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This invention relates to electrical circuits, and 
- more particularly to a system for automatic pro 
tection of a high-radio-frequency generator or 
microwave generator. 
An object of this invention is to devise a System 

for automatic protection of a microWave gen 
erator against high-voltage breakdown at the 
window or seal thereof. 
Another object is to devise a protective System 

which will automatically afford protection against 
standing wave amplitudes in a radio-frequency 
transmission line which are in excess of a pre 
determined value, such value being manually 
variable at will. 
A further object is to provide a protective SyS 

tem for a microwave transmission system. Which 
will afford protection against an unduly high ratio 
between standing wave maxima and minima 
herein. 
The foregoing and other objects of the inven 

tion will be best understood from the following 
description of some exemplifications thereof, ref 
erence being had to the accompanying drawing, 
wherein: 

Fig. 1 is a diagrammatic representation of one 
form of protective system according to our inven 
tion; and 

Fig. 2 is a diagrammatic representation of a 
modified protective System. 
Now referring to the drawing, and particularly 

to Fig. 1 thereof, the numeral generally desig 
nates an electron-discharge device of the magne 
tron type, which includes, for example, an evacu 
ated envelope 2, made of highly conductive 
material, such as copper, and provided with a 
plurality of anode vanes 3. The arrangement is 
such that each pair of adjacent anode Vanes 3 
forms, together with that portion of the envelope 
lying therebetween, a cavity resonator whose 
natural resonant frequency is, as is Well known 
to those skilled in the art, a function of the geom 
etry of the physical elements making up the Same. 
The dimensions of each such cavity resonator are 
preferably such that the wavelength of the elec 
trical oscillations adapted to be generated there 
in has a predetermined value lying in the high 
radio-frequency or microwave region of the fre 
quency spectrum. 

Centrally located in envelope 2 is a highly elec 
tron-emissive cathode member 4, for example of 
the well-known alkaline-earth metal-oxide type, 
said cathode member being provided With Conven 
tional means (not shown) for raising the ten 
perature thereof to a level sufficient for thermi 
Onic emission. 
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The electron-discharge device is completed by 

magnetic means (not shown) for establishing a 
magnetic field in a direction transversely of the 
electron path between the cathode and anode 
members thereof. 

In order to Supply an operating voltage to 
magnetron f, to energize the same and to there 
by cause it to act as a source of radio-frequency 
energy, cathode 4 is connected, by means of a 
lead 5, to the negative side of a suitable direct 
current source, while envelope 2 is connected, by 
means of a lead 6, through the normally-closed 
contacts of a relay 8, to the positive side of said 
direct current Source. As long as contacts 7 are 
closed, magnetron Will be energized, and hyper 
frequency oscillations will be generated in the 
cavities provided between adjacent vanes 3, but 
when contacts are open, the operating voltage 
is renoved from Said magnetron and Such OScilla 
tions are no longer produced. 
The outer conductor 9 of a coaxial output pipe 

O has one end sealed into envelope 2 and has its 
opposite end fastened securely to the end wall of 
a hollow metallic Waveguide which may be 
termed a transmission line, Since it is adapted to 
transmit radio-frequency energy therealong. In 
ner conductor 2 of coaxial pipe O has a loop 
3 formed on One end thereof, this loop extend 
ing into one of the cavities between adjacent, 
vanes of magnetron and serving to couple the 
radio-frequency energy output of said magne 
tron to output pipe O. The end of conductor 2 
Opposite loop 3 extends beyond the end wall of 
waveguide into said waveguide to serve as an 
exciting rod or probe therefor. A disk i4 of di 
electric material is mounted betWeen outer con 
ductor 9 and inner conductor 2 of pipe || 0 at 
the end of the Outer conductor 9 or at the end 
wall of waveguide , this disk providing a her 
metic sea between these two conductors and 
being termed the WindoW or Seal of the magne 
tron i. 
Transmission line or Waveguide may have 

any desired length, and a first coupling loop 5 
extends into the interior of Said guide, through a 
suitable opening 6, at a point Spaced a distance 
of an integral number of quarter-wavelengths 
from the end wall of said guide, or from the win 
dow or seal of magnetron , the term “wave 
length' referring to the wavelength of the OScilla 
tions of oscillator . The end of loop 5, which 
extends through opening 6 to the exterior of the 
guide , is connected to one electrode or ele 
ment of a discharge device 8 of the cold-cath 
ode gaseous diode type, Such as an ordinary neon 
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bulb, the second element of device f8 being de 
noted by 9. 
A second coupling loop 20 extends into the in 

terior of guide through a suitable opening 2, 
loop 20 being located at a point Spaced a distance 
of a quarter-wavelength beyond loop 5 in the 
direction therefrom opposite from the magnetron. 
window or seal. The end of loop 26, which ex 
tends through opening 2 to the exterior of guide 

, is connected to one electrode or element 22 of 
a discharge device 23 which is similar to discharge 
device i8, the second element of device 23 
being denoted by 24. Although discharge devices 

set up in the guide. 

4. 
amplitude added to the direct voltage bias applied 
to these devices from bias Source 25 produces a 
total voltage equal to or greater than the ioniza 
tion voltage of the devices. Since devices 8 
and 23 are a quarter-wavelength apart and since 
they are biased equally, one or the other of the 
devices will become ionized When the Standing 
Wave amplitude is above a predeterninaed Value, 
regardless of the standing wave phase relations 

The bias can be adjusted, 
by means of tap 3, in such a manner that the 
devices 8 or 23 will break down at any prede 

(8 and 23 are shown as diodes, gaseous tubes of 
the multiple-element type may also be used. 
The input terminals of a full-wave bridge recti 

fier 25, which is adapted to Serve as a cli 
rent and voltage source, are connected to a suit 
able alternating current source, for example the 
ordinary 115-volt, 60-cycle commercial power 
lines. A suitable smoothing or filtering condenser 
26 is connected across the direct current out 
put terminals of rectifier 25. A lead 2 is con 
nected at one end to one of the output terminals 
of rectifier 25 and is also connected, in Series 
with the operating winding 28 of relay 8, to the 
electrode 7 and 22 of devices 8 and 23. A lead 
29 is connected at one end to the other output 
terminal of rectifier 25 and is also connected to 
one end of a resistor 30 having a movable tap 
3. thereon, this tap being in turn connected to 
the electrodes 9 and 24 of devices. 8, and 23. 

It will be apparent, from the above-described 
circuit, that devices 8 and 23 are connected 
in parallel across the direct voltage. Source 25, 
and that the discharge paths between the ele 
ments of the respective devices. 18 and 23 are 
connected in parallel with each other, each of 
such paths being in series between the D. C. 
source 25 and the winding. 28 of relay 8. There 
fore, when the gaseous atmosphere in either of 
the devices 8 or 23 ionizes or breaks down to 
provide a current-conducting path between the 
two elements of the ionized device, current can 
flow from the current source 25, through Such 
conducting path and relay winding:28, energizing 
relay 8 and opening contacts. Radio-frequency 
energy of a predetermined wavelength is Supplied 
by source to waveguide it and is propagated 
therealong to some reactive load (not shown), 
causing standing waves to be established in the 
radio-frequency transmission system including 
waveguide . Tubes of the magnetron type have 
the inherent characteristic that, for stable oper 
ation of the tube, there is an optimum standing 
wave phase value which is desired at the window 
or seal thereof. In other words, for stable. Oper 
ation, the tube “wants to look at' either a stand 
ing wave maximum or a standing wave minimum 
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termined standing Wave amplitude, or any pre 
determined standing Wave ratio, in the guide. 
When such a predetermined standing Wave ratio 
has been reached, due to changes in the load 
or other reasons, the atmosphere in device 3 
or in device 23 Will be ionized to provide a con 
ducting path in the ionized device, resulting in 
the energization of relay 8, the opening of con 
tacts, and the consequent deemergization of 
magnetron . It will be seen, therefore, that the 
systein of this invention automatically in effect 
maintains the standing Wave ratio in a radio 
frequency transmission line below a predeter 
mined manually-adjustable value, since if it goes 
above this value the magnetron is deemergized. 
Two ionizable devices 8 and 23 are provided, 

connected in parallel and Spaced a quarter-Wave 
length apart, so that one or the other of Said 
devices will be ionized, no matter What standing 
Wave phase relations may bei established by the 
unknown characteristics of the load, provided, 
of course, that the standing wave ratio in the 
transmission line rises above the predetermined 
value. Of course, the relay 8 is energized to de 
energize the magnetron when either. One of the 
devices. 3. Or. 23, is ionized. 

If a Standing wave maximum is desired and is 
known to be at the tube Window 4 when excessive 
Standing wave ratios are likely to occur, the factor 
îl in Fig. 1 Should be made an even number, So 
that...loop 5 is spaced an even number of quarter 
Wavelengths from Seal 4, while if a standing Wave 
fininimun is desired and is known to be at the 
tube Window when excessive standing Wave, ratios 
are likely to occur, the factor n should be: made 
an odd number, So that loop 5 is spaced an odd 
number of quarter-wavelengths from seal 4. In 
both these known phase cases, therefore, loop. 5 
is located at a standing wave maximum and func 
tions, when Such maximum becomes greater than 
a predetermined value, to deemergize magnetron 
by callsing the ionization of device 8 and the 
consequent energization of relay 8, thus affording 
protection against excessive standing Wave am 
plitude in these cases of known phase, as well as 
in the conditions of unknown phase relations. 
in the guide. 

at the seal thereof. It is also desirable to limit 60 . If desired, the bias on devices 8 and 23 may be 
the amplitude of the standing waves in the guide 
to a certain value, in other Words, to in effect 
maintain the standing wave ratio in the radio 
frequency transmission line below a predeter 
mined value, in order to prevent high-voltage 
breakdown at the window or seal of the tube 
O SOUrce. 
The radio-frequency energy in guide f is 

coupled with devices f8 and 23 by means of the 
respective coupling loops i5 and 20. A direct 70 
voltage bias is applied to devices f3; and 23 from 
the direct voltage biasing source 25, this bias 
being adjustable by tap 3. The atmosphere in 
either one of the devices 8 or 23 is ionizable by 

65 

SO adjusted that any increase above the voltage 
present in a “flat line,' that is, one in which 
there are no standing waves, will cause break 
down of one or the other of such devices. In 
this case, the system of our invention may be 
made to give protection of the magnetron at an 
absolute minimum value of standing wave ampli 
tude in the transmission system. 
NoW refering to Fig. 2, which shows a modified 

protective system, elements similar to those of 
Fig. 1 are denoted by the same reference nu 
meralS. - In this modification, only a single dis 
charge device 32 is used, this device being similar 
to devices 8 and 23 of Fig. 1 and including a pair the radio-frequency energy if the standing wave is of electrodes or elements 33 and 34. A pair of 
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coupling loops 5 and 20, Spaced a quarter-wave 
length apart, project through the respective open 
ingS 6 and 2 into Waveguide il andare con 
nected, outside of the guide, to the respective 
elements 33 and 34 of device 32, thus serving to 
couple the radio-frequency energy of the trans 
Mission line or waveguide í í to Said device. 
Movable tap 3 on resistor 30 is connected to 

eletiment 3 of device 32, While lead 27 is con 
rected, through relay winding 28, to element 33 
of device 32. From the above connections, it will 
be seen that rectifier 25 serves as a variable 
direct Voltage biasing means for device 32, and 
that, When the atmosphere in device 32 is ionized, 
Cui'rent can flow from current source 25 through 
Winding 28 and current path 33-34 in series, 
energizing relay 8 to open contacts 7 and de 
energize magnetiron . 
AS in Fig. 1, Standing waves of radio-frequency 

are Set up in guide , and a direct voltage bias 
is applied to discharge device 32. Since loops 5 
and 29 are a quarter-wavelength apart, the stand 
ing Wave maxima may be considered as coupled 
to one loop and the standing wave minima, to the 
other. When the ratio between said maxima and 
Said minima, becomes high enough to produce, in 
Combination With the bias voltage applied to de 
Vice 32, a total voltage equal to or greater than 
the ionization voltage of said device, the gaseous 
atmosphere in Said device becomes ionized, or 
Said device breaks down, allowing current from 
the Source to pass through the path 33-34 of 
Said device to energize relay 8, opening contacts 

to deenergize magnetron . 
It is thus apparent that when the ratio be 

tWeen Standing Wave maxima and standing wave 
minima in the guide is above a predetermined 
but adjustable value, the magnetron is automati 
cally deenergized. In this case, as in Fig. 1, the 
discharge device becomes ionized by radio-fre 
quency energy in the guide, but this ionization 
can occur Only When the ratio between standing 
Wave maxina and minina in the guide is above 
a predetermined value which is variable at will 
by varying the bias applied from the biasing 
Source to device 32. It is to be further under 
stood that reliable operation of this sytem is ob 
tained only when the standing Wave phase in the 
transmission line is fixed and known approxi 
mately, and When the factor n is made such as i 
to place coupling loop 5 in the vicinity of a stand 
ing Wave voltage maximum or a standing wave 
Voltage minimum, depending on the phase that 
the tube “wants to see' in order to operate in 
a stable manner. Of course, if loop 5 is at a 
minimum, loop 2 will be at a maximum, and vice 
versa, because of the quarter-wavelength spacing 
between these loops. 
Of course, it is to be understood that this in 

vention is not limited to the particular details 
aS deScribed abOVe, a,S many equivalents Will sug 
gest themselves to those skilled in the art. For 
example, the predetermined point at which the 
discharge devices will break down may alterna 
tively be varied by adjusting the coupling of these 
deVices to the WaVeguide, rather tham by adjust 
ing the direct voltage bias thereon. Also, alter 
nating voltage bias may be used on the discharge 
devices, rather than direct voltage, if desired, 
and if this is done, an alternating voltage relay 
Would be needed in the controlled part of the 
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6 
System. Various other variations will suggest 
themselves. It is accordingly desired that the 
appended claims be given a broad interpretation 
commenSurate with the Scope of this invention 
within the art. 
Some features of invention which are disclosed 

but not claimed herein are disclosed and claimed 
in coperading application Serial No. 753,180, filed 
June 7, 1947, and owned by the same assignee as 
the present application. 
What is claimed is: 
1. A protective System, comprising a Source 

of radio-frequency energy of a predetermined 
Wavelength, controllable means for supplying an 
operating voltage to Said Source, a transmission 
line connected to Said Source, a pair of gaseous 
discharge devices each having a plurality of ele 
ments, said devices being coupled to said line at 
points Spaced a quarter of said Wavelength apart 
in such a way that the gaseous atmosphere pf 
either of said devices is ionizable by standing 
Wave peaks in Said line to provide a current-con 
ducting path between the elements of the ionized 
device, means independent of said transmission 
line for biasing said pair of devices in parallel so 
that Said ionization can occur only above a pre 
determined value of standing Wave ratio in said 
line, and ineans coupling Said devices in parallel 
to said controllable means for controlling the 
S38. 

2. A protective System, comprising a source of 
radio-frequency energy of a predetermined wave 
length, controllable means for supplying an op 
erating voltage to Said Source, a transmission line 
connected to Said Source, a gaseous-discharge de 
Vice having a plurality of elements, two of said 
elements being coupled to said line at points 
Spaced a quarter of Said Wavelength apart in Such 
a Way that the gaseous atmosphere of Said device 
is ionizable by Standing Wave peaks in Said line 
to provide a current-conducti::g path between 
Said elements, means independent of Said trans 
mission line for biasing said device so that said 
ionization can occur only When the ratio be 
tween standing Wave inaxina, and minima in said 
line is above a predetermined value, said biasing 
means being variable at will to vary said prede 
termined value, and means coupling said device 
to said controllable means foi controlling the 
Sale 
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