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This invention relates to electrostatic appa- .

ratus and more particularly to circuits embody-
ing electrostatic generating devices. The inven-
tion relates more especially to means for reduc-
ing the flow of current from electrostatic gen-
erators when the latter are used in combination
with amplifiers. Specifically, it relates to ampli-
fier circuits of particular design used in combi-
nation with electrosta.tic ‘signal generating de-
vices.

Electromechanical transducers such as micro-
phones, phonograph pickups and vibration: pick-
ups employing the . electrostatic” ‘principle of

principle an interchange of "mechanical energy
to electrical energy may . take place through the
medium of a piezoelectric body or, alternatively,
of an eléctrostatic field which may be supplied
by an external polarizing source or by an elec-
tret. Such electrostatic -generators are com-.
monly used in combination with vacuum tube
amplifiers. However, difficulties -are often en-
countered with such combinations in obtaining

‘ satisfactory low-frequency response because the

internal . impedance of electrostatic generators:

of the type mentioned is predominantly capaci-
tive while the input impedance of the usual am-
plifiers is generally resistive. The impedance-of
the electrostatic generating device may be low
enough over a wide range of frequencies so that
the major part of the generated voltage is ap-

- plied to the input of the amplifier. At frequen-

cies below this range, however, the capacitive

impedance becomes relatively very high and a -

-large part of the signal voltage is then developed

N

across the internal impedance of the generator
and very little is applied to the amplifier. In
other words, the combination exhibits an unde-
sired low-frequency cutoff. In many cases it is
difficult to, avoid having the cutoff within the

-frequency range which the combination should

accommoda‘e This is because the grid resist-

¢e of the amplifier must be increased to many
megohrﬁs if the cutoff is to be avoided and be-
cause¢ most amplifiers become unstable or dis-

.play other undesirable effects when the input

grid resistance is so increased. This difficulty
has been encountered in the design of high out-
put, sound-cell microphones when a plurality
of sound-cells of the type .disclosed in.Sawyer
Patent No. 2,105,010 and Williams Patent No..
2,12¢,438, are connected in series to obtain in-

. creased output. The series connection results in

a small capacity for the microphone and thus

requires an excessiv‘ely high amplifier input re- 55
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. sistance for satisfactory low-frequency response,
To avoid this situation and to permit the use
of grid resistance of moderate size, it has been
necessary in the past to connect in parallel a
plurality of such series-connected groups of cells.
Such construction is expensive and bulky, and
introduces acoustical errors which arise from the
large size of the assembly. As will be under-
,stood from the subsequent explanation, this in-

10 ventlon largely avoids such difficulties. A simi-

lar problem has been encountered in the past .
in the design of condenser microphones since the

capacity of such a microphone is relatively low.

In order'to place the cutoff at a sufficlently low

frequency, it has been necessary to use exces-

sively large grid and pola.rizing circuit resist-

ances. Likewise, the problem has been encoun-
“tered in devices such as the plezoelectric pres-

sure .measuring instrument disclosed in”Grav-
ley Patent No. 2,207,439, and Schrader Patent

No. 2,096,826, where the device is required to

operate at very low frequencles. - -

It is an object of this invention to extend the
frequency response range of electrostatic gen-
erator-amplifier combinations to lower frequen~
cles than Have heretofore been readily obtain-
able.

It is another object to provide an ampliﬁer
circuit which has less loading effect on electro-
static generating devices than conventional am-
plifiers.

It is another object to provide & vacuum: tube
coupling circuit for coupling a high impedance
generating device to a relatlvely low 1mpedance -
35 load circuit. -

It is a further object; to provide a.mpliﬂer cir-
cuits of the type described which are particu-
larly suitable for use in combination with plezo-
electric signal generating 'devices, the-circiilts

40 being characterized by the fact that they apply
. no biasing potential to the piezoelectric device.

It is still’ another objéct to ‘combine” & con-
denser microphone with an amplifier”cireuit ‘of
the type described which is particularly suitable

45 for use in combination therewith, tlie amplifier
circuit being characterized by the fact that it
uses & minimum number of elements.

Another object of this invention is to provide
a circuit which is especlally adapted for use in -
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.50 combination with' a pluralily of electrostatic

"generating devices connected in serles.
Other objects will be' apparent from the fol-
‘lowing description taken in conjunction with the
. accompanying drawings.
Figures 1, 2 and 3 lllustnte embodiments of
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the invention which permit over-neutralization,
complete neutralization, or under-neutralization
of signal current where the term neutralization
is understood to mean that condition of opera-
tion wherein no signal current flows from the
generator. In these figures,

Fig. 1 illustrates the invention in connection
with an otherwise conventional single-stage am-
plifier.

Fig. 2 illustrates the invention in connection
with a two-stage cascade amplifier supplying sig-
nal voltage to a potentiometer.

Fig. 3 illustrates the invention in connection
with a single-stage amplifier having inverse

3
feedback. i

Figures 4, 5, 6, 7, 8 and 9 illustrate embodi-
ments of the invention wherein one may cobtain
under-neutralization which approaches complete
neutralization. In these figures, )

Fig. 4 illustrates a modification of the inven-
tion which is particularly suited for use with a
piezoelectric or electret signal generator.

Fig. 5 illustrates a modification which is par-
ticularly suited for use with a condenser micro-
phone or a similar electrostatic signal generator.

Figures 6, 7 and 8 illustrate embodiments of
the invention wherein the application of direct-
current potentials to the signal generator is
avoided. ' .

Fig. 6 illustrates a modification wherein a
tapped battery is employed to avoid the sai
direct-current potential.

Fig., 7 illustrates a modification wherein the
direct-current potential is avoided by means of
a blocking network. )

Fig. 8 illustrates a modification wherein the
direct-current potential is avoided through the
use of a push-pull amplifier circuit.

Fig. 9 illustrates an embodiment of the inven-
tion analogous to that illustrated in Fig. 5 but
which substantially avoids the direct-current po-
tential which the latter applies to the signal gen-
erator. In this embodiment an additional am-
plifier stage is provided to supply the amplified
neutralizing signal voltage. :

Referring now to Fig. 1, a high impedance sig-
nal generating device, 1, as for example, 3 piezo-
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electric microphone, applies sighal voltage bhe- .

tween input terminals 2 and 3 of an amplifier
designated by the reference character 4.
amplifier comprises a vacuum tube 5, having
cathode 6, grid 1, and anode or plate 8. Input
terminal 2 is connected to the grid T and input
terminal 3 is connected to the cathode 6. Be-

tween the plate and cathode is connected a plate ;

The

supply battery 9 and the primary 10 of trans- .

formerl6, Battery {1 supplies bias potential for
the grid 7, the positive terminal being connected
to the cathode 6 and the negative terminal being
connected to the grid through transformer sec-
ondary 12 and grid resistance 3. When con-
nected as shown, the bias battery (I applies a
direct-current potential difference between the
generator terminals. Usually this will be too
small to harm a piezoelectric device but, if de-
sired, other bias arrangements may be used, some
of which are illustrated in some of the succeed-
ing figures of the drawings. Output from the
amplifier may be taken between terminals (4
and 15 connected to the transformer primary or
alternatively between terminals 14, 15’ connected
to the transformer secondary. )
When the various elements of this circuit are
adjusted to have a particular relationship de-
scribed below, the amplifier has very little or no
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resistive loading effect on the signal generator
1. That is, the amplifier draws little or no signal
current from the generator. The desired rela-
tionship is obtained by proportioning transformer
16 in relation to the characteristics of tube 5 so
that over the frequency range where high input -
resistance is required, the instantaneous signal
potential at terminal {4’ is substantially the
same as the instantaneous signal potential at
terminal 2. When this relationship is obtained,
little or no signal current flows from generator
i through resistance I3 because both ends of the
resistance have the same instantaneous signal
potentials. Since electrostatic generator | sup-
plies little or no current in this circuit, there is
little or no voltage drop across the internal im-
pedance of the generator; or stated in another
way, the effective input impedance of the am-
plifier has been raised to a very high value,
The cutoff frequency Fe in a circuit consisting
of a generator having an interna] capacity C,
and a load resistance R is given by the expression

1

2+«CR

At frequency Fe the signal voltage across resist-
ance R is 70.7% of the generated voltage. When
utilizing the above described circuit, the effective
input resistance corresponds to R in the formula
and it will be observed that since this resistance
may be increased to a very large value, approach-
ing infinity, the cutoff frequency of the circuit
may be greatly lowered, approaching zéro. Usu-
ally leakage across the generator terminals will
prevent the attainment of a zero cutoff fre~
quency. Preferably the inductance of the pri-
mary of the transformer should be sufficiently
high to introduce little or no phase shift or rela-
tive attenuation down to thé lowest operating
frequency. If this condition is not obtained,
phase and amplitude correcting networks may be
introduced. If a phase shift is present, there
will be a difference of potential between opposite
ends of resistance 13 even though the voltage
drop across the secondary 12 of the transformer
is equal to the input voltage applied between
terminals 2 and 3. However, if the phase angle
is not too large, the said potential difference will
be smaller than the voltage that would be applied
across resistance (3 if the resistance were con-
nected in conventional manner between grid and
cathode and most of the benefits of the invention
will still be obtained. - In this connection it may
be observed that if there is a phase difference,
the effective input impedance of the amplifier
will have a reactive component as a result.

If the transformer (6 is so proportioned that
the signal voltage developed across the secondary
12 is greater than the signal voltage supplied
between terminals 2 and 3, the flow of current
through resistance {3 will be reversed with re-
spect to the flow obtained when resistance {3 is
connected directly in shunt with terminals 2 and
3, or with respect to the flow of current when the
voltage drop across the secondary of the trans-
former is less than the signal voltage applied
between terminals 2 and 3. Under this condition
the effective input impedance of the amplifier
will have a negative value and the amplifier will
tend to be unstable unless terminals 2 and 3
are shunted by a positive impedance of suitable
magnitude to make the combination positive.
This effect may be used to neutralize leakage
resistance across the terminals 2 and 3.

If a high input impedance is required at very

F.=
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. low frequencies, it may be impractical to con-
struct a suitable transformer 16. In this case it
may be desirable, for example, to obtain neutra-
lizing voltage of suitable output polarity by em-
ploying a two-stage resistance-coupled amplifier &
of the type shown in Fig. 2. In this circuit, elec-
trostatic generator I is connected via input ter-
minals 2 and 3 to grid 7 and cathode 6 of vac--
uum tube 8. A bias resistance 17 is provided in
the cathode circuit and it is by-passed by con- 10
denser 18. The output of tube § is resistance- -
" capacity coupled to the grid and cathode of the-
second stage of the amplifier in conventional
manner, The output of tube 19 is developed
across resistance 20 at output terminals 2{ and 15
22. The signal voltage developed between ter- -
minals 21 and 22 is, in general, in phase with but
larger in magnitude than the input signal voltage
applied via the terminals 2 and 3. An adjustable -
tap 23 is provided on resistance 20 and connected 20
to grid resiftance 13. When tap 28 is so adjusted
that the voltage drop between it and terminal 22
~ is substantially the same as the signal voltage
applied between terminals 2 and 8, there will be
substantially no flow of signal current through g5
resistance 13 because under these conditions both
ends of resistance {3 have the same instanta-
'-neous signal potentials.  Tap 23 may be adjusted
to vary the effective input impedance of the am-
plifier.  When it is placed at the lower end of re- 30
sistance 20, the input resistance of the amplifier
is equal to the magnitude of resistance 13. When
-the tap is raised to a point higher than the above
‘mentioned neutral tapping point, the input re-
. Sistance becomes negative.  If the various cou-’35
pling and by-passing condensers in the amplifier
are not sufficiently large they will introduce some '
phase shift which will: prevent complete cancel-
“latlon of current through resistance I3 and as «
result, the effective input Impedance of the sys- 40
tem will have a reactive component, However,
it is usually possible to maintain suitable phase
relations down to lower frequencies th hen
transformer coupling is employed. For most ap-
Dblications, complete neutralization of signal cur-" 45
rent is not necessary and the circuit as shown is
entirely satisfactory. However, if more complete
neutralization is desired at very low frequencies,
the amplifier may be changed to the direct cou-
pled type by omitting the coupling and by-pass- %o
ing condensers and introducing suitable biasing
batteries. When this is done, no low frequency
phase shift or-attenuation éan occur and sub-
stantially complete neutralization of input sig-
nal current may be obtained at all low frequen- g5
cies down to direct current. "

In Fig. 3 the invention has been embodied in -
an-inverse feedback ‘type amplifier. “In this cir-
cuit the electrostatic signal” generator I. is-con-
nected via terminals 2 and 3 to grid 7 and to en
the plate-cathode circuit at the plate side of the
plate-cathode impedance, This impedance con-
sists of primary (8 of transformer (8 together:
‘with whatever load impedance is connected
‘across output terminals I4 and 15 (or the re- as
flected value of the load if connected across ter-
minals i4’, 1§’). Thus the full output voltage
is fed back in opposition to the applied signal
voltage so that only a small signal is effective be-
tween grid and cathode. The action of such cir- 70

" cuits in reducing the effective, output impedance
and in reducing distortion is well known. -The.
bias circuit used in Fig. 3 is, however, unconven-
tional. Battery ff provides grid bias and is con-
nected between grid and cathode through re- ‘ »

)

- T and cathode 8. As

3
sistance I3 and transformer secondary 2. It
also applies direct current to the generator, as

~ in Fg. 1, and other biasing means may be used.

For example, a by-passed resistance in -the cath-
ode circuit, as in Pig. 2, would. be satisfactory..
The transformer {6 may be so designed that the
-signal voltage appearing across secondary 12 is
just equal to and substantially in phase with the
signal voltage applied between terminals 2 and 3.
There will then be no flow of signal current
through resistance i3 because both ends of that
resistance have the same instantaneous. signal
potentials.  If the voltage appearing across sec-
ondary i2 is greater, the effective input imped-
ance will be negative and if the voltage is slight-
1y’ less; the input impedance will have a high
positive value. A potentiometer could he pro-
vided to adjust the amount of secondary voltage
introduced in series with resistance I3, thereby
to adjust. the effective input impedance of the
amplifier. If desired, the output of the amplifier .

~miay be taken from secondary terminals i4’ and .

1%’ rather than from the primary terminals 14,
5. It will be observed that the circuit of Fig. 3
is substantially the same as the circuit of Fig. 1 .
except that inverse feedback is introduced into
the former by connecting terminal 3 to the out- .
put circuit at terminal 4 rather than directly
to cathode. , . . ,

'In the foregoing’ circuits the signal current
through the input circuit is reduced by introduc-
ing into ‘the grid bias circuit an output signal

‘which opposes the flow of signal current, and .
under some conditions this opposing effect may
be made complete so that substantially no sig-
nal current flows. In the modifications shown in
Pigs. 4 to 9 inclusive, although the input signal

- current is reduced, and the effective input im-
- pedance thereby increased, complete neutraliza-

tion of the input signal current is not achieved.
The reduction of signal current is accomplished.
by introducing an opposing output signal in se-
ries with the signal generator and the grid cath-
ode circuit. The grid resistance is so connected
in the cireuit that the signal voltage which is
applied to it is the difference between the gener-
ator terminal-voltage and the said opposing sig-
nal, with the result that only small signal cur- -
rent flows therethrough, - .
The modification illustrated in Pig. 4 is simi-
lar in some respects to that of Fig. 3 but the
'grid bias:path is connected directly between grid
[ pointed out in connection
with Fig. 3, the feedback voltage deyeloped &Cross
the plate-cathode impedance (the latter com-
prising primary 18 together with the load con-
nected across the output terminals) opposes the
signal voltage applied between terminals 2 and
3 so that only a small part of that signal voltage
is develdped between cathode 6 and grid 1. In
Fig. 4 the grid leak resistance (3 is connected .
between these points and thus-a correspondingly
small signal current flows through grid resist-
ance 13, and the effective input impedance is
correspondingly increased. It will be observed
'that in this modification the signal current can- -
not be reduced to zero since a small signal drop
across resistance 13 is necessary to actuate the
control grid of the tube. For this reason the
input resistance of the amplifier cannot be
raised to infinity as in the circuits of Figs. 1 to 3,
but yet may easily be increased to a value many
times greater than the value of resistance 13..
Under some conditions, the feedback voltage may
not be quite in phase with the grid cathode sig-
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nal voltage due to the action of the inductance
of primary 10, and if this is the case, the input
impedance of the amplifier will have a reactive
‘component. Output may be obtained from the
secondary 12 of the -transformer at terminals
14’, 15’; or across the primary (0 at terminals
14, 15, in which case the secondary could be
omltted :

To further explain the action of the circuit,
an expression for the effective input impedance
will now be derived, and typical values substi-
tuted to better-illustrate the advantage of the in-
vention. In the analysis some simplifying as-
sumptions will be made, i, e., that the effects of
tube, wiring and other stray capacitances are
negligible:- that the resistance of inductance 10
is negligible; that a negligible load is connected
across the output terminals (for example, the
grid circuit of a succeeding amplifier); and that
the grid cathode signal is sufficiently small that
linear operation of the tube is obtained. The
following notations will be used:

106

15

20

i =signal current supplied to amplifier through ‘

terminals 2, 3

e —signal voltage applied between - terminals 2
and 3 -

er=signal voltage developed across transformer
primary I0

ez=—net signal voltage applied between grid and
cathode

L —inductance of primary 10

R =resistance of grid leak resistor 13

u —amplification factor of tube

Rp=nlate resistance of tube

7 —input impedance of amplifier measured be-
tween terminals 2, 3.

From inspection of the circuit, four equations
may be written:

JoL
1 eL=Rep T T,
(2) g =¢€— GI;
(3) Z=%
(4) i=%§

The voltage eg is found by combining Equations

1 and 2:

[
®) N 7

1t T 5aL

The current i is found by combining Equations
4 and 5:

4

JolL
R<1+ I
The input impedance is found by combining
Equations 3 and 6:
w?l? uwLR,

[
) Z=7=R(1+“R2+wzu+ +w2L2)

It will be seen from Equation 7 that the input
impedance Z contains an inductive reactance
term. Also it will be noted that the resistance
component is a function of frequency, decreasing
as the frequency-decreases and also decreasing
as inductance L decreases, and therefore the
circuit is not suitable for use where high input
impedance is required at very low frequencies.

The amplifier circuit of Fig. 4 may be used
advantageously with a sound-cell microphone

® =
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which may consist of a group of cells connected
in series with a net internal capacity C of .0001
microfarad. If a cutoff frequency of approxi-
mately 48 cycles per second is desired

(we=2mX48=300)
it will be found that an input resistance of

1 1
R=m=3_0W10—_‘°=33'3 megohms

will be required. In a conventional amplifier the

grid leak resistance would thus have to be 33.3

megohms and this most likely would lead to in-

stability. A much smaller grid leak resistance

may be used in the circuits of this invention as

will now be illustrated in ¢onnection with Flg 4.
Typical values for Fig. 4 are:

Rp=10,000 chms
u =20
L =100 henries

Substituting these in Equation 7 we find, at 48
cycles (w=300):

Z=19R-LJ6R

For a cutoff frequency of 48 cycles, Z (if a puré
resistance) must be 33.3 megohms. Thus, neg-
lecting the reactive component J6R, we find

_7 33.3
19° 19
Thus with the circuit of Fig. 4, a relatively high
impedance microphone may be used with a prac-
tical value of grid leak resistance (i. e., only 1.75
megohms) whereas with conventional CerUItS an
excessively high value of grid leak resistance
would be required (33.3 megohms). The reac-
tive ecomponent of the input impedance (neg-
lected in above example) tends to neutralize the

R= megohms=1.75 megohms

. capacitive reactance of the microphone and ex~

40
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tend the cutoff to a lower frequency. A similar
analysis may be applied to the other circuits of
this invention.

In Fig. 5 the circuit of Fig. 4 has been modi-
fied by replacing primary ‘10 of transformer 16
with resistance 24, which may have a value in
the order ofA the resistance that would be used in
the plate-cathode circuit of a conventional am-
plifier using the same type of tube. Additional
resistance 25 is connected between cathode and
resistance 13 to provide grid bias for the tube. '
The operation of this circuit is substantially
the same as that of Fig. 4 except that it does
not have the reactive input impedance or the
low .{requency limitation imposed by the in-
ductance 10 in Fig. 4 since no inductances are
involved in the plate-cathode circuit. The direct
current voltage-drop across the resistance 24 is
applied to the terminals of the signal generating
device . This circuit is especially advantageous
when used with signal generators of the con-
denser microphone type since the last-mentioned
direct-current potential may be utilized to
polarize the generator. Thus this circuit elim-
inates the additional resistance and blocking
condensers normally used in the polarizing cir-
cuit of such devices, and provides an unusually
high input impedance. Since the capacity of
condenser microphones is- usually very low, this
high input impedance is especially desirable as
it has been difficult in the past to obtain suffi-
ciently low frequency cufoffs.in conventional
amplifier circuits for the reasons explained
above. Although this invention is concerned
primarily with the reduction of the loading effect
of the grid leak resistance of the amplifier, it
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_should be noted that in the circuits of Figs. 4
to 9 ‘inclusive, the loading effect of the grid-
cathode capacitance (and any shunting capaci-

. tance) is reduced in a similar manner.. This
may be of importance when low capacity gen-
rators such as condenser microphones are used.
If a conventional polarizing circult is used, all
or a part of its resistance may be-arranged in
'shunt with the grid circuit resistance 13 over the
operating frequency range so that the signal cur-
rent through it will also be reduced in the same

. manner that signal current through the grid
resistance is reduced.

‘When a piezoeléctric signal generator is sub-
stituted for the condenser type of generator,
the polarizing voltage applied to terminals 2
and 3 in Fig. 5 is undesirable since piezoelectric
devices may be damaged by.the application of
direct-current voltages, or the operation may
otherwise be impaired by the resulting mechani-

" cal bias, |

Fig. 6 shows a modification of the circuit which

" eliminates the direct-current voltage between
terminals 2 and 3. In this circuit, terminal 8

is connected to battery 8 at a tap 26 thereon:

which has the same direct-current potential as
terminal 2. The signal current impedance of
battery 9 is relatively low so that for signal cur-
rents the terminal 3. is effectively connected: to
the plate side of resistance 24. Accordingly, the
operation of the amplifier is the same as that of
the amplifier of Fig. 5. In Fig. 6, grid bias for
the tube is obtained from battery i1. It will be
. understood that other suitable bias means could
be used, as for example, a cathode-circuit resist-
ance as in Fig. 5.

Fig. 7 shows another modification of the cir-

_cuit which avoids direct-current bias on the gen-
erator. Its operation at signal frequencies is
substantially the same as that of Figs. 4, 5 and 6.
The direct-current ‘voltage \drop across resist-
ance 2T is prevented from affecting generator f,

5

same direct-current potentfal by employing a
push-pull circuit. The resistances of the plate-

_cathode circuits:of the two tubes § and 5’ (con-

5. .

sisting of resistances 24, 25 and 30, and 24’,°25’
and 30°, respectively), are equal and the.tubes
"5 and ¥ have similar characteristics so that
their plate currents are equal, For this reason

- there is no direct-current difference of potential

10

between the cathode ends of grid resistances {3

‘and 18’ and therefore no direct-current differ-

ence of potential between terininals 2 and 3.

* Bias for the tubes is provided by the voltage drop

1

o

across' the plate-circuit resistances 25 and 2%,
The plate-circuit signal voltage developed across
resistances 24, 24’ opposes the signal voltage ap-
plied to terminals 2 and 3 to reduce the signal
current through grid resistances 13 and 13’." For

. ‘this reason it will be understood that the eir=

20
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30
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40

which may be any suitable electrostatic gener-

ating device, by introducing between terminal 3
and the plate side of resistance 21, the condenser
28 having-low impedance to signal currents. To
prevent leakage across condenser 28 from apply-
" ing some direct-current voltage between ter-
- minals 2 and 8, resistance 29 is .connected be-

tween terminal 3 and the cathode in shunt with-

resistance 21." The resistance 29 should be large
compared with the reactance of condenser 28
. over the useful frequency range, and preferably
of the same order of magnitude as resistance 27.
The leakage resistance\ of condenser 28 should,
- of course, be high compared with resistance 29.
-It will be seen that as far as direct current is
‘concerned, terminals 2 and 3 are substantially at
- the same potential, while for signal frequencies,
the terminal 8 15 effectively connected to the
plate side of the plate-cathode impedance as
- in Figs. 4,6 and 6. .Also at signal frequencies,
resistances 21 and 29 are connected effectively
" in parallel. - If one of these resistances is miuch
smailer than the other, then the smaller one de-
termines the signal voltage drop in the plate-
cathode circult. If the two resistances are
nearly equal .in magnitude, then the parallel
combination must be used in calculating the sig-

nal voltage drop. If desired, the lower end of

grid leak resistance 13 may be connected to.an

adjustable contact arranged to slide, along re- -

sistance 29 to vary the effective input impedance
of the circuit.

In Fig. 8 the terminals 2, 3 are held at the R 03

45

cuit offers a high impedance at terminals 2 and

y 8 in the same or similar manner as a high im-

pedance is offered by the circuits of the fore-
going figures. The output from this circuit may
be taken between terminals 31, 31’, or if a low
output impedance is desired as in the case of the
circuits of Figs. 3 to 7 inclusive, the output may-
be taken between terminals 15 and '15a. In the
latter case the resistances 30, 30’ may be reduced
or omitted, thus increasing the opposing signal
voltage drops across resistances’'24, 24’.

Fig. 9 shows another modification which is di-.
rected at removing direct-current potential from
the signal generator. In this circuit the potential
is not entirely omitted but is reduced to-'a value
which is harmless in most applications.  This is
accomplished by introducing into the input cir-
cuit a signal voltage drop as in some of the pre-
ceding circuits, but the feed- back resistance is
much smaller so-that the plate current through
it causes only a small direct-current voltage drop.
In order to provide a sufficient signal voltage
drop across this resistance to obtain the desired -
increase in ‘the effective impedance between ter-
minals 2 and 8, an additional amplifier stage,
designated generaily by the character 33, is pro-
vided. 'The input signal for this stage is oh-
tained from the signal current drop across g re-
sistante 34 in the plate circuit of first fube 5.
‘The output is taken from the secondary of trans- -
former 385 whose primary is connected in the plate
circuit of the amplifier stage 33. A resistance -
36 is connected between the plate of stage 33

" and cathode 6 of tube § through a blocking con-

55

‘denser 87 so that a part of the amplified signal
current produced by stage 33 is passed through

resistance 32, thus increasing the signal voltage . .

drop suﬂicientiy to provide the required input im-

_ bedance magnification. The output of the cir-

”‘ than a limiting sense.
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cuit may be taken at terminals 38 and 39 or
alternatively at terminals {4'and 15.

The foregoing illustrations of the mvention
represent only a few of the many circuits which
may be designed around the basic principles
- which have now been disclosed. They should
therefore be regarded in -an exemplary rather
Furthermore, the circuits -
theniselves may be mogmed in their minor de-
tails without departing from the invention. For
example, batteries and cathodé-circuit resistances
.may be used interchangeably tp obtain the proper
‘grid bias. relative to the cathode.. While triode
tubes have been Allustrated, other types such as

. pentodé or screen-grid tubes may of course be

- substituted. Purthermore,

‘transformers may
usually be used in place of potentiometers in the
output circuit in order to obtain the proper neu-
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tralizing potentials if due regard is given to the
inherent low frequency limitations of transform-
ers. Those skilled in the art will appreciate,
however, that when substitutions of the charac-
ter here mentioned are made, it may be neces-
sary to make slight alterations or readjustments
in other elements of the circuit. If a two-stage
amplifler, such for example as shown in Fig. 2,
weré being used with satisfaction and it were de-
sired to replace the amplifier with one having
three stages, those skilled in the art will realize
that the output of the three-stage amplifier will
be approximately 180° out of phase with the gen-
erator signal so that it is necessary to use a trans-
former, or other phase reversing means, fo ob-
tain the proper polarity. In making these sub-
stitutions, however, new elements have been add-
ed and they may introduce additional phase-
shifts. If this were the case and if complete
neutralization were desired, suitable phase-cor-
recting means should be coupled to the circuit
to compensate for the shifting introduced by the
transformer, and/or additional stage of amplifi-
cation. o

The cathode heating circuits which are neces-
sary to secure operation of the vacuum tubes have
not been shown in the drawings for the reason
that such circuits and their requirements are fully
understood by those skilled in the art and need
no explanation. Batteries have been shown in
the plate circuit to illustrate a suitable source
of plate current, and it will be understood that
rectifiers, motor-generator units, and the like
could be substituted for the batteries when due
regard is given to the individual characteristics
of the various devices.

The circuits of the invention have been shown
to have & pair of output terminals which are not
connected to other apparatus. It is pointed out,
however, that in general use, the amplifier would
be connected to other equipment, such as meters,
additional amplifier units, loudspeakers, or mo-
tivated apparatus of many kinds. In making
such connections, regard should be had to the
fact that in some circuits, there may be direct-
current potentials as well as alternating signal
potentials at the output terminals. When such
direct-current potentials should not be applied
to the input . of the succeeding apparatus, a block-
ing condenser should be inserted, or the voltage
may- be confined to its own amplifier in other
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ways. . Due regard should be given to the input -

impedance of the succeeding apparatus when de-
signing the circuit.

It has already been pointed out above that
many of the circuits shown in the drawings do
not apply direct-current potentials to the signal
generator, or apply only small biasing potentials.
Thus, the circuits of Figs. 2, 6, 7 and 8 do not ap-
ply direct-current to the generator, while the cir-

cuits of Figs. 1, 3, 4 and 9 apply small direct-cur--

rent voltages. The circuit of Fig. 5 applies a
rather large voltage, however. This feature of
the circuits should be carried in mind when se-
lecting a circuif for use with a particular kind
of signal generator. Thus, the condenser micro-
phone requires a polarizing direct-current poten-
tial, so that the circuit of Fig. 5 is well adapted
for use with it.
devices should not be subjected to biasing poten-
tials; accordingly, the circuits of Figs. 1, 2, 3, 4,
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On the confrary, piezoelectric -

70

6,7, 8 and 9 are especially useful in combination '

with them. In Figs, 1, 3 and 4, the small direct-
current potential applied to terminals 2, 3 by bias
pattery 11 could, if desired, be avoided by adopt-
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ing a different biasing arrangement as will bz
understood by those skilled in the art.

In view of the many modifications which may
be made of the circuits here illustrated, it is ap-
parent that the scope of the invention should
not be determined from the specific examples
which have been relied upon to explain the in-
vention, but should instead be determined from
the following claims. In the preceding specifica-
tion and following claims, the term “amplifier”
is used to mean an amplifier device whose out-
put is controlled by the input through the valve
action of an electron discharge device.

Having now disclosed the invention, what I
claim is: . ’

1. In combination: an electrostatic signal gen-
erator adapted to supply & signal voltage; an
amplifier which has an input circuit connected
to said generator, and is capable of developing
an output signal voltage at a pair of output ter-
minals, said input circuit tending to load said
generator by drawing signal current from the
latter; and means for utilizing at least a part
of the output signal voltage to reduce the flow
of signal current in the input circuit, and thereby
to reduce the loading effect of the input circuit.

2. In combination: an electrostatic signal gen-
erator adapted to supply a signal voltage; an
amplifier which has an input circuit connected
to said generator, and is capable of developing
an output signal voltage at a pair of output ter-
minals, said amplifier including a tube having
a grid and cathode, and a bias circuit adapted
to bias said grid with respect to the. cathode,
said bias circuit tending to load the generator
by drawing signal current from the latfer; and
means for utilizing at least a part of the output
signal voltage to reduce the flow of signal cur-
rent in the bias circuit. o '

‘3. In combination: an electrostatic signal gen-

erator adapted to supply a signal voltage; an
amplifier having a pair of input terminals con-~
nected to said generator, and an output circuit
connected to a pair of output terminals, said
amplifier being adapted to develop an output
signal voltage at.its output terminals, and in-
cluding a tube having a cathode and a grid, cir-
cuit means connecting said grid to one input
terminal, and a bias circuit adapted to bias said .
grid with respect to the cathode, and extending
between said grid and a point on the output cir- -
cuit 'so located on the latter that the signal po-
tential difference between it and grid is less than
the signal potential difference between the in-
put terminals. )
4, In combination: an electrostatic signal gen-
erator .adapted to supply a signal voltage; an
amplifier having a pair of input terminals con--
nected to said generator, a tube having a grid
and cathode, an output circuit in which is de-
veloped an output signal corresponding to the
input signal, a grid-to-cathode leakage. path in
shunt with said input terminals for biasing saic
grid relative to said cathode, and an input cir-
cuit for applying between said grid and cathode
at least a part of the signal voltage applied at
said input terminals, and means in said leakage
path for utilizing at least a part of said amplified
output signal to reduce the flow of generator sig-
nal current in the leakage path. ’

5. In combination: an electrostatic signal gen-
erator adapted to supply a signal- voltage; an
amplifier having a pair of input téerminals con-
nected to said generator, a tube having a grid
and cathode, an output circuit in-which is de-
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veloped an output signal corresponding to the in-

put signal, a biaging -circuit between grid and.

cathode for biasing said grid relative to said
cathode, and an input circuit for applying be-
tween said grid and cathode at least a part of
the signal voltage applied at said input ter-

minals, and means in said input circuit for utiliz--
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- maintaining the grid negative with respect to the '
© cathode, said means including a high resistance

ing at least a part of said amplified output sig- :

nal to reduce the flow of signal current in said
input circuit, :

6. In combination: an electrostatic signal gen-
erator adapted to supply a signal voltage; an
amplifier having a pair of input terminals con-
nected to sald generator, and an output circuit
connected to a pair of output terminals, said
amplifier being adapted to develop a signal volt-
age at its output terminals, and including a tube
having a grid connected to one input terminal
and a cathode connected to the other input ter-
minal, and a bias circuit adapted to bias said
grid with respect to the cathode, said bias cir-
cuit extending between said grid and a point on
the output circuit so located on the latter that
- the signal potential difference between it and
grid is less than the signal potential difference
between the input terminals. .

7. In combination: an electrostatic generating
device which provides a signal voltage; an am-
plifier comprising a tube which includes at least
a grid, a cathode and a plate; a direct current
source of plate current and an impedance con-
nected in series with the latter between said
plate and cathode; and means for maintaining
the grid negative with respect to the cathode,
said means including a high resistance direct

current path connecting the grid to the plate- -
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direct current path connecting said grid to the
plate-cathode circuit at a point on the latter
lying between the cathode and said impedance;
and means for maintaining the terminals of the
generating device at substantially the same direct
current potential while applying at least a part
of the said generator signal voltage between’the
grid and a point on the plate-cathode circuit
which lies between the plate and said impedance..

9. In combination: an electrostatic generating
device adapted to provide a signal voltage; an
amplifier comprising: a vacuum tube which in-
cludes a grid, a cathode and a plate, a direct
current source of plate current and an-in-

‘ductance connected in series.therewith between

said plate and cathode, and means for main-
taining. the grid negative with respect to the
cathode, said means including a high resistance
direct current path connecting said grid to the
plate-cathode circuit at a point on the latter -

‘lying between the cathode and said inductance;

and means for applying at least a part of the
signal voltage of the generator between the grid

-and- a point on the plate-cathode circuit which
- lies between sald plate and said inductance.

10. In combination: an electrostatic generat-
ing device which provides a signal voltage; an
amplifier comprising: a vacuum tube which in-

.cludes at least a grid, a cathode and a plate, a

battery, a plate resistance connected in series.
with the battery between said plate and cathode,

. and means for maintaining the grid negative
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cathode circuit at a point on the latter. lying be-

tween: the cathode and the impedance; and
means for applying at least a part of the said
generator signal voltage between the grid and
the plate-cathode circuit-at a point on the latter
lying betweén the plate and said impedance.

8. In combination: an electrostatic generating
device adapted to provide a signal voltage be-
tween a pair of terminals; an amplifier compris-
ing: a tube which includes a grid, a cathode and
a plate; a direct current source of plate current
and an impedance connected in series with the
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latter between said plate and cathode; means for

with respect to the cathode, said latter means
including a high resistance direct current path
connecting the grid to the plate-cathode circuit
at a point on the latter lying between the cath-
ode and said plate resistance; and means for
applying at least a part of the said signal volt-
age of the generator between the grid and the
plate-cathode circuit at.a point on the latter
lying between the plate and said plate resistance.
11. The combination as claimed in claim 10
wherein said generating device is a condenser
microphone.
12, The' combination as claimed in claim 10
wherem sald ampllﬂer is of the push-pull type.
- JOHN P."ARNDT, Jr.




