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(57) ABSTRACT 

A vacuum relay system for alternately switching a 
charging capacitor between a load and source of volt 
age. A pair of normally open contacts and a pair of 
normally closed contacts are provided. Actuation of a 
solenoid member causes an actuating rod to move in a 
direction which causes movement of a cross bar mem 
ber. The cross bar member has an actuating bar mem 
ber secured at each of its ends which moves in the 
same direction as the actuating rod. Movement of the 
actuating bar members causes a pair of normally open 
contacts to close and simultaneously causes a pair of 
normally closed contacts to open. The contacts are 
each individually surrounded in a vacuum environ 
ment wherein failure of the vacuum environment sur 
rounding any of the normally open or closed contact 
members does not affect the vacuum environment of 
the other contact members. 

1 Claim, 7 Drawing Figures 
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1. 

CAPACITIVE FIBRILLATION APPARATUS USING 
WACUUMRELAYS 

VACUUM RELAY SYSTEM 
The invention relates, in general, to a multipole vac 

uum relay system, and, more particularly, to a dia 
phragm-operated relay wherein each switch pole is 
mounted in a separate vacuum environment. 

BACKGROUND OF THE INVENTION 
Conventional heart defibrillators are utilized to ad 

minister shock treatments to patients suffering from 
cardiac arrhythmia. Early types of electrical defibrilla 
tion equipment utilized sixty-cycle alternating current 
waves and were found to be effective in defibrillating 
an exposed heart. The need for thoracotomy and direct 
application of the electrodes to the heart limited the 
clinical application of the method. However, further 
work extended the use of the alternating current dis 
charge defibrillator through the chest cavity and clearly 
defined the electrical and technical condition for defib 
rillation. Such techniques were referred to as transt 
horactic defibrillation. This technique promoted the 
general acceptance of alternating current counter 
shock as an experimental and clinical tool. 
Further use of defibrillation techniques included 

charging a capacitor and then discharging the capaci 
tor. This form of defibrillation was not pursued since 
the procedure could only be employed when the physi 
cian and apparatus were instantly available at the bed 
side on the onset of the arrhythmia. Otherwise, irrever 
sible neural damage and death could ensue even when 
the heart was defibrillated. . 
Further discovery that blood flow to the vital organs 

could be maintained in the arrested heart by merely 
compressing the lower portion of the sternum revolu 
tionized the concept of cardiac resuscitation. This tech 
nique provided the critically needed time to bring the 
countershock techniques into play and it then became 
important to determine the most effective and least 
hazardous form of electrical countershock. Tests to 
compare the action of alternating current as well as dif 
ferent types of direct current both during ventricular 
fibrillation and during the normal sinus rhythm. The ef. 
fects of the countershocks were compared and it was 
found that DC countershock was more efficient in defi 
brillating the heart than AC countershock. In addition, 
DC countershock was found safer, as AC countershock 
frequently produced serious arrhythmias. 
Most DC countershock has been performed by the 

safe method of discharging a capacitor through an in 
ductance. By utilizing a sixteen microfarad capacitor, 
and a 100 millihenry inductance in series therewith, the 
waveform of the shock produced by such a machine is 
found to be relatively slow rising and underdamped. 
Such a shock lasts for approximately 2% to 5 millisec 

2 
chronizing the shock, thus avoiding the vulnerable per 
iod. 

In order to overcome the attendant disadvantages of 
prior art relay systems which may be incorporated in 
heart defibrillators, the present invention provides re 
dundant electrical protection. Each switch element of 
the relay system is enclosed in a separate vacuum ele 
ment providing redundant electrical protection and 
eliminating the possibility of arc transfer or relay fail 
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onds in duration. With 50 watt-seconds energy, peak 
voltage is found to be 740 volts and peak current 15 
amperes. At 400 watt-seconds, peak voltage is 1,500 
volts and peak current 50 amps. Although the induc 
tance-capacitor discharge shock is much less arrhytho 
genic than an alternating current shock, an unsynchro 
nized capacitor shock can produce ventricular fibrilla 
tion in one-to-two percent of patients. This ventricular 
fibrillation may take place when the shock occurs in 
the vulnerable period; that is, the ascending portion of 
the T-wave. This hazard can be totally avoided by syn 
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ure which would result in the patient being connected 
directly to the power supply. . 

SUMMARY OF THE INVENTION 
The invention comprises a vacuum relay system for 

interconnecting a power supply between a source of 
voltage and a load. A plurality of pairs of contact mem 
bers are provided, at least one of the contact members 
being normally open and another of the contact mem 
bers being normally closed. Movement of an actuating 
rod causes the normally open contacts to close while 
simultaneously opening the normally closed contacts. 
Each of the contacts are positioned in a vacuum envi 
ronment so that failure of the vacuum environment of 
one of the contacts will not affect the vacuum environ 
ment of the other contacts. 
The advantages of the invention, both as to its con 

struction and mode of operation, will be readily appre 
ciated as the same becomes better understood by refer 
ence to the following detailed description when consid 
ered in connection with the accompanying drawings in 
which like-referenced numerals designate like-parts 
throughout the figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic illustration of a system incorpo 

rating the vacuum relay system and used to explain the 
invention; 
FIG. 2 is a plan view illustrating an embodiment of 

the vacuum relay system; 
FIG.3 is a sectional view of the vacuum relay system 

of FIG. 2 taken along the lines 3-3 of FIG. 2; 
FIG. 4 is a sectional view of the vacuum relay system 

of FIG. 3 taken along the lines 4-4 of FIG. 3; 
FIG. 5 is a sectional view of the vacuum relay system 

taken along the lines 5-5 of FIG. 3; 
FIG. 6 is a sectional view of one of the normally open 

contacts utilized in the vacuum relay system; and 
FIG. 7 is a schematic illustration of the vacuum relay 

system shown for purposes of explanation of the opera 
tion of the vacuum relay system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, there is shown in FIG. 
1 a schematic illustration of a system incorporating the 
vacuum relay system for purposes of explaining the in 
vention. In FIG. 1, a vacuum relay system 12 is formed 
of a plurality of pairs of normally open contacts 14, 16 
and normally closed contacts 18, 22. Each of the con 
tacts 14, 16, 18 and 22 is mounted in vacuum sealed 
containers 24 of similar type construction. One side of 
the normally closed contacts 18 and 22 is connected to 
a power supply 26 which normally comprises a DC 
voltage. The other side of the normally closed contacts 
18 and 22 is connected to one side of the normally 
open contacts 14 and 16, respectively. The other side 
of the contacts 14 and 16 is connected across a load 
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which may be connected to the terminals 28, 32. In ad 
dition, the terminals common to the contacts 14 and 18 
are connected to one side of a capacitor 34, the other 
side of the capacitor 34 being connected through a 
charging circuit 36 to the other side of the common 
connection between the contacts 16 and 22. 

In normal operation, the normally closed contacts 18 
and 22 connect the power supply 26 through the charg 
ing circuit 36 to the capacitor 34 and the capacitor 34 
tends to charge toward the value of the voltage at the 
power supply 26. A relay 38 is utilized to close the nor 
mally open contacts 14 and 16 and simultaneously 
open the contacts 18 and 22 when actuated. When the 
relay 38 is actuated, the capacitor 38 will discharge 
through the circuit 36 and will appear across the output 
terminals 28, 32 and may be used to apply the voltage 
at the capacitor 34 across a load. By utilizing each of 
the switch elements 14, 16, 18 and 22 in a separate vac 
uum element, redundant electrical protection is pro 
vided, and the possibility of arc transfer or relay failure 
connecting the patient directly to the power supply is 
greatly reduced. Thus, redundant electrical protection 
is provided in the event of dielectric failure in one vac 
uum switch, in either the charging or discharging cir 
cuit. Thus, the possibility of arc transfer pole-to-pole, 
common-to-pole, or common-to-ground is greatly re 
duced. 
Referring now to FIGS. 2 and 3, there is shown a pre 

ferred embodiment of the vacuum relay system. The 
vacuum relay system is positioned on a normally cylin 
drical base plate member 52, and has secured thereto 
an electromagnetic relay assembly, or solenoid 54, by 
means of a conventional nut-and-bolt arrangement 
which is positioned on a plate 56 integrally formed with 
the base plate 52. An actuating rod 58 is controlled by 
the solenoid 54 and energization of the solenoid 54 
causes the rod 58 to move downwardly in the position 
shown in FIG. 3. The rod 58 is secured at one end to 
a plate member 62 which moves together with the rod 
58 upon energization of the solenoid. The other end of 
the rod is threadably secured to a cross bar member 64. 
The cross bar member 64 has at each end secured 
thereto a pair of actuating bar members 66 and 68. The 
central portion of the bar members have bowed por 
tions 69 and 70, respectively, shown more clearly in 
FIGS. 4 and 7, which can be bent to allow for lengthen 
ing or shortening of the bars 66 and 68, thus allowing 
adjustment of the contact mechanism. 
Each of the members 66 and 68 has secured at their 

corners one end of an armature member 72, 74, 76 and 
78, respectively. As can be seen in FIG. 6, a typical ar 
mature member mounted in a contact is shown. The ar 
mature member 72 extends through one end of a flexi 
ble diaphragm member 74 and terminates at the other 
end of a switching housing 92 in an electrical contact 
94. The housing 92 is formed of a cylindrical wall mem 
ber 96 which is made of insulator material. A conduc 
tive bottom plate 102 has secured, between the wall 
member 92 and the plate 102, a flange 104 which is 
made of conductive metal and which extends inwardly 
in a cylindrical portion 106 so as to form a contacting 
surface associated with the contact 94. Pivotal move 
ment of the armature 72, as shown by the arrows in 
FIG. 6, will cause the contact surface 94 to electrically 
connect with the member 106 or disconnect therefrom, 
as the case may be. In addition, the bottom plate 102 
has a central opening 108, through which a terminal 
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4 
member 112 is secured. The terminal member forms an 
electrical connection by means of a cap 114. Thus, 
when the contact 94 abuts the surface of portion 106, 
a through electrical connection is made between the 
armature 72 and the terminal cap 114. 
Referring now to FIG. 7, there is shown a schematic 

illustration for purposes of explaining the operation of 
the vacuum relay system. The solenoid 38 is utilized to 
move the actuating rod 58, thus causing cross bar mem 
ber 64 to move forward. Forward movement of the 
cross bar member 64, in turn, causes the actuating bar 
members 66 and 68 to also move forward which, in 
turn, causes the normally open contacts associated with 
armatures 72 and 76 to close while simultaneously 
opening the normally closed contact associated with 
armatures 74 and 78. 

In addition, it should be understood that other varia 
tions of the normally open and closed contacts are pos 
sible. For example, the end of the actuating bar mem 
bers could have one normally open and one normally 
closed contact associated therewith. Moreover, more 
or less than four contacts could be used with the relay 
system as well as more or less actuating bar members 
and associated contacts. 

It should be further understood that the foregoing 
disclosure relates only to preferred embodiments of the 
invention, and that it is intended to cover all changes 
and modifications of the examples of the invention 
herein chosen for the purpose of the disclosure which 
do not constitute departures from the spirit and scope 
of the invention. 
What is claimed is: 
1. Apparatus for use in alleviating the fibrillation of 

a patient's heart, said apparatus comprising: support 
means; first and second pairs of switches, said first pair 
including first and third switches, said second pair in 
cluding second and fourth switches, each of said 
switches being a single-pole, single-throw switch, each 
switch having an evacuated envelope and first and sec 
ond contacts mounted therein, at least said first contact 
of each switch being movable repeatedly into and out 
of electrical contact with said second contact thereof 
without breaking the vacuum, each switch having first 
and second external conductors for electrical connec 
tion to an electrical circuit, said first and second con 
ductors for each switch having respective first and sec 
ond portions extending through the wall of the corre 
sponding envelope thereof into electrical contact with 
and fixed relative to said first and second contacts, re 
spectively, said first and second conductors of each 
switch being mounted on the corresponding envelope 
thereof in positions insulated from each other except 
when the corresponding contacts thereof are moved 
into electrical contact with each other as aforesaid, said 
switches all being ganged; selectively operable means 
mounted on said support means to move all of said first 
conductors simultaneously from respective first posi 
tions in which said first and second switches are open 
and said third and fourth switches are closed to respec 

rtive second positions in which said first and second 
switches are closed and said third and fourth switches 
are open, and vice versa; a D.C. power supply having 
first and second leads and an output voltage appearing 
between said leads thereof; a capacitor; a charging cir 
cuit; first and second auxiliary leads; and first and sec 
ond terminals for connection with spaced areas on the 
human body, said first switch being connected from 
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said first auxiliary lead to said first terminal, said sec 
ond switch being connected from said second auxiliary 
lead to said second terminal, said third switch being 
connected from said power supply first lead to said first 
auxiliary lead, said fourth switch being connected from 
said power supply second lead to said second auxiliary 
lead, said capacitor and said charging circuit being con 
nected in series from said first auxiliary lead to said sec 
ond auxiliary lead, all of said switches being con 
structed to withstand said power supply output voltage, 
loss of vacuum in any one of said switches, when open, 
thereby causing it to conduct, said power supply output 
voltage being insulated from said first terminal by ei 
ther one of said first and second switches so long as it 
has not lost vacuum when said first conductors are in 
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6 
said respective first positions thereof and the other of 
said first and second switches loses vacuum, said power 
supply output voltage being insulated from said second 
terminal by either one of said third and fourth switches 
so long as it has not lost vacuum when said first conduc 
tors are in said respective second positions thereof and 
the other of said third and fourth switches loses vac 
uum, at least one of said terminals always being insu 
lated from said power supply by one of the switches of 
one of said switch pairs when both of the switches of 
the said one pair have not lost vacuum even though 
none, only one or both of the switches of the other pair 
have lost vacuum. 
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