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COMPLETE SPECIFICATION.

zients in or relating to vVacuum Tubes particularly ior

use in kKadio Seds.

We, Arcrurts Rapio Tusk CoMpaxy,
a corporation or the S.ate of Ireiaware,
United S.ates of America, of 260, bher-
man Avenue, Newark, New dJersey,
United Stawes of America, Assighees ol
WartEr Lovis Kragi, a citizen of the
United States of America, residing at 73,
Orange Road, Montclair, New Jersey,
United States of America, do hereby de-
clare the nature of this invention and in
what manner the same is to be performed,
to be particularly described and ascer-

tained in and by the following state-
ment :—
This invention relates to indivectly

heated, alternating current vacuum tubes
and particularly to a means for balancing
out or compensating for the capacity be-
iween ceriain elements of the tube.

It has been found by careful study of
the causes which produce hum in the cut-
put cireuit of a radio receiving set using

aiternating current tubes that very
minute alternating currents flowing

through the grid circuit of the detector
tube will produce variations upon the
grid, which. when magnified by the de-
tector tube and the amplifying tubes of
the radio zet will produce variations iu
the output voltage of the set to cause a
hum in the loud speaker. The grid leak,
due to its high resistance, causes con-
idarable drop in potential in the grid
circuit when even minute alternating
currents flow therein ; such potential drop
being transferred to tie grid and this
alternating current flowing through the
grid circuit may be due to the capacity

between the grid and the hLeater eircuit’
y of the tube.

Tt is thevefore one of the ohjects of the

invention to provide means to balance oui’

the capacity effect hetween the grid and
the heater circuit of an indirectly heated
AMterrating current vacuum tube.

Inasmuch as capacities between the’

elem nis of different tuhes varv somewhat,
it is also another object of the invention
to nrovide a means in a radio set which
mav he adjusted to compensate for this
intorelemont capacity in any tube which
mav be inserted in the set. o

Anothey ohiect of the invention is

[Price 1/-]

to

prevent any fluctuating current from fow-
ing through the grid leak of a ue.ecior
tube energized by fluctuating cuirent.

Uther objecis of the invention wil be
apparent as the description thereol
proceeds.

The invention is illustraied in the
accompanying drawings, in which

Fig. 1 is a curve showing the variable
ouiput voltage of a direct curient radio
set with respect to the capacity which is
in series with the grid and a source o:
alternating current of a predetermined
voltage ;

Fig. 2 is a cirvcuit diagram of a four
terminal alternating current tube show-
ing the manner of connecting the com-
pensating means in the circuit;

Tig. 8 is a diagrammatic interpretation
of the figure shown in Fig. 2;

Fig. 4 is a circuit diagram of a five
terminal tube showing the manner of con-
necting the compensating means in the
circuit therefor; and

Tig. H is a diagrammatic interpretaiion
of the circuit shown in Fig. 4.

With the use of a very small capaciiy
condenser connected in series with the
secondary of o transformer across whicn
a 60-cycle potential of 15 volts was main-
tained and also connected in series to the
input circuit of a direct current detector
tube to the output of which an amplifier
wax connected, we were able to ascertain
the voltage variation produced in the out-
put circuit by the alternating current
passing through the small capacity con-
denser. The usual condenser and giid
Teak were connected between the grid and
the cathode of the detector tube. so that
any current passing through the small
capacity condenser could compleie the
circuit through the grid leak.

The results of these experiments were
somewhat astounding, a« will be evident
from an inspection of Fig. 1. From
almost zero capacity the voltage curve
rises sharply to about two and one-half
volts when the capacity of the condenser
is only one miernmicrofarad. and to ahout
gixteen volts when the capacity of the
condenser is about five micromicrofarads,
An output voltage variation of two volts
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with the average radio amplifier now in
use will produce an audible hum in the
loud speaker, but inasmuch as it is
extremely difficult to define what is an
audible hum, as such a sound will depend
entirely upon the sensitiveness of the
amplifier and of the speaker, as well as of
the ear of the listener, we desire to use
the word ‘“ hum *’ as meaning any voltage
variation in the output circuit caused by
the alternating heater potential.

In certain types of alternating current
tubes the cathode is connected to the
heater circuit inside of the tube so that
the tube has four terminals. Such a tube
is illustrated in Fig. 2, in which a plate
10 is shown connected to a terminal 11:
a grid 1R is shown connected to a terminal
13; a cathode 14 is shown connected to a
terminal 15; and a heater 16 is shown
with its lower end connected to a terminal
17 and with ifs upper end also connecte(
to the cathode termninal 15. The terminal
11 is connected through a B battery 18 to
an output terminal 19 in the circuit, and
the grid terminal 13 is connected through
a grid leak 20 with its usual by-pass con-
denser 21 to an input terminal 22, which
forms the wusual connection for a de-
tector tube. The terminal 23 forms the
other terminal for both the input and out-
put, as indicated, and is connected to the
cathode terminal 15. Thus both the in-
put and output circuits are connected to
the cathode.

It will be evident that the upper end of
the heater is connected through the input
transformer and the grid leak to the grid,
and inasmuch as there is no resistance in
any partofthiscircuitearryingalternating
current, there is no drop of potential and
hence, the capacity between the wires
connected to the terminal 15 and the grid
of the tube produces no disadvantageous
result and need not be considered. Hew-
ever, it will also be evident from an in-
spection of the drawing that between the
grid and the lower end of the filament
which is connected to the terminal 17
following the metallic circuit through the
input, there is interposed the entire re-
sistance of the heater. Thus the cireuit
extends from the grid terminal 13 through
the grid leak 20, terminal 22. through
the input ecircuit, terminal 23, heater
cathode terminal 15. throughi the high
resistance heater to the terminal 17. In
asmuch as the resistance of the heater is
in this cireuit, it will be evident that

there will be a difference in alternating

current potential between the terminal 17
and associated wires, and the grid ter-
minal 13 and its associated wires.
then. there is a capacity, as represented by

5 k= condenser 24 shown in dotted I:in*., be-r

Tf, .

iween these two terminals 138 and 17, an
alternating current will flow there-
between.  Stated in another way the in-
put, grid leak and capacity 24 are con-
nected in series directly across the heater
leads and a current will flow in this cir-
cuit depending on the size of the capacity
24 and the voltage across the heatsr
leads, This current flowing through the
grid leak causes a voltage drop and pro-
duces a variation on the grid which, as
can be readily seen, will be amplified by
the remaining tubes in the circuit to pro-
duce a variable voltage in the output of
the set.

In order to determine just what the
capacity was between the grid terminal
of an indirectly heated alternating eurrent
tube and the terminal connected to -the
lower end of the heater, we carefully
measured these capacities in a number of
tubes and found that it is about 0.4 of =
micromicrofarad. We also measured a
standard four terminal tube socket and
found that the capacity between the grid
and this heater terminal. which in this
case is the adjacent heater terminal, is
about .65 micromicrofarads. Tt will be
evident that the sum of these two cap-
acities, which represents the capacity
when the tube is in the socket, will be
1.05 micromicrofarads, and from an in-
spection of the curve in Fig. 1, it will be
seen that this capacity when subject to a

80

pressure of fifteen volts, will produce a 1C0

voltage variation in the output circuit of
nearly three volts which, as has been
stated above, will produce a hum in the
speaker.

The invention is designed to compensate 1063

for the capacity beiween the grid and the
lower end of the heater, and to this end we
have introduced a resistance 25, one end
of whichi is connected to the terminal 15

and the other end of which is conneected 110

to one side 26 of the power supply line at
terminal 27. The secondary 28 of the
transformer 29 is connected to the wire
26, and the other side of the secondary is

connected by means of wire 30 to the ter- 11:

minal 17, thus placing the secondary 28
in series with the resistance 25 and acrese
the heater terminals 15 and 17. A
primary winding 31 connected to a source
of alternating current 32 furnishes the
power supply, as will he evident, to
energize the heater and cathode of the
tube. A variable condenser 33 is also
connected between the terminal 13 and the
terminal 27,

“With the addition of the resistance 23
and the variable condenser 33. the re-

-sistances and capacities of the cirenit mav

be represented as indicated at Fig. 3.

120
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This circuit, as will be scen, takes the 130
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form of a Wheatstone bridge with the
teyminals 13, 17, 15 and 27 as the four
terminals of the bridge. The heater 10
and additional 1esisiance 25 form the re-
s:stance on one leg of the bridge, and the
capacity 24 between the terminals 13 and
17 and the variable condenser 33 form
the other leg, with the grid leak 20 ana
the grid condenser 21 forming the
diagonal. If a fixed resistance is in-
serted at 25. it will be clearly evident that
the variable condenser 33 may be adjusted
to such a point that no current will flow
through the grid leak 20, and this ad-
justment will entirely balance out the
capacity cffect between the grid and lower
end of the heater so that no alternating
current whatever will flow in the grid
leak circuit, and, hence, no hum will be
reproduced.

It will be understood that, if desired.
the condenser 33 may be made fixed and
the resistance 23 may be varied until a
point is reached giving the same result.
or this result may be attained by varying
one or more of the other elements of the
bridge.

Tf desired, the by-pass condenser 21 may
be connected to the terminal 27 and
utilized as the balancing capacity. This
is advantagous. since 1t eliminates the
condenser 33 which affects the tuning of
the input circuit.

With tubes having five terminals in
which the cathode is not connected at all
to the heater circuit within the tube,
there is a somewhat different result set up
by the capacities between the grid and the
ends of the heater.
and socket capacity for the grid and
heater terminals of this type of tube is
approximately .68 micromicrofarads,
which, it will be seen from reference
again to Fig. 1. may produce a hum in
the output of the set. A cireuit con-
nection embodying a five terminal tube is

shown in Fig. 4 in which the plate 34 is

shown connected to terminal 35: the grid
36 o terminal 37: the cathode 38 to ter-
minal 39 : the lower end of the heater 40
to terminal 41: and the upper end of the
heater to terminal 42, The plate ter-
minal 35 is connected to the B batterv
43 : the orid terminal 37 is connected to
the orid leak 44 and the grid condenser
45 and hath the necative side of the B
Tattery, and the other end of the arid
leak are connected to terminals 46 and 47
r-gnectively, forming one terminal each of
the output and the input for the circuit.
The other terminal 48 of the output and
the other terminal 49 of the input are
ennnacted together and to the lead 50,
which is connected to the cathode ter-
minal 30. The secondary 51 of the trans-

The combined base

former 52, having a primary 53 connected
across a source 94 of alternating current
energy, is connected by means of the
wires 55 and 56 to terminals 41 and 42,
respectively, which are the heater ter-
minals of the set.
necting the terminals 48 and 49 tfo the
cathode terminal 89 is also connected to
the arm of potentiometer 57 which is con-
nected across the heater leads 55 and 56.

Where a five terminal tube is used, as
in the present instance, and the cathode
is entirely independent from the heaier
circuit, some means is necessary to make
a connection between the cathode and the
heater circuit.  This has been accom-
plished by the use of the potentiometer
57, the grid and plate returns of the cir-
cuit being connected to the arm 58 which
contacts at some point spaced from the
ends of the coil. Thus the grid terminal
87 is connected electrically to the terminal
41 through a portion of the potentiomete”
coil, and the terminal 42 is connected to
the grid terminal through the other por-
tion of the potentiometer coil. It is
evident that the grid is thus connected to
a point having an alternative potential
with relation to both terminals of the
heater, and that a small capacity 39
exists between the grid and one terminal
of the heater, and a small capacity 60
exists between the grid and the other
terminal of the heater.

The various parts of the circuit shown
in Fig. 4 may be represented by the dia-
gram shown in Fig. 35, wherein the
erminal 37 and the arm &8 of the
potentiometer are shown at opposite ends
of the grid leak 44 and condenser 5.
which form the diagonal of a Wheatstone
bridge, and terminals 41 and 42 are shown
indicating the other two coimers of the
bridge circuit. Power is supplied at the
terminals 41 and 42 from the source 54.
The capacity between terminals 41 and 37
is represented by the condenser 59. and
that between the terminals 42 and 37 is
represented by the condenser 60. The
arm of the potentiometer connects at a
point on the coil thereof, forming two re-
sistances—61 and 62. the former between
the arm of the potentiometer and the
terminal 41 and the latter between the
arm and the terminal 42. Tt will be
evident from an inspection of this dia-
gram that by shifting the arm 58 of the
potentiometer a point mav be reached up-
on the coil where no current will How
through the grid leak 44, and when thi
point is found the capacities between the
ends of the heater and the grid will be
compensated for.

While a potentiometer has been used in
this place hefore, attention is drawn to

The wire 50 con-
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the fact that the sole purpose of this
potentiometer has been to connect the grid
and plate retuin cireuits to a point havmo
the poteniial of the midpoint of the filun
ment, or at a peint which divides the fila-
ment into two sections from which ‘the
electronic emission is equal. It is to be
noted that our invention does more than
this, as it finds a point whereby the cir-
cuit is balanced so that the interelement
capacities are compensated for and no
alternating current flows thiough the grid
leak., This point is oftentimes not at the
center of the filament or at a point which
divides the filament into two sections
having equal emission. If merely the
latter resulus are obtained, there may still
be a hum in the output circuit arising
irom the interelement capacities described
above.

Besides the capamtv which exists be-
tween the grid and heater terminals and
the wires asscciated therewith, there is
also a condueclance across the surface of
the glass seal which although very slight,
alds the current flow in the cireuit, and it
will be evident that the effect of this con-
ductance may also be eliminated by the
invention.

Ceriain modifications may be made 1n
the invention, such as changing the ele-
ments of the Wheatsione brldrre clreults
as shown in Figs 3 and 5. v»ﬁhoui de-
parting from the spirit of the inv ention,
and we desire, therefore, o interpret the
inmveniion broaaly within the scope o{ the
appended claims.

Having now palhcularly described and
qsner’cam\,d the nature of our said inven-
tion and in what manner the same is to

be performed, we declare that what we

claim is:—

1. An indirecily heated vacuum tube
comprising cathode plate and grid ele-
ments, a cireuit associated with the cat-
hode for energizing the cathode by a
fluciuating current and an output circuit
and an 1nput circuit whereof the first is
connected between the cathode and {he
plate and the second is connected befween
the cathode and the grid and includes a
grid leak, and including a conneetion be-
tween the output and input circuits and
the energizing circuit, and means for pre-
venting fluctuating curvent from flowinw
through the grid leak due to the
can~eity or conductance hetween said szud

and ass')ma’ced circuit and said energizing

eireuit,

A vacuum tube circuit as claimed in
clalm I, in which the means for prevent-

ng ﬁuctuauno current from fowing
thro ugh the grid leak includes a re-
Shtance.

3. A vacuum tube cireunit as cLumeu in
claim 1 or 2, including a capacity be-
tween the grid and one side: of the
energizing circuit and between the grid
and the oihm side of said energizing
cireuit.

4 A vacuum tube eircult as elaimed in

y of claims 1 to 3, including a balanci ing
Ieklst‘lnt‘e 1ntelp0sed batween one side of
the energizing circuit and the connection
thereof with the input and output cireuits,

5. A vacuum tube cireuit as elaimed in
any of the preceding claims, including =
separate heater for the cathode. which
heater is connected to the energizing
circuit,

6. A vacuum tube circuit as claimed in
claim 5, including a connection between
the cathode and one end of the heater.

7. A vacuum tube cireuit as
claimed in  claim 6 and in
any of claims 2 to 5, in which
the resistance is arranged in series wih
the end of the heater hm ing the cathode
connected thereto, and a variable comn-
denser is arr antred between the giid and
the extreme end of said resistance.

8. A vacuum tube cu‘cmt as clalmed in
claim 6 and in any of claims 1 to 5. and
hfxvmn' five terminals in which the heg et
is entlrely separate from. the cathode aud
is connected to two of the terminals while
the ecathode is connected to a third ter-
minal, and including a resistance across
the 11eatﬂr eircuit, and a connection from
the input and ou{put circuits of the tuh:
to a point on said resistance at which ihe
Clreults are 50 balanced that ne fluctuat-

ing current will flow through the grid
leak.

9. The improved indirectly heated
vacuum tube ecircuit substantially as
hereinbefore described and illustrated,
for the purpose specified.

Dated the 6th dav of December 1620,

For ARCTURTS RADIO TUBER
COMPANY.

White, Langner, Stevens, Parrvy &
Rolhnson

Chartered Patent Agents

6—9, Quality Court, Chancel.

London. W.C. 2. and a*

17, John Street, New York. T.S.A.

Lane,

Redhill :

Printed for His Mojesty’s Stationery Office, by Tove & Malecomson, Ltd.—1931
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[This Drawing is @ reproduction, of the Original on a reduced scale/
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