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20 Clmms

My mventmn rela,tes to systems for applymg_y
_bla,smg potential . to the grid structure of one

or- more amplifier: tubes, partlcula,rly 1n radm
er*elvmg systems. -
In-accordance with my 1nvent10n the neﬂ'atwe

- biasing potential applied to the grid of an am-
plifier tube is. derlved from the voltage of the

 signal itself, as received or as received and am-

100

- grid-
| cesswely negative  during reception of strong
‘More particularly, so long as the volt-
age of the signal unplessed upon the amplifier
input circuit does not exceed a predetermmed-
“magnitude, the grid of the tube is left substan-
tially free or isolated, in the sense there is no
-eytemal conductive connection therefrom to the

15

20

- signals.

derived from a local source of. energy, and the
potential is prevented fram becoming ex-

Olllt to. a,ucumulatﬁ negative charges ﬂowmg to

the grld from tne cathode during the positive

| - swings or half waves of the s1g1’1a1 voltage, there-
-~ by to provide a negative biasing. voltage, of or

35

_.:40

due to the signal, affording faithful or good
quality of reproduction of the signal; but when,
- due to higher signal voltages, heavy crashes of
- static, or the like, the biasing voltage becomes
 excessively high, a conductive discharge path is -
‘temporarily pnrovided to drain .from the grid its
excess negative charge to prevent distortion of
- reproduction or blocking of the tube: preferably,
~ the discharge path includes a resistance of mag-
~ nitude to ensure the rate of discharge shall not
~be high enough to cause audible or other low
frequency dlsturbances in a reproducmg device
- associated with the amplifier output system. -

~More specifically, a device having a .cmtmal

m:' threshold breakdown voltage, as & tube con-
taining neon or equivalent, forms upon occur-
rence of discharge therethrough a conductive
- path from grid to cathode whenever the grid- -

biasing voltage tends to become excessively neg-

ative; alternatively, the anode of a thermionic

- tube, connected between grid and cathode of the
amplifier, with its cathode presented to the agrid

of the ampllﬁer may be negatively biased so

- that a. conducting path from grid to cathode ex-
~ ternal to the amplifier tube exists upon reception

5D

of strong _51gnals to prevent excesswe negatlve'
grid bias. e
- Further in- accordance W1th my mventmn ‘the

 direct current component of the plate circuit

~current of the amplifier tube is prevented from

&n
- Gt

becoming excessively high when there is no sig-

5 nal or when the signal is of low ma.gmtude for_

A Cl 179---1'71)

emmple a baﬂast res:tsta,nce may be 1ncluded

in the plate circuit to limit the current rise; the

plate current supply system may be constructed

or designed to have a. voltage characterlstm

which is dec:tdedly drooping; or the increase in
plate current may be utilized to increase the orid-
biasing voltage of the. amplifier tube whenever

-1t falls helow a predetermined minimum,
plified, as dlstmgulshed from a. voltage of or

In one form of my invention, the dlscha,rge

device,; besides reducing as aforesa,ld the biasing

voltage of the grid when built up to excesswely
high magnitude; as. by strong signals, is also op-
erative when the bias is less than sz predeter-
mined minimum, to permit recharge of the afore-

said condenser. independently of the signal cur-
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rent until the desired minimum bias voltage is

restored; more specifically, when the sum of the

- break down voltage of the discharge device and
athode, to permit a condenser in the grid cir-

the grid- biasing voltage is less than the sum. of
a pvedetermmed unidirectional voltage and the
positive peak voltage of an alternating current

source, small current impulses flow through the
device to the condenser, ‘diminishing in ampll-r R
tude . until finally the bla,smg voltage has 'in-
"‘cleased to such extent that the discharge de-

vice no longer to substantial extent conducts

-and the impulses no longer flow.
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My Invention resides in the methods and ap- |

paratus hereinafter descr1bed and claimed.
For an understandmg of my. mventmn and

'for 111ustrat10n of some of the various forms it

may take, reference is to be had to the accom-
parrymg drawmgs in which:.

- Fig.'1 illustrates an audlo frequency amnh- |
fler stage utilizing the invention.
Fig. 1a is similar to Fig. 1 except tha,t the am- '.

p‘izﬁer is for radio frequencles

Fig.-2 is a modification for mamtalmng tne
grid-biasing potentla,l between predetermmed
hmltmg values. |

- Fig. 3 111ustrates ' fulther mod1ﬁcat1on of my

85

mventmn usmg a thermmmc tube as a dlscha,rge -

: devlce

- Fligs, 4 4q. and 51 111ust1 ate fu1ther modlﬁc&-

tlons of the invention:

Referring to Fig. 1, the grld g of the audlo am-
plifier tube V . is 1solated from its cathode ¢ by

the blockmg condenser K: accordingly there is

no conductive or direct current path except as
hereinaffer provided, between the grid and cath-
ode external to the tube. When signals of audio

frequency are impressed upon the input circuit of
the tube, through transformer T or otherwise, as

by transfer from a prior amplifier stage, a detec-

tor, transmission lme phonograph plck-up, or
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self to the strength of the incoming signal; the
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the like, the potential of the grid follows the sig-
nal voltage. When under influence of the signal
the erid is positive with respect to its cathode for
at least part of the signal voltage cycle, electrons
Aow from the cathode to the grid within the tube,
giving it a negative charge. As the grid circuit
is open for direct currents by virtue of the block-
ing condenser K, these charges do not leak oil

but are stored or accumulated in the condenser
K. which so becomes a source of negative grid

biasing potential. The magnitude of capacity of
condenser K is not critical; it may be of from
one to four microfarads, or even as low as 03
microfarad, more or less.

The grid is therefore free to accommodate it-

stronger the signal, the greater the charge accu-
mulated by the condenser K and the cgreater is
the negative grid bias. The biasing potential 1s
therefore derived from or produced by the signal
voltage itself; and the amplifier automatically
adjusts itself to the proper operating condition.

If the signal voltage is of constant magnitude,
and-inherent leakage resistance is neglected, the
erid assumes a potential more negative than the
cathode by an amount corresponding to the peak
value of the signal voltage wave applied to-it.
Under such conditions the tube no longer draws
erid .current, the plate current is limited by the
negative charge on the grid, and in all respects
the tube properly functions as an amplifier. If
the signal voltage increases in amplitude, ior
example, so that the grid again becomes positive
for the positive peaks of the signal waves, addi-
tional negative charges flow to the grid increas-
ing the condenser charge and s0 increasing ihe
negative biasing potential until the tube again no
longer draws grid current. |

- However, under condiftions of opemtwn the
sighal voltage impressed upon the grid may be far
from uniform in amplitude, and in some cases 1%
may assume very excessive values for short
periods of time, as for example, during crashes of
static in radio reception. With abnormally high
values of input voltage, the negative charge built
up on the grid may be so high as to cause serious
distortion, and in extreme cases may to such ex-
tent bias the grid negatively that the plate cur-
rent is cut off, in which event the tube is said
to be “blocked”. ‘The tube, once blocked, remains
inoperative until the excessive negative charge
legsks off the grid through very high resistance
leakage paths inherent in the ftube itself, the
tube socket, wiring and the like. TUntil the excess
charge drains off, which may require a substan-
tial period of timse, the plate current does not ﬂGW
and the tube is inoperative. |

To insure continuous functioning of the tube
and yet procure high quality of reproduction, a
discharge device D is employed to prevent block-
ing of the tube, or, in general, to prevent exces-
sively high grid biasing voltages. The discharge
device may be cne dependent upon ionization of &
gas, as heon, argon,; mercury-vapor, etc., or it
may depend upon electro-chemical action, as in
electrolytic condensers or recuﬁers or it ma,y De
electronic in nature. |

In the arrangement speclﬁcally shown In Fig.
1, the discharge device is a neon glow tube of a
well known type, specifically, it may be g half-
watt type G10 manufactured. by the General
Electric Company, naving a kreak-down or thresh-
old discharge voltage of about 120 volis. The
tube D is connected in a path between the grid
g and cathode ¢ which Is normally open because
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the potential difference between the electrodes
of the tube D is less than the break-down volt-
age of the tube. When, however, the signal or
input voltage is excessively high, as under the
abnormsal condition above mentioned, a conduc-
tive path is formed within the tube so that the ex-
cess negative charge is drained off the grid pre-
venting the tube from “blockmg” or causmg dis-

tortion. -
As the break- down potentlal of the tube D is

cenerally substantially higher than the signal
voltages usually encountered in normal operation

of the amplifier, the electrode of the discharge
tube D presented to the amplifier cathode ¢ is

not directly connected thereto, but connects 10 a
positive terminal 1 of a batiery B, or equivalent,
whose negative terminal is connected to the catin-
ode of tube V. The effect is the same as if the
break-down voltage of the tube D were in fact
lower and more nearly equal to or comparable
with the maximum permissible negative grid
voltage. While in this instance the source B 1S
used for other purposes as well, it shall be under-
stood o separate source, of suitable voliage, may
be placed anywhere, as at X or Y, in series with
the tube D between grid g and cathode ¢ of tube
V.
- Or if the tube D should have a break-down
voltage substantially less than the maximum de-
sired negative grid-biasing voltage, a source of
uni-directional voltage, such as B, may again
be used in like positions, but poled reversely to
the foregoing cases.

Using a UX245 tube as ah audic ampllﬁer and

a plate potential of 250 volts, it was found that
when the negative grid bias exceeded 60 volts,
distortion resulted. For this case, the tap 1 from
the discharge tube D to source B should be con-
nected to a point or terminal of the latter which
is about 60 volts positive with respect to the
eathode ¢. With this connection, the grid circuit
remains open and the grid is free to assume any

negative potential up to 60 volis In aceordance

with the strength of the impressed signal. When,
however, the positive peaks of the signal or in-
put waves exceed 60 volts, the potential across
the tube D is greater than its break-down voltage
of 120 volts, the tube D conducts, and the excess
negative grid charge is drained off. |

To prevent the rapidity of action of tube D and
its cireuit from creating an audio frequency dis-
turbance, a resistance 2, of relatively high mag-
nitude, as of the order of 1. megehnm, is connected
in series with the discharge device D. When tne
tube breaks down, the resistance 2 prevents such
disturbance and besides limits the amplifier grid
current to a very small magnitude so that the
distortion is not serious. However, if the signal
or input voltage is so strong that the tube D con-

tinuously flashes, the signal lever should be re-

duced in any suitable manner, as by & usual vol-
ume control which reduces the intensity of the
signal voltage impressed upon the input of tube V.

Under conditions of no signal, or of reception
of weak signals, the negative grid charge, though
tube D is then not conducting, gradually leaks
off from condenser K, and the grid of the am-
plifier therefore very slowly approaches cathode
potential. Particularly if the tube V is of the
so-called “power” type, and the voltage of the
plate current source B is of proper value for nor-
mal operation of the tube, the plate current under
the conditions of no or weak signals, or low or
no negative grid bias, will tend to be excessive,
with likelihood of damage to the tube and of ab-
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-:'norrnal current drain on the source of anode

10

P prﬂcedm

20

. radio-frequency type. _

-+ ~ofthe amplifier tube is to be tunsd, as by a con-
30" denser C, variable or not, the blecking condenser
K, the discharge device D, _
are preferably outside of the tunable locp formed

8

pling device,-
| .-"fﬂlmer, ete. may e used R |
- The'invention is not llmltea to tge w mh audm-— -'
'- il*eﬂuencsr amplifiers, for, as shown in Fig, la, it
may also be used with hgh er l*adlomfrequemy#

current B In the system shown in ¥ig. 1, such

undue 1*159 of pmtn current is prevmmd ﬂy the
- ballast resistance 3
preferably of matﬂl‘lm having a blﬂ_. positive re-
With the grid
g approaching or at cathode 'p_o,ten.maﬁl, the in- -
crease in anode current through resistor 3 re-~

of dhltable magnituds, and

sistance-temperature coefficient.

duces the difference in potential. betweem the

anode or plate ¢ of the tube and its cathode ¢,

with reduction c:f plate current th ough the tube
to safe values As shown,

.;..
Ur 31

CAlthoueh

quﬂx..:.

fl"pllf?l 18 systems

' Fig. la is in geneml 1d¢ﬂt1{3&1 mth "i’w I exX~
ce::\t_ the coupling transformers T2, T3 are of the
When the input-circuit

ang its appu r{enances,

by the secondary S-of the tx gusformer and the

- tuning ccondenser C. 'The input circuit -of the
tube V may be coupled fo an antenna,
-cedmg a.mmlﬁer stage, O & carrier fl‘ﬁtﬂ)@"‘l 3T

 transmission system, or the like, and the output

 ing

50

.55

the input of a detector, ete.
Gap&ﬂlt}j K may be lower than for the audic fre~
- UENCY System of Fig. 1, although again that mag-
nitude is not critical, and may, for e};ample be.
| of the order of .03 microfarad. | |
- “The system shown in Fig. 2 is gencmhy *:1m1-_
'_'_'lar_to the system of Fig. 1, differing principally in
that it utilizes a different arrangement for limit--
the anode current under conditions of no sig-

thr Ghﬂ'h

sisvance 4
rent. f@wmg through it is somewhat less than the

circuit may be coupled (o0 another

nal or icw sy.gj:m,l voltage. - In this modification,

an impedance 4 of suitably high resistance is con- .
nected betwesn the negative uermmal of the bat-.
tery B, or BGMI\?'ELLEI}'E and the. cathode ¢ of the
‘tube, so that the point 5 is more negative than

the cathode due to the flow of anode current
- The magnitude of Te-

registance . 4.
4 15 80 chﬂsm thac winen the plate cur-

~ permissible maximum for the tube, the drop of

- potential across the resistance exceeds the break- |
-~ down voliage of a secoind discharge device D1, so
60

65

-~ be of the Eame character ag deviee ._ |
serigs with D1 g suit-

7_0_ ably high resistance §. This anode current li"nit-s- |

that there is 3 surge whmh charges. conaenser K
again to provide a2 negative g

D of Fig. 1.

D, and pref-
er&bw there is 111{31Ude& in

ing arrangement may in. like way bhe- apmled

~the radio frequency amplifier system of Fig. 1&,

{}1‘ in any of the other systems herein described.

“In the system shown in Fig. 3, the condenser X

*15 connected between the gr.Ld and the high- pe-—-

- source B and re.glqtar .
- 3-may be shun ed by an au-.ho—freqaﬂncy byupass.
T candenser rl.
. 15
- shown for coupling the input
 of the tube V .respectively, to the immedistely
and following cireuits or devices, it is
.of course w"a demfaod that any: athel form. of cou-
as Tes 1sta f:e auto—tra,ns—q

| ]:l*"t 1 L

to a pre~

| Gfie type, as an UX227, in which event
¢ amplifier, to  of heater current
The magnitude of

tial with resp

tween the grid of tuhe
‘preceding tube V1, zo that

- circumstances it should be

- rid-hiasing pot tential.:
. This action may repeat from time to timpe as the
- grid charge slowly leaks of, ox untﬂ g, sufficiently

~ strong signal is impressed upon the 111p=._1t circuit
of the tube whlch thereupon operates in the nor-~-
‘mal manner described in connection with tube
“The second discharge device D1 may

3

‘tenttial side of the transformer secondary S1, but
insofar as the operation of either this arrange-
ment or the arrang
~cerned, the conﬂenser K may be either'in the grid |
- lead or-cathode lead. For normal amplitudes of

einent shown in Fig. 1 is con-

charges flowing to the grid to pro-
vide a negative grid biasing potential. In this

modification, however, an electronic tube, as a

80
signal volta*‘*e the s;stem operates as described =
in connection w.tsh Fig. 1, the condenser K storing _'
the’ negsative

35

two element thermionic tube or valve D2, prefer-

ably of very

like. "The cathc&e

hv-of the tube 132 is presented to the grid g of the

amplifier tube V. The anode p of tube D2 is con-
nected through battery Bl and resistance 2 t

ire cathode ¢ of the amplif; er tube V.
tery Bl has its nsgative poie connecied 1o the

‘anode p- Gf the tube D2, this being cont 111"37 to the
'u&uwl practice for an .arnadr’* batt

tery.. 'The volt-

gﬂ of battery
[Eg R hFey) "1"‘%31;1".?0 ias which is 1o be
the grig g of the amphﬁer tuhe V.

erinitted 101

signal volt age has built up a negative charge on

grid g of amp,.lﬁﬁ tube V which is greater than

ne rvotential of battery Bl. When such & charge

en built up tube D2 bﬂcemes & unidirec-

tional wm‘,.uctor and the excess charge on grid g
is drained ofi.

Resistance 2 limits the rate of
ischarge through tube D2 and thus prevents sud-
de.n disturbances in the outvut of the amplifier.
The tube D2 reay be of the uni-potential cath-

transformer Wmdmg, need not be at hlgh 1.,011911-
ot 10 the ca,thsde ox t”l.., cifﬁphﬁﬂr

tube V..
Fig, 4 1?ustrates the mvenhon as embmaed in

The mtm |

N@ eiectrons
‘can flow from cathode to anode of tube D2 until.
‘the cathode becomes more negative in potential
~than the anode, which is to say untii the inoub

the souree
Al, whether a battery or g

‘high vacuum or SUi)St"LIltlahj pure
electron discharge, is used instead of an ioniza-
| | - tion discharge tube D or the
nsformers: T a,nfi Tl have beuu]
and output circuits

9

95

R1 is {3?‘10"&‘1 ﬂc_{aal to the maxi- -

100
105
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115

2 1esj_sta1mﬂ coupled amplifier system, and in -

network FR. "Fhe ‘condenser K for
grid  of amplifier tubse T.f may be connected he-
-*r-?w. tne anode of
pling condenser betwe 1l thﬂ tubes. Under thes-ﬁ
UI‘L&,bIF Isrge to af-

ford low. 1mpe:19 nee to audio =reauemies

- Particularly. when Lhe m:'ﬂces.::n.crT uube V1 is
functioning as a. detecuor a radio-frequency choke
coil T.1s' 1
denser g and grid g of the amplifier tube V, and
g radio-frequency by-pass condenser €2 connest:

ed between the ancde and c&thadr of the da.,tec-' |
stance 8 is in-

tor tube.  The usual coupling resi

- for
example, it should be of the orgez of .1 mm? 0—-
- farad or larger. |

nreferakly ccnnected vetween the. con-

which the anode current is supplied by a recti-
fier-filter
providing the negative biasing potential for the

120

the
t also serves as a cou-

s 130

cluded in the anode Gli‘cult of me tubha J 1, the
condenser 9 affording a path of low impedance

to ground or cathode in shunt to the power sup-
S 140

fiows through the conductor

_.ba};' :

~on the resistance 11 in the Gutp ut of o [lter rec-~

.. Ll ﬁ'}_"

ply.  The direct current component of the anode
current of tube V1

i0 which may, as shown, be connected to a

J:Jd%}l}. PR, o | o o o SV

The tsual grid leak between the grid g and the
catthwode ¢ of the amplifier tube V is omiite
that the ﬂﬂgatwe charges flowing to the grid for

- positive swings or half waves of the signal voltage
~ are stored by the ecndenser X to negatively biaﬂ
'me grid g of the amplifier tube.

, SO

i

A5 in Fig. 1, 15
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the discharge device DI, in series with a suitably
high resistance 2, is connected between the grid
of the amplifier tubke anad its cathode. As in Fig.
1, if the break-down voltage of the discharge
device D is higher than the permissible maximum
swing of the signal voltage, the device D, insvead
of being connected directiy to cathode, connects
to a point or tap la which is suitably positive with
respect to cathode; for exxample, to a tap or slider
on the bleecder resistance 11 in the power supply
system FR, or more generally, to any poini in
the agnode supply system which is to proper ex-
tent positive with respect to the amplifier cath-
ode. When the impressed signal is so great that
the sum of the voltage built up on condenser X by
the signal, and the voltage from point 1lg to cath-
ode is grester than the breakdown veliage of the
discharge device D, a leakage path is formed be-
tween the grid and cathode through device D to
remove the excess of negative grid charge.

Under conditions of no or low signal, the plate
current tends to increase. To prevent the ancde
current rise from becoming excessive, the filter
rectifier system FR inay ke designed or chosen
to have a drooping voltage-load characteristic;
that is, the supply transfermer, the rectifier tube
R, and/or the conductive impedances I of the
filter F, may have such characteristic that the
vlate current of tube V is limited to safe values
even though the grid g should assume cathode
potential. Alternatively, or in addition, a ballast
resistor 3 may be included in the plate circuit of
tube V for this purpose, as described in connec-
tion with Fig. 1.

Whiie it is more convenient to obtain the sup-
plemental veltage for discharge tube D from the
power supply systern, a separate battery BZ may
be used, as shown. in Fig. 4a; the positive terminal
of the batiery B2 is presented to the grid g of
the amplifier tube ¥V, but the path is normally
opzn because of the intervention of the discharge
device D. As in the preceding figures, the grid
circuit is normally cpen, but upon occurrence of
excessively strong signals or inpul voltage, the
conductive pathh from grid to cathode is formed
throueh tube D, to drain off or neutralize the ex-
cess negative grid charge. |

n the system shown in Fig. 5, the condenser

K, as in the preceding modifications, provides a
biasing pctential from the sighal or other input
voltage for grid-biasing purpoesses. In addition, in
this case, the tap or contact 1B is connected 10
2, potenticeter resistance across the winding W
of the supply transformer for the tubhe V, ov in-
stead it may connect to a tap on the winding W
itself. In either event, the voltage hetween the
point 5a of the filter network and contsct 1b 1S
sn alternating current veltage; it is in serigs with
the direct current voliage drop across vhe inm-
nedance or registance 12 in the negative conductor
cf the filter F so that the point 54 is negative
with respect 1o cathiode ¢, and the point 10 is al-
ternately positive and negative with respect to
cathods c. |

For simplicity of explanation, it is assumed
that the breakdown voltage of the discharge de-
vice D is 120 volts and the desired minimum nega-
tive biasing potential for grid g iz 30 volts; it is
also assumed that under ncrmsal condgitions the
voltage drop across the filver reacwor 12 is 40
volts, and that the contact 16 has been adjusted
so that the psak alternating curreny voltage be-
tween it and point 5¢ is 110 velts. Under condi-
tions of normal signal strengih, the condenser K
stores the negative charges, due to the signal

1,061,987

alone, flowing to the grid for grid biasing pur-
poses. However, under conditions of no signal or
lovwr signal voltage, as previously peinted out, the
orid potential gradually drifts toward that of the
cathode., 'The grid is also supstantially at cath-
ode potential if the amplifier is put into operation
after a fairly protracted period of non-use. Un-
der these circumstances, the tube D is subkjected
tc a difference of potential equal to the algebraic
sum of the 4G volt drop across the filter reactor
12, and the allernating potential difference of
110 volts between contact 1b and point ba. For
the positive half waves of the power cycle, the
suim of these voltages is 70 volts, which is less
than the bresk-down or critical voltage of the
tune D, For the negative half waves of the power
cycle, however, the sum is 150 volts, which is suf-
ficient to break down the tube D, and to permit
the condenser X to acquire a charge. As sCon as
the charge is builc up o g value o1 30 volis nega-
tive on its plate presented to the grid, the tube
D no longer breaks down, for the sum of its break-
gown voltege and the biasing voltage is not less
than the sum of the filter reactor drop and the
negative peak voltages picked off by contact 1b.

It the charge leaks off after a time, the tube D
again preaks down and the cycle repeats until
the degired minimum of 30 volts negative grid
nias 13 reestablisned.

I a cignal naving a peak voltage in excess of
30 volis 1s impressed upon the smplifier input
circuly, the grid becomes more and more nega-
tive for stronger shd stronger signals as in the
pricr modificetions. When very large signal or
cthner voltages are impressed on the amplifier in-
plt, the grid becomes more and more negative,
until under the conditions above assumed, it
reacnes a negative potential of 50 volts. When
tizis condition is exceeded, the tube D will again
preak down, and the excess negative grid charge
will be drained off. The tube breaks down be-
cause the sum of the bias voltage built up on con-
denser K and the algebraic sum of the aforesaid
voliages in the power supply system for the posi-
tive halves of the power cycles is in exeess of 120
Volts.

Briefiy, in this arrangement, for the assumed
values, the grid is permitted to float freely and
to adjust itself to signal voltages bhetween the
limnits of 30 and 56 volts. If the upper limit of
biasing volitage, 50 volts, i5 exceeded, the excess
cnarge at once leaks off through the path aflford-
ed by break-down of the tube D. If signal volt-
ages less than the minimum, 30 volts, are ap-
plied for long enough time to allow the charge on
the condenser K to leak off, through paths in-
ierent in the condenser, tube, wiring, and ap-
purtenances, to svich extent that the condenser
charge falls below the minimum of 39 volts, & new
charge is applied to condenser X from the sower
sunply system as previously described until the
minimum of 20 volts is again established. It is
understood, of course, that the foregoing numeri-
cal velues are used for illustrative purposes, and
nct in & limising sense. If, for example, the con-
tact 1D is set to pick off a peak alternating cur-

-rent veltage of 115 velts instead of 110 volts, the

Iimits of free grid operation is then from 35 volis
negauive to 45 volts negative.

In the foregoing description, the secondary ef-

fect of the grid bias upon the amuplifier plate
current which in turn affects the voltage drop
acress the filter reacvor 12 has been omitted for
simplicity ¢f explanaticn. Actually, this sec-
cndatry eiiect tends to narrow the range of free
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-;grld Gpemtmn for 4 gwen setﬁmg of the noten..
| _-.:tmmeuer contact 1b. IR .

15

'The voltage drop across the ﬁlter reactol or

‘more generally between the pomt 5a and ca,’rhode
¢, should equal the normal or optimum biasing
- voltage of the tube, i. e.,
UX247 pentode type usually operating with a neg-’
“ative grid bias of 16 volts, the voltaﬁe drop 4Cross.

'1 the reacfor 12 ahould be 16 volts.
10

Tf the total

10 yoltage drop across the reactor is greater than
S that a,mount ‘the desired value can be cbtained
by using a potentiometer resistance shunting the
~reactor or by tapping the reactor.

~ taking the voltage drop across the reactor and

a reszstancﬁ in '-“-‘PI'IES thei e'fmth hetwepn ca*node c.f

and point 54,

What I claim is:
1 The ‘rnethod of blasmﬂ* the glld C}f an ampa-—

. fier, which comprises impressing o signal voltage
30 up:m the grid circuit of the an p‘ilﬁer, ...-uﬂm:l_nu:at—j“ -
~ ing negative charges flowing to the grid under
the influence of qald signal voltmge to effect a neg-
-ative grid biasing potential, applying said nega~

45 tive potential to an electrode of a discharge de-

~ cathode of ssid amplifier, and separately pro-

“ducing an opposing potential differencs between

~ said electrodes whose magnitude is selected to

40

" when the said b13,51ng voltage exceeds a prede-
-_-tev‘mde maﬂnltude the - cenductlv:tty between
‘said electrodes, external to the tube and betw een

45'-."ﬂr1d and cathode theleaf ]S mcrea,sed tca 1eduee

bear a predetermined relation to the maximum

desirable negative ¢ arid- bl&SlIlg ‘DGtEHtlﬁ;l so that
“nal- yoltage upon the grid circuit of the amplifier,

&Id blaﬁmg Voltage

- 2. The method of hmsmg the s:rrld o:f an amph-—" --

o ﬁer which comprises impressing a mgnal voltage

. upon the grid circuit of the amplifier, accumulat~
- ing negatwe charges ﬂowmg to the grid under.

| 5_9_;""1;he influence  of said signal voltage to ef

" negative grid biasing potential, applying said neg-

- ative potentlal to an electrode of a discharge de-
vice having: a,nother electrode connected to the
cathode of said amplifier, and separately DY oduc-
ing an opposing potential difference between said -
‘electredes whose magnitude .is selectcd to hear

e

a predetemuned relation to the maximum desir-

able negative grid-biasing potentlal so that only
- when said biasing voltage exceeds a prede termined.
“magnitude, conductivity is established, external‘_ '_
to the tube, between orid and cathnde thﬁlﬁ@f

to reduce said biasing V&lt&ge

‘3. The method of biasing: the gnd of an. am.pll-'

. 65ﬁ er, thch comprises impressing a

the . influence of said signal vo‘ltage to effect a

if the tube is of the

- On the etner-
__ hand, if the drop across the re&ctar is not suffi-
cient, the desired Vol’rage may be obtained by

For brevity in the appended claims the term '-
‘signal voltage is utilized generically to mclude-;
- all input voltages of or from eﬁter‘lal sQurces as
~ distinguished frora local sources of current or
| .power ‘supplies; and the ‘signal voitmge may be
... that of or renreuentmg any type of transmission,
25 atb either radio, audio or other frequency, includ- -
| ing telegraphy, telepheny, telpwsmn a,nd the 111{_u

“open as to-unidirecticnal current,

1-:.;1-.35:

signal voltage:
upon the grid circuit of the amplifier, accumulat-
ing negative charges flowing to the grid under

negative charges flowing to the amplifier
provide a biasing potential therefor, tempoerarily

ing voltage exceeds.a predetermmea magnitude,

| swable negatwe grld blas 50 tha,u When sald blas- - o

the excessive. ‘biasing voltage ionizes the gas. 1:0 .

S0 reduce said bmsmg voliage.

4. The method of blasmg the grid of an amp’ll—.
fier, which comprises impressing a signal voltage

“upon the grid civeuit of the amplifier, accumulat-
_ing negative charges flowing to the grigd under

the inflience of said 51gnal voltage 1o effect a
‘negative

grid bmsmg potential, applying. said

_cenduct the excessive charge from the g1 id ar!d B

80

85

negative potential to an-electrode of an elec-

“tronic device having amthm electrode cennected

to the cgthode of sald amph er, and applying to
said electrodes an. opposing poten Lla,l difference

selected to be of such: m@ﬂmuude as 1o prevent
electronic conduction between said electrodes ex-
| ...c;ﬂpt when the Iweﬂ'amfc. blaumg potﬂnt:ia] bﬂcomes

undesirably high.,

5 The method of blamng tﬂe grld of au a,mph- |
erid  ecireuit

fier whiech comprises  leaving the

1mpressmg a

00

Slgnal voltage upon the grid ecircuit, accumulat-

“ing the negative char ges flowing to the grid from
cathode to provide a negative erid biasing po-
tentia, al, wpplymﬂ' said negstiive potential to an
-_'_'electlade of a discharge device having another
“electrode connected to the cathode of said ampli-
fier, and apnlymg an oppasmg notential differ-
ence to said electrodes selected te be- of such

| nitude that under condltmns of e:;cmswely;, '.
-'mgh sienal voltage, the orid circuit is intermit-

160

105

tently compxeted 10 drain off the execess grid . |

-~ charge, and-selecting the. resistance of the drain-
vice having another electrode connected to the 2ge path to be of such high magnitude that the
"~ drainage is at sub-audiblé rate to avoid disturb-
“ing low fruquency variations of the anode cur- |
- 1e1'1t of the amplifier. R --

. 6. In the operatwn of a thﬂrmmmc amnhﬁer -

the method whwh comprises nﬂprec‘smg a9 Sig-

119

1_15 -

-accummatliﬂg negative charges: ficwing to the'-

grid to eff

conditions of low 'Slg“lal voltage or of no signal.

‘ect negative grid biasing potential, and

imiting the anode current of the amplifier under .
120

7. In the operation of a thermionic amplifier,

the method which comprises impressing a signal

voltage upon the input circuit of the amplifier,
accumulating the negative charges flowing to the

ect o amplifier grid to provide a biasing potential 125 = -

therefor, and, under conditions of no signal or
low signal voltage, increasing the impedance of

anode current. | |
8. In the opﬂratwn of 2, the**mmmc amph-

jﬁer ‘the method - which COH‘IDI‘ISES 1mp1essmg q,
signal vcltage Upon. the
-plifier, accumulating the negative charges flow-

myub circuit of the am-

Aer grid to provide a hlqsmg RO~
temuporarily provldmg 2 leakage

ing to the amph
tentlal tberﬂfor

-path to dram off part of the grid uharge when
the bla,smg pcten ial is excessive, and, when the
-bi&SlIlQ' potential is IGW tﬂmmrmlly accumulat-
~ing a charge derived independenily of ﬂ1gnal”
| vol tage, to restore the biasing. potentlal o

9. In the: opﬂratwn of a thelmmmc &*inlﬁEl

| 2 the method which comprises impressing a signal
negative grid biasing potential, applying said D P S & |

negative potential to an electrode of a gaseous
discharge device havmg another electrode con-
- mnected to the cathode of said ampllﬁer and ap-
“ plying to said electrodes an opposing potential
difference whose magnitude is selected to be sub-
- stantially equal to the difference between the
" ionizing potential of the gas and the ma,mmmn de-

voltage up{)]fl its input circuit, accumula,hmg the
grid to

providing a Ieakage path when the biasing pnten-—

tial  is excessive, and, under conditions of no
- or low signal voltage producing by the resultant.

mcrease 111 plate current a voltage to restore. the

the anode C'il’uu_]] of the &mphﬁer to llmlt its
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orid biasing potential to magnitude for which the
plate current is not excessive.

10. An amplifier system comprising a ther-
mionic tube, an input circuit therefor open as to
unidirectional current and including in series &
condenser for storing the negative charges flow-
ing under the infiuence of the signal voltage to
the grid from cathode to derive a negative blas-
ing potential for the grid, and a discharge device
for closing said grid circuit for unidirectional
current during reception of strong signals there-
by to prevent distortion.

11. An amplifier system comprising a ther-
mionic tube, an input system therefor open as to
unidirectional current and including a condenser
for storing the negative charges flowing to the
orid from cathode to derive a negative grid bias-
ing potential from the impressed signal, a dis-
charge device hetween grid and cathode of said
tube for closing said grid circuit for unidirec-
tional current upon reception of strong signals to
drain off the excess grid charge ctherwise caus-
ing distortion, and a high resistance in series with
said discharge device to ensure that the rate of
discharge shall be at a frequency other than
audibie.

12. An amplifier system comprising a ther-
mionic tube, an input circuit therefor open as to
unidirectional current and including a condenser
for storing the negative charges flowing to the
erid from cathode to derive a negative grid bias-
ing potential from the impressed signal, a nor-
mally open path in shunt to said condenser, & dis-
charege device in said path, and a source of di-
rect current in said path having its negative pole
presented to the cathode of said tube and 1ts POSL-
tive pole to the grid of said tube, the sum of
the voltage of said source and of the negative
hiasing voltage built up on said condenser by $51d
strong signals being greater than the break-
down voltage of said device.

13. An amplifier system comprising a ther-
mionic tube, a blocking condenser between the
orid and cathode of said tupe ior aecumulating
the negative chairges flowing to the orid from
cathode to derive a negative grid biasing poten-
+ial from the signal, a unidirectional current sys-
term for supplying the anode current of said tube,
and a normally open direct current path irom
erid to cathode including a discharge device con-
nected between the grid and to a point in said
anocde sunply system whose potential is substan-
tially positive with respect to cathode.

14. An amplifier system comprising a ther-
mionic tube, an input circuit therefor including
a condenser between grid and cathode for deriv-
ing 2 negative grid biasing potential from the irn-
pressed signal, a discharge device {forming g
normally open direct current path in shunt to
said condenser and intermittently closing said
path during reception of strong signals to prevent
distortion by excessive biasing potential, and
means for limiting the plate current of the tube
durine conditions for which the grid approaches
the cathode in potential.

1,961,987

15. An amplifier system comprising a ther-
mionic tube, a condenser in the input circuit of
said tube for deriving negative grid biasing po-
tential from the impressed signal, a source of
direct current having its negative terminal con-
nected to cathode, and a glow tube connected
between the grid and a positive terminal of said
source.

16. An ampilifier system comprising a ther-
mionic tube, a condenser in the input circuit of
said tube for deriving negative grid biasing po-
tential from the impressed signal, a system for
supplying the anode current of said tube, and a
glow tube connected between the grid and &
point in said system more positive than the
cathode of said thermionic tube.

17, An amplifier system comprising a ther-
mionic tube, a condenser in the input circuif of
said tube for deriving a negative grid biasing
potential from the impressed signal, a normally
open path between the grid and cathode of said
tube, a thermionic tube in said path having its
cathode connected to the grid of said first tube
and its anode to the cathode of said first tube,
and a source of voltage in said path negatively

iasing the anode of said second tube with re-
spect to its cathode.

i8. An amplifier system comprising ther-
mionic tubes, a blocking condenser coupling the
ancde circuit of one tube to the input circuit of
the next tube and deriving negative grid biasing
notential from the impressed signal for the grid
of said second tube, 2 system for supplying the
anode current of said tubes, and a normally
open Dathh comprising a discharge device con-
nected between the grid of said second tube and
5, point in said supply system more positive than
the cathode of said second tube,

19. An amplifier system comprising ther-
mionic tuhes, a blocking condenser coupling the
anncde circuit of one tube to the input of the next
and deriving negative grid biasing pstential from
the impressed signal for the grid of said second
tube, a system for stupplying the anode current
of said tubes having a falling voltage-load char-
acteristic, a glow tube connected between the
grid of sa2id second tube and a point in sald sup-
ply system more positive than cathode potential,
and z high resistance in series with said glow
tube. |

20. An amplifier system comprising a ther-
mionic tube, a blocking condenser in the input
circuit thereof between grid and cathode, a recti-
fier-filter system for supplying the anode cur-
rent of said tube, and a discharge device con-
nected between the grid of said tube and a point

in said system between which and cathode there

are two sources of electromotive force in series,
one g source of unidirectional force with the
pogitive terminal presented to cathode, and the
other a source of alternating electromotive forece
alternately positive and negative with respect to
cathode.

BRUNSON S. McCUTCHERN.
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