor elements. as well as to

provxde a sealed chamber for-the same which chamber’

is evacuated using an evacuation tube 74 extending from
shield 66, this tube 74 having its-lower end sealed off,
as shoun, after the chamber has been cvacuated.

1t will be seen from the foregoing description of F1G. 2
that the capacitor illustrated at 14 in FIG. 1 is defined

by the spaced anvils 10 and 36, and thus all' of the:

elements of the individual capacitors shown in FIG. 1
are included in the evacuated housing in FIG. 2.

The diaphragm 12, in’ a typical example, may have
a thickness of from 10 to 15 mils (.010” to .015") and
a dlancler in the range of one-half to thrce quarters
of an inch (¥4* to %) with a resulting- mechanical
resonant frequency of from <000 to 5000 cycles per

"second.

The forces which set the membrane or diaphragm
into vibration are electrostatic in nature. Using a spac-
ing between. drive amvil 11 and diaphragm 12 of from
one to two mils (.001” to .002”’), voltages of less than
100 volts A.C. applied between”grounded terminal G
and terminal C produce conversion efficiencies at the
signal anvil 10, of ten percent or more. It will be ob-
served in FIG. 2 that the signal anvil 10 is shaped with

-a spherical tapered face 10A .adjacent to the membrane

12, with the taper on such face extending generally ra-
dially cutwardly from the plane of the diaphragm so
that there is progressively a larger spacing betlween cle-
ments 10 and 12, with the spacing being largest at the
circumferéntial portion of anvil 10. This particular taper
on anvil 10 results in better output voltage waveform
than would otherwise te the case when the adjacent faces
of elements 10, 11 extend in parallel planes.

The structure involving the permarent magnet 43 and,
‘coil ‘50 may be used to provide a signal for a drive
oscillator in.a positive feedback network .as now de--

scribed in.connection with F1G. 3.
FIG. 3 illustrates one of the many uses for the dynamic
capacitor. The linear amplifier 70 has its input circuit

- coupled to the pickup coil 50 and its output circuit

coupled to a saturating amplifier 72 which is essentially
a free running multivibrator “tuned™ to run at a rate
less than the mechanical resonant frequency of mem-
brane 12. An output voltage from the amplifier 72 is
applied to terminal C to provide the drive for the dia-
phragm 12, the diaphragm being driven by the electro-
static forces developed between it and the drive anvil
11, it being noted that whenever a two plate capacitor
has a voltage applied between the two plates, one of the
plates is charged negatively and the other is charged
positively, and thus a force of attraction between the
plates is developed. In this instance, the flexible plate
or diaphragm 12 has an inherent mechanical resonant
frequency the same as the frequency of the A.C. sig-
nal applied to terminal C, and thus vibration of the

. diaphragm is sustained since a drive force is applied

in timed relationship to excursions of the peripheral por-
tion of the diaphragm. Vibration of the diaphragm 12 is
about a mean point established by the magnitude of a
pol'.mzmg vohage apphed to anvil 12,
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A rectifier and isolator means 76 is coupled to ampli-
fier 72 and supplies a polarized voltage to anvil 11 so

that both a D.C." voltage as well as an A.C. voltage is.

applied to anvil 11.

It will be appreciated that various means may be used
to apply both a polarizing and an A.C. dnve voltage
to the drive anvil t1.

The input signal whose value is to be determined or
is to be used for indication or control or other purposes
is illustrated as being developed in an input source 80
having one of its terminals grounded and the other one
of its terminals connected via resistance 82 to terminal
A. The vibrations of the diapbragm 12 ¢ause correspond-
inglv timed changes in the particular capacitor defined by
signal anvil 10 2nd vibrating diaphragm 12, with such
capacitor being chatged in greater amount the. smaller
the” spacing between these two elements. Consequently,
as aresult of 2 changm" charging current flowing lhrough
resistance 82, there is a corresponding variation in volt-

age at terminal A; and this variation in voltage in the

form of an amplitude modulation is applied through cou-
pling capacitor 14 (defined by aavils 10 and 36 in FIG.

2) to the terminal B connected to the amphﬁzr and vtiliz -

"ation means 18, 20.
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‘While the particular embodiments of the presem in-
vention have been shown and described, it will be obvi-
ous to those skilled in the art that changes and modifica-

tions may be made without departing from this invention

in its broader aspects and, therefore, the aim in the
appended claims is to cover all such changes and modifi-
cations as fall within the true spirit and .scope of this
invention.

I claim:

1. A dymamic capamtor comprising a_fisst statmnary

: glement, a second staticnary clement, a third element in
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the form of a diaphrzgm between said first and second
elements, said third slement being in the form of a {exi-
ble metallic disk stationarily supporied at its certer means
cooperating with the peripheral portior of said disk and
vibrating such peripheral portion at its inherent mechani-
cal resonant frequency to 2chieve a corresponding varia-
tion in capacitance between one-of said stationary ele-
ments and the vibrating diaphragm.

2. A capacitor as set forth in claim 1 in which said

first and second elements are each in the form of a ring.’

3. A capacitor as set forth in claim 1 in which said
elements are mounted in an evacuated chamber.

4. A capacitor as set forth in claim 1 in which said
third element vibrates at a frequency of 4000 to 5000
cycles per second.

5. A capacitor as set forth in claim 1 in which said
third element is at ground potential.

6. A system embodying a capacitor as set forth in claim
1 including an input signal source connected to one of
said elements, an AC voltage source having a frequency
commensurate with the. mechanical resonant frequency
of said third element connected to said sccond element
to drive the peripheral portion of said third element.

7. A system as set forth in claim 6 including utilization
means coupled 10 one of said elements.

8. A system as set forth in claim 6 including a pickup

coil coupled to said third c!emcm and utilization means
coupled to said coil.
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s 9. A capacitor as set forth in claim 3 in which said
chamber is defined by a meial structure that provides an
electrostatic shield. s
10. A system as set forth in claim € including means
polarizing said third element. )
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