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My invention relates to electron discharge de 
wices, more particularly to such devices useful as 
visual indicators of voltage and having an elec 
trode which is rendered incandescent, and has 
the appearance of a pattern of light which may be 
of constant height and varying width and which 
changes in response to the change in the magni 
tude of the applied voltage, a device of this char 
acter being particularly useful as a tuning indi 
cator in radio receiving sets. 

10 It is an object of my invention to provide an 
improved electron discharge device of the kind 
described, which is particularly suitable for use 
as a visual tuning indicator in a radio receiving 
set and in which resonance is indicated by a bril 
liant luminous glow on an electrode. 
In general my invention comprises an envelope 

having within it a straight thermionic cathode 
having two separate electron emitting sections 
around one of which are positioned at least one 
grid and an anode. Around the other section 
are mounted the visual tuning indicator elements 
comprising a straight control electrode preferably 
in the form of a rod parallel to the cathode, and 
an anode which may be flat or preferably cylin 
drical and may be of verythin sheet metal or of 
thicker sheet material having an opening cov 
ered by very thin sheet material or foil which be 
cones incandescent in response to electron bom 

30 bardment. In operation the electrons flow from 
the cathode to the anode with sufficient velocity 
to bombard the thin sheet metal and render it 
incandescent. The control electrode is electri 
cally connected to the anode surrounding the grid 
and the elements of the tube are so connected 

5 

is tuned to resonance with an incoming signal the 
incandescent portion of the indicator anode is of 
a predetermined size. In one form of the device 

O the connection is such that the incandescent por 
tion of the anode is of a maximum width when 
the circuit is tuned to resonance, the height re 
maining constant. 
The novel features which I believe to be char 

4s acteristic of my invention are set forth with par 
ticularity in the appended claims, but the inven 
tion itself will best be understood by reference to 
the following, description taken in connection 
with the accompanying drawing in which Figure 

50 1 shows an electron discharge device embodying 
my invention with parts broken away to show de 
tails of construction; Figures 2a and 2b and 3a. 
and 3b are top views and side views of the tun 
ing indicator portions of Figure 1 graphically 

ss showing changes in the light pattern in response 

in a radio receiving circuit that when the circuit 

(C. 250-27.5) 
to different voltage changes, and Figure 4 is a 
circuit embodying the electron discharge device 
shown in Figure 1. 
The electron discharge device or tuning ind 

cator tube shown in Figure 1 comprises an evacu 
ated envelope Oprovided with the usual stem and 5 
press if, and base 2. Supported from the press 
are a cathode 3, preferably the conventional in 
directly heated equipotential type, a grid 4 and 
anode 5 surrounding the cathode. 

in accordance with my invention I mount in 10 
the dome portion of the envelope" ?o the visual 
indicating portion of the tube comprising a cath 
ode, a rod-like control electrode and an anode in 
the form of an open ended sheet metal cylinder 
surrounding said cathode and control electrode 
and provided with a portion of very thin sheet 
metal which becomes incandescent when sub 
jected to electron bombardment. While the en 
tire anode may be of verythin material which be 
comes incandescent, I prefer to make it of thicker 20 
sheet material having a window or Opening COW 
ered with very thin sheet material or foll which 
becomes incandescent when subjected to elec 
tron bombardment. 
In Figure 1 the cathode 3 is extended into the 

dome portion of the envelope and has a second 
emitting section 6 for supplying the electrons 
in the visual indicating device. This section 
preferably covers only a small angle of the Sur 
face of the cathode facing the window in the 30 
anode. A control electrode 7, which may be 
a rod-like member or of sheet material set edge 
wise to the cathode, is supported from a crossbar 
8 electrically connected to the side rods 9 of 35 
the anode 5. This control electrode determines 
the pattern of the incandescent portion of the 
anode 20, which is provided with the thin sheet 
metal window or target 2, and is supported by 
rods 22 extending from the press. 40 
This thin sheet metal or foil may be nickel 

from 00005'' to .00025'. It can be made for 

5 

example by plating nickel on molybdenum or 
nichrome and then stripping it. The thin sheet 
metal may also be a tantalum film or foll rolled as 
to from .00003' to .00005'. 
In operation the voltage on the anode 5 is ap 

plied to the control electrode T, the voltage on 
this electrode determining the Width of the pat 
tern of light on the thin sheet metal 2 of the so 
anode 20, the height of the pattern of light being 
constant and equal to the height of the window in 
the anode covered by the thin sheet metal. 

Referring to Figure 2, which shows a top view 
of the tuning indicator portion of the invention 
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2 
shown in Figure 1, the beam control electrode 
is so biased that when no signal is being received 
the voltage difference between the control elec 
trode 7 and the anode 20 is such that the portion 
2 of the anode between the broken lines d not 
reached by electrons is dark and between broken 
lines e reached by electrons a dull red. As the 
set is tuned to resonance the voltage difference 
between the anode 20 and the electrode 7 be 
comes less, so that the control effect of the elec 
trode 7 on the electrons leaving the cathode 6 
is less, permitting electrons from the cathode 6 
to reach more of the thin sheet metal portion 2 
of the anode 20. When the set is tuned to res 
onance, the beam control electrode f is made so 
positive that the edges of the beam from the 
cathode overlap each other as shown at f in Fig 
ure 3. The result is that at the overlapping Sec 
tions the thin sheet metal becomes incandescent 
so that the light from this section is made more 
intense than on other portions of the thin sheet 
metal which are a dull red. Of course the re 
mainder of the anode 20 remains dark at all times. 
The eye is sensitive to temperature changes 

in metal just above dull red, and hence the tun 
ing condition is made strikingly apparent by 
overlap and the incandescent condition resulting 
therefrom. The constants of the circuits with 
which the tube is used can be so chosen that the 
maximum overlap which occurs at resonance is 
of any predetermined width within limits. That 
is, resonance can be indicated by a very fine line 
incandescent pattern of light or can have Some 
width up to a large section of the target or thin 
sheet metal portion 2 of anode 20. 
The application of an electron discharge de 

vice made in accordance with my invention to a 
radio circuit is shown in Figure 4. Normally the 
anode fS of the triode section of the tube is 
electrically connected thru a resistor 40, to a 
source of voltage 4. The indicator anode 20 is 
connected directly to the source of voltage 4. 
With no voltage on the grid 4 a certain prede 
termined amount of current flow thru the triode 
section of the tube causes a drop in resistor 40, 
so that the voltages applied to anode 5 and in 
dicator anode 20 have the greatest differential, 
the voltage on anode 5 being at the lower po 
tential. The voltage on anode 20 does not change 
while that on the anode 5 decreases, due to the 
drop thru resistor 40. This makes the control 
electrode 7 negative with respect to anode 20, 
thus preventing overlap and incandescence of 
target 2 of the anode 20. As the voltage on the 
control grid 4 increases in the negative direc 
tion the current flow to the anode 5 decreases so 
that the voltage drop thru the resistor 40 de 
creases. Under these circumstances the voltage 
differential between anode 5 and indicating 
anode 20 decreases so that the control electrode 

becomes less negative with respect to the anode 
20. This permits the width of the dull red por 
tion to increase. Thus the dull red portion in 
creases as the negative bias on the control grid 3 
increases until overlap and incandescence results. 
This characteristic of the tuning indicator tube 
is made use of when connected to a conventional 
automatic volume control circuit. The rectifier 
tube 42 has an anode 43 connected to one side of 
the radio frequency or intermediate frequency 
transformer 44 coupled to the receiving circuit 
not shown, and a cathode 45 connected thru, a 
grid leak 46 and by-pass condenser 4 to the 
other side of the transformer 44. The cathode 
side of the transformer 44 is connected thru re 

2,113,669 
sistor 48 to control grid 4 of the tuning indi 
Cator tube. A radio frequency by-passing con 
denser 49 connects the grid to ground, and the 
conductor 50 may be connected to other parts of 
the circuit to provide automatic volume control. 
As the receiving circuit is tuned to resonance and 
rectification takes place thru the tube 42, the 
cathode side of the radio frequency transformer 
becomes negative with respect to ground due to 
the current thru resistor 46. This negative volt 
age is applied to the control grid f4 as a nega 
tive bias with tha result that the current thru the 
triode portion of the tube is reduced, thus caus 
ing the width of the incandescent portion of the 
tuning indicator anode 20 to increase as ex 
plained above. In this arrangement the control 
electrode is positive with respect to the cathode. 
Several advantages follow from this arrangement 
over that in which the control electrode is biased 
negatively with respect to the cathode. The 
boundaries of the electron beams are sharp and 
well defined. There can be a high concentration 
of electrons at the edges of the incandescent 
areas So that the luminosity is uniform. The 
high current to the incandescent portion of the 
target can be obtained at low voltages and hence 
a bright incandescence is the result. A positive 
control electrode is suitable for direct coupling to 
an amplifier, that is it may be directly connected 
to the plate of an amplifier tube as shown in 
Figure 1 for example. Furthermore, a tube 
made in accordance with my invention is not 
Critical to variations in cathode temperatures and 
is susceptible for use with alternating and direct 
Voltages and currents. 
While I have indicated the preferred embodi 

ment of my invention of which I am now aware 
and haye also indicated only one specific appli 
cation for which my invention maybe employed, 
it will be apparent that my invention is by no 
eans limited to the exact forms illustrated or 

the use indicated, but that many variations may 
be made in the particular structure used and the 
purpose for which it is employed without de 
parting from the scope of my invention as set 
forth in the appended claims. 
What I claim as new is: 
1. An electron discharge device having an en 

velope enclosing a straight electron emitting 
9athode, an anode adjacent said cathode and hav 
ing a target of thin sheet metal foil for receiv 
ing electrons from said cathode, and a Control 
electrode comprising a conductor intermediate 
Said anode and cathode for determining the por 
tion of the target reached by electrons from Said 
Cathode. 

2. An electron discharge device having an en 
Velope, a cathode within said envelope having two 
electron emitting sections, an open ended tubular 
anode Surrounding one of the electron emitting 
Sections and provided with a section of thin sheet 
foil and a control electrode between said anOde 
and said cathode and comprising a conductor 
parallel to the cathode for producing on the 
Section of sheet metal foil an incandescent portion 
of substantially constant length and of a Width 
depending on the voltage applied to said COntrol 
electrode, a grid and a second anode Surrounding 
the other of said electron emitting sections of 
Said cathode and an electrical connection be 
tween said second anode and said control elec trode. 

3. An electron discharge device having an en 
velope, a cathode within the envelope having a 
plurality of electron emitting surfaces along its 
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surface, a grid and anode surrounding one of 
said electron emitting surfaces and an open end 
ed tubular anode surrounding another of the 
electron emitting Surfaces of Said cathode and 
provided with a section of thin sheet metal foil 
and a control electrode positioned between said 
Section of thin sheet metal foil and the other 
electron emitting Surface and comprising a con 
ductor parallel to the cathode and connected to 
the anode Surrounding the grid for producing on 
said section of thin sheet metal foil an incan 
descent portion of Substantially constant length 
and of a width depending upon the voltage ap 
plied to said control electrode thru the anode 
around the grid. 

3 
4. An electron discharge device having an en 

velope containing a straight cathode having an 
emitting section extending longitudinally of but 
covering only a Small angle of its surface, an 
anode surrounding the cathode and having a 
section of thin sheet foll opposite Said emitting 
section for receiving electrons from the cathode 
in sufficient quantities to become incandescent, 
and a control electrode comprising a straight 
conductor positioned between the emitting sec 
tion of said cathode and the Section of thin sheet 
foil for determining the portion of thin sheet foil 
reached by electrons from said cathode in suf 
ficient quantities to become incandescent. 

HARRY C. BOMPSON. 
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