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| tems as for exemple vacuum tube amplifiers.

- Objects of the invention are to control trens'—f
| ~misslon properties of the systems, as for example
. ' distortion introduced by the systems, to facilitate

- application of feedback in the systems, and to

facilitate eppllcatlcn of proper biasing pctentlelsf

- to grids of vacuum tubes in the systems.

L In one specific aspect the mventmn is a nega-
10 tive feedback amplifier in which a negative grid
~ biasing potential for a tube is obtained from two
. direct currents sent from the space current source -
~in the same direction through a resistance in the
- grid-cathode circuit of the tube, one through the -
- 15 feedback path and the other through a connection

from the space current source to a point between
the resistance and the tube cathode.
may be the first tube of a two-stage, impedance-
coupled amplifier, the resistance may be con-

g0 nected between the cathodes, and the feedback

- path may connect the second plate and the first
- cathode. Since the feedback path is utilized to

transmit direct current for producing grid bias,

N " No stcppmg condenser is required in that path.

o5 Omission of such condenser may be desirable not
only for economy but for control of phase shift
‘around the feedback loop, for instance to reduce
singing tendency, especlelly at Very lcw frequen-

cies,

90 - A feature of the mventlcn is a, push puJI vac-' .

~ uum tube circuit having a space current source
-~ and on each side of the push-pull circuit an
. amplifier ' comprising two -

- from the space current source through a resist-
:[_'_-_',:40 ance in the grid-cathode circuit of the first: tube

| "_45 claims,
Fig. 1 of the drawmg Is a schematlc dlagram of

~ an amplifier circuit embodying the specific fcrm.f_'_

~ of the invention referred to above; and

50 'Flg 1. --
. The ampllﬁer c1rcu1t cf Flg 1 is shcwn as com-—

' ~ prising a preliminary amplifier P and a main-
~ “amplifier M. The preliminary a,mpllﬁer com- .
- prises a vacuum tube V, shown by way of example

- 55 as a. heater type triode, ampllfymg waves recelved

The tube

110,000 ohms, for example

| 1mpedence-ccup1ed:-- |
o tubes with an alternating current and direct cur-
+ - 'gp rent connection from the. plate of the last to the.
~ cathode of the first, for producing negative feed- |
‘back that reduces modulation and noise in the
‘amplifier and for transmitting direct current

(Cl 179-——-—171)

ThlS 1nvent10n reletes tc wave amplﬁymg sys- - from line or c1rcu1t L1 thrcugh 1nput transformer o
T4 and delivering them through output trans- -
former T2 and connection or circuit | to the main
amplifier.

- frequency mgnels such as. speech or music.

The waves may be, for example, audlc

The main ampllﬁer is shown as a three stage

balenced or. push-pull amplifier for amplifying
- the waves received from incoming circuit | and -
transmitting them to an outgoing circuit con-
. nected to output tra,nsfcrmer 2.
- circuit may be, for instance, a 500-ohm circuit.

connected across the secondary winding of trans-—
former 2, cr an 8-ohm circuit connected across a = |
portlon cf the wmdmg The first stage of the

-main amplifier comprises two similar vacuum 1§
- tubes 3 and 3. :

‘The second stage ccmprlses
vacuum tubes 4 and 4, which are also alike. ' The
third stage comprises vacuum tubes 5 and 5,
which are also alike. All of these tubes are shown
as heater type pentodes, the circuits for the heat- 99
ers being omitted from the dra,wmg smce they
may be of any usual or suitable type. o
The i Incoming circuit { is connected tc the fubes

3 and 3’ through potentiometer 10 and input |
With switch 12 closed on its _25_ |

transformer 1.
lower contact as shown, circuit is ccnnected to

‘potentiometer 10 directly. With the switch 12

closed on ‘its upper contact the connection is
through a res:.tstcr 13, whose resistance may be |
The direct connection 3g
may be used when the impedance of the incoming
circuit | has apprcx:mately the value, for example

30 ohms, from which the main amplifier (with the
direct connection): is de31g11ed to work for maxi~

mum gain and the best possible frequency char- g5 o

acter1stlc The connection through resistance 13-

- adapts the main emphﬁer for cperatmn ‘as a
_bridging amplifier across any impedance of g
-~ wide range, as for cxample the range between 1 ]
| chm and 20,000 ohms, | 40
. Inthe direction to produce negetwe blasmg pcten-_:-- |
. tlal on the grid. - |
‘Other objects and features cf the 1nvent10n Wlll -
be a,pparent frcm the fcllomng descrlptlcn a,nd"

“The maximum gain of the main amphﬁer when

o cpereted between a sending impedance of 30 chms

and a receiving impedance of 8 ohms or 500 ohms
may be 100 -decibels, for example. Between the -
first two stages of the amplifier a switch 14 is 45

shown by which the gain can be reduced 15 deci~ -
bels, for instance, and the potentiometer 10 may

|  give 40 decibels gain variation, for example.
- Fig. 2 mdlcates 2 mcdlﬁcatmn of the clrcmt cf N

The resistance element 20 of potentlcmeter lﬂ

-~ . may be. des1gned so that, without resistor 23, 50 " .
- resistor 20 would provide a uniform resmtance :
- change. Wlth respect to the rotation cf the con- -

tactor. A umfcrm resistance cha,nge is the con- - '-
dition most easily obtained in the manufacture of -

wire wcund and carbcn ccmpcmtlcn pctentlcm- 55 R

The outgoing 10
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eters. A potentiometer with a uniform resistance
change would often be undesirable due to the
progressive crowding of the uselul part of the
control toward one end of the rotation of the
contactor. The ideal potentiometer for use in an
amplifier of this type, which would eliminate this
crowding, would introduce a loss in decibels di-

rectly proportional to the rotation of the con-
tactor. By providing a fixed tap at a suitable

point along the uniform potentiometer resistance
920 (say two-thirds of the distance from the ofi-

position of the contactor) and a fixed resistance

93 connected between this tap and the end of the

potentiometer as shown in Fig. 1, the loss Intro-
duced by a rotation of the contactor 1s spread
more evenly over the entire rotation and may be
designed to approach very closely the ideal condi-
tion in which the loss in decibels is directly pro-
portional to the rotation. e

The potentiometer comprises & resistance 20 di-

vided into two sections 21 and 22 by a fixed tap

connection, a resistor 23 shunting the resistor 22,
and a resistor 24 in series in the variable tap con-
ductor. Resistances 21, 22, 23, and 24 may have,
for example, values of 40 ohms, 60 ohms, 6 ohms

and 15 ohms, respectively. Resistance 24 main-

tains the input terminating impedance of the
primary winding of transformer 11 above a defi-
nite value which closely approaches the value of

resistance 24 for certain settings of the potenti-

ometer control. This maintains the input termi-
nating impedance of transformer | | between defi-
nite limits, for preventing frequency discrimina-
tion. I

The input transformer {1 has two electrostatic
shields A and B between its secondary winding
and its primary winding, shield A being con-
nected to the amplifier ground G and shield B
being connected to the conducting sheath 25 of
the incoming circuit as in the case of the system
shown in Crisson Patent 1,786,412, December 23,
1930. 'The sheath 25 may be grounded at the
amplifier ground G’ of the preliminary ampli-
fier P, which may be, for example, on the chassis
of the preliminary amplifier. This ground G’

may be at a potential materially different from

that of ground G of the main amplifier. The
ground G may be, for example, on the chassis of
that amplifier, and the double shielding serves to
reduce noise as explained in the Crisson patent.

As shown in Fig. 1 the leads from potentiometer
10 to the primary of transformer [l are protected
by a shield B: connected to the inner box shield B.
These shielded leads are further protected for
the greater part of their length by a second shield
A; connected to the chassis ground G. This outer

shield isolates the wiring of the amplifier from
unwanted potentials which may exist on the

inner shield.

As indicated by the two shields shown in trans-
former 'T: this transformer may  be doubly
shielded as in the case of transformer {l[, the
shield for the secondary winding of transformer

T: being shown grounded at G’, and the shield
for the primary winding being shown connected

to the conducting sheath S of circuit Ls. This
sheath S may be grounded at the ground connec-
tion of the condenser transmitter (not shown) or

other source that supplies signal waves to circult
L1 This latter ground may be at a potential
materially different from that of ground G’, and
the double shielding of transformer T1 serves to

reduce noise as in the case of the double shielding
of transformer fi. If the preliminary amplifier

be omitted, the sheath 29 of circuit | may be
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srounded at the condenser transmitter (not
shown) or other source used to supply signal
waves o circuit 1.

The ground G’ of the preliminary amplifier is

shown at the junction of the negative terminal

of space current supply source 30 and the negative
end of grid bias resistor 26. This resistor is con-

nected in the cathode lead of tube V, so the space
current of the tube flowing through the resistor
supplies grid biasing potential for the tube.

Condenser 27 serves to by-pass, around resistor

98, signal waves in the upper portion of the sig-
'nal frequency range, but preferably has su

icient
reactance in the lower portion of the signal ire-

quency range to cause resistor 2§ to produce

enough negative feedback to prevent the gain of
the preliminary amplifier from increasing unduly
with frequency decrease in that range. A tend-

- ency toward such gain increase may result from

the fact that the preliminary amplifier has a
feedback path comprising resistor 28 and stopping

" condenser 29 for producing negative feedback In

the preliminary amplifier. This negative feed-
back is advantageous for reducing distortion and
stabilizing gain as pointed out in the paper by
. S. Black on Stabilized feedback amplifiers,
Electrical Engineering, January 1934, pages 114-
120. However, at frequencies in the lower portion
of the signal frequency range, the reactance of
the stopping condenser 29 may be sufficient to
reduce this negative feedback to such an extent
as to tend to cause the gain of the preliminary
amplifier to rise unduly with frequency decrease.
This tendency is overcome by the supplementary
negative feedback obtained at low frequencies by
giving the condenser 27 sufficient reactance at
those frequencies.

The tubes 3 and 3’ are coupled to the tubes 4
and 4’ by an interstage coupling circuit compris-
ing coupling resistors 31 and 31’, stopping con-
densers 32 and 32’ and grid leak resistors 33 and
33°. - |

The tubes 4 and 4’ are coupled to the tubes %
and 5’ by an interstage coupling circuit compris-
ing coupling resistors 34 and 34’, stopping con-

densers 35 and 35’ and grid leak resistors 36 and

36’.

Plate voltage for the tubes is supplied from
source 37 and rectifier 38 through filter 39 and
a, voltage divider comprising resistors 41, 42 and
43, which may respectively have reslstances of
2,000 ohms, 10,000 ohms, and 40,000 ohms, for ex-
ample. Resistor 43 is by-passed by a condenser
44 and resistors 42 and 43 are by-passed by &
condenser 49. |

Plate current for tubes 5 and 3’ passes through
conductor 46, primary windings of transformer 2,
tubes 5 and 5’ and resistor 47, to ground G.

- Plate current for tubes 4 and 4’ passes through

conductor 48, resistance 49, resistors 34 and 34/,

tubes 4 and 4’ and resistors 50 and 59’, to ground
G. |
Plate current for tubes 3 and 3’ passes through
conductor 48, resistor 51, resistor 52, resistors 3!
and 31’, tubes 3 and 3’ and resistor 53, to ground
G. A path, comprising resistors 54 and 39 in
serial relation, is connected between the junc-
tion of resistors 34 and 2!’ and ground G, and
shunts the circuits including resistors 31 and 31,
tubes 3 and 3’ and resistance 23.

Circuits for supplying screen voltage for tubes
5 and 5’ extend from the voltage divider through
conductor 56, tubes 5 and 5 and resistor &1, to
ground G. The tubes & and % may be, for ex-
ample, beam power tubes or power pentodes of
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_any usum type. -

. to increase:
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N When the voltage 1mpressed“
- on the ‘control grids of such tubes exceeds the

- overload level  of the tubes their plate current
 (and their screen current, also) normally tends
‘However, in the system shown, the-
 value of resmtance 42 is so chosen-that, should
© the signal voltage impressed on the control grids
~of tubes 5 and 5’ exceed the overload level of
- these tubes, the resulting additional screen cur-
Tent ﬂowmg through resistance 42 will so reduce:
the screen voltage that the plate current will not
increase.
power tubes from increasing beyond the normal
‘value under load, prevents an unnecessary strain
on the rectifier system 38 which should be as-
small as practicable for pertable appllca,tmn It

Preventing: the plate current of the

" is desirable that the value of resistance 42 be as

7 small as is consistent with the above requ:lrement-_'
ooin erder that the output power of the tubes will
‘hot be materially reduced while holding the

20
. screen voltage within the limits recemmended by

--_:-:--the tube manufacturer.

Circuits for supplying screen Voltage fer tubes
4 and 4’ extend from the voltage divider through
. 25 conductor 48, resistor 51, resistor 60, tubes 4 and.. )
4 and resistors 50 and 50’, | |

to ground G. |
Circuite for. supplymg screen Voltage for tubes

-3 and 3’ extend from the voltage divider through

- ""..'i:'passes from the cathodes of those tubes through
35.

; '_”-i__cendncter 48, resistor 51, resistor 52, resistor 54,
380

tubes_ 3 and 3 and resistor 53, to ground G-

Condensers 61,

Alternating plate current of tnbes 3 a,nd 3’

and 31,

Re51stor 53 supplres grld blasrng petentlal te.' e

'._'__:tubes 3 and 3’.

S sistances 34 and 34’

| Alternating plate current ef tubes 5 and 5
40 passes from the cathodes of those tubes through |
~ ‘condenser 61 and thence through by- pess con-_
fdenser 68 of ﬁlter 39, to transformer 2. -
- " Resistor 41 snpplles gnd blasmg petent1a1 te
tubes 5 and 5. - g
Alternating pla,te current ef tubes 4 and 4"
- passes from the cathodes of these tubes through
"~ resistances 50 and 50’ and condenser 65, to re-

Resistances 56 and. 50" thus

e produce local negative feedback in these tubes.

Coewm
S0

80

 However, the principal feedback in the ampli-
" fier is negatwe feedback ‘around the last two
-stages, produced by feedback connections 10 and
- 78’, respectively, from the plates of tubes § and
5, respectively, to the. cathodes of tubes 4 and
= &', respectively.. This negative feedback is ad-
_-va,nta,geeus for example for 1eduemg modula-

tion and noise in the amphﬁer as poinfed out in
the above mentioned paper by H. S. Black; and

‘the voltege emphﬁentmn for propagation once

around the feedback loop may be a larger order
~of magnitude than unity, for obtaining lnrge'

. modulation reductmn, as pointed out in that

G-

 paper.

The feedback cennectlons 10 a,nd 10’ 'mey in-

clude resistors 71 and 117, respectrvely, a8 shown,
- but are cenductwe and mclude no steppmg con-

S densers.

- Grid blasmg Volta.ge for tube 4 15 supplled part-?

' | -71y from passage of the plate and screen direct

~currents of tube 4 through resistor 50, partly
~ from passage through resistor 50 of direct cur-
- rent flowing from filter 39 to resistor 50 via trans-
- former 2 and resistor TI,

. sage through resistor 50 ef direct current flowing

 _j 75

from the voltage dmder to resmtor 30 Vla con-

501-

62, 63, 64, 65, 66 and 67 e,rei
o 'by -pass condensers.

0 a,ncl 5[!’

‘resistor 88.

and partly from pas-

ductor 48 resmtor o1, resistor ) and resistor 12.

- By - obta,mmg grid blasmg voltage from three
separate branches of the circuit it is possible to
control, by the choice of the resistance values of
‘resistors 50, 60, 11 and '!2 the amount. of local
- negative feedba,ck of tube 4 the amount of nega-
tive feedback common to tubes 4 ‘and 5. and the
- magnitude of the grid biasing potential of tube 4.

“The amount of local feedback is determined by

the value of resistor 58.. The amount of feedback
‘common to tubes 4 and 5 is controlled by the

value of resistor Tl when the value of resistor 58

-has been.previously determined. Resistors 60 and

12 .are then chosen to bring the total current -

‘flowing through resistor 50 to a value which will
__preduce the desired grid biasing potential ‘drop.

Similarly, grid biasing potential for-tube &’ is

.'_supphed partly from passage of the plate and
. 8creen direct currents of tube 4~ through resistor -

partly from. passage: ‘through 50’ of d1reet'__‘
“current flowing from filter 39 to resistor 50’ via -
transformer 2 and.resistor Ti”,

20

‘and pa,rtly from -

passage through 50’ of dlrect current flowing

" from the voltage divider to resrster B3’ via con-
ductor 48, resistor 91, resistor 88 and resistor rz* |

The amount of local feedback is determined by

the value of resistor 50°.

the value of resistor Ti’ and resistor 508’.

The amount of feed-
‘back common to tubes 4’ and 5’ is determined by
The"
final adjustment of grid biasing potential of tube
4’ is-made by the choice of the resrstanee value_ -
of resistors 60 and 72°. | o

- 'The resistors shown mey he,ve the followmg
fresrstanee va,lues by wey of example | :
condensers 66 and 62 111 selles to resmtances 3l o L

30

40

. I Resister 3 | ‘ Ohms

B e e e 250,000
3 UV 20, 000
O U U S S _{ . 800

) L 7,000

D e i e e e 6,000
B4 e el 20,000
D e e e e e - 7,000
B0 e e e - 30,000 -
2 T S S S S 250, 000
(e e e e e e e T -40 UDD-

In the medlﬁcetlon shewn 1n Tig, 2 e, re51st0r o

80 by-passed by a. condenser 81 is 1nserted he-

~ tween resistors 50 and 59’ and ground G, a hlgh_j"_'- R

resistance 82 is inserted between resistors 33

_and 33 ,a,nd ground G, and a bz.r-pa,es cendenser‘ _-
83 is added in order to maintain a connection of '
negligible’ renctance between the junction of re-"

- sistors 33 nnd 337 and the junction of resistors ==

Wlth this modr ication, the direct ., . |
LI

currents passing through resistors 50 and 59’ pass

also through resistor 89, and the grid bias for

tubes 4 and 4’ is augmented by the voltage across o
‘The resistor 82 and condenser 83

form a grid filter for thls voltage.
What is claimed is: -
1. A two-stage,

the cathode of the first tube and the negative

terminal of said source, a conductive connection ¢
from a point of positive potential on the source

50

60
1mpedance coupled, - electric -

~ space discharge tube amplifier, a. source of space
~current therefor, a resistance connected between -

of space current to the plate of the first tube, a =
conductlve cennectmn from a point of positive .

‘potential on the source of space current to a
point between said res1stance and the cathode of 70
the first tube, and an alternating current and =

direct current circuit connecting said resistance = -

in shunt reletlon to the anode-cathode space path R
 of said second tube W1th respect to the seurce of

. sp,ace current 5

15

65
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=
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4

2. An amplifier comprising electric space dis-.
charge devices, means connecting said devices in
cascade relation, an input circuit and an output

_ circuit for said cascade connected devices, a space:
current supply source for said devices, a resistance
in said input circuit, means for feeding alternat-

ing current and direct current from said output
circuit through said resistance, and a conductive

connection between said source and said input
circuit for supplying direct current from sa1d
source to said input circuit.

3. In a negative feedback vacuum tube ampli-
fier having a source of space current for the am-
plifier and a grid biasing resistance in the grid-

cathode circuit of a tube of the amplifier, means

for producing two negative biasing voltages for
the grid of said tube, said means comprising a
feedback path for producing negative feedback in

“the amplifier and transmitting direct current

from said source through said resistance and a

second direct current connection between said

source and the input circuit of said tube.
4, A vacuum tube amplifier and means for pro-
ducing a negative grid biasing potential for a

tube of said amplifier comprising an alternating

current and direct current path from the output

~circuit to the input circuit of the amplifier for
‘producing negative feedback therein, a source of

space current for said amplifier, a resistance in
the grid-cathode circuit of said tube, a conduc-

‘tive connection from a point of positive poten-

tial on said source to a point on the grid-cathode
circuit of said tube between said resistance and
the cathode of said tube, and means including
said path and said connection for transmitting
two direct currents from said space current source
in the same direction through said resistance, one
through said path and the other through said

- connection.
5. A wave translating circuit comprising two

electric space discharge tube amplifying devices
impedance-coupled in cascade relation, a source
of direct current, means connecting said source
to the anode and the cathode of each of said de-
vices for supplying space current to each device,
an impedance serially included in the grid-
cathode circuit of the first device, an alternating
current and direct current circuit including said

impedance in shunt relation to the anode-cathode

circuit of the second dew.ce the connections being

nected to the point on said impedance that is
nearest to the cathode of the first device, and a

direct current circuit connecting at least a por-
tion of said direct current source across at least

a portion of said impedance.
6. In obtaining a negative grid biasing poten-

2,123,241

tial for a tube of a multistage amplifier having a
negative feedback circuit from the amplifier out-

put circuit to the amplifier input circuit includ-

ing a resistance in the grid-cathode circuit of the
tube, the method which comprises transmitting
a direct current through the feedback circuif
from the amplifier output circuit in a given direc-
tion through the resistance, and transmitting in
the same direction through the resistance a direct
current exclusive of the space current of the tube.

7. In a push-pull two-stage impedance coupled
amplifier circuit, each of said stages having two
electric space discharge tubes in push-pull rela-
tion, a common source of space current for all
of said tubes, an impedance included in the grid-
cathode circuit of the first tube on one side of
the push-pull circuit, an alternating current and
direct current circuit connecting the anode of
the last tube on said one side of the push-pull
circuit to the point on said impedance that is
nearest to the cathode of said first tube on said
one side of the push-pull circuit and including
said impedance in shunt relation to at least a
nortion of the anode-cathode circuit of said last
tube on said one side of the push-pull circuit, a
second impedance included in the grid-cathode
circuit of the first tube on the other side of the
push-pull circuit, and an alternating current
and direct current circuit connecting the anode
6f the last tubke on said other side of the push-
pull circuit to the point on said second imped-
ance that is nearest to the cathode of said first
tube on said other side of the push-pull circuit
and including said second impedance in shunt

relation to at least a portion of the anode- ¢

cathode circuit of the last tube on said other
side of the push-pull circuit.

8. A two-stage, push-pull, negative feedback
amplifier circuif, comprising a source of space
current and on each side of the push-pull cir-

~ewdt one vacuum ftube impedance-coupled to an-

other, an alternating current and direct cur-
rent impedance in the grid-cathode circuit of
said one tube, an alternating current impedance
in the anode-~-cathode circuit of said other tube,

and an alternating current and direct current

circuit connecting the first-mentioned imped-
ance across said alternating current impedance
of the anode-cathode circuit of said other tube
and in shunt relation to said source of space cur-
rent with respect to the anode-cathode space
path of said other tube, said alternating current

and direct current circuit being such that the

anode of said other tube is conductively con-
nected to the end of said first impedance closest

to the cathode of said one tube.
| JOHN B. HARLEY.

10

20

30

4()

45



	Drawings
	Front Page
	Specification
	Claims

