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‘1 
This invention relates to electron discharge 

tubes. More speci?cally, the invention relates to 
an improvement in the physical and electrical 
structure of gaseous discharge tubes of the type 
employed in ?ash photography, ?ash signaling, 
stroboscopic illumination, and similar applica 
tions. The invention also provides a novel type 
of control circuit for initiating the gaseous dis 
charge in such tubes. 
Gaseous discharge tubes capable of producing 

the high-intensity, high-speed, ?ashes of light, 
particularly for use in photography and strobo 
scopy, are now well known. The voltage applied 
between the anode and the cathode to produce 
the discharge is commonly supplied by a con 
denser-type power supply. In such power sup 
plies, a condenser is charged to a high voltage 
and is thereafter discharged through the electron 
discharge tube to produce high-intensity light. 
Where a two-electrode tube is employed, the volt 
age to which the condenser is charged exceeds the 
ignition or ?ring potential of the tube. 
The present invention provides electron dis 

charge tubes which are capable of producing light 
?ashes of high intensity upon the application of 
voltages lower than those now in use. Further, 
the electron tubes of the present invention may 
be employed with relatively simple and inexpen 
sive ?ring or ignition systems. One aspect of 
the invention provides an improved and simpli 
?ed ignition or ?ring system for electron 
discharge photo?ash tubes. Further, the present 
invention provides electron-discharge photo?ash 
tubes of great simplicity of structure and assem 
bly and consequent reduced cost of construction. 

Generally, reduction of the cost of construction 
of photoflash tubes of the electron discharge type 
is accomplished in the ‘present invention by a 
novel type of mounting means for the discharge 
chamber in which the gaseous discharge occurs. 
Such discharge chambers are commonly enclosed 
within light-transmitting envelopes to which are 
sealed insulating bases through which the con 
tacts to the discharge chamber electrodes, and 
to the control electrode or grid, are ‘made. The 
discharge chamber, an elongated tube ‘which is 
commonly wound in the form of a helix or other 
tortuous shape, is usually formed of a relatively 
expensive heat-resistant glass, or of quartz. In 
order to prevent damage due to impact collision 
between the discharge chamber and the envelope 
upon subjection to vibration or shock, the dis 
charge chamber is mounted within the envelope 
in such a manner as to prevent relative ‘motion 
therebetween. Various means of mounting the 
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discharge chamber .withinthe envelope'have here 
tofore been employed. Where the mounting 
means, suchasa glass-to-glass seal, is of the same 
material 'as the discharge chamber, the envelope 
must likewise be of the relatively expensive ma 
terial of the chamber, since differences in ‘tem 
perature coefficients of expansion would other 
Wise prevent bonding. Furthermore, the assem 
bly of the rigidly supported discharge chamber 
with the base and envelope has heretofore been 
a relatively expensive and complicated operation. 
In the embodiment of the present invention 

to be herein described the discharge chamber is 
mounted upon the base by a resilient support 
such as a piece of rubber or neoprene. When the 
envelope is placed over ‘the discharge chamber, 
the upper end of the discharge chamber contacts 
the end of the envelope, and the resilient sup 
port is compressed. When the envelope is sealed 
to the ‘base, the resilient support remains under 
compression and thus ‘holds the dischargecham 
ber securely in contact with the envelope, so that 
neither the discharge chamber nor the envelope 
will be damaged by impact contact between ‘the 
two upon vibration or shock to the assembly. 
The leads-to the electrodes are ?exible and need 
not contribute in ‘any manner to the ‘support. 
Thus assembly of the photoflash tube of the pres 
ent invention is far simpler than the assembly 
of similar photo?ash tubes ‘heretofore employed, 
and improved resistance to vibration and shock 
damage is obtained. The interior of the dis 
charge chamber has a pair of electrodes at the 
opposite ends thereof, which electrodes are of 
conventional construction and between which 
electrodes the discharge takes place. The at 
mosphere within the discharge chamber con 
sists of the gases that are usually employed in 
?ash photography type electron discharge tubes 
so that the physical conditions within the dis-v 
charge tube of the present invention are the 
same as in conventional well known electric dis 
charge flash tubes. 
The improved electrical characteristics of the 

present invention are ‘obtained by the provision 
of a novel type of conducting electrode inside the 
envelope, but exterior to the discharge chamber. 
The conducting electrode is in contact with the 
exterior surface of the elongated discharge tube 
along a large portion or all of the length thereof. 
This electrode, in one embodiment of the inven 
tion, is connected to the cathode. In this em 
bodiment the external electrode serves to collect 
electrostatic charge which otherwise remains up 
on the insulating walls of the discharge cham 
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her, and to change the electric ?eld within the 
discharge chamber. In this manner, the operat 
ing characteristics and starting voltage of the 
photo?ash tube are held constant, and further 
more the operating voltage required for ?ring 
of the two-electrode tube is decreased. Further 
more, in the embodiments to be herein described, 
this external electrode also serves as a light re 
?ector. Alternatively, as will hereinafter be seen, 
the exterior electrode may be brought to an ex 
ternal connection and employed as the control 
electrode or starting grid of the tube. In this 
three-electrode embodiment of the invention, the 
external electrode may be normally unconnected, 
and the equalizing of the potentials of the ex 
ternal electrode and one of the internal elec 
trodes, and the consequent change of electric 
?eld conditions Within the chamber and electro 
static charge conditions on the wall of the cham 
ber may be employed for triggering or ?ring the 
tube. Employing this property of a three-elec 
trode tube made in accordance with the inven 
tion, the invention further provides a novel trig 
gering or ?ring system far simpler than those 
heretofore employed. , 

The nature of the invention, and the manner 
in which the objects and advantages above de 
scribed, together with other objects and advan 
tages which Will be apparent, will best be under 
stood from a description of the embodiments of 
the invention illustrated in the drawing, in 
which: 

Figure l is a central vertical sectional view, 
partly in elevation, of a photo?ash tube made in 
accordance with the invention; ‘ 

Figure 2 is a horizontal sectional view of the 
photo?ash tube of Figure 1 taken along the line 
2—2 in the direction indicated by arrows; 
Figure 3 is a fragmentary vertical sectional 

view corresponding to Figure 1'31‘ illustrating a 
modi?cation of the invention; . 

Figure 4 is a fragmentary vertical sectional 
view corresponding to a portion of the illustra 
tion of Figure 1 and illustrating a further modi 
?cation of the invention; 

Figure 5 is a schematic electrical diagram, 
partly in block form, illustrating a discharge or 
?ring system constituting a portion of the in 
vention; and 
Figure 6 is a schematic electrical diagram illus 

trating a modi?cation of the system of Figure 5. 
In the photo?ash tube 8 of Figure 1, the dis 

charge chamber l0, constituting an elongated 
tube of pyrex or other heat-resistant glass, is 
wound substantially in the form of a helix, hav 
ing a plurality of turns I2. The lowermost turn 
I2 terminates in a vertical extension M parallel 
With the axis of the helical discharge chamber 
I0. At the end of the downwardly extending por 
tion [4 is a shoulder portion 15 formed by a nipple 
I6 of reduced cross section. A cathode i8 is sup 
ported within the vertical extension M by a wire 
20 sealed in the nipple IT. The uppermost turn 
22 of the helical discharge chamber l0 ?attens 
out from the helical shape of the helical turns £2 
to the shape of a portion of a plane circle. The 
uppermost turn 22 lies in a plane approximately 
perpendicular to the axis of the helical discharge 
tube l0. Sealed in the end of the uppermost turn 
22 is an anode 24 of the type now conventional 
in such discharge tubes. The anode 24 is con 
nected to a ?exible wire 26 which extends down 
the axis of the discharge tube or chamber IE) 
to the bottom of the assembly. Within the dis 
charge tube ID there is the conventional atmos-V 
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4 
phere usual in such ?ash photography glow dis 
charge tubes, as, for instance, described in 
Patents 2,281,579 or 2,351,603 or 2,399,222, or 
2,467,472. 
Within the helix formed by the discharge 

chamber I0 is a conducting electrode 28 formed 
of a rectangular sheet of springy metal such as 
a resilient alloy of aluminum. The electrode 28 
is rolled to a diameter slightly larger than the 
inner diameter of the helical discharge chamber 
l8. Therefore the electrode 28 is under slight 
compression by contact with the inner surfaces 
of the helical discharge chamber In, in this man 
ner establishing ?rm contact with the successive 
turns [2 of the helix. In order to maximize the 
contact between the electrode 28 and the dis 
charge chamber !B, the width of the sheet from 
which the electrode 28 is formed is slightly 
smaller than the inner circumference of the dis 
charge chamber l?, thusleaving a slit 31} extend 
ing vertically from the top to the bottom of the 
electrode 28. Provision of the slit 32 prevents 
overlapping of the ends of the sheet forming the 
electrode 28, and thus minimizes the loss of con 
tact which would be caused by such overlapping. 
Preferably the electrode 28 is highly polished in 
order to serve as a light re?ector, in addition to 
its electrical functions to be described below. 
The assembly thus far described is contained 

in a tubular envelope 32, of any inexpensive glass. 
The upper end of the envelope 32 is dome 
shaped. The lower end 36 of the envelope 32 is 
open and is inserted into a cup-shaped base 38, 
of insulating plastic, the envelope 32 being ce 
mented to the base 33 at at. The base 38 has 
prong contacts 42, 43 and 45‘ extending through 
the bottom thereof. 
The nipple or shoulder portion (5 of the lower 

extension [4 of the discharge chamber I ii is jour 
nalled in a short length of rubber or neoprene 
tubing M. The bottom of the tubing spacer ‘it 
rests upon the base. The nipple or shoulder por 
tion It is disposed directly above one of the base 
prongs 42, and a wire 46 is soldered into the 
prong 42 at its lower end and to the electrode 
lead wire 20 at the upper end of the wire '49. The 
uppermost winding 22 of the discharge chamber 
I0 is pressed against the dome-shaped upper end 
34 of the envelope 32, and the spacer support 44 
is compressed between the base 38 and the lower 
extension [4 of the discharge chamber it). Thus 
the discharge tube or chamber Ill is held rigidly 
in place within the envelope 32. The wire 26, 
which is, as stated above, connected to the anode 
24, is soldered to another of the prong contacts 
43, and an additional wire 58 is soldered at its 
upper end to the resilient electrode 28 and at its 
lower end to a third prong contact 45. 

It Will readily be seen that the manner in which 
the discharge chamber H3 is supported within 
the envelope 32 affords a construction which is 
extremely simple to assemble, yet highly reliable 
and durable in operation. After insertion of the 
electrode 28 in the helical discharge chamber I9, 
the spacer sleeve or tube 44 is ?tted over the nip 
ple or shoulder portion IS with the Wire 23 de 
pending from cathode support wire 20. The dis 
charge chamber 10 is then inserted in the en 
velope 32. The lower end 36 of the envelope 32 is 
then inserted into the base 38, with the wires 
56, 26 and 50 extending into the respective prong 
contacts 42, 43 and 45. The contacts 132, ‘Z3 and 
45, which are pre?lled with solder, are then 
heated and allowed tocool and the cement 4c is 
applied. . . , H 
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It has been found that the voltage ‘between the 
cathode It and the anode 213 which produces dis 
charge in the chamber It is much lower when the 
electrode 28 is connected to one of the internal 
electrodes it or M, particularly to the cathode 
l8, than is the case when the external electrode 
28 is omitted or is left unconnected. This dif~ 
ference in ?ring potential is believed to be due 
to the change of the electric ?eld within the dis 
charge chamber IG and the dissipation of the 
effects of electrostatic charges on the insulating 
walls of the discharge chamber I9. It is found 
that the dilference in anode-to-cathode ?ring 
potential between the condition in which the 
electrode 28 is ?oating and that in which it is 
connected to the cathode I8 is further increased 
by coating the interior of the helix, which is in 
contact with the electrode 28, with a conducting 
coating 69, such as aluminum paint, as illustrated 
in Figure 4. Preferably the coating 60 is baked 
to cause carbonization of the pigment vehicle 
where aluminum paint is employed. Colloidal 
graphite or similar conducting ?lms may likewise 
be employed, but aluminum paint is preferred be 
cause of high light re?ection. 
The difference in ?ring potential above de 

scribed may be employed to provide a photo?ash 
?ring system far more simple than those hereto 
fore in use. In Figure 5 is shown a system Where 
in the ?ring circuit consists only of a shorting 
switch rather than the complex and expensive 
high-voltage relays, thyratrons, and spark coils 
heretofore employed. The circuit consists of a 
conventional power supply '52 (shown in block 
form), charging resistor 6d, and storage con 
denser 66, the latter being connected between the 
anode 24 and the cathode it of the photo?ash 
tube 8. The cathode I8 is connected to the con 
trol electrode 23 through a simple make-and 
break switch ‘58, which may be the switch now 
commonly incorporated in cameras for syn 
chronization of photo?ash exposures. In Figure 
6 is shown a modi?cation of the circuit of Figure 
5 wherein a condenser ‘it, of small capacitance, is 
inserted in series with the switch 68 between the 
cathode is and the control electrode 28. Inser 
tion of the condenser 70 is an optional modi?ca 
tion which may be made for purposes of protect 
ing the equipment against accident. It will be 
noted that in the circuit of Figure 5, accidental 
shorting of the anode 2:5 to the control electrode 
28, as by damage to the photo?ash tube 8, would 
short-circuit the condenser 56 upon the closing of 
the switch 58. The possibility of damage to the 
system from such an occurrence is avoided by the 
use of the condenser it. 
The embodiment of the photo?ash tube of the 

invention illustrated in Figure 1 and described 
above is a three-electrode electron discharge 
photo?ash tube. As illustrated in Figure 3, the 
electrode 28 may advantageously be employed in 
two~electrode photo?ash tubes. In the photo 
?ash tube ll of Figure 3 the wire 50 which is con 
nected to the exterior electrode 28 is connected 
directly to the contact 42 which is connected with 
the cathode l8. The exterior electrode 28 is thus 
directly connected electrically to the cathode “3 
within the envelope 32. The two-electrode tube 
of this embodiment offers great advantage over 
other two-electrode structures in that the oper 
ating characteristics of the tube remain relatively 
constant, being unaffected by the increase or de 
crease of electrostatic charge upon the wall of the 
discharge chamber it. Furthermore, the voltage 
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6 
at which the two-electrode tube ?res is substan 
tial-1y reduced ‘by the presence of the exterior 
electrode 2% connected to the cathode [8. 

It will be understood that the invention may be 
embodied in many forms other than the preferred 
forms herein illustrated and described. For ex 
ample, persons skilled in the art will readily adapt 
the invention to electron discharge photo-?ash 
tubes wherein the discharge chambers assume 
forms far different from that herein illustrated. 
Likewise many other designs may be reached for 
the electrode 28, although the form herein illus 
trated offers great advantage. Furthermore, the 
manner of mounting herein described may be 
greatly modi?ed without departing from the 
broader aspects of the teachings of the invention. 
Furthermore, many circuits other than the cir 
cuits herein illustrated will be designed to utilize 
the teachings of this aspect of the invention. 
Accordingly, the scope of the patent protection 
to be afforded the invention should not be limited 
by the description included herein, or the draw 
ing appended hereto, but, in accordance with the 
patent laws, shall be limited only by the scope 
of the appended claims. 
What is claimed is: 
1. In an electron discharge ?ash tube, in com 

bination: an insulating base having contacts at 
the outside thereof; a tubular envelope made of 
a light transmissive material and having an open 
end secured to said base and having a dome 
shaped closed end; a sealed helical discharge 
tube made of a light transmissive material and 
having an ionizable gas sealed therein, said dis 
charge tube having a plurality of helical turns 
and an outermost turn lying at least partially in a 
plane perpendicular to the longitudinal axis of 
the helix, the innermost turn having an exten 
sion parallel with said axis and having an end of 
reduced diameter; a cathode electrode sealed 
within said extension; a ?exible wire connecting 
said cathode to one of said contacts in said base; 
a hollow cylindrical elastic support member 
sleeved over said end of reduced diameter and 
supporting said discharge tube upon said base, 
said wire extending through said support mem 
ber and said support member being compressed 
between said discharge tube and said base to 
force said outermost turn of the tube against said 
domed end of the envelope; a curved sheet of re 
silient conducting metal within said helix and 
coaxial therewith, said sheet being radially com 
pressed by contact with the surface of the helix; 
a conducting Wire connecting said sheet to one of 
said contacts; an anode electrode within said dis 
charge tube at the outermost end thereof; and a 
?exible Wire connecting said anode to one of said ' 
contacts apart from the contact to which said 
cathode is connected. 

2. A light source comprising an evacuated tube 
of helical shape, electrodes at the opposite ends 
of the tube, an ionizable gas sealed within the 
tube, and a layer of electrically conducting ma 
terial contacting the outside of the tube along the 
inside of the helix and extending around and en 
compassing the axis of the helix at each complete 
turn of the helix and being entirely on the side of 
the tube which faces toward the axis of the helix. 

3. In an electron discharge ?ash tube, in com 
bination: an insulating base having contacts ex 
tending therethrough, a light transmitting en 
velope having an open end secured to said base 
and having a dome-shaped closed end; a helical 
tubular light transmitting discharge chamber 
having an ionizable gas sealed therein and 
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formed‘ of a plurality of, helical turns and‘ an 
outermost turn lying at least partially in a plane 
perpendicular to the axis of said helix; a ?rst 
electrode sealed within the inner end of said 
helical discharge chamber; a ?exible wire con 
necting said electrode to one of said prong con 
tacts in said base; a single resilient insulating 
support member supporting said, discharge cham 
ber upon said base, said support member being 
compressed between said chamber and said base 
to force said outermost turn of the chamber 
against said domed end of the envelope; a con 
ducting sleeve of reflecting resilient metal with 
in said helix and coaxial therewith, said sleeve 
being radially compressed by contact with the 
inner surface of the helix; a rigid conducting 
support member supporting said sleeve upon said 
base and connecting said sleeve to one of said 
contacts; a second electrode within said cham 
ber'at the outermost end thereof; and a ?exible 
wire connecting said second electrode to one of 
said contacts in the base. 

4. In a ?ash tube of the gaseous discharge type. 
in ccmbination: a helically wound elongated 
cylindrical discharge chamber comprising a tube 
made of a light pervious material and having 
electrodes at the ends thereof, an ionizable gas 
sealed in said chamber, a conducting resilient 
sleeve coaxial with the helix formed by said 
chamber, said sleeve being formed of a sheet of 
resilient metal rolled in the form of a cylinder, 
and being under compression by contact with the 
interior surfaces of the turns of said helix, and 
conductors extending circuit connections to the 
electrodes, at least one of the conductors ex 
tending through the cylinder lengthwise thereof. 

5. In a ?ash tube of the gaseous discharge type, 
in combination: a helically wound elongated 
cylindrical discharge chamber comprising a tube 
made of a light pervious material and having 
electrodes at the ends thereof, an ionizable gas 
sealed in said chamber and a conducting resilient 
sleeve within and coaxial with the helix formed 
by said chamber, said sleeve being under com 
pression by contact with the interior surfaces of 
the turns of said helix. 
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6; In a ?ash tube of the gaseous discharge type, 

in combination: a light pervious helically wound 
elongated cylindrical discharge chamber having 
anode and cathode electrodes at the ends thereof, 
an ionizable gas sealed in said chamber an ex 
ternal conducting electrode within the helix and 
extending parallel with the axis of the helix 
formed by said chamber and in contact with the 
surfaces of successive turns of said helix and ex 
tending substantially 360° around the axis of the 
helix at each turn thereof. 

7. In a flash tube of the gaseous discharge type, 
in combination, an elongated, light pervious in 
sulated helical discharge chamber having an 
ionizable gas sealed therein and said chamber 
having anode and cathode electrodes at the ends 
thereof, a conducting electrode extending sub 
stantially 360° around the axis of the helix at 
each turn of the helix and being in contact with 
the exterior surface of said chamber along the 
length thereof within the helix, a source of di 
rect voltage connected between said anode and 
cathode, and mechanical switching means in 
stantaneously equalizing the potentials of one 
of said ?rst mentioned electrodes and said ex 
terior electrode. 
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