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The present invention relates to electronic 
switching systems especially adapted for switch 
ing ultra-high frequency currents, and particul 
larly to that type of switching in which the cur 
rent is abruptly switched from completely 'off' 
to completely "on,' or vice versa. 

In certain applications of switching systems, 
it is important that the current be abruptly 
switched, that is, abruptly turned "on' or "off.' 
For example, in several types of direction finders 
and radio beacons, particularly of the amplitude 
comparison type, switching systems are employed 
as goniometers to shift the radiant action pat 
terns of the antenna system. One such direction 
finding system is illustrated and described in the 
co-pending application of Nathan Marchand, for 
'Direction finders,' filed November 25, 1944, 
bearing Serial Number 565,142, now Patent No. 
2,448,041 which issued August 31, 1948. For the 
proper operation of this system, it is important 
that the energy received be abruptly and com 
pletely switched "on' and 'off' from one set of 
antennas to another. When the switched cur 
rents are ultra-high frequency, particularly in 
the range of about 100 to 600 megacycles or over, 
this becomes quite difficult. Electronic switches 
which have proved quite, satisfactory for lower 
frequencies become unsatisfactory for the high 
frequencies, since, if tetrodes are employed, the 
transit angle becomes SO. great as to be critical, 
and if triodes are employed, the energy cannot 
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the foregoing will be best understood from the 
following description of an embodiment thereof, 
reference being had to the accompanying draw 
ing in which: 

Fig. 1 is a diagram, partly schematic and partly 
in block form, of a direction finding system in 
cluding an electronic switching system embody 
ing my invention; 

. Fig. 2 is a detailed cross-sectional view, par 
tially in elevation, of one of the electronic dis 
charge devices of the electronic switching system 
showing the ground connection for the grid; and 

5 

20 

30 

be completely switched off, even though elec 
tronic flow is blocked, due to the interellectrode 
capacities. Because of these dificulties, the tend 
ency of the'art has been towards transmission 
line or capacitive switching at these ultra-high 
frequencies despite the superior convenience and 
other advantages of electronic switching. 
An object of the present invention is the pro 

vision of an improved electronic switching system 
which is suitable for abruptly switching com 
pletely on and off current of ultra-high frequen 
cies, such as about 100 to 600 megacycles or Over. 
Another object of the present invention is the 

provision of an improved shiftable radiant act 
ing system for ultra-high frequency currents uti 
lizing electronic switching of the type herein de 
scribed. 
A still further object of the present invention 

is the provision of a direction finding system for 
ultra-high frequency current in which electronic 
switching of the type described is used to shift 
the radiant action pattern. 
Other and further objects and advantages of 

the present invention will become apparent and 

Fig. 3 is a set of curves used to describe the 
relationship of the switching control voltages of 
the electronic switching system of Fig. 1. 
As shown in Fig. 1, provide four antenna units 

l, 2, 3 and 4, each of which is rendered unidirec 
tional by shield means 5, 6, 7 and 8 respectively. 
The antenna units illustrated are dipoles and are 
respectively connected by dual transmission lines 
9-2 respectively to known conversion boxes 
13-16 respectively. These conversion boxes con 
vert from the balanced dual transmission lines to 
coaxial lines 7-20 respectively. 
Coaxial lines 7-20 are sequentially coupled 

by means of an electronic switching system 2 to 
a direction finding receiver 22 which has at its 
output an indicator 23. 

Electronic switching system 2 is comprised of 
four electronic switches 24-2T which are adapted 
to sequentially couple antennas -4 respectively 
to the direction finding receiver 22. Since all of 
said switches are similar in construction a de 

- Scription of one of said switches will suffice. 
35 
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Switch 24 includes an electron discharge device 
or tube 28. Since the electronic switch 24 is 
adapted to operate over a relatively wide band of 
frequencies and in the range of about 100-600 
negacycles or over-although of course it will be 
appreciated that this switch may also be used at 
lower frequencies-a special type of tube in a spe 
cial arrangement is required. 
Tubes satisfactory for use in electronic switch 

24 are characterized by the fact that the transit 
angle is small at the operating frequency, which 
requires close spacing between the electrodes, and 
are characterized further by the fact that the 
anode and its leads are completely shielded from 
the cathode and its leads by the grid and the 
grid connector or grid lead. Among types of 
tubes satisfactory for this purpose are those com 
mercially known as "lighthouse tubes' and vari 
ous forms of disk seal tubes. Referring now to Fig. 2, have there illustrated 
a known form of lighthouse tube. Tube 2 is a 
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triode having an anode 29, a grid 0 and a cath 
ode 3 heated by a heater 32. The electrodes 29 
3 -are provided respectively with low inductance 
and low impedance leads 33-35. Leads 33 and 
34 are in the form of disks. The grid lead or grid 
disk 38 extends through the walls of the tube en 
velope 3.S. along all radii. Grid disk 34 has an 
opening therein across which the grid 30 extends, 
said grid and disk both being flat and substan 
tially coplanar and serving as an electrostatic 
shield shielding the anode and its leads from the 
cathode and its leads. It will therefore be seen 
that the grid forms an unbroken continuous 
shield across the opening of the grid disk 34. 
Since the grid is flat, the active surfaces of the 
anode 29 and cathode 3 f may be arranged im 
mediately adjacent thereto thereby providing a 
short transit time. 

In accordance with my invention, the grid 80 is 
maintained at ground potential for radio fre 
quency. I accomplish this by arranging a fiat 
conductor 37 against the upper surface of the 
grid disk 34, which conductor 37 is separated 
by a thin insulating member 38, such as a thin 
sheet of mica, from a conductive surface - 39 
serving as ground. The surface 39 may be the 
chassis or frame of the electronic switching sys 
tem. 2 or any similar conductive surface main 
tained at ground potential. The dimensions of 
this condenser arrangement 4D. should be so 
chosen that the grid is maintained at ground 
potential at the operating frequency. Said ar 
rangement provides a non-inductive ground con 
nection which will offer substantially no im 
pedance to radio frequency current and conse 
quently maintain the grid at ground potential. 
Of course it is to be understood that thie con 
ductive member 37 might be omitted and the grid 
disk 34 serve as one plate of the condenser. 
The radio frequency energy from antenna. , 

transmitted over coaxial line. T, is impressed 
upon the cathode 3 of tube 29, the inner con 
ductor 4f of said coaxial line being coupled to the 
cathode with the outer conductor thereof being 
coupled to ground. The cathode resistor 42 also 
serves as the matching terminating impedance 
of line f. Through an isolating circuit 43, 
switching control voltages from a source 44 are 
transmitted over line 45 to the grid 3 of tube 
28 of switch 24. 
voltages are supplied from said sistice 44 and 
over similar lines 46, 47 and 48 to the grid of 
the tube in switches 25, 28 and 2 respectively. 
The anodes of the tubes in said switches are cou 
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4. 
are two general modes of operation. In the 
first mode of operation, the tubes are normally 
blocked and the source 44 supplies positive pulses 
to unblock the tubes sequentially. In a second 
form of operation, the tubes are normally con 
ductive and the source of switching Control 
voltages supplies blocking voltages to three of the 
four tubes at a time to block all but one of said 
tubes, the one of said tubes that is unblocked 
being changed sequentially. This latter mode of 
Operation will now be described in connection 
with Fig. 3. 
The tubes of the electronic switches 24-2 

are normally biased so that said tubes are non 
conductive. This biasing voltage may be sup 
plied in series with the source 44 or as a part 
thereof with the blocking switching control volt 
ages superimposed on the normal bias which lat 
ter renders the tubes conductive. 
The four curves of Fig. 3 show the Switching 

control voltages applied to the lines 45 -48 from 
source 44. The pulses illustrated in said curves 
are negative and are adapted to abruptly block 
the tube to which they are applied. Inbetween 
said pulses the tubes are conductive. Conse 
quently it will be seen that between time To and 
T? the tube of switch 24, between time Ti and T2, 
the tube of switch 25, between time Ta and T 
the tube of switch 26, and between time T3 and 
T the tube of switch 27, will alone be con 
ductive. Thus it will be seen that the Switches 
are sequentially operated. 

If, however, it is desired to have the tubes nor 
mally blocked, the positive pulses are applied for 
periods from To to "T? to render switch 24 opera 
tive and for like short periods T1 to T2 for switch 
25, T: to Ts for switch 28, and Ts to T for 
switch 27. In this mode of operation only One 
tube at a time is conductive and the tubes be 

40 come conductive sequentially. 
While I have described my invention in conº 

nection with a direction finding system, it is 
obvious that it may not only be employed with 
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Similarly switching control 60 

pled together and to the direction finding. re- s 
ceiver 22. They are also connected in series with 
a tunable resonant circuit in the form of an 
adjustable resonant line 49 through an isolation 
network 50 to a source of positive potential B. 
Line 49 may be tuned to the "frequency at which 60 
the system is operating by means of a tuner 5, 
adjusting the point at which theiriner conductor 
52 is grounded at radio frequency capacitively. 
Other forms of turning may, of course, be emi 
ployed as well as other forms of resonant sec 
tions. 
The operation of switches 24-27 is controlled 

by the conduction of their tubes. Said tubes 
are adapted to become conductive in sequence 
and this is controlled by the voltages derived 
from the source of switching voltages' 44. Since 
the tubes are to be switched abruptly on and off, 
the source 44 supplies rectangular pulses as 
illustrated in Fig. 3 to the various liries 45-48 
associated with the respective circuits, There 

other shiftable radiant acting systems but in 
many other uses. Furthermore, it is clear that 
modifications of the electronic switching system 
disclosed will occur to those skilled in the art. 
Therefore it should be distinctly understood that 
this description is given merely by way of illus 
tration and is not to be considered a limitation 
on my invention as indicated in the objects there 
of and defined in the accompanying claims. 

I claim: 
1. An electronic switch system for switching 

current from an ultra high radio frequency 
source to a load comprising an electron discharge 
device having an envelope, an anode, a cathode, 
leads for the cathode and anode, a grid, and a 
low impedance, grid lead providing an external 
terminal for the grid and connected inside the 
envelope thereto, said grid lead and grid serving 
as an electrostatic shield between the anode and 
its lead and the cathode and its lead, means 
forming a substantially non-inductive capacity 
coupling said grid lead to ground and of Such a 
value as to maintain said grid at ground poten 
tial for the radio frequency current to isolate said 
anode and said cathode, an impedance means 
coupling said cathode to ground, means for coul 

0 pling said source across said impedance means, a 
source of switching control voltages, means in 
pressing said switching control voltages on said: 
grid, and means coupling the anode to said load. 

2. An electronic switching system for switch 
75 ing current from a plurality of ultra high radio 
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frequency sources to a load including a plurality 
of electronic switches; each of said switches 
comprising an electron discharge device having 
an envelope, an anode, a cathode, leads for the 
Cathode and anode, a grid, and a low impedance 
grid lead providing an external terminal for the 
grid and connected inside the envelope thereto, 
said grid lead and grid serving as an electrostatic 
shield between the anode and its lead and the 
cathode and its lead, means forming a substan 
tially non-inductive capacity coupling said grid 
lead to ground and of such a value as to maintain 
said grid at ground potential for the ultra high 
radio frequency current to isolate said anode and 
said cathode, an impedance means coupling said 
cathode to ground, means for coupling one of 
said sources across said impedance means; a 
Source of switching control voltages; means im 
pressing said switching control voltages on the 
grid of a given number of said switches in a given 
Sequence; and means coupling the anodes of said 
devices to said load. 

3. A shiftable radiant acting system comprising 
a plurality of differently directed antennas; a 
translating device; and an electronic switching 
System for switching current from said antennas 
to said translating device, said electronic switch 
ing System including a plurality of electronic 
Switches each comprising an electron discharge 
device having an envelope, an anode, a cathode, 
leads for the Cathode and anode, a grid, and a 
low impedance grid lead providing an external 
terminal for the grid and connected inside the 
envelope thereto, said grid lead and grid serving 
as an electrostatic shield between the anode and 
its lead and the cathode and its lead, means form 
ing a substantially non-inductive capacity cou 
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pling said grid lead to ground and of such a . 
value as to maintain said grid at ground poten 
tial for the radio frequency current from said an 
tennas to isolate said anode and said cathode, 
an impedance means coupling said cathode to 
ground, means for coupling one of said antennas 
across said impedance means; a source of switch 
ing control voltages; means impressing said 
Switching control voltages on the grids of a given 
number of said electron discharge devices in a 
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given sequence; and means coupling the anodes 
of said electron discharge devices to said trans 
lating device. 

4. A direction finding system comprising a plus 
rality of differently directed antennas; a direc- . 
tion finding receiver; and an electronic switching 
System for Switching Current from said antennas 
to said receiver including a plurality of electronic 
switches each comprising an electron discharge 
device having an envelope, an anode, a cathode, 
leads for the cathode and anode, a grid, a grid 
lead providing an external terminal for the grid 
and connected inside the envelope thereto, said 
grid lead and grid serving as an electrostatic 
shield between the anode and its lead and the 
Cathode and its lead, means forming a substan 
tially non-inductive capacity coupling said grid 
lead to ground and of such a value as to main 
tain said grid at ground potential for the ultra 
high radio frequency current to isolate said an 
ode and said cathode, an impedance means cou 
pling said cathode to ground, and means for cou 
pling one of said antennas across said impedance; 
a source of SWitching contro voltages meansin 
pressing said switching control voltages on the 
grid of a given number of said electron discharge 
devices in a given sequence; and means coupling 
the anodes of said electron discharge devices to 
said direction finding receiver. 

JOHN H. NEWITT. 
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