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ABSTRACT OF THE DISCLOSURE 
This disclosure relates to energy control and particularly 

to energy control in the form of isolation and protection 
for multiple, ampli?er circuits operating from a common 
power source. More particularly, this disclosure is of the 
use of vacuum tubes as switches for isolating and protect 
ing individual pulse-ampli?er circuits or units of a multi 
ple-unit system having a common power supply. This dis 
closure teaches the connection of a vacuum tube to each 
of the circuits to switch it off when the circuit faults or 
short circuits and to switch the circuit back on when the 
fault clears itself. This avoids draining the main capacitor 
bank through the short-circuit, which could damage the 
individual circuit and interfere with the operation of other 
circuits using the same, common, power supply. The sys 
tem also provides regulation of voltage to the individual 
circuits to increase their efficiency. 

The invention described herein may be manufactured, 
used, and licensed by or for the Government for govern 
mental purposes without the payment to us of any royalty 
thereon. 

BACKGROUND OF THE INVENTION 

This circuit isolator was invented to meet the problems 
of power supplies for super power systems with pulse 
ampli?ers for microwave pulse transmission. These sys 
tems, as the name implies, involve units of comparatively 
large size that handle voltages and currents, during a pulse 
transmission, that are considerably in excess of those 
encountered in conventional transmitters. The problems 
in super power pulse transmission systems are predictable. 
The voltages and currents involved are of values that ap 
proach the limits of conventional electronic circuitry. The 
RF tubes, themselves, are operating under conditions that 
make faulting or failure of the tube an unavoidable pos 
sibility. Then, too, the power surges that accompany such 
faulting are of a magnitude that can completely destroy 
the RF tube or other elements in the circuit involved, 
particularly when the power supply includes a large capac 
itor bank for energy storage. 
This circuit isolator is particularly needed in systems 

where a plurality of pulse transmitters are required and 
are supplied by a single power supply. Such a situation 
occurs with a phased-array radar which has an extremely 
large antenna with many radiating elements, each powered 
by a separate pulse transmitter. The transmitters may all 
be ?red together or may be ?red in any sequence or phase 
necessary to have the desired effect on the transmitted 
beam. The problem is to provide protection for the indi 
vidual pulse transmitters against short circuits and to mini 
mize the damage attended on a fault in any one of the 
separate transmitters and, in any case, to keep the other 
transmitters operating with as little disturbance as possible 
during a fault of one of the units. 
One solution would be to provide a separate power 

supply for each of the pulse transmitters. This would solve 
the problem of isolation but would be prohibitively ex 
pensive because of the cost and size of the separate power 
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supplies. This would also be ine?icient and would not 
reduce the possibility of damage to any one of the units. 
It is more desirable and more ef?cient to have a single, 
common, power supply serving all of the pulse transmitter 
units. This power supply would include a main energy 
storage device in the form of a capacitor bank of su?i 
cient capacity to supply the instantaneous power require 
ment of the entire system. Additional energy storage banks 
are also connected to each, individual pulse transmitter to 
provide the instantaneous energy needed during pulse 
transmissions at the actual location of the pulse trans 
mitter to prevent jitter and electronic beam path insta~ 
bility due to the length of the lines between the main 
energy storage bank and the individual pulse transmitters. 
When the systems are operating from a common power 

supply, each of the pulse transmitters is connected to the 
common power supply through an isolator. Isolators are 
usually used with each individual circuit to stop the dis 
charge of the main capacitor bank until the secondary 
capacitor bank is discharged and the fault is cleared. 
The isolator can take various forms, the most common 

form having passive components which may be merely a 
high voltage fuse with a backup circuit breaker. In the 
event of a fault the fuse would blow and the circuit 
breaker would open. The discharge current in the fuse 
would be quenched by sand or other medium in a well 
known manner. 
The passive component isolator has the serious disad 

'vantage of inactivating the circuit until the fuse is replaced 
and is tolerable only if faulting rarely occurs or if the 
system can operate effectively without some of the pulse 
transmitters. There is also a question as to ‘whether the 
fuse could open quickly enough to avoid a surge of cur 
rent that might be enough to destroy the pulse transmitter 
or to effect the stability of the common power supply. 
A vacuum tube type of switch connected in series with 

each of the pulse transmitters would be one way of inter 
rupting the ?ow of current from the main capacitor bank 
and isolating the individual transmitters. In the event of 

,. a fault the vacuum tube could be switched off, thereby 
interrupting energy ?ow and providing protection for the 
pulse transmitter. After the fault clears, the vacuum tube 
could be automatically switched on again. 

However, such a vacuum tube would have to be spe 
cially designed to operate under the extremely high changes 
of voltage with respect to time that would result from the 
transients that occur when the load faults. For example, 
changes in voltage with respect to time in the order of 
300,000 volts per microsecond could appear across such 
an interrupter in existing pulse transmitters and, in all 
likelihood, a conventional triode or tetrode would are un 
der these conditions. The tube must also have, for maxi 
mum e?iciency, a low voltage drop, which again, is not 
found in standard equipment. 

Such a tube would also require low input capacitance 
and low drive voltage since if the storage capacitance 
across the RF tube of the pulse transmitter is removed, 
the vacuum tube interrupter switch must be driven to 
full conduction of current in a fraction of a microsecond. 
Typical equivalent input capacity of vacuum switch tubes 
is in the order of 1 to 4 picofarads per ampere of plate 
current. The grid voltage swing is in the order of 2 to 4 
kilovolts for a beam current of 100 amperes and the turn 
on time of 1/2 microsecond. A grid drive peak current 
in excess of 400 amperes would be required for the best 
available tubes, There are no tubes presently available 
that can meet all these requirements. 

It is therefore an object of this invention to provide 
an interrupter switch for an RF pulse transmitter that 
can use a conventional vacuum tube. 

It is a further object of this invention to provide a 
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vacuum-tube current interrupter switch and voltage regu 
lator that can isolate a circuit from the main power sup 

' ply in the event of a fault in that circuit to minimize 
the damage to the circuit during such a fault. 

SUMMARY’ OF THE INVENTION 
The isolation of a pulse transmitter from a common 

power supply, and the regulation of the voltage and cur 
rent to the RF ampli?er tube of the pulse transmitter 
is achieved by connecting a high-current vacuum tube be 
tween the primary, energy-storage, capacitor bank of the 
common power supply and the secondary energy-storage 
capacitor bank at the pulse transmitter. The resistive and 
inductive elements that are normally included are con~ 
nected between the secondary capacitor bank and the 
RF ampli?er tube of the pulse transmitter. An energy 
diverter with a series, limiting resistor is connected across 
the RF tube itself. A voltage sensing means across the 
RF tube actuates a control circuit for the vacuum tube 
isolator and regulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a conventional sys 
tem for connecting multiple, isolated circuits to a com 
mon power supply; 
FIG. 2 shows a single unit of such a system with a 

fuse type isolator circuit; and 
FIG. 3 shows a single unit of such a system with a 

vacuum tube isolator and regulator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, a common power supply 
6 is coupled to an energy-storage device 8 which sup 
plies several pulse ampli?er circuits such as A and B. 
In FIG. 1 each of the circuits has an isolator 10A, 10B, 
etc. separating the output loads 20A, 20B, etc. of the 
individual circuits from the common power supply. Each 
circuit normally has a secondary energy-storage device 
40A, 40B, etc. and a diverter 30A, 30B, etc. 
FIG. .2 shows the elements of FIG. 1 in more detail 

and similar elements are similarly numbered. The com 
mon power supply .6 and the energy-storage device 8 
supply the load which is an RF tube 20. The secondary 
energy-storage‘device is a capacitor bank 40. The RF 
tube has a tertiary capacitive energy-storage device 24 
and is connected across an energy diverter 30 through 
a current limiting resistor 22. The secondary capacitor 
bank 40 supplies current to the load 20 through the 
resistor 42 and the inductor 43 which are needed to 
reduce and control the ?ow of current during a fault 
discharge. Each of the units is isolated and protected 
by a fuse 60 and a circuit breaker 61. . 

In operation, if faulting of the RF tube 20 occurs, 
the energy diverter circuitry senses changes in voltage 
or current due to the fault, and ?res itself to provide 
a current bypass for the faulting RF tube. This burns 
out the fuse and trips the circuit breaker to disconnect 
the common power supply from the pulse transmitter 
circuit. The inductance 43 delays the rise of fault cur 
rent, and the resistor 42 limits the peak current and 
absorbs the energy drawn by the diverter 30. The resistor 
22 limits the current through the RF tube itself during 
a fault. The fuse must be replaced, and the circuit breaker 
reset after the energy diverter discharges the capacitor 
40 and the faulting of the RF tube clears itself. 
FIG. 3 shows this invention applied to a. circuit similar 

to that of FIGS. 1 and .2, and similar elements are again, 
‘similarly numbered. The power supply 6 and the main, 
energy-storage, capacitor bank 8 supply current to the 
RF tube 20. Additional power is available from the sec 
ondary and tertiary capacitor banks 40’ and 24 as needed. 
The resistors 22 and 42 have the same function as be 
fore, as does the inductance 43. A fuse 60 and circuit 
breaker ‘61 may again be provided for each unit, but 
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4 
the main isolator or current interrupter is now the vacu 
um tube switch 10v which may also serve as a voltage 
regulator. 
The vacuum tube switch is, effectively, connected be 

tween the common power supply 6 and the secondary 
capacitor bank 40'. The vacuum tube is actuated by a 
control circuit 166 which is actuated by a voltage sensor 26. 
The operation of a system such as a phased-array radar 

is fairly well known. Such a system has a plurality of 
pulse transmitters including RF tubes such as 20 that 
are ?red in a well known manner in any desired sequence 
or phase. Each of the RF tubes draws current from the 
main capacitor bank such as 8 of a common power sup 
ply with additional secondary or tertiary capacitor banks 
meeting the instantaneous demands for additional cur 
rent that is necessary when the inductive effects of too 
long power lines delays the current to the individual 
pulse transmitters. . 

In the operation of this particular isolator and regula 
tor circuit, any faulting of the RF tube will appear as a 
short circuit with a sudden current surge or voltage drop 
which is sensed, as in the forementioned circuit opera 
tion, by the energy diverter, which ?res to bypass the 
current away from the RF tube. However, in this cir 
cuit, the change in voltage across the RF tube is also 
detected by the voltage sensor 26 to actuate the control 
circuit 16 which cuts oif the vacuum-tube switch 10. This 
vacuum tube switch is connected, on one side, to the 
common power supply 6 whose energy storage device 
8 is a capacitor bank which will vary in voltage only 
very slowly because of the considerable capacity in 
volved. However, as pointed out earlier, if the RF tube 
of a pulse ampli?er of a super-power system faults, 
changes of voltage with respect to time in the order of 
300,000 volts per microsecond or greater can‘ appear 
across any isolator and, in all likelihood, a conventional 
triode or tetrode switch tube, connected directly between 
the main capacitor bank and the RF tube, would also 
are under these conditions. Consequently, in this circuit, 
the other side of the vacuum tube switch 10' is connected 
directly to the secondary capacitor bank 40 rather than 
being connected directly to the RF tube 20. Consequently, 
the voltage across this vacuum tube switch can change 
only as fast as 40‘ is discharged through the inductor 43 
and the resistor 42 and this prevents the high change 
of voltage with respect to time from appearing across 
the vacuum-tube switch 10'. When the energy diverter 
completes the discharge of capacitor bank 40 and the 
RF tube fault clears itself, the voltage sensor and con 
trol circuits reactivate the vacuum-tube switch. 

In this circuit, the ratio of the capacity of the secondary 
capacitor bank 40, the inductance 43 and resistance 42 
which form the energy diverting loop through the energy 
diverter 30 is designed to be slightly over-damped, rather 
than under-damped so that no voltage reversals appears 
across the vacuum-tube switch. Since there are not ex 
treme voltage changes, in either direction, across the vac 
uum-tube ‘switch, available in triodes and tetrodes can be 
used with a minimum danger of arcing. ' 
The tube also can serve as a voltge regulator if suitable 

voltage sensing is incorporated in the circuit. The control. 
circuit and input capacitance of triodes limits their re 
sponse time. In a practical circuit the minimum response 
time will be in the order of 2 to 3 microseconds. For a 
chain of closed spaced narrow pulses, direct regulation for 
the individual pulses cannot be provided. However, by 
programming the control circuit, the regulator interrupter 
tube can be pre-pulsed to the desired operation level and 
since the input capacitance of the tube is fully charged, 
it can respond rapidly to small variations in voltage. If 
the control circuitry is programmed to allow the regulator 
tube to pass a sizeable portion of the current to the ‘RF 
tube, there are the additional advantages of increase in 
overall efficiency and reduction in secondary capacitance 
requirements. These can be accomplished without any loss 
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of voltage regulation or system reliability but require an 
increase in the common power supply voltage drop in the 
vacuum-tube switch. 
The increase in overall system e?iciency is simply due 

to the decreased energy drained from the secondary ca 
pacitance bank. Since the secondary capacitance is resis 
tively charged, energy equal to the amount of capacitor 
recharge energy is dissipated during recharge. When the 
vacuum tube delivers energy directly from the common 
power supply to the RF tube the only energy loss is caused 
by that portion of the power supply voltage that represents 
the voltage drop in the tube. The usual vacuum tube volt 
age drop is approximately 10 percent of the power supply 
voltage. ' 

Only one of the pulse transmitters has been shown in 
FIGS. 2 and 3, for simplicity. It is obvious, however, that 
any number of additional units, like the one shown in 
FIG. 1, are intended to be added as needed. 

Sensor 26 is indicated as a voltage sensor in the embodi 
ment of the invention described here, since voltage sensing 
is an e?ective manner of actuating the control circuit. 
However, it should be obvious that current sensing or volt 
age and current sensing would be equally applicable here. 
The vacuum-tube switch 10 may be of any available 

type that will carry the current required for normal opera 
tion of the pulse transmitters. The RF tube 20 can be sim 
ilarly chosen. The values of the current limiting resistors 
and inductors must be chosen with respect to the currents 
and voltages to be accommodated. 

While the need for such isolators is clearly seen in these 
extremely high voltages and currents of superpower am 
pli?ers and transmitters where the faulting of a tube and 
short circuiting of a capacitor bank represents enormous 
and dangerous amounts of electrical power, this system 
is also applicable to smaller devices where the replacing 
of a fuse is inconvenient or the sudden change of the 
power supply voltage is undesirable. 

While we have considered here the use of vacuum-tube 
switches in certain, very high powered systems, it is ob 
vious that transistors of one kind and another may also be 
used here within their available power output and other 
characteristics since it is just as possible to have a fault 
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across a transistor as a vacuum tube. Similarly, the current 
interrupter and regulator 10 may be a solid state device 
with suitable control and voltage sensing circuits or de 
vices. 
Having described my invention, what is claimed is: 
1. In combination with a power supply having a ?rst 

capacitor bank, and a pulse ampli?er having an output 
tube and a second capacitor bank connected to said output 
tube through a resistor and an inductor, a protective cir 
cuit for coupling said pulse ampli?er to said power supply 
comprising: a vacuum-tube switch having at least one 
control electrode; means for connecting said vacuum-tube 
switch between said ?rst capacitor bank and said Second 
capacitor bank; a voltage sensitive device having an input 
and an output; a control circuit having an input and an 
output; means for connecting the input of said voltage 
sensitive device across said output load; means for connec 
ting said output of said voltage sensitive device to said 
input of said control circuit; means for connecting the out 
put of said control circuit to said control electrode of said 
vacuum-tube switch. 

2. In combination with a power supply as in claim 1 a 
plurality of said pulse ampli?ers, each having one of said 
protective circuits as in claim 1. 

2. In a protective circuit as in claim 1, an energy di 
verter, and means for connecting said energy diverter 
across said RF tube. 

4. In a protective circuit as in claim 3 said means for 
connecting said energy diverter across said RF tube includ 
ing a current-limiting resistor. 
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