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6 Claims. 

The invention described herein may be man 
ufactured and used by or for the Government 
for governmental purposes, without the payment 
to me of any royalty thereon. 
The invention relates to electronic SWitches and 

to electronic Switch control means. 
In the electronic art it is frequently necessary 

to render a transmission line alternately con 
ductive and non-conductive at a very high alter 
nation rate. Various mechanical switches have 
been devised, but it has been found impossible to 
devise a practical mechanical switch that will 
alternately open and close a transmission line 
in a few microseconds. 

It is therefore an object of this invention to 
provide a switch of a novel character that will 
be extremely rapid in operation. 

It is also an object of the invention to provide 
a switch that will be stable in operation and that 
will require a minimum expenditure of power to 
operate the same. 
These objects, together with other objects and 

advantages which will be apparent from a read 
ing of the following specification, are attained, 
in a preferred embodiment of the invention, by 
means of a gas tube shunted across the free end 
of a half wave stub line of a main concentric 
transmission line. The characteristic of a half 
wave transmission line is such that when the 
free end is open it behaves as a parallel resonant 
circuit and presents a high impedance, whereas 
when the free end is terminated, or shorted, it 
behaves as a series resonant circuit and presents 
a low impedance. Thus, when the gas tube is 
ionized, the free end of the stub line is shorted, 
and the stub line reflects a low impedance into 
the main transmission line which arrests the 
flow of radio-frequency energy therein. Elec 
tronic circuit means of a novel character are pro 
vided by the invention to alternately ionize and 
extinguish the gaseous discharge device at a very 
rapid rate and to maintain the current flow 
through the gas tube constant during conduction, 
whereby a constant impedance is presented. 
For a better understanding of the invention, 

reference is made to the following specification 
of a preferred embodiment of the invention, te 
said specification to be read in conjunction With 
the accompanying drawings, in which, 

Figure i is a schematic drawing of a preferred 
embodiment of the invention showing the inven 
tion applied as a switch between a dipole antenna 
and a radio receiver, and 

Figure 2 is a schematic drawing showing the 
gas tube of Figure 1 together with a control ap 
paratus in accordance with the invention. 
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Referring to the drawing, and particularly to 

Figure 1, a radio receiver f) is connected to a 
dipole antenna, 2 through a main concentric 
transmission line f4 having a half wave length 
stub arm f 6 one quarter of a wave length from 
the antenna, or input, end of line 4. A gas-tube 
8, having electrodes 20 and 22, is positioned 

across the closed end of the stub arm 6. The 
electrode 28 is grounded to the outer conductor 
and the electrode 22 is connected to the inner 
conductor of the arm 6. A blocking condenser 
24 is provided along the inner conductor of arm . 
6 between the electrode 22 and the transmission 

line 4, and a quarter wave length radio fre 
quency isolating stub 26 is formed integral with 
the outer conductor of the arm 6. The con 
ductor 28 of stub 26 is connected to the inner 
conductor of arm 6 whereby connection may be: 
made to the control apparatus of Figure 2. 

It will be seen that when the gas tube is ionized, 
radio frequency energy cannot fow in the con-. 
centric line A at the base of stub arm f 6 since 
the low impedance which the gas tube 8 presents. 
is reflected by the half Wave stub arm 6 to that 
point, which results in a short circuit at the input 
antenna, end of line 4. Thus when the gas tube 
is ionized the concentric line 4 is effectively 
Switched closed, preventing the passage of signal. 
voltage from the antenna, 2 to the receiver. O. : 
The ionization of the gas tube 8 is controlled 
by voltage pulses from a Square wave pulse gen 
erator 30 shown in Figure 2. 

Referring now to Figure 2, a triode 32 is shown 
having its cathode 34 connected to the electrode 
22 of the gas tube 8 and having its plate 36 
connected to the grounded electrode 20 through a . 
load 38 and a 'B' Supply battery 4. The grid 
42 of the triode 32 is connected to the pulse gen 
erator 30 through a condenser 44. A grid resistor 
46 is connected between the grid 42 and the cath 
Ode 3:. . The Stray capacity of the System is in 
dicated by a condenser 48 shown in broken lines 
and the radio frequency isolating stub 26 is rep 
resented by the radio frequency choke 26 shown 
in broken lines. The purpose of the stub 26 is 
to isolate transmission line 6 from the control 
apparatus and thus prevent the radio frequency 
energy on line 6 from leaking off through the 
Control apparatus. 
A Square Wave generated by the pulse gen 

erator 30 is applied across the grid resistor 46 
in series with the condenser 44 and the stray 
capacity condenser 48. The flow of current 
through the grid resistor 46 is a differential cur 
rent wave, which current produces an instanta 

55 neous difference in potential between the cathode 



2,647,240 
3 

34 and the grid 42 of the triode 32. This differ 
ence in potential effectively reduces the internal 
resistance of the triode 32 and thereby raises the 
voltage across the gas tube i8 which results in 
its firing. Turn-off of the gas tube 8 is ac 
complished in the reverse mainner; namely by 
applying the negative pip of the differential Wave. 
to the grid resistor 46. 
The action of the triode 32 is similar to a nor 

mal current regulating discharge device, since the 
action of the triode is to cause the gas tube 8 
to be either completely fired or completely ex 

4. 
pulses, and differentiating means connected to 
said pulse generator for deriving from each 
square wave pulse a positive-going differentiated 
pulse and a negative-going differentiated pulse, 
each of Sufficient amplitude to respectively render 
conductive and cut off said electron discharge 
device, and means connecting Said differenti 

O 

tinguished. Although a triode 32 has been 
shown herein, it will be obvious that any multi 
element tube may be used. 5 

It will be seen that the operation of the gas . 
tube 8 is controlled by the relatively Small 
amount of power generated by the pse gen 
erator 30. 
wave is sufficient to cause the tube 8 to fire Con 
pletely and the negative pip is sufficient to cause 
the gas tube to be completely extinguished. It 
will be noted that since a pulse generator is an 
essential part of most high frequency apparatus, 
a minimum of extra equipment is used. 

it will be obvious that many modifications and 
changes might be made. For example, the 
branch arm 6 could be a quarter Wave length 
rather than a half wave length long, in which 
case the impedance characteristic of the Switch 
ing operation would be reversed. It is, therefore 
intended that the invention be defined by the 
following claims. 
What is claimed is: 
1. A radio, frequency, switching Systern compris 

ing a coaxial transmission line, a half Wavelength 
coaxial stub line having its outer conductor at 
one end thereof connected to the Outer conductor 
of said transmission line and having its inner 
conductor, at said: one end thereof connected to 
the inner conductor of said transmission line. 
a gas tube. having a first electrode connected to 
the outer conductor of said stub line at the other 
end thereof and having a second electrode Con 
nected to the inner conductor of Said stub line 
at said other end thereof; a source of plate volt 
age of a value at least sufficient to fire Said gaS 
tube; an electron discharge device; a radio fre 
quency choke connecting the cathode of Said de 
vice to the second-named electrode of Said gas 
tube; means connecting the plate of Said device 
to the first electrode of Said gas tube through 
said source of plate voltage; a grid resistor Con 
necting the grid of said device to Said Cathode 
a condenser; a pulse generator connected to the 
grid of said electron discharge device through. 
said condenser; said condenser and resistor con 
stituting a differentiating means for deriving 
pulses, of opposite polarity, corresponding re 
spectively to, the leading and trailing edges of 
each pulse from said pulse generator, for firing 
the gas tube at the leading edge and extinguish 
ing the gas tube at the trailing edge of each 
pulse from said pulse generator. 

2. A control circuit comprising a two-element 
gas discharge tube, a source of direct potential 
of a value at least sufficient to fire said gas dis 
charge tube, an electron discharge device having 
at least a grid, a cathode, and an anode, Said 
electron discharge device being normally cut off, 
said source of direct potential being connected 
intermediate said anode and one element of Said 
gas discharge tube and said cathode being Con 
nected to the other element of Said gas discharge 
tube, a generator of substantially Square Wave 

The positive pip of the differential. 
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atting means to Said grid for Sugplying thereto 
said differentiated pulses, thereby rendering Said 
gas tube conductive at the leading edge of Said 
square wave pulse and non-conductive at the 
trailing edge of Said Square wave pulse. 

3. A control circuit comprising a two-element 
gas discharge tube, a source of direct potential 
of a value. at least. Stificient to fire Said gas dis 
charge tube, an electron discharge device hav 
ing at least a grid, a cathode and an anode, Said 
election discharge device being normally cut Off, 
Said source of direct potential being connected 
intermediate said anode and one element of said 
gas discharge tube, a radio frequency choke: Con 
necting said cathode: to the other element of Said, 
gas discharge tube, a generator of Substantially 
Square Wave pulses, aid differentiating means 
connected intermediate: Said pulse generator and 
Said grid for deitiWing a positive-going differenti-. 
ated pS2 of Sufficient anaplitude to ende: Said 
election discharge device conductive front the 
leading edge of Said Square Wave pulse and a 
negative-going differentiated pulse of Sufficient 
airplitude to cut of Said electron discharge de 
wice from the tailing edge. Of Said Square wave 
pulse. 

4. A control circuit comprising a Vacuum tube, 
a gas. tube, Said tubes being connected, with their 
Space current paths in Series, the series circuit 
of Said tubeS being connected between a source: 
of direct potential having a value sufficient to 
fire Said gaS. tube and a, Source of reference po 
tential, a Square Wave pulse generator, a differ 
entiating circuit connected to the output. of said 
pulse generator for deriving from a square wave 
pulse a first pulse coincident with the leading 
edge thereof. of Sufficient, amplitude to render 
Said vacuum tube conductive, and a second pulse 
Coincident with the trailing edge thereof of suffi-. 
cient amplitude to cut off said wacuum tube, and 
means connecting the cutput of Said differenti 
ating circuit to the input of said vacuum tube. 

5. The control circuit of claim. 4, in which said 
Vacuum tube includes at least a cathode, anode 
and control element and, the output of said dif., 
fercentiating circuit. is connected between said 
control element and said cathode. 

6. A radio frequency Switching system compris 
ing a coaxial transmission line, a half wavelength 
Coaxial Stub line. having its outer conductor at 
one end thereof connected to the outer conductor 
of Said transnission line at ground potential and 
having its inner conductor at said one end there 
of connected to the inner conductor of said 
transmission line, the point of junction of said 
stub line and Said transmission line being one 
quarter of a wavelength from the input of said 
transmission line; a gas tube having a first elec 
trode connected to the grounded outer conduc 
tor of Said' stub line at the other end thereof 
and having a second electrode connected to the 
inner conductor of said stub line at said other 
end thereof; a blocking condenser positioned 
along Said inner conductor of said stub line be 
tween Said gas tube and said transmission line, 
Whereby direct current appearing across said 
gas tube may be isolated from said transmission 
line; a source of plate voltage of a Value at least 
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Sufficient to fire said gas tube; a quarter Wave 
length coaxial stub line having one end of its 
outer conductor connected to the outer conduc 
tor of said half wavelength stub line intermediate 
said ends thereof; an electron discharge device 
having its cathode connected to the Second-named 
electrode of Said gas tube through the inner con 
ductor of said quarter wavelength stub line, and 
having its plate connected to the grounded elec 
trode of Said gas tube through said Source of 
plate voltage, and having a grid resistor connect 
ing Said grid and Said Cathode; a condenser; a 
pulse generator Connected to the grid of Said 
electron discharge device through Said condenser; 
said condenser and resistor constituting a dif 
ferentiating means for applying to the grid of 
said electron discharge device pulses of opposite 
polarity corresponding respectively to the leading 
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6 
and trailing edges of each pulse from said pulse 
generator. 

WILLIAM TODD. 
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