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1. 
The present invention relates to protective sys 

tems for high-frequency generators and more 
particularly to such systems for protecting mag 
netron generators incorporated in ultra-high 
frequency heating apparatus. 

Ultra-high frequency heating apparatus usual 
ly comprises a cavity adapted to receive semi 
Conducting material that is to be heated, an 
ultra-high frequency generator including a mag 
netron tube, and an interposed transmission line 
that may be either of the coaxial conductor type 
or of the wave guide type. In such apparatus, it 
is highly desirable that the impedance of the load 
match the impedance of the generator, but this 
is not always possible since the impedance of the 
load depends upon the weight and character of 
the material that is to be heated in the cavity, 
Whereby some impedance mismatch is always 
present and causes a reflection of ultra-high fre 
quency power from the cavity back through the 
transmission line to the generator, the amount of 
reflected ultra-high frequency power being pro 
portional to the amount of impedance mismatch 
and to the amount of incident power Supplied 
from the generator to the cavity through the 
transmission line. In fact, should the apparatus 
be operated without any load in the cavity, the 
reflected ultra-high frequency power is substan 
tially equal to the incident ultra-high frequency 
power. This 
power produces a heating effect upon the mag 
netron tube incorporated in the ultra-high fre 
quency generator, which heating effect is pro 
portional to the amount of reflected ultra-high 
frequency power. Thus in the event of a severe 
impedance mismatch, the reflected ultra-high 
frequency power is sufficiently great to effect un 
due and damaging heating of the magnetron 
tube causing direct failure thereof by cracking 
Of the glass Seal that is disposed about the con 
nection extending through the wall thereof to 
the plate arranged therein, notwithstanding the 
provision of the air blower and the Water cooling 
coil that are normally operatively associated 
With the magnetron tube. Specifically, it has 
been diseovered that in the event the impedance 
Inishatgh is of Such Severity that the microWave 
voltage-standing wave ratio exceeds a value of 
about 3.0, the magnetron tube will invariably 
fail. 
Accordingly it is the general object of the 

present invention to provide an improved pro 
tective System for a high frequency generator so 
as to prevent damage thereto resulting fron an 
impedance iniSimatch between the generator and 
the connected load. 

reflected ultra-high frequency. 
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Another object of the invention is to provide in 

a high frequency power supply system including 
a high frequency generator, an arrangement for 
Selectively setting the amount of incident high 
frequency power output from the generator in 
accordance with the amount of reflected high 
frequency power back to the generator. 
Another object of the invention is to provide in 

a high frequency supply system, an improved cir 
cuit network for protecting the high frequency 
generator incorporated therein against damage 
as a result of reflected high frequency power back 
thereto and for selectively setting the incident 
high frequency power output from the genera 
tor in accordance with the amount of reflected high frequency power back thereto. 
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A further object of the invention is to provide 
in ultra-high frequency heating apparatus, an 
improved protective system of the character 
noted. 

Further features of the invention pertain to 
the particular arrangement of the elements of 
the ultra-high frequency heating apparatus and 
the associated protective circuit network, where 
by the above-outlined and additional operating 
features thereof are attained. 
The invention, both as to its organization and 

method of operation, together with further ob 
jects and advantages thereof, will best be under 
Stood by reference to the following specification 
taken in connection with the accompanying 
drawing, in which the single figure is a diagram 
matic illustration of ultra-high frequency heat 
ing apparatus and a power Supply and protec 
tive circuit network therefor embodying the 
present invention. 

Referring now to the drawing, the ultra-high 
frequency heating apparatus and the power Sup 
ply and protective circuit network there illus 
trated, and embodying the features of the present 
invention, comprises a cooking oven O provided 
with a metal liner defining a cavity 2 ar 
ranged to receive semi-conducting material 3 
that is to be heated, an ultra-high frequency gen 
erator arrangement including a magnetron tube 
Vf that may be of General Electric Company 
type Z-1492, and an interposed transmission line 
f4. The transmission line 4 is of the coaxial 
Conductor type including an Outer grounded tu 
bular conductor 5 and a centrally disposed in 
Slated rod-like conductor 6. The Outer end of 
the transmission line 4 is bifurcated terminating 
in two arms embracing the Owen O. The extremi 
ties of the two outer conductors f 5d and 5b of 
the two arms of the transmission line 4 are con 
nected to the liner i ; while the extremities of 
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the two inner conductors 6a and 6b of the two 
arras of the transmission line 4 respectively pro 
ject through two associated openings formed in 
the liner i? and respectively terriniinate in tWO 
inwardly projecting antennas 6c and 6d dis 
posed in the cavity i2. Also the two inner Con 
ductors Sa and 6b of the two arms of the trans 
mission line 4 respectively carry two sleeve 
transformers 6ac and 6y in order to insure that 
the impedance of the transmission line f4 
matches the impedance of the magnetron tube 
W. The magnetron tube V comprises a fila 
mentary cathode 7 and a plate 8, the plate 8 
being electrically connected to the inner end of 
the inner conductor 6 of the transmission line 
24 by the usual coupling loop. 8a, and to ground 
potential. The magnetron tube W is capable of 
oscillating at an ultra-high frequency of the 
order of 1,000 megacycles, whereby centiimeter 
electromagnetic standing waves are produced in 
the cavity 2 when the magnetron tube W is op 
erating. 
An attenuator 9 is connected to the trans 

mission line 4 and may take the form of a length 
of hollow conducting tubing constituting a Sec 
tion of wave guide with cross-sectional dimen 
sions sufficiently small so as not to propagate 
Waves of the frequency in the transmission line 
4. The attenuator i 9 is secured to the outer con 

ductor 5 of the transmission line 4 in Sur 
rounding relation. With respect to an Opening 
formed in the outer conductor 5 So that a por 
tion of the field in the transmission line 4 may 
extend into the attenuator 9. An element W9 
in the form of a gaseous discharge tube is ar 
ranged within the attenuator 9 and positioned 
away from the transmission line 4 toward the 
Cutter end of the attenuator 9 a distance cor 
responding to the maximum field intensity to 
which it is desired to Subject the element W9, it 
being understood that the intensity of the field 
Within the attenuator 9 decreases With distance 
away from the transmission line 4 toward the 
Outer end thereof. Specifically the gaseous dis 
charge tube WS may take the form of a 4 watt 
neon glow lamp and is provided with a pair of 
electrodes that are respectively connected to the 
exterior via two conductors 28 and 2. Also the 
position of the attenuator 9 along the transmis 
Sion line 4 and with respect to the position of 
the magnetion tube W is such that the distance 
between the attenuator 9 and the magnetron 
tube W is equal to 4 the wave length of the 
ultra-high frequency energy in the transmission 
line A or to any integral multiple of the A wave 
length noted. This arrangement insures that the 
gaSeous discharge tube W9 is subject to ioniza 
tion by a microwave voltage at the same level of 
intensity as that at the magnetron tube W. 

More palticularly the resulting microWave 
Voltage to which the gaseous discharge tube W9 
is Subjected is proportional to the Square root of 
the generated microwave power plus the in-phase 
component of that microwave voltage caused by 
the Standing microwaves in the transmission line 
fé, while the microwave voltage caused by the 
Standing Waves in the transmission line 4 is 
directly proportional to the impedance mismatch. 
Thus it Will be understood that in the event of 
a resulting microwave voltage in excess of a pre 
determined safe value, produced by a severe im 
pedance (inismatch, the gaseous discharge tube 
W9 is ionized and ignited. As explained more 
fully hereinafter, ignition of the gaseous dis 
charge tube W9 is effective to bring about a re 
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4 
duction in the microwave power that is generated 
by the nagnetron tube W, whereby the resulting 
microwave voltage to which both the gaseous 
discharge tube V8 and the magnetron tube V 
are Subjected is correspondingly reduced so that 
the resulting microWave Voltage does not exceed 
the predetermined safe value in order to prevent 
damage to the magnetron tube W. 
The power Supply System for the magnetron 

tube V comprises a source of 230 volts, 3-phase, 
A. C. power, an aSSociated oil circuit breaker K. 
that is Selectively operative between open and 
closed positions, a plate power transformer TA 
having a delta connected primary winding and 
a Star connected secondary Winding, a manually 
Oparable power selector switch S, and a plate 
pOWeir relay K2. In the plate power transformer 
T, the primary winding includes the three phase 
Sections 22, 23 and 24, and the secondary wind 
ing includes the three phase sections 25, 26 and 
27 respectively coupled by an associated core 28. 
The power selector switch S includes a rotatably 
mounted Operating shaft 29 provided with an op 
erating handle 3 and carrying five switch blades 
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34, 32, 33, 33 and 35 that are provided with in 
dividually associated contact banks. The plate 
power relay K2 includes a winding 36 and three 
contact bridging members 37, 38 and 39. 
When the oil circuit breaker K occupies its 

closed position, the three conductors of the source 
of power are respectively connected to three 
power Supply buses 48, 4 and A2 that are re 
Spectively terminated by contacts controlled by 
the bridging members 37, 33 and 39; also the 
other contacts respectively controlled by the 
bridging members 37, 38 and 39 respectively ter 
minate feed conductors 43, 44 and 45. Thus it 
will be understood that when the plate power 
relay K2 occupies its operated position, the power 
Supply buses 49, 4 and 82 are respectively con 
nected by the bridging members 32, 33 and 32 to 
the feed conductors 43, 44 and 45. 
The feed conductors á3, A4 and 45 are respec 

tively connected to the switch blades 33, 33 and 
35; which switch blades 33, 36 and 35 have access 
to contacts in the associated contact bank re 
Spectively terminating taps provided on the pri 
nary Winding Sections 24, 23 and 22. Thus it, Will 
be understood that by appropriately setting the 
power Selector Switch S that the taps may be 
appropriately set upon the winding sections 22, 
23 and 24 of the primary winding of the plate 
power transformer Ti so as to effect, the induc 
tion of corresponding secondary voltages in the 
Secondary Winding sections 25, 26 and 2 thereof. 
Finally the power supply buses 40 and 32 are re 
Spectively connected directly via associated fuses. 
F and F2 to the switch blades 3 and 32; and 
the contact banks associated with the Switch 
blades 3 and 32 are multipled together and 
Connected respectively to two filament supply 
conductors 6 and A. Thus it will be under 
Stood that when the power selector switch Si is 
operated out of its hone position, the phase volt 
age between the power supply buses 48 and 2 is 
connected between the filament, Supply conduc 
tOS 6 and via the SWitch blades 3 and 32 
and the engaged contacts in the associated con 
tact banks. The outer ends of the primary wind 
ing sections 25, 26 and 2 are respectively con 
nected to feed conductors 3, 49 and 56; and 
the inner ends of the Winding Sections 25, 26 and 
27 are commonly connected together to form the 
Star previously noted. 

Also the power supply circuit comprises a first 
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bank of rectifier tubes W2, V3 and V4 provided 
With plates, respectively connected to the feed 
conductors 48, 49 and 50 and provided with fila 
mentary. ::cathodes connected in multiple to a 
Conductor pair 5; as well as a second bank 
of rectifier. tubes W5, V6 and W7 provided with 
plates commonly connected to an output con 
ductor 53 and provided with filamentary cath 
odes 'respectively connected to conductor pairs 
54, 55 and 56. A rectifier filament transformer 
T3 is provided for the first bank of rectifier tubes 
and includes a primary Winding 5 connected 
across the filament Supply conductors 46, and 
47, and a secondary winding 58 connected across 
the conductor pair 5, the mid-tap of the sec 
ondary winding 58 being connected to...an out 
put conductor 52. Three rectifier filament 
transformers T4, T5 and TS are provided for the 
respective rectifier tubes W5, V6 and W7 in the 
second bank. The rectifier filament transformer 
T4 includes a primary winding 59 connected 
across the filament. Supply conductors 46 and 47, 
and a secondary Winding 60 connected across the 
conductor pair 54, the mid-tap of the secondary 
winding 60 being connected to the feed conduc 
tor 48. The rectifier filament transformer T5 in 
cludes a primary winding 6:l connected across 
the filament Supply conductors 46 and :47, and 
a secondary winding 62 connected across the 
conductor pair 55, the mid-tap of the secondary 
winding 62 being connected to the feed conduc 
tor 49. The rectifier filament transformer 6 
includes a primary winding 63 connected across 
the filament Supply conductors 46 and 47, and 
a secondary winding 54 connected across the 
conductor pair 56, the mid-tap of the second 
alry winding 64 being connected to the feed con 
ductor 58). 
Also the magnetron tube W is provided with 

a filament power controller Z having input ter 
minals connected across the filament. Supply con 
ductors 46, and '4, and output terminals con 
nected: across a conductor pair 65. Also the mag 
netron filament power controller Z is provided 
With an adjustable filament controller rheostat 
Ri so that the voltage across the conductor pair 
65 may be selectively set. Also the magnetron 
tube Wi is provided with a filament transformer 
T2 including a primary winding 65 : connected 
across the conductor pair 55, and a secondary : 
Winding 67 connected across the filament of 
the magnetron the W, the mid-tap of the sec 
ondary winding 5 being connected to the out 
put conductor 53. Further the power supply cir 
cuit comprises an isolation transformer TT in 
cluding a primary winding 88 connected across 
the filament supply 'conductors 46, and 4, and 
a secondary winding 69 connected across two 
feed conductors 0 and j . Finally the magner 
tron tube Wf includes a magnet coil I, that is 
provided with a local exciting circuit; the lo 
cal exciting circuit including a magnet control 
transformer T8 of the auto-transformer type. 
Specifically the extremities of the winding of 
the transformer. T8 ;are connected across the 
feed conductors TO and T.; While one extremity 
of the winding of the transformer T8 and an 
adjustable tap thereon are connected across the 
input terminals of a full wave dry rectifier bridge 
Z2; the output terminals of the bridge 22 being 
connected across a pair of conductors 2 and 
T3 that are included in the excitation circuit 
of the magnet coil L.f. Specifically. One termi 
nal of the magnet coil is connected directly 
by a conductor f4 to the plate 8 of the magne 
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6 
tron tube Wii and to greund potential; and the 
other terminal of the magneticoil. It is connected 
to a conductor. 75, which, in turn, is connected to 
the conductor 72. The conductor 73 is connected 
via four resistors Rit, R2, R3, and Ria ar 
ranged in series relation to the conductor 74 and 
to ground potential. Further a voltage regulator. 
tube W8 of the gaseous discharge type is con 
nected directly across the conductors 2 and 73. 
Finally, there is provided a direct current over 
current relay K5 that includes; a winding 76 that 
is connected between the conductor 72 and the 
Output conductor 52. . . 

fn view of the foregoing, it will be understood 
that the magnet coil L is normally energized 
With direct current via the local exciting circuit 
including the bridge Z2, the conductors 72, 73, 
T4 and 15. and the resistors R., R2, R3 and 
R. 4, and that the high.D. C. voltage produced by 
the two banks of rectifier. tubes is present be 
tWeen the output conductor's 52 and 53 and thus 
appeal's between the cathode 7 and the plate 
8. Of the magnetron tube W via the circuit in 

cluding the Winding 76 of the overcurrent relay 
K5, the conductor 75, the magnet coil Tif, and the 
conductor. 4; whereby the magnetron tube Wi 
OScillates in the usual manner impressing the 
generated microWave Voltage via the coupling 
loop. 8d upon the inner conductor it 6 of the 
transmission line 4. So as to effect the production 
of the centimeter, electromagnetic Standing 
waves in the cavity f2 so as to heat the material 
13 supported therein. 
The input terminals of a voltage divider D 

are bridged across the feed conductors 70 and 
l, and the output terriniinals of the voltage di 

wider D are bridged across the input terminals 
of a full wave dry rectifier bridge Z3. The out 
put terminais of the bridge Z3 are respectively 
connected to two conductors 7 and B. Also an 
ultra-high frequency overvoltage relay K6 is pro 
vided that includes a Winding 9, one terminal 
of which is connected to the conductor 2. Fur 
ther the input terminals: of a voltage divider 
OA are connected between the conductors 2 and 
8; and the output terminals of the voltage di 

vider. D., are connected between the conductOS 
23 and 2' that extend to the electrodes of the 
glow lamp WS. In view of the foregoing, it will 
be understood that when the glow lamp V9 is 
un-ionized that the winding 79 of the ultra-high 
frequency. overvoltage relay K6 is energized in 
series relation with the voltag' - divider L4, 
whereby the latter relay is not operated since 
it is of the marginal type. On the other hand, 
when the glow lamp W9 is ionized, the upper por 
tion of the Voltage divider D4 is effectively short 
circuited, whereby the winding 18 of the ultra 
high frequency, owevoltage relay J 6 is energized 
sufficiently. to effect operation thereof. Sub 
sequently when the glow lamp V8 is again de 
ionized, the upper portion of the voltage divider 
D4 is again effectively inserted in the series cir 
cuit for energizing the winding 79 of the ultra 
high frequency overvoltage relay K6 in order to 
cause the latter relay to restore. 

Further the circuit network comprises a -con 
trol switch SS of the step-by-step type including 
an operating shaft:80, mounted for rotation step 
by-step and carrying a wiper 8 having a home 
position illustrated, a plurality of , control posi 
tions, and a final position disposed in they clock 
wise: direction with respect to its home position. 
The wiper 8 is , connected to the conductor 3 
and is provided with a contact bank terminating 
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Conductors extending to the junctions between 
the resistors Rf, R. 2, R3 and R4 and the con 
ductor 74. Thus it will be understood that the 
resistors R, R2, R3 and R, 8 are normally 
included in the local exciting circuit for the mag 
net coil Li and that the resistors Ri , R2, R. 3 
and R4 are successively short-circuited by the 
wiper 8 as the control switch SS is stepped from 
its home position into its successive control posi 
tions, thereby successively removing the resistors 
Rif, R2, R 3 and R4 from the exciting circuit 
for the magnet coil L. The magnetron tube W. 
of the type Z-1492 possesses the characteristic 
that the ultra-high frequency power output 
thereof is inversely proportional to the excitation 
of the magnet coil I, thereof. Thus the ultra 
high frequency power output of the magnetron 
tube W is at a normal maximum when the four 
resistors Ri , R. 2, R. 3 and R4 are included in 
the local exciting circuit for the magnet coil L. 
Also the operating shaft 8 carries a wiper 82 
that is adapted to Short together the conductors 
2 and 2 When the control SWitch SS Occupies 
its final position, thereby short-circuiting the 
glow lamp W9 and the upper portion of the volt 
age divider D4 so as to provide a locking circuit 
positively to retain the ultra-high frequency 
overvoltage relay K6 in its operated position. 
The control switch SS further comprises a coil 

spring 83 normally biasing the operating shaft 80 
in the counterclockwise direction; which coil 
spring 83 is wound up, storing energy therein, 
when the operating shaft 80 is stepped away from 
its home position. The control Switch SS is 
stepped away from its home position by an ar 
rangement including a stepping magnet SM pro 
vided with an arnature 84 that carries an Operat 
ing pawl 85 that cooperates with a ratchet wheel 
86 carried by the operating shaft 80, the arma 
ture 84 being biased in the clockwise direction 
away from the stepping magnet SM by a Coil 
spring 87. The operating shaft 80 is restrained 
in its operated position against the bias of the 
coil spring 83 by a latching pawl 88 that is car 
ried by an armature 89 in cooperating relation 
with respect to the ratchet wheel 86. The arma 
ture 89 is operatively associated with a release 
magnet RMI and is normally biased in the clock 
wise direction away from the release magnet RM 
by a coil spring 99. 

In view of the foregoing, it will be understood 
that the control switch SS normally occupies its 
home position; however when a series of in 
pulses are received by the stepping magnet SM, 
the armature 84 is alternately attracted and re 
leased so that the stepping pawl 85 cooperating 
with the ratchet wheel 86 rotates the operating 
shaft 80 step-by-step in the clockwise direction 
so that the wiper 8 is rotated out of its home 
position through its control positions and ulti 
mately into its final position. The operating 
shaft 8 is restrained in any operated position by 
the latching pawl 88; however the operating shaft 
80 may be released and returned in the counter 
clockwise direction by the coil spring 83 so that 
the wiper 8 is moved back into its home posi 
tion merely by the momentary energization of the 
release magnet RM, the release magnet RM at 
tracting the armature 89 and withdrawing the re 
lease pawl 88 from the ratchet wheel 86. 
For the purpose of energizing the stepping 

magnet SM a circuit is provided that includes 
a voltage divider D2 having input terminals con 
nected across the feed conductors 0 and 7, and 
output terminals connected across the inputter 
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8 
minals of a full wave dry rectifier bridge Z4. 
The output terminals of the bridge Z4 are Con 
nected to two conductors 9 and 92. The Con 
ductor 9 is connected to one terminal of the 
stepping magnet SM, and the other terminal of 
the stepping inagnet SM is connected to a COn 
tact controlled by a bridging member 93 pro 
vided on the ultra-high frequency Overvoltage 
relay K6, the other contact controlled by the 
bridging member 93 being connected to the con 
ductor 92. Thus it will be understood that when 
the ultra-high frequency over voltage relay K6 
is operated the bridging member 93 closes the 
circuit for energizing the stepping magnet SM 
of the control switch. Also the power Supply 
circuit comprises a plate power delay relay K3 
that may take the form of a Telechron timer 
motor having an operating winding connected 
across the filament supply conductors 46 and 4 
and provided with an operating shaft 94. Thus 
the plate power delay relay K3 is of the slow-to 
operate type, the shaft 36 thereof being operated 
30 seconds after the winding thereof is energized. 
For the purpose of energizing the release mag 
net RM, a circuit is provided that includes a 
voltage divider D3 having input terminals con 
nected across the feed conductors is and via 
a pair of contacts controlled by a bridging men 
ber 96 provided on the plate power delay relay 
K3, and output terminals connected across the 
input terminals of a full wave dry rectifier bridge 
Z5. The output terminals of the bridge Z5 are 
connected directly to the terminals of the release 
magnet RM. Thus it will be understood that 
when the plate power delay relay K3 occupies its 
restored position that the circuit for operating 
the release magnet RMI is closed. 

Further in the power supply circuit arrange 
ment a water coil, not shown, is operatively aSSO 
ciated with the magnetron the W and is Sup 
plied with cooling water during operation of the 
magnetron tube V. In this water cooling ar 
rangement, a water flow interlock Switch S3 is 
provided that occupies its closed position only 
when the Water is flowing through the Water cool 
ing coil noted; and a water temperature interlock 
switch S2 is provided that occupies its closed 
position only when the temperature of the Water 
after it has passed through the water cooling coil 
is at a safe operating temperature. Further the 
oven to is provided with a door, not shown, with 
which an oven door interlock switch S4 is opera 
tively associated, the oven door interlock Switch 
S4 being closed only when the oven door noted 
occupies its closed position. Finally a timer K4 
is provided that includes an electric drive motor 
97 of the synchronous type, and preferably of the 
Telechron type, a gear box 98, a slip clutch 99, 
a control cam 00, and a manually operable con 
trol dial O. Specifically the drive motor 97 is 
provided with a drive shaft 02 that terminates 
in the gear box 98; and the gear box 98 is pro 
vided with a driven shaft 03 that terminates in 
one of the clutch plates of the slip clutch 99; and 
the control cam 00 and the control dial D are 
rigidly secured to an operating shaft 06 termi 
nating in the other clutch plate of the slip clutch 
99. Thus the operating shaft (a may be rotated 
by the control dial 0 independently of the gear 
box 98 by virtue of the arrangemnt of the slip 
clutch 99, whereby the control cam 00 is rotated 
therewith effecting closure of an associated pair 
of switch springs (5. Operation of the drive 
motor 97 returns the operating shaft 64 back 
toward its home position at a timed rate, whereby 
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the control cam 00 is returned back into its nor 
mal position at the expiration of the set time in 
Order again to open the set of Switch springs 95. 
Accordingly it will be understood that when the 
Control dial Of is rotated out of its normal posi 
tion to set a variable time that the drive motor 
97 returns the operating shaft 04 back into its 
normal position after the expiration of the preset 
time, whereby the control cam 00 effects closure 
of the set of switch springs 05 during the preset 
time noted. 
The winding 36 of the plate rower relay K2 is 

provided with an Operating circuit that includes 
the feed conductors 70 and 7, the set of switch 
springs 05, the water temperature interlock 
switch S2, the water flow interlock Switch S3, the 
Oven door interlock switch S4, a pair of contacts 
Controlled by a bridging member 06 provided on 
the plate power delay relay K3, a pair of contacts 
controlled by a bridging member 07 provided 
on the direct current overcurrent relay EX5, and 
a pair of contacts, controlled by a bridging mem 
ber 08 provided on the ultra-high frequency 
overvoltage relay K.S. Further a water pump, not 
shown, is provided for the purpose of circulating 
Water through the cooling coil, not shown, of the 
magnetron tube W, the water pump being oper 
ated by a water pump motor B connected be 
tween the filament, supply conductors 46 and 47. 
The water mentioned is circulated through a 
cooler, not shown, that is provided with a cooling 
fan, not shown, that is operated by a water cool 
ing fan motor B2 that is connected across the 
filament supply conductors 46 and 47. The mag 
netron be W is also provided with a cooling 
blower, not shown, that is operated by a mag 
netro cooling blower motor B4 that is Connected 
across the filament supply conductor's 46 and 4. 
The rectifier tubes W2, etc. are provided. With a 
rectifier cooling blower, not shown, that is Oper 
ated by a rectifier cooling blower motor B3 that 
is connected across the feed conductors 70 and 7. 

Considering now the general operation of the 
power supply circuit, the power selector Switch 
Sí is first manually set into one of its positions 
corresponding to the desired ultra-high frequency 
power level output of the magnetron tube. Wit; the 
material 3 to be heated, is placed in the cavity 
2; the door of the oven O is closed in order to 

effect closure of the oven door interlock switch 
S4; the manual dial it is rotated out of its nor 
mal position, to set a time during which it is de 
sired to heat the material 3 in the cavity 2 
so as to effect closure of the set of Switch Springs 
f05; and finally the oil circuit breaker K is op 
erated into its closed position. Closure of the 
oil circuit breaker Ki effects the Supply of power 
to... the filament supply conductors 46 and 4T, 
whereby the primary winding 68 of the isolation 
transformer TT is energized to effect the Supply 
of power to the feed conductors 70 and 7F. The 
power supplied to the filament Supply conductors 
46 and 47 effects operation of the Water pump 
motor Bl, the water cooling fan motor B2, and 
the magnetron cooling blower motor B4; while 
the supply of power to the feed conductors. T0 and 

effects operation of the rectifier cooling blower 
motor B3. Also the supply of power to the fila 
ment supply conductors 46 and 47 energizes the 
primary windings 57, 59, 61 and 63 of the rectifier 
filament transformers T3, T4, T5 and T6, where 
by voltages are induced in the respective secon 
dary windings 58, 60, 62 and 64, thereof, so as 
to cause heating of the filamentary cathodes of 
the rectifier tubes W2, V3, W4, V5, W6 and WT. 
Also the supply of power to the filamentary Sup 

10 
ply conductors 46 and 47 effects. the energization 
of the primary winding 66 of the magnetion fila 
ment transformer T2 through the associated 
magnetron filament power controller Zi, the as 
sociated filament control rheostat R. having been 
previously set to establish the desired filament 
supply current for the filamentary cath:{de of 
the magnetron tube. W, whereby the voltage in 
duced in the secondary winding 6 of the magne 

i () tron filament, transformer T2 eifects heating Cf 
the cathode. It of the magnetron tube W. 

Further the supply of power to the feed con 
ductors i3 and T. closes the previously-traced 
local exciting circuit including the rectifier bridge 

5 2.2 and the resistors R I, R12, R3, and R. 4 for 
the magnet coil. I, , of the magnetron tube V, 
whereby, the ultra-high frequency power of the 
magnetron tube Wii is preset at the maximum 
value; Also the supply of power to the feed Con 

20 ductors 7 and Til completes the previously-traced 
circuit including the rectifier bridge Z5 for Cp 
erating, the release magnet RM of the control 
switch SS so as to insure that the control SWitch 
SS. occupies its normal or home position at this 

25 time; the last-mentioned circuit being completed 
by virtue of the restored position of the plate 
power delay relay. K3 at this time. Further the 
supply of power to the feed conductors 70 and 
completes the previously-traced circuit including 

30 the rectifier bridge Z3 and the divider D4 for en 
ergizing, the winding 79 of the ultra-high fre 
quency overvoltage relay, K6, whereby the latter 
relay being of the marginal type remains in its re 
stored position at this time. Finally the Supply of 

35 power to the filament, supply conductors 46 and 47 
effects the energization of the winding of the plate 
power delay relay K3, whereby the latter relay 
being of the slow-to-operate type is operated only 
after a predetermined time interval, about 30 Sec 

40 onds, so as to permit heating of the filamentary 
cathodes of the various rectifier tubes W2, etc., 
and heating of the filamentary cathode 7 of the 
magnetron tube:W. 
Upon operating the plate power delay relay K3 

5 interrupts, at the bridging member 96, the previ 
ously-traced circuit for operating the release 
magnet RM of the control switch SS so as to effect 
the release of the armature 89, Whereby the Con 
trol switch SS is conditioned to be operated away 

so from its home position. Also upon operating the 
plate power delay. relay K3, completes, at the 
bridging member 06, the previously merationed 
series: circuit for energizing the winding 36 of the 
plate power relay K2, this circuit including the 
feed conductors 70 and T, the bridging members 
106, OT and 08, the water temperature interlock 
switch S2, the water flowinterlock switch S3, the 
oven door interlock switch S4, and the set of 
switch springs 05 of the timer K4. When this 

to circuit is completed, the plate power relay K2 op. 
erates connecting the power supply buses 40, 4 
and 42 to the feed.conductors 43,44 and 45, where 
by the primary winding sections 22, 23 and 23 of 
the plate power transformer Ti is energized. So 

65 that power is supplied via the feed conductors 48, 
49 and 50 to the rectifier tubes W2, W3, W4, W5, W6 
and WT. Also the drive motor 97 of the timer K4 
is energized in multiple with the winding 36 of 
the plate power supply relay K2 so that the op 

5 

5 5 

70 erating shaft O4 is rotated back toward its home 
position through the gearbox 98 and the associ 
ated slip clutch 99 so that timing of operation of 
the supply circuit is initiated by the timer K4. 
Also it is noted that a pilot lamp 2 is illuminated 

75 in multiple with the winding 36 of the plate power 



2,692,946 
11 

relay K2 in Order to indicate that operation of 
the tinner K4 has been initiated and that the 
plate power relay K2 occupies its operated posi 
tion. Further a pilot lamp f is illuminated di 
rectly across the feed conductors and 7 in 
order to indicate the supply of power thereto 
from the isolation transformer T. 
The rectifier tubes W2, etc., effect the supply of 

high voltage direct current to the output con 
ductors 52 and 53 in a Well-known manner So 
that oscillation of the magnetron tube W is initi 
ated, whereby the ultra-high frequency power is 
Supplied from the magnetron tube Wii via the 
transmission line 4 to the cavity 2 effecting 
heating of the material 3 therein. Under stand 
ard and normal conditions, operation of the power 
circuit proceeds until the expiration of the preset 
time interval, whereupon the control cam 30 is 
returned back into its normal position effecting 
opening of the set of Switch springs 5 and the 
consequent de-energization of the winding 36 of 
the plate power relay K2, extinguishing of the 
pilot lamp I2, and arresting of Operation of the 
drive motor 97. The plate power relay K2 then 
restores disconnecting at the bridging members 
36, 3 and 38 the power supply buses 46, 4 and 42 
from the feed conductors 43, 44 and 45 so as to 
effect de-energization of the plate power trans 
former T in order to arrest operation of the rec 
tifier tubes W2, etc. and the magnetron tube Wi. 
When the pilot lamp I2 is thus extinguished it 
indicates that it is safe to open the door, not 
shown, of the Owen O so that the material 3 may 
be removed from the cavity 2. When the door, 
not shown, of the oven G is thus opened, the 
oven door interlock switch S4 is returned into its 
open position. 

During operation of the power Supply circuit, 
should the flow of water through the Water Cooling 
coil, not shown, associated With the magnetron 
tube W be arrested, the water flow interlock 
switch S3 Would be returned into its open position 
effecting the restoration of the plate power relay 
K2. In a similar manner, should the temperature 
of the water flowing through the water cooling 
coil, not shown, associated with the magnetron 
tube W exceed a safe temperature, the water tem 
perature interlock Switch S2 would be operated 
into its open position effecting the restoration of 
the plate power supply relay K2. Further should 
the door, not shown, of the Owen 0, be inadvert 
ently opened, the oven door interlock switch S4 is 
returned into its open position effecting the res 
toration of the plate power relay K2. Also should 
the control dial Of of the timer K4 be prema 
turely returned manually back into its normal 
position the set of switch springs 05 is opened ef 
fecting the restoration of the plate power relay 
K2. Moreover during the operation of the power 
circuit should the magnetron tube V draw an ab 
normally high overload current, the direct current 
Overcurrent relay K5 is operated in order to in 
terupt, at the bridging member 07, the circuit 
for energizing the Winding 36 of the plate power 
relay K2 so as to effect the restoration thereof. 
Reconsidering the Operation of the power cir 

cuit, the impedance of the load comprising the 
material 3 disposed in the cavity 2 normally 
reasonably matches the impedance of the mag 
netron tube W., Whereby there is no excessive 
reflected ultra-high frequency power from the 
cavity 2 back to the magnetron tube WE. How 
ever in the event of a Substantial mismatch 
between the impedance of the load in the cavity 
2 and the impedance of the magnetron tube 
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W, there is a substantial reflected ultra-high 
frequency power from the cavity 2 back to the 
magnetron tube V, whereby an excess and un 
safe microwave voltage is present across the 
magnetron tube W that would effect undue and 
damaging heating thereof. However this exceSS 
microwave voltage greater than a safe value, due 
to the reflected ultra-high frequency power, is 
present in the transmission line 4, and Con 
Sequently a portion thereof is present in the at 
tenuator 3 So that the glow aiip W9 is ionized 
and ignited. When the glow lamp W3 is thus 
ignited, the upper portion of the divider D4 is 
effectively short-circuited effecting Sufficient en 
ergization of the winding 9 of the ultra-high 
frequency over voltage relay K to cause oper 
ation thereof. 
Upon operating the ultra-high frequency over 

voltage relay K6 interrupts, at the bridging mem 
ber f (8, the circuit for energizing the winding 
36 of the piate power relay K2 so as to effect 
l'estoration of the latter relay and the conse 
quent reimoval of power from the plate power 
transformers i? and the consequent protection 
of the magnetton tube Wi. Also the ultra-high 
frequency overvoltage relay K6 completes, at the 
bridging member 33, the previously-traced cir 
cuit for energizing the Stepping magnet SMI of 
the control switch SS, whereby the arnature 84 
is attracted causing the pawl 85 cooperating With 
the ratchet wheel 36 to drive the operating shaft 
8 one step in the clockwise direction out of its 
home position into its first control position. So 
that the wiper 8 short-circuits the resistor R. 
normally included in the local exciting circuit 
for the magnet coil Li. The operating shaft 89 
of the conti'ol SWitch SS is restrained in its first 
control position by the cooperation between the 
release pawl 38 and the ratchet wheel 86, and 
energy is stored in the coil spring $3. 
When Operation of the magnetron tube W is 

arrested, no incident ultra-high frequency power 
is Supplied via the transmission line 4 to the 
cavity f2, whereby the glow lamp W9 is extin 
guished again inserting the upper portion of the 
divider D4 into series relation with the winding 
9 of the ultra-high frequency Over Voltage relay 
X6 so as to cause the latter relay to restore since 
it is of the marginal type. Upon restoring the 
ultra-high frequency over voltage relay K6 intel'- 
rupts, at the bridging member 93, the circuit for 
operating the stepping magnet SM of the control 
switch SS So that the spring 87 may return the 
armature 84 into its normal position thereby to 
condition the control Switch SS to be operated 
another step in the event of reoperation of the 
stepping magnet SM. Also upon restoring the 
ultra-high frequency overvoltage relay K6 re 
completes, at the bridging member 8 the cir 
cuit for energizing the winding 36 of the plate 
power relay K2, whereby the latter relay reop 
erates in order again to effect the Supply of power 
to the plate power transformer T. So that the 
respective tubes W2, etc., and the magnetron 
tube W are again operated in order to supply the 
ultra-high frequency power from the magnetron 
tube W via the transmission line 4 to the cavity 
f2. 
In view of the foregoing, it will be understood 

that at this time the incident ultra-high fre 
quency power that is Supplied from the magne 
tron tube V via the transmission line f4 to the 
cavity 2 is at a given lower predetermined level 
by Virtue of the circumstance that the control 
switch SS occupies its first control position short 



circuiting the resistor Rif so that the magnet 
coil Li is excited with a greater current in its 
local exciting circuit. Also it will be appreciated 
that in the event the impedance mismatch is 
sufficiently severe, again an undue and dangerous 
amount of ultra-high frequency power will be 
reflected back from the cavity 2 through the 
transmission line 4 to the magnetron tube Wi 
so as again to ignite the glow tube W9, whereby 
the circuit is recycled in the manner explained 
above. Specifically the ultra-high frequency 
overvoltage relay K6 is operated and then re 
stored effecting restoration and then reOpera 
tion of the plate power relay K2 and driving of 
the control switch SS from its first control po 
sition into its second control position. Thus at 
this time incident ultra-high frequency power is 
supplied from the magnetron tube V via the 
transmission line i4 to the cavity i2 at a still 
lower given level by virtue of the exclusion of 
the resistors R. and R. 2 from the local exciting 
circuit of the magnet coil Li of the magnetron 
tube. W. 

In view of the foregoing description of the 
mode of operation of the glow lamp V9 and the 
associated ultra-high frequency Overvoltage relay 
K6, in conjunction with the plate power relay 
K2 and control switch SS, it will be understood 
that successive operations of the control switch 
SS are effected until the incident ultra-high 
frequency power level of the magnetron tube 
W is established, in view of the impedance mis 
match, so that the amount of reflected ultra-high 
frequency power from the cavity E2. Via the trans 
mission line (4 to the magnetron tube W is not 
excessive and at a safe level S0 that damaging 
heating of the magnetron tube Vl is prevented. 
Further it is pointed out that in the event of 

an extremely severe impedance mismatch that 
the glow lamp V9 is successively ignited So that 
the control switch SS is driven through its various 
control positions into its final position Wherein 
the wiper 82 engages the contact in the aSSO 
ciated contact bank completing a direct connect 
tion between the conductors 20 and 2, thereby 
short-circuiting the upper portion of the divider 
D4 in multiple with the glow lamp V9 and effect 
ing the completion of a locking circuit for en 
ergizing the winding 79 of the ultra-high fre 
quency overvoltage relay K6 So as to retain the 
latter relay in its operated position notwith 
standing the subsequent extinguishing of the 
glow lamp W9 when the plate power relay K2 re 
stores. Thus in this event the ultra-high fre 
quency overvoltage relay K9 is locked in its op 
erated position in order to prevent further re 
operation of the plate power relay K2 So that 
the power circuit is locked out of Service. In this 
connection, it is noted that the ultra-high fre 
quency overvoltage relay K5 also includes a con 
tact bridging member 109 that completes a cir 
cuit for illuminating an alarm lamp AI. When the 
latter relay occupies its operated position; the 
circuit mentioned being bridged across the con 
ductors 77 and 78. The continued illumination 
of the alarm lamp AL indicates that the control 
switch SS has been operated into its final posi 
tion and that the power circuit has been locked 
out of service. The attendant then trips the oil 
circuit breaker K into its open position in Order 
to remove power from the power Supply buses 40, 
4. and 42 bringing about the restoration of the 
plate power delay relay K3 and the ultra-high 
frequency over voltage relay K6. 
The attendant may again place the power Sup 
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ply circuit in operation by reclosing the oil cir 
cuit breaker K. When the oil circuit breaker 
K is thus reclosed, the previously-traced circuit 
for operating the release magnet RM of the con 
trol switch SS is completed, whereby the arma 
ture 89 is operated so that the release pawl 88 
is withdrawn fron the ratchet wheel 85 So that 
the spring 83, may return the operating shaft 80 
back into its home position. When the operating 
Shaft 80 of the control Switch SS is thus returned 
into its home position, the resistors R., etc., are 
again inserted in the local exciting circuit for the 
magnet coil L. of the magnetron tube W. Also 
When the oil circuit breaker K is leciosed, the 
winding of the plate power delay relay K3 is en 
ergized so as to effect operation of the latter 
relay after the time interval previously noted. 
Also upon reoperating the plate power delay re 
lay K3 interrupts, at the bridging member 96, the 
circuit for energizing tie release magnet RM of 
the control switch SS and effects reoperation of 
the plate power relay K2 so that the magnetron 
tube W is reoperated. Of course in the event the 
Severe inapedance mismatch has not been Co 
rected, the glow lamp W9 will be again Successively 
ignited to effect Successive recycling of the ultra 
high frequency overvoltage relay K6 and the ulti 
imate locking of the latter Irelay in its operated 
position and the continued illumination of the 
alarm lamp AI, in the manner explained above. 
For purposes of instrumentation a plate Volt 

meter M is bridged between the output conduc 
tor 53 and ground potential; and a plate animeter 
M2 is included in the Output conductor 32. Also a 
magnet current ammeter M3 is included in the 
conductor 75 in series relation with the magnet 
coil L; a filament voltnetter M6 is bridged acroSS 
the conductor pair 65 for the purpose of measur 
ing the voltage Supplied to the primary winding 
66 of the magnetron filament transformer T2; a 
filament hourmeter M7 is bridged across the fila 
ment Supply conductors 46 and 47 and may coin 
prise essentially a synchronous motor of the Tele 
chron type; and a plate hourmeter M8 is bridged 
across the feed conductors 44 and 45 and may 
comprise essentially a Synchronous motor of the 
Telech'on type. Also an incident ultra-high fre 
quency power wattmeter MA and a reflected ultra 
high frequency power wattmeter M5 are provided. 
More particularly two directional couplers it: 
and are respectively connected between the 
Outer conductor 5 of the tranSinission line 4 and 
two conductors 2 and 3, which conductors 
f 2 and 3 are respectively connected to two 
square law crystal detectors and 5 that may 
be of the germanium crystal type. In turn, the 
detectors 4 and 5 are connected to a filternet 
work that comprises two resistors is and and 
two smoothing condensers i8 and 9, the mid 
point between the resistors 6 and 7 and the 
midpoint between the smoothing condensers 8 
and 9 being commonly connected together by 
a conductor 20, that is, in turn, connected both 
to ground potential and to the outer conductor 
5 of the transmission line 4. The incident 

ultra-high frequency power wattmeter ML4 is 
bridged between the outer extremities of the re 
Sistor 6 and the condense 8 and the conduc 
tor f 29; and the reflected ultra-high frequency 
power Wattmeter MI5 is bridged between the Outer 
extremities of the resistor and the condense 
9 and the conductor 20. In the operation of 

the meters M4 and M5, it is pointed out that the 
directional coupler f is arranged and poled with 
respect to the incident ultra-high frequency elec 
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tromagnetic traveling wave in the transmission 
line A, to derive a first ultra-high frequency Cur 
rent that is proportional to the incident voltage 
of the wave noted; while the directional coupler 
| is arranged and poled with respect to the 
reflected ultra-high frequency electromagnetic 
traveling wave in the transmission line 4 to de 
rive a second ultra-high frequency current that 
is proportional to the reflected voltage of the 
wave noted. The first current mentioned 
derived by the directional coupler le is rec 
tified by the square-law crystal detector 4 
to produce a third ultra-high frequency pull 
sating current that is proportional to the 
square of the first current mentioned; and te 
second current mentioned derived by the direc 
tional coupler is rectified by the Square-law 
crystal detector 5 to produce a fourth ultra-high 
frequency pulsating current that is proportional 
to the square of the second current mentioned. 
The third and fourth currents mentioned are ap 
plied in opposition to each other to the extremi 
ties of the resistors 6 and 7, whereby the 
smoothing condensers 8 and 9 produce unidi 
rectional voltages that are respectively propor 
tional to the incident ultra-high frequency poWei 
and to the refected ultra-high frequency poWer, 
which voltages are respectively applied to the 
meters M4 and M5 that may be of the Voltmeter 
type. Accordingly the meters M4 and M5 effec 
tively measure the respective incident ultra-hign 
frequency power and the reflected ultra-high fre 
quency power in the transmission line 4. 
The construction and arrangement of the Cook 

ing oven and the associated transmission line 
i4 provided with the bifurcated end terminating 
in the two arms embracing the oven f are dis 
closed and claimed in the copending application 
of George W. Schroeder, Serial No. 232,005, filed 
June 16, 1951. 
In view of the foregoing, it is apparent that 

there has been provided an improved protective 
and control circuit network for an ultra-high fre 
quency power supply System so as to prevent dam 
age to the ultra-high frequency generator in the 
event of an impedance mismatch between the load 
and the generator and so as to establish automat 
ically a safe ultra-high frequency power level of 
operation of the ultra-high frequency generator 
in view of the existing in pedance mismatch be 
tween the generator and the load. 
While there has been described What is at pres 

ent considered to be the preferred embodiment of 
the invention, it Will be understood that various 
modifications may be made therein, and it is in 
tended to cover in the appended claims all such 
modifications as fall Within the true spirit and 
Scope of the invention. 
What is claimed is: 
1. In a radio frequency power Supply system in 

Ciuding a load, a radio frequency generator of the 
magneton type proVided With an input circuit 
and an output circuit and a magnet coil, a source 
of power, a power Switch selectively operative to 
connect aid to disconnect said source of power 
With respect to said input circuit, means for con 
necting Said Output circuit to Said load, and an 
eXciting circuit for said inagnet coil, the radio fre 
quency power Supplied by said magnetron to said 
load Via Said output circuit being inversey pro 
portional to the excitation of Said magnet coil via 
Said exciting circuit; the combination comprising 
means for Setting a predetermined excitation of 
Said magnet coil via said exciting circuit, imeans 
for closing Said power SWitch, means including an 

5 

O 

5 

20 

30 

35 

40 

50 

60 

65 

70 

75 

6 
element for testing the amount of radio frequency 
power reflected from said load back to Said mag 
netron via said output circuit, a relay, means Con 
trolled by said element in response to testing of 
a certain annotint of radio frequency poWe re 
flected from said load back to Said magnetron via 
said output circuit for operating said relay, means 
controlled by operation of Said relay for Opening 
said power switch and for setting a higher given 
excitation of said magnet coilvia said exciting cir 
cuit, means controlled by interruption of the Sup 
ply of radio frequency power from said magnetron 
to said load via said output circuit for restoring 
said relay, and means controlled by restoration of 
said relay for reclosing said power SWitch. 

2. In a radio frequency power supply System in 
cluding a load, a radio frequency generator of the 
magnetron type provided with an input circuit 
and an output circuit and a magnet coil, a Source 
of power, a power switch selectively operative to 
connect and to disconnect said SOU ice of poWer 
with respect to said input circuit, means for con 
necting said output circuit to Said load, and an 
exciting circuit for said magnet coil, the radio fre 
quency power supplied by said magnetron to Said 
load via said output circuit being inversely pro 
portional to the excitation of Said Inagnet coil 
via said exciting circuit; the combination Con 
prising a device successively operative from a nor 
mal position through a plurality of control posi 
tions into a final position, means controllied by 
said device in its normal position for Setting a 
predetermined excitation of Said magnet coil via 
said exciting circuit and controlled by said device 
in its successive control positions for Setting Suc 
cessively higher given excitations of said magnet 
coil via said exciting circuit, means for closing Said 
power Switch, means for operating said device into 
its normal position, an element operative in re 
Sponse to the reflection of radio frequency power 
from Said load back to Said generator in a certain 
amount, a relay, means controlled by operation 
of Said element for Operating Said relay, means 
controlled by operation of said relay for Opening 
said power Switch and for operating said device 
from its present position into the adjacent one 
of its positions and toward its final position, 
means ornally controlled by interruption of the 
Suppiy of radio frequency power from Said mag 
netron to said load via said output circuit for re 
storing said relay, means controlled by restora 
tion of said relay for reclosing said power SWitch 
so that said testing means again tests the amount 
of radio frequency power refected from said load 
back to Said magnetron Via, Said output circuit, 
and neas controlled by Operation of Said device 
into its final position for retaining Operated said 
relay. 

3. The Corbination Set forth in claim 2, and 
further comprising release means for restoring 
Said relay and for Operating Said device from its 
final position back into its normal position. 

4. The combination set forth in claim 2, where 
in Said exciting circuit includes a plurality of Se 
ries related resistors, and Said device is in the form 
of a stepping SWitch arranged successively to re 
move Said resistors from Said exciting circuit in 
the Successive control positions thereof. 

5. In a radio frequency power supply system 
including a load, and a radio frequency genera 
tOr Operative to Supply radio frequency power to 
Said load; the COinbination comprising a device 
Successively operative from a normal position 
through a plurality of control positions, means 
controlled by Said device in its normal position 

R 
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for setting said generator to supply radio fre 
quency power in a predetermined amount to Said 
load and controlled by said device in its SucceS 
sive control positions for setting successively Said 
generatcr to supply radio frequency power in 
successively lower given amounts to Said load, 
means for operating said device into its normal 
position, means for operating said generatCr, 
means including an element for testing Succes 
sively the amount of radio frequency power re 
flected from said load back to said generator, and 
means. Controlled by said element in response to 
each testing of a certain amount of radio fre 
quency power reflected from said load back to 
said generator for operating said device a Way 
from its normal position. 

6. The radio frequency power supply System 
combination set forth in claim 5, wherein said 
generator essentially comprises a magneti'On type 
tube. 

7. The radio frequency power Supply Systein 
combination set forth in claim 5, wherein said 
element essentially comprises a gaseous discharge 
type tube. 

8. The radio frequency power Supply Systern 
combination set forth in claim 5, wherein Said 
device essentially comprises a SWitch of the Step by-step type. 

9. In a radio frequency power Supply Syster 
including a load, and a radio frequency generator 
operative to supply radio frequency power to 
said load; the combination comprising a device 
successively operative from a normal position 
through a plurality of control positions into a 
final position, means controlled by said device in 
its normal position for setting Said generator to 
supply radio frequency power in a predetermined 
amount to said load and controlled by said de 
vice in its successive control positions for Set 
ting successively said generator to Supply radio 
frequency power in successively lower given 
amounts to said load, means for operating said 
device into its normal position, means for initiat 
ing operation of Said generator, means including 
an element for testing successively the ailount 
of radio frequency power reflected from said load 
back to said genei'ator, means conti'oiled by Said 
element in response to each testing of a certain 
amount of radio frequency power reflected from 
Said load back to Said generator for operating 
said device away from its norinal position, and 
means controlled by operation of Said device into 
its final position for arresting operation of said generator. 

10. In a radio frequency power Supply system 
including a load, a radio frequency generator op 
erative to Supply radio frequency power to said 
load, a source of power, and a power Switch oper 
able between open and closed positions, Said 
power Switch in its closed position connecting 
said source of power to said generator in order 
to effect operation thereof; the combination COm 
prising a device successively operative from a 
normal position through a plurality of control 
positions into a final position, means controlled 
by said device in its normal position for Setting 
said generator to Supply radio frequency power 
in a predetermined amount to said load and con 
trolled by said device in its successive control po 
sitions for setting successively said generator to 
Supply radio frequency power in successively 
lower given amounts to said load, means for op 
erating said power Switch into its closed position, 
means for operating said device into its normal 
position, means including an element for testing 
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successively the amount of radio frequency power 
reflected from said load back to said generator, 
means controlled by Said element in response to 
each testing of a certain amount of radio fre 
quency power reflected frona said loag back to 
Said generator for Operating said device away 
from its normal position, means controlled by 
operation of Said device into its filai position for 
Operating said power switch into its open posi 
tion, and additional means responsive to the 
Supply of more than said predetermined amount 
of radio frequency power from said generator to 
Said load for operating said power Switch into itS open position. 

11. In a radio frequency power supply system 
including a Source of power, a supply bus, a first 
SWitch operable between open and closed posi 
tions, said first Switch in its closed position con 
necting Said Source of power to said supply bus, 
a load, a radio frequency generator operative to 
Supply power to Said Gad, and a Second Switch 
Operable between open and closed positions, said 
Second SWitch in its closed position connecting 
Said Supply buS to Said generator in circler to ef 
fect Operation thereof; the combination compris 
ing a first relay of the slow-to-operate type, 
leanS for operating said first Switch into its 

closed position, means controlled by the supply 
of power to Said Supply bus for initiating opera 
ion of Said first relay, means controlled by op 
eration of Said first relay for operating said sec 
On SWitch into its closed position, a device suc 
Cessively operative from a normal position 
through a plurality of control positions into a 
final position, means controlled by said device in 
its normal position for setting said generator to 
Supply radio frequency power in a predetermined 
anount to said load and controlled by said device 
in its successive control positions for setting suc 
cessively Said generator to supply radio frequency 
power in Successively lower given amounts to said 
load, means for operating said device into its 
nornal position, means including an element for 
testing Successively the amount of radio fre 
Cliency poWei ireflected from Said load back to 
Said generator, a second relay, means controlled 
by Said element in response to each testing of a 
Ceitain amount of radio frequency power re 
flected from Said load back to said generator for 
Operating said second relay, means controlled by 
Operation of said second relay for operating said 
Second SWitch into its open position and for Oper 
ating Said device away from its normal position, 
means normally responsive to the disconnection 
of Said Supply bus from said generator for re 
Storing Said Second relay, means responsive to 
restoration of said second relay for reoperating 
Said Second Switch into its closed position, and 
means controlled by operation of said device into 
its final position for retaining operated said sec ond relay. 

12. In a radio frequency power supply system 
including a Source of power, a supply bus, a first 
SWitch operable between open and closed posi 
tions, Said first switch in its closed position con 
necting said Source of power to said supply bus, a 
load, a radio frequency generator operative to 
Supply power to said load, and a second switch 
operable between open and closed positions, said 
Second Switch in its closed position connecting said 
Supply bus to said generator in order to effect op 
eration thereof; the combination comprising a 
first relay of the slow-to-operate type, means for 
operating said first switch into its closed position, 
means controlled by the supply of power to said 
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supply bus for initiating operation of said first 
relay, means controlled by operation of said first 
relay for operating said second switch into its 
closed position, a device successively operative 
from a normal position through a plurality of 
control positions into a final position, means con 
trolled by said device in its normal position for 
Setting Said generator to supply radio frequency 
power in a predetermined amount to said load 
and controlled by said device in its successive 
control positions for setting Successively said 
generator to Supply radio frequency power in 
Successively lower given amounts to said load, 
means including an element for testing succes 
sively the amount of radio frequency power re 
flected from Said load back to Said generator, a 
Second relay, means controlled by said element 
in response to each testing of a certain amount 
of radio frequency power reflected from Said load 

s back to said generator for Operating said second 
relay, means controlled by operation of said sec 
Ond relay for operating said second Switch into 
its open position and for Operating Said device 
away from its normal position, means normally 
responsive to the disconnection of Said Supply bus 

5 

O 

20 
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from said generator for restoring said second 
relay, means responsive to restoration of said 
second relay for reoperating said second switch. 
into its closed position, means controlled by Op 
eration of said device into its final position for 
retaining Operated said second relay, means for 
Operating Said first SWitch into its open position, 
means responsive to the removal of power from 
said Supply bus for restoring Said first and second 
relays, and means controlled by the restoration 
of Said first relay for Operating said device from 
its final position back into its normal position. 
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