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This invention relates to four electrode
valves, and to means for obtaining high fre-
quency or low frequency magnification or rec-
tification therewith.

5 According to this invention the outer grid
of a four electrode valve is spaced from the
inner grid a distance such that when using
cylindrical grids, the ratio of the diameter

- of the outer grid to the diameter of the inner

10 grid is not less than 2.5:1, and is not greater
than 5:1. Or, alternatively, the diameter of
the outer grid is not less than 214 times the
diameter of the inner grid, and does not ex-
ceed its length. oo

15 When using flat grids, the distance from
the outer grid to.the inner grid must exceed
the distance from the inner grid to the fila-
ment and be less than its length.

We have discovered that under suitable

20 conditions the magnification capable of being
obtained with valves so constructed will in-
crease, possibly within certain limits, the
higher the resistance inserted in the inner
grid circuit.

25  When a high resistance is connected in the

circuit of the inner grid and a suitable nega-
tive potential applied to the outer grid, the
valve is capable of giving very large high
frequency or low frequency magnification.
30 The valve can also be used for rectification.
As an example, when using the valve for

magnification 1f a resistance of 20,000 ohms

be connected in the inner grid circuit of the
valve and a positive potential of 40 volts

35 applied thereto, the plate being maintained
at a positive potential 22 volts, the current
flowing to the inner grid circuit is .8 milli-
amperes approximately, when there is zero
potential on the outer grid. ‘

40  If, now, a negative potential of .5 volts
is applied to the outer grid, the inner grid

current increases by .4 milliamperes and

therefore there is a change of 8 volts in the
Inner grid circuit, representing a magnifi-
43 cation by 16 of the .5 volts change applied to

the outer grid. If the resistance in the inner
grid circuit be increased to 50,000 ohms and
the potential thereof be increased to 70 volts,
then when the outer grid potential is altered
from zero to —.5 volts, the current through
the inner grid circuit increases by .4 milli-
amperes, and therefore there is a voltage
change in the inner grid circuit of 20 volts,
representing a magnification by 40 of the .5
volts, applied to the outer grid. -

When varying the resistance in, and the
voltage of, the inner grid circuit, the fila-
ment emissions are also slightly varied.

The value of the outer grid voltage at
which this magnification occurs can be varied
by varying the filament currents.

The 1nvention is illustrated in the accom-
panying drawings of which Figures 1 and 2
show typical characteristic curves obtainable
from four electrode valve arrangements ac-
cording to this invention, and Figure 3 shows
a suitable circuit for obtaining magnifica-
tion.

If in a four electrode valve, such that for
any given conditions of potential the sum of |
the maximum currents which the outer grid
and anode can passis less than the maximum
cathode emission for those conditions of po-
tential, the outer grid be kept at a small
positive or small negative potential with re-
spect to the cathode, the anode at a greater
positive potential, and the inner grid poten-
tial be varied between zero and a value great-
er than the anode potential, a curve of the
general form shown in Figure 1 will be ob-
tained for the relationship of inner grid po-
tential V to inner grid current L.

Tt will be observed from this curve that
after a critical value of inner grid voltage
has reached, a further increase of inner grid
potential causes a decrease in inner grid cur-
rent, 1. e. there is a negative resistance effect,
and that the form of the curve over the neg-
ative resistance portion X—7Y is substantially
a straight line.

50

55

60

65

70

75

90



V2

[op]

If, now, values of inner grid current I
be plotted against values of outer grid pe-
tential Vg, the anode potential being main-
tained at a fixed value, a curve of the form
shown in Figure 2 will be obtained, the por-
tion between X’ and Y’ (i. e. the working
portion) being substantially a straight line.

Assuming that the portion X—~Y of the
curve of Figure 1 be a straight line, and the
portion X’—Y’ of Figure 2 is also a straight
line, both of which assumptions are sufficient-
ly accurate for most practical purposes, it
can be shown that [,=C—a. V=0V,
where @, b, and ¢ are constants. TIf the inner
grid be ‘charged through a resistance R by
an E. M. F. Ve, then Vy,,=Ve— R,

Hence [y =c—aVy—b. (Ve—£RI,), that
is Ip(1—=0R)Y=c—a. V4,—0bVe

If an infinitely -small change @V, in Vo
causes an infinitely small change d/y in 4,

~then —

“RdI,
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change of voltage dropdown R

"dV, ~ “change of outer grid potential

, overall magnification.
Tt will be seen that as R approaches the

value 3, the overall magnification becomes

b
very'-large. “We have found that .in some

.rcah. vary . from- 40,000. to 100,000

ohms, according to filament heating. It is

- thus possible to obtain a very high magnifi-

cation without using an inconvenient size of
resistance through which the inner grid is

.charged.

~A suitable circuit for an-amplifier compris-
ing a' four electrode valve and a three elec-
trode valve in cascade is shown in Figure 3.
. The oscillations to be magnified (indicated
in the drawings by the secondary 1 of a low

“frequency transformer) are applied between

the outer grid 2 and cathode 3 of a four elec-
trode. valve, whose inner grid 4 is charged
through the resistance 5 by means of the bat-
tery 6. The anode 7 is maintained at a posi-
tive potential, lower than that of the inner

»grid, and the magnified oscillations are cou-

pled through the condenser 8 to the grid 9 of

.a triode 10.

- It will be-understood that high frequency
oscillations may. be similarly magnified by re-
placing the: transformer winding' I by the

.source - of high frequency -oscillations and
‘that, by: connecting the usual condenser and

.grid-leak in the lead to the outer grid, recti-

=35

fication may be effected. ;
Having now. particularly described and
ascertained the nature of my said invention
and in what manner the same-is to be per-
formed, I declare that what I claim is:
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1. In radio apparatus the combination of a
four electrode valve having an outer grid,
inner grid, anode and cathode, means for
maintaining the anode potential at a positive
value with respect to the cathode, means for
applying to the outer grid a potential nega-
tive with respect to the cathode, and means
for applying a positive potential to the inner
grid, the whole arrangement being such that
increase in inner grid potential beyond a criti-
cal value causes a decrease in inner grid cur-
rent.

. 2. In a vacuum tube relay a four electrode
tube having a cathode, an anode, and an outer

-and inner grid, an input circuit connected be-
* tween said outer grid and said cathode, an

output circuit connected between the inner
grid and said cathode, a high resistance and
source of current forcharging said last named
grid, a capacity in said output circuit, a sec-
ond vacuum tube, and an-input circuit for
said last named tube connected to said capac-
ity, whereby the potential variations in the
output circuit of said first named tube are

impressed on the input circuit of said last *

named tube.

3. In radio apparatus the combination of
a four electrode valve having an anode, a
cathode, an inner grid, and an outer grid the
diameter of which 1s at least two and one-half
times the diameter of the inner grid, means
for maintaining the anode potential at a
positive value with respect to the cathode,
means for applying to the outer grid a po-
tential negative with respect to the cathode
and means for applying a positive potential
to the inner grid of the valve greater than
that applied to the anode, whereby an in-
crease in inner grid potential beyond a criti-
cal value produces a decrease in inner grid
current. ‘ '

4. In radio apparatus, the combination of

- a four electrode valve, having an anode, and

an inner and outer grid surrounding a cath-
ode, an input circuit connected between said
outer grid and said cathode, a thermionic tri-
ode having input and output circuits, and a
resistance connected between the inner grid
and cathode of said four electrode valve and

to the input circuit of said thermionie triode.

5. A vacuum tube relay, comprising a four
electrode tube having a cathode, an anode,
and two grids, an input circuit connected
between the cathode and one of the grids, a
source of direct current potential connected
directly to said anode, a high resistance and
a source of direct current of relatively high
potential connected hetween the other grid
and the cathode, and an output circuit in-
cluding a capacity having one end connected
to the last mentioned grid and to the resist-
ance, the other end of said capacity being con-
nected to the cathode.

"6.. In an amplifying system, the combina-
tion of a four element tube having a cathode,
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an anode and two grid electrodes between
said cathode and said anode, an input circuit
connected between one of said grids and the
cathode, a direct current source and a high
resistance connected between the cathode and
the other of said grids, an output circuit in-
cluding a capacity and a resistance connected
between said last named grid and said cath-
ode, and a second vacuum tube having output
and input circuits the input circuit of which
includes a portion of the output circuit of
the four element tube.

7. In an amplifying system the combina-
tion of a four element tube having a cathode,
an anode and two grid electrodes between
said cathode and anode, an input circuit con-
nected between one of said grids and the
cathode, a source of potential for directly
charging said anode, a high resistance and
a source of potential higher than said first
named source for charging the other of said
grids, and a triode tube having an output cir-
cuit and an input circuit which is connected
to the last named grid of said four element
tube whereby the output of said second
named -tube is controlled by the potential
variations of said resistance charged grid
acting on the input circuit of said triode tube.

8. In an amplifying system, an electron
device having a cathode, an anode and an
inner and an outer grid interposed between
said cathode and said anode, an input circuit
connected between the cathode and the outer
grid, a current source directly connected to
said anode, an output circuit including a con-
denser and a resistance connected between
said inner grid and said cathode, and a source
of potential connecting said cathode to said
inner grid through a high resistance where-
by a small variation of power in the input
circuit will cause a large variation of power
in the output circuit.

9. In an amplifying system, a four element
tube having a cathode and anode and two
grids interposed between said cathode and
said anode, an input circuit connecting the
cathode to one of said grids, a source of power
directly connected to the anode and cathode,
an output circuit connecting the other of
said grids to the cathode, a high resistance
and a source of potential for charging said
last named grid, and a three element tube
having an input circuit which is associated
with the output circuit of said four element
tube for cascade amplification.

10. In an amplifying system, a four ele-
ment tube having a cathode, an inner grid,
and an outer grid the diameter of which is
substantially 214 times the diameter of the

) inner grid, an input circuit associated with

said outer grid and said cathode, a source of
potential applied directly to said anode, an
output circuit associated with said inner
grid and said cathode, and a high resistance

for charging said inner grid, whereby the

3

coeflicient of amplification of the tube is sub-
stantially independent of the potential of
the inner grid.

11. In an amplifying system a four ele-
ment tube having a cathode, an anode, an
inner grid and an outer grid, an input circuit
connected between said cathode and said
outer grid, a source of potential connected
directly to said anode, and means including a
source of potential and a high resistance for
applying a potential to said inner grid of a
value higher than that applied to said anode,
whereby a high degree of amplification is
obtained.

ERNEST WALTER BRUDENELL GILL.
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