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1 
This invention relates to radio frequency trans 

mission systems and more ‘particularly to systems 
employing a gas discharge tube as a radio fre 
quency transmission line element. 

It has been proposed heretofore to employ a gas 
plasma set up within a gaseous discharge tube 
to convey radio frequency wave energy between 
electrodes immersed in the gas. However when 
the electrodes of the tube are energized by a low 
frequency alternating current, or by direct cur 
rent, the radio frequency conductivity or trans 
mission characteristic of the gas plasma may not 
be all that is desired. According to the present 
invention, the radio ‘frequency conductivity and 
wave transmission characteristics of the gas 
plasma are increased by using the light quanta 
generated in the plasma to control the photo-con 
ductance or photo-electron-emissive properties of 
a coating or coatings applied to the gas tube. 

Therefore, one of the principal objects of this 
invention is to improve the radio frequency con 
ductive properties and wave transmission char 
acteristics between electrodes immersed in an 
ionizable medium capable of setting up a gas 
plasma therein. 
Another object is to provide a novel radio fre 

quency wave transmission line of the coaxial type, 
wherein the center conductor is composed in part 
at least, of a gas plasma. 
A feature of the invention relates to a gaseous 

discharge tube having at least part of its wall 
surface provided with a photo-emissive material 
which responds to the light energy developed in 
the plasma, to enhance the radio frequency con 
ductivity between the tube electrodes‘; ‘ 
Another feature of the invention relates to a 

gaseous discharge tube provided with a coating 
of a material which increases its electrical con 
ductance in response to incident light energy pro 
duced in the gas discharge plasma within the tube. 
The above-mentioned and other features and 

objects of this invention and the manner of at 
taining them will become more apparent ‘and the 
invention itself will be bestunderstood-by refer 
ence to the following description of an embodi 
ment of the invention taken in conjunction-with 
the accompanying/drawings, wherein: 

Fig. 1 illustrates one embodiment of-the inven 
tion. 

Fig. 2 illustrates another embodiment of the 
invention. 

It is known that when an ionizable medium 
such as a gas contained within a bulb or envelope 
is subjected to suitable ionizingpotentials, ‘there 
is set up within the medium a plasma or region 
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2 
that contains substantially equal numbers of posi 
tive ions and electrons in "addition to gas mole 
cules. It is‘also known that in such a gas dis 
charge plasma, there is a large emission of pho 
tons‘or light energy quanta. It is also known 
that in such a plasma there is a’large “ambipolar 
diffusion” current resulting from a diffusion of 
the electrons to the walls ‘of the tube. Since this 
diffusion normally represents a loss of electrons 
from the gas discharge plasma, the capability of 
the plasma to act as a radio frequency trans 
mission line element or link is correspondingly 
reduced. -In order to overcome this drawback, 
the present invention provides either on the in 
terior wall of the tube or on the exterior wall 
thereof, or on both walls, a coating of a material 
which may be either photo-emissive in response 
to incident photons, or which increases its elec 
trical conductance in response to incident pho 
tons. In accordance with the invention, this in 
crease in electron emission or electric conductance 
of the coating is controlled by the photons which 
are emitted from the gas discharge plasma itself. 
‘The invention is particularly useful where the 

gas discharge plasma forms .part of the central 
conductor of a coaxial wave transmission line, 
although in its broad aspects the invention is not 
necessarily limited to that particular ?eld of use. 
fulness. 
Merely for illustration, therefore, there is shown 

in Fig. 1 of the drawing a coaxial wave trans! 
mission line embodying the invention. In this 
figure the block i represents any well-known 
source of radio frequency wave energy, and the 
block *2 represents any well-known radio fre 
quency load device or terminal equipment to 
which the radio frequency energy is to be trans 
mittedfrom source I. The source I is connected 
to the equip-ment 2 by a coaxial wave transmission 
line havingan outer or hollow pipe conductor 3 
and a central or inner conductor 4. Preferably, 
although not necessarily, the conductor 4 is also 
in the form of ahollow pipe. The pipe 4 has a 
gap between its ends-and this gap is bridged 
by a gaseous discharge tube 5. The tube 5 is 
of glass and is approximately of the same outside 
diameter as the’inside diameter of pipe conductor 
4. Sealed through theleft-hand _end of tube 5 is 
a lead-in conductor? to which is attacheda cup 
like cathode 1. The right-hand end of tube 5 
is sealed to a metal cap anode 8. The tube 5, 
after being vsuitably evacuated and processed as 
is well-known in the gaseous conduction tube art, 
is provided with a ?lling of a suitable ionizable 
medium such as gas or vapor. Preferably this 
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?lling consists oi? an inert gas such as neon, argon, 
krypton, helium, and the like, or a mixture there 
of, at a suitable predetermined pressure. The 
left-hand end of tube 5 is provided on the exterior 
thereof with a metal or other conductive coating 9 
surrounding the region of the cathode ‘i. The 
‘left-hand end of_the tube is adapted to be tele 
fscoped within the open end of the conductor 4, 
‘and if desired, the said conductor 4 may be of 
?exible thin-walled construction, as indicated by 
the numeral I4, so as to provide a good electrical 
‘contact with the coating 9. Likewise the cap 8 
is telescoped with the corresponding section of 
5conductor ll so as to provide a good electrical con 
tact therewith. 
In accordance with one feature of the inven 

tion, the greater part of the length of the tube 5 
has on its interior surface a coating I0 of any 
well-known material which emits photo-electrons 
in response to impinging light energy, such as 
those conventionally employed inphoto-electric 
cells such for example as sodium, potassium, and 
the like. In accordance with the invention, this 
light energy is produced by the gaseous ?lling 
within the tube 5, and for this purpose-the cath 
ode ‘i can be connected to the negative terminal of 
a suitable D. C. voltage supply, and the cap 8 
which forms the anode, can be connected to the 
positive terminal of this or any other D. C. voltage 
supply. - - ~ 

, In accordance with the well-known operation 
of gaseous discharge tubes, by applying an appro 
priate voltage across the electrodes 7 and 8, there 
is set up within the tube 5 a gaseous discharge 
plasma which contains a high intensity of pho 
tons or light energy quanta. It is also known 
that in such a plasma there is a large “ambipolar 
diffusion” current. Ordinarily such di?usion 
would represent a loss of electrons to the gas 
discharge plasma. However, by providing the 
light-responsive electron-emissive coating it, the 
light energy from the plasma which strikes this 
coating is absorbed and photo-electrons are re 
leased from the coating and directed toward the 
axis of the tube to counteract the loss of con 
ductivity. This action provides a more e?lcient 
radio frequency energy conduction path between 
the sections of the line conductor 4 which is 
bridged by the tube 5. Probably one explanation 
for this is that the electrons which are normally 

, bound to the atoms of the coating material, be 
come energized by the light energy from the gas 
discharge plasma, and they are then free to move 
with very high mobility through the plasma to 
wards the anode 8, thus increasing the conduc 
tivity of the tube. While the gaseous conduction 
medium has normally a certain amount of con 
ductivity, its conductivity is greatly increased or 
supplemented by the photo-emission from the 
coated surface 5 when excited by the light energy 
from the plasma. 
Preferably a radio frequency choke coil H is 

connected between the cathode ‘l and the ionizing 
potential source, so that the radio‘ frequency 
energy from‘ the source I passes from the line 
conductor 15 and cOating 9, and thence by capaci 
tive coupling, to the cathode 7. As a result of 
the enhanced conductivity of the tube 5 as above 
mentioned, this radio frequency energy passes 
through the gas plasma within the tube 5 to the 
anode 3, line conductor 4' and thence to the 
radio frequency load 2. 

It will be understood, of course, that the inven 
tion is not necessarily limited to the use of a 
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4 , 
D. C. ionizing potential on the electrodes 1 and 8, 
and if desired a suitable low frequency alternat 
ing current source may be used for that purpose. 
From the foregoing description it will be seen 

that the tube 5 with its gas plasma, forms in 
effect a continuity of the central conductor 4 
of the coaxial wave transmission line. It will be 
understood, of course, that the tube 5 can be 
used in any other system wherein it is desired 
to increase the conductivity of the tube between 
the electrodes thereof. 

Fig. 2 shows a modi?cation of Fig. l, and the 
elements of Figs. 1 and 2 which are structurally 
and functionally the same, are designated alike. 
The essential difference between the embodiment 
of Fig. 2 and. that of Fig. l, is that in Fig. 2 the 
light responsive coating 12 on the interior of 
tube 5, instead of being of a character which emits 
photo-electrons in response to incident light en~ 
ergy, is of a type Which increases its electric con 
ductance in response to incident light energy. An 
example of such material is selenium. In Fig. 2, 
as in Fig. l, the coating extends along the greater 
part of the length of the internal surface of the 
tube 5, but terminates short of the cathode 1 
and the anode 8. If desired, the outer surface 
of the tube 5 can be provided with a similar coat 
ing 53 of a material like the coating 52. When 
the gaseous medium within the tube 5 is ionized 
as above described, it sets up a gaseous discharge 
plasma, and the light energy from this plasma 
acts on the coatings i2 and i3 to increase their 
conductivity, thus providing a more efficient radio 
frequency conduction path between the sections 
of the center line conductor ll. 

It will be understood, of course, that if desired, 
the coating which is used to increase the radio 
frequency wave energy conductivity, may consist 
of a combination of a light-responsive electron~ 
emissive material, and a light-responsive material 
which increases its conductivity. 
While we have described above the principles 

of our invention in connection with speci?c ap= 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation to the scope of our invention. 
What is claimed is: 
l. A gaseous discharge device comprising an 

enclosing envelope having :a ?lling of an ionizable 
medium, a pair of spaced electrodes for initiating 
and sustaining a gaseous discharge plasma within 
said medium, and a coating of light-responsive 
electron-emissive material on the wall of said 
envelope in the space between said electrodes, 
but conductively isolated from said electrodes, for 
increasing the conductivity of the plasma. 

2. A gaseous dischargedevice comprising an 
enclosing envelope having a ?lling of an ionizable 
medium, a pair of spaced electrodes for initiating 
and sustaining a gaseous discharge plasma within 
‘said medium, and a coating, on the wall of said 
envelope in the space between said electrodes, but 
conductively isolated from said electrodes, of a 
material which changes its electrical conductance 
in response to incident light energy derived from 
the discharge plasma for increasing the electrical 
conductivity between‘ asid electrodes. 

3. A gaseous discharge device comprising an 
enclosing envelope of insulating material, said 
envelope having a ?lling of ‘an ionizable medium, 
a pair of spaced electrodes within said envelope, 
a coating of light-responsive electron-emissive 
‘material on the inner wall of said envelope in 
the space between said electrodes but conduc 
tively isolated from said electrodes, said electrodes 
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adapted to initiate and sustain a gaseous dis 
charge plasma therebetween upon application 
thereacross of a potential from an ionizing source 
and to excite said coating by photons derived 
from such discharge plasma to increase the high 
frequency electrical conductivity of the space be 
tween said electrodes. 

4. A gaseous discharge device comprising an 
enclosing envelope of insulating material, said 
envelope having a ?lling of an ionizable medium, 
a pair of spaced electrodes Within said envelope, 
a coating, on the inner wall of said envelope in 
the space between said electrodes but conductive 
ly isolated from said electrodes, consisting of a 
material which increases its electric conductivity 
in response to incident light energy, said elec 
trodes adapted to initiate and sustain a gaseous 
discharge plasma therebetween upon application 
thereacross of a potential from an ionizing source, 
thereby to excite said coating by photons to in 
crease the high frequency electric conductivity 
of the space between said electrodes. 

5. A radio frequency transmission line con 
ductor having two ends de?ning a gap therebe 
tween, a gaseous discharge tube coupled between 
the two ends of said conductor de?ning said 
gap, said tube having a pair of spaced electrodes 
therein, means to energize said electrodes to ini 
tiate a gaseous discharge plasma, said tube hav 
ing on the wall thereof in the space between said 
electrodes a coating of light-responsive material 
for altering the radio frequency conductivity be 
tween said electrodes. 

6. A coaxial wave transmission line adapted to 
couple a source of high frequency energy to a 
utilization circuit comprising an outer hollow 
conductor, an inner central conductor having 
two ends de?ning a gap therebetween, a gaseous 
discharge tube connected between the two ends 
of said conductor de?ning said gap, said tube 
having a pair of spaced electrodes adapted to be 
coupled to a source of ionizing potential, said 
electrodes adapted to initiate and to sustain a 
gaseous discharge plasma therebetween, a coat 
ing of light-responsive material on the wall of 
said tube in the space between said electrodes for 
increasing the high frequency conductivity of 
the plasma in response to the light energy de 
rived therefrom, and means to isolate said sources 
from each other. 

7. A coaxial wave transmission line as claimed 
in claim 6, wherein said electrodes are disposed 
at opposite ends of said tube and said isolation 
means comprises a capacitive coupling between 
one of said electrodes and the central conductor 
of said coaxial line. 

8. A coaxial wave transmission line as claimed 
in claim 6, wherein said isolation means further 
comprises an inductive impedance serially con 
nected in the ionization discharge path of said 
tube. 

9. A radio frequency transmission line com 
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prising a metal line conductor having two ends 
de?ning a gap therebetween, a gaseous discharge 
tube having an envelope of transparent, insulat 
ing material, said tube disposed across the two 
ends of said conductor de?ning said gap, said 
tube having a pair of electrodes within said en 
velope at opposite ends thereof, said electrodes 
adapted to be coupled to a source of ionizing 
potential and to initiate and to sustain a gaseous 
discharge plasma therebetween, a ?rst coating of 
a photo conductive material on the exterior of 
said envelope, said material electrically insulated 
from each of the ends of said conductor de?ning 
said gap, a second coating of a light-responsive 
material on the inner wall of said envelope elec 
trically insulated from each of said electrodes, 
whereby the light energy derived from the dis 
charge plasma acts on both of said material coat 
ings to increase the radio frequency conductivity 
thereof. 

10. A radio frequency transmission line accord 
ing to claim 9 in which both coatings on said 
envelope are of a light-responsive electron emis 
sive material. 

11. In combination, a radio frequency trans 
mission line conductor having two ends thereof 
de?ning a gap therebetween, a gaseous discharge 
tube having an enclosing envelope with a ?lling 
of an ionizable medium, a pair of spaced elec 
trodes Within said envelope at opposite ends 
thereof, said electrodes adapted to be coupled to 
a source of ionizing potential and to initiate and 
to sustain a gas discharge plasma therebetween, 
said envelope having a coating of light-responsive 
material in the space between said electrodes, 
which material responds to light energy derived 
from said plasma, said tube disposed across the 
two ends of said conductor de?ning said gap, 
means to couple radio frequency energy from said 
line conductor into said plasma, said light 
responsive material adapted to enhance the radio 
frequency conductivity between the two ends of 
said conductor de?ning said gap. 

12. A combination according to claim 11, in 
which said ionizing potential is a D. 0. potential. 

13. A combination according to claim 11, in 
which said ionizing potential is a low frequency 
potential. 
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