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(57) ABSTRACT 
Saftey jumper cable apparatus includes first and second 
cables, first and second connectors for connection of 
the cables to the rescue vehicle, third and fourth con 
nectors for connection of the cables to the disabled 
vehicle and circuitry which prevents reverse or cross 
connection of the cables or shorting of the connectors. 

12 Claims, 11 Drawing Figures 
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4,463,402 
1. 

SAFETY JUMPER CABLE APPARATUS 

This is a continuation of application Ser. No. 
6,162,403, filed June 24, 1980, now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention is related to jumperor booster 

5 

2 
(b) the voltage between at least one other pair of the 
connectors has a predetermined polarity and a magni 
tude greater than a predetermined threshhold level. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing a preferred 
embodiment of the jumper cables of the present inven 
tion. 

FIG. 2 is a view of one of the connectors of the 
cables, and in particular to jumper cables having protec- 10 jumper cables shown in FIG. 1. 
tive circuitry to prevent reverse connection or short 
circuiting of the cable connectors. 

2. Description of the Prior Art 
There are many situations in which a vehicle's regu 

lar battery can become run down or otherwise defective 
to the point of not being able to furnish sufficient direct 
current (DC) power to start or maintain operation of 
the vehicle's engine. One common method of starting a 
"disabled vehicle' with a dead or defective battery is by 
use of "jumper cables'. In this method, a vehicle (the 
"rescue vehicle') which is running is used to provide 
electrical power to the "disabled vehicle'. The jumper 
cables are a pair of electrical conductors having clamp 
type connectors at their ends which are used to clamp 
onto electrical terminals of the rescue vehicle and the 
disabled vehicle. 

Typical jumper cables are color coded, with one 
cable being black and the other cable being red. The red 
cable is for connection between the positive terminals of 
the rescue vehicle and the disabled vehicle, and the 
black cable is for connection between the negative or 
ground terminals of the rescue vehicle and the disabled 
vehicle. 

Despite the color coding of the jumper cables, re 
verse polarity connections are possible. This is particu 
larly the case when persons who are generally unfamil 
iar with the electrical system of the vehicle or unfamil 
iar with the use of jumper cables attempt to connect and 
use the jumper cables. The reverse polarity connection 
of the cables, or the shorting of the connectors of the 
cable, can result in arcing, thereby creating a risk of 
igniting acid fumes around the battery and producing an 
explosion. In the event that a reverse polarity connec 
tion is made, not only the battery of the disabled vehicle 
can be damaged, but also electrical components of the 
electrical system, such as the alternator diodes, can be 
damaged. 

SUMMARY OF THE INVENTION 

The present invention is a jumper cable apparatus 
which includes protective circuitry for preventing re 
verse polarity connection or short circuiting of the 
connectors of jumper cables. 
The present invention includes first and second cable 

means for connection between the electrical systems of 
two vehicles. The apparatus includes first and second 
connectors for connection to the electrical terminals of 
the first vehicle and third and fourth connectors for 
connection to the terminals of the second vehicle. The 
first cable means provides a first current path between 
the first and third connectors, and the second cable 
means provides a second current path between the sec 
ond and fourth connectors. Control means prevents 
current flow in at least one of the first and second cur 
rent paths (and in preferred embodiments, both paths) 
unless (a) the voltage between the third and fourth 
connectors has a predetermined polarity and a magni 
tude greater than a predetermined threshhold level, and 
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FIG. 3 is a sectional detailed view showing the upper 
jaw of the connector of FIG. 2. 
FIG. 4 is a sectional detailed view showing the upper 

jaw of the connector of FIG. 2. 
FIGS. 5through 11 are electrical schematic diagrams 

of seven alternative preferred embodiments of the con 
trol circuitry of the jumper cables of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a preferred embodiment of the safety 
jumper cable apparatus of the present invention. The 
apparatus includes first cable 10, second cable 12, first 
and second connectors 14 and 16 for connection to 
electrical terminals of a rescue vehicle, third and fourth 
connectors 18 and 20 for connection to electrical termi 
nals of a disabled vehicle, and housing 22, which houses 
circuitry for preventing unsafe or incorrect use of the 
jumper cable apparatus. 

FIG. 2 is a detailed view of first connector 14. In a 
preferred embodiment of the present invention, second, 
third and fourth connectors 16, 18 and 20, respectively, 
are of generally similar construction to that of the first 
connector 14, and therefore a detailed description of 
each of the connectors will not be included in this speci 
fication. 
As shown in FIG. 2, connector 14 includes a pair of 

metal arm members 24 and 26 which are pivotally con 
nected by rivet 28, Mounted at outer or far ends 24a and 
26a of arms 24 and 26 are electrically conductive metal 
jaws 30 and 32, respectively, Jaws 30 and 32 engage a 
terminal of the electrical system of the rescue vehicle. 
Torsion spring 34 applies force to arms 24 and 26 to 

bring jaws 30 and 32 toward one another. This provides 
reliable clamping of jaws 30 and 32 to the terminal. 
When the user wishes to separate jaws 30 and 32, he 
squeezes together handle ends 24b and 26b of arms 24 
and 26. 
As shown in FIGS. 2 and 3, cable 10 extends through 

handle end 26b of arm 26 to jaw end 24a of arm 24, 
where it is electrically connected to lower jaw 30. 
Cable 10 preferably has an inner core of wire 36 with an 
outer insulating sheath or cover 38. Cable to is held by 
mounting bracket 40 which is attached to handle end 
26b of arm 26. Rivet 41 and washer 42 connect wire 36 
of cable 10 to lower jaw 30. In the embodiment shown 
in FIGS. 2 and 3, jaw 30 is in direct electrical contact 
with arm 24, and rivet 41 and washer 42 may be electri 
cally conductive. 
Upper jaw 32 is electrically insulated from arm 26 

(and thus from lower jaw 30) by insulator 44. Wire 46 
extends through bracket 36 and along the inner surface 
of arm 26 to upper jaw 32, where it is electrically con 
nected to upper jaw 32 by connector 48. Electrically 
insulating rivet 50, which may for example, be nylon, 
fastens upper jaw 32 to arm 26 while maintaining upper 
jaw 32 and wire 46 electrically insulated from arm 26. 
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By providing lower and upper jaws 30 and 32 which 
are electrically insulated from one another, it is possible 
to monitor whether proper electrical contact to a vehi 
cle's electrical terminal has been made by jaws.30 and 
32 by monitoring the electrical potential present on 
wire 46. Since jaw 32 is electrically insulated from jaw 
30, except when jaws 30 and 32 are clamped about a 
conductive material such as a battery terminal, jumper 
cable connector 14 shown in FIGS. 2-4 provides a 
switch by which the clamping of connector 14 to a 
terminal can be monitored. 
FIGS. 5 through 11 show seven alternative embodi 

ments of control circuitry used in the jumper cable 
apparatus of the present invention. In these Figures, the 
jaw to which the cable is connected is designated with 
reference numeral 30, and the other jaw (to which in 
some cases a switch wire such as wire 46 shown in 
FIGS. 2 and 4 is connected) is designated with refer 
ence numeral 32 for all four connectors. For ease of 
illustration, only the jaws of connectors 14, 16, 18 and 
20 are illustrated in FIGS. 5-11. 

The Circuit of FIG. 5 

In the circuit shown in FIG. 5, first silicon controlled 
rectifier (SCR) 52 has its anode 52a and cathode 52b 
connected in a series conduction path with cable 10 
between jaws 30 of connectors 14 and 18. Connected to 
gate electrode 52c of SCR 52 is gating circuit 53 which 
includes resistors 54 and 56. 
Connected between terminal 30 of connector 18 and 

terminal 32 of connector 20 is voltage sensing circuit 61 
which includes resistors 62 and 64, Zener diode 66, and 
light emitting diode 68. Resistors 62 and 64 limit current 
flow through light emitting diode 68, and Zener diode 
66 provides a reference potential across the series con 
nection of resistor 64 and light emitting diode 68. In the 
embodiments shown in FIG. 5, light emitting diode 68 
emits light only when a voltage of a proper polarity and 
sufficient magnitude is established between connectors 
18 and 20. In this embodiment, connector 18 must be 
connected to a terminal which is positive with respect 
to the terminal to which connector 20 is connected in 
order to cause light emitting diode 68 to emit light. 

Photosensitive triac 60 is normally in a nonconduc 
tive state, which maintains gating circuit 53 in a noncon 
ductive state, and thus prevents SCR 52 from turning 
on. When light emitting diode 68 emits light, triac 60 is 
triggered on, thus causing a gate signal to be applied to 
gate electrode 52c of SCR 52. This enables SCR 52 to 
turn on, provided that the voltage at connector 14 is 
positive with respect to the voltage at connector 18. 

In other words, SCR 52 will be turned on only if two 
conditions are met. First, the voltage between connec 
tors 18 and 20 must have the proper polarity and magni 
tude in order to turn on light emitting diode 68, and thus 
trigger on photosensitive triac 60. Second, the voltage 
between connector 14 and connector 18 must be of the 
proper polarity and magnitude so that the anode-to 
cathode of SCR 52 is forward biased. 
The circuitry shown in FIG. 5 includes a second SCR 

70 having its anode 70a and its cathode 70b connected in 
a series conduction path with cable 12 between jaws 30 
of connectors 16 and 20. Connected to gate electrode 
70c of SCR 70 is a second gating circuit 71 formed by 
resistors 72 and 74 and light sensitive triac 76. Operation 
of triac 76, and thus the gate circuit 71 is controlled by 
a second voltage sensing circuit 77 formed by resistors 
78 and 80, Zener diode 82, and light emitting diode 84. 
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4. 
The second voltage sensing circuit 77 senses the voltage 
between jaw 32 of connector 14 and jaw 30 of connec 
tor 20. When this voltage has the proper magnitude and 
polarity to cause light emitting diode 84 to emit light, 
triac 76 is triggered to a conductive state, thus causing 
a gating signal to be applied to gate electrode 70c of 
SCR 70. Provided the voltage between connectors 20 
and 16 is of sufficient magnitude and polarity to forward 
bias the anode 70a-cathode 70b current path, SCR 70 
will turn on when the gating signal is received. 
The circuitry of the present invention, as shown in 

FIG. 5, requires four voltage conditions to be met be 
fore operation of the jumper cables is possible. First 
SCR 52 senses the voltage between connectors 14 and 
18; the first voltage sensing circuit 61 senses the voltage 
between connectors 18 and 20; second SCR 70 senses 
voltage between connectors 16 and 20; and second volt 
age sensing circuit 77 senses voltage between connector 
14 and connector 20. Only if all four of these measure 
ments indicates proper polarity connection will the 
jumper cable apparatus operate. If one or more of the 
voltage measurements indicates improper connection of 
connectors 14, 16, 18 or 20, either SCR 52 or SCR 70, 
or both, will not conduct. 

In the schematic diagram shown in FIG. 5, the 
proper connections of connectors 14, 16, 18 and 20 are 
shown. Connector 14 is connected to plus terminal 86 of 
the rescue vehicle, and connector 16 is connected to 
minus terminal 88 of the rescue vehicle. Connector 18 is 
connected to plus terminal 90 of the disabled vehicle, 
and connector 20 is connected to the minus terminal 92 
of the disabled vehicle. With these connections, both 
first SCR 52 and second SCR 70 are triggered into 
operation. With these connections, connector 14 is 
more positive than connector 18, thus forward-biasing 
SCR 52; connector 18 is positive with respect to con 
nector 20 so that light emitting diode 68 is turned on and 
emits light; connector 20 is more positive than connec 
tor 16 so that SCR 70 is forward-biased, and connector 
14 is positive with respect to connector 20 so that light 
emitting diode 84 is turned on. With this connection, 
therefore, both SCR 52 and SCR 70 are triggered to 
conductive states, permitting current to flow from posi 
tive terminal 86 of the rescue vehicle to positive termi 
nal 90 of the disabled vehicle, and from negative termi 
nal 92 of the disabled vehicle to negative terminal 88 of 
the rescue vehicle. 

Reverse connections of connectors 14 and 16 at the 
rescue vehicle end and/or connectors 18 and 20 at the 
disabled vehicle end will not permit both SCR 52 and 
SCR 70 to be turned on. One or both of the SCRs will 
remain in a nonconductive state, thus blocking opera 
tion. 

Even when the jumper cables are turned end-for-end, 
so that connectors 14 and 16 are connected to the dis 
abled vehicle and connectors 18 and 20 are connected 
to the rescue vehicle, the connectors cannot be con 
nected in such a fashion that all four sensed voltage 
conditions are met. 
The circuit of FIG. 5 also provides short circuit pro 

tection. If connectors 18 and 20 are connected together, 
the apparatus will not operate, since the voltage be 
tween connectors 18 and 20 is no longer sufficient to 
operate light emitting diode 68 and thus trigger photo 
sensitive triac 60. As a result, SCR 52 does not turn on, 
Similarly, if connectors 14 and 16 are shorted together, 
light emitting diode 84 will not operate, thus preventing 
SCR 70 from being turned on. 

WINPLUS Ex. 1021, p. 7
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The circuitry of Flo. 5 also affords protection 
against a potentially dangerous condition which can 
occur if the vehicles have their bumpers in physical 
contact, thus providing a ground path between the 
negative terminals of the two vehicles. Even under this 
condition, the circuitry of FIG. 5 permits operation 
only when connectors 14, 16, 18 and 20 are connected 
to the proper terminals. Even though the touching bum 
pers of the two vehicles in effect shorts the connection 
between negative terminals 88 and 92, the voltage sens 
ing circuitry prevents operation if the connectors are 
reverse connected, the connectors are shorted together, 
or the apparatus is turned end-for-end. 

The Circuit of FIG. 6 

The circuit of FIG. 6 (and also FIG. 7) shows a cir 
cuit which is generally similar to the circuit shown in 
FIG. 5, but use fewer components. In FIG. 6 (and 7), 
elements similar to those shown in FIG. 5 are desig 
nated by similar reference letters and numerals. 

In the circuit of FIG. 6, SCR 52 is again connected in 
the current path between connectors 14 and 18. Gate 
circuit 53 is connected to gate electrode 52c in a manner 
similar to that shown in FIG. 5. Voltage sensing circuit 
61 is connected between jaw 30 of connector 18 and jaw 
32 of connector 20 in a manner similar to that shown in 
FIG. S. 
The circuit of FIG. 6 differs from that of FIG. 5 in 

that second SCR 70, second gating circuit 71 and sec 
ond voltage sensing circuit 77 which are included in the 
circuit of FIG. 5 are not included in the circuit of FIG. 
6. Instead, cable 12 provides a direct electrical connec 
tion between jaws 30 of connectors 16 and 20. 
The circuit of FIG. 6 operates in a similar manner to 

that shown in FIG. 5. The apparatus is shown with the 
proper connections made by connectors 14 16 to the 
plus and minus terminals 86 and 88, respectively, of the 
rescue vehicle; and with connectors 18 and 20 making 
proper connections to the positive and negative termi 
nals 90 and 92, respectively, of the disabled vehicle. 
With these connections, voltage sensing circuit 61 
senses proper polarity between connectors 18 and 20, 
and SCR 52 senses proper voltage between connectors 
14 and 18. This permits the SCR 52 to be turned on, 
permitting current to flow from terminal 86 of the res 
cue vehicle to terminal 90 of the disabled vehicle and 
from terminal 92 of the disabled vehicle to terminal 88 
of the rescue vehicle. The circuit of FIG. 6 provides 
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reverse polarity protection and short circuit protection. . . 
There is one condition, however, in which the circuit of 
FIG. 6 will not prevent improper connections. This is 
when the bumpers of the rescue vehicle and the dis 
abled vehicle are in contact, so that a short is provided 
between negative terminals 88 and 92. In this situation, 

50 

if connector 16 is connected to the plus terminal 86 of 55 
the rescue vehicle, conduction can occur, since there is 
no circuit element in cable 12 to prevent conduction. 
Provided this condition is avoided, however, the cir 
cuitry of FIG. 6 is an effective circuit for preventing 
reverse connection or short circuiting of jumper cables. 
The circuit shown in FIG. 6 also illustrates an alter 

native switch 94 which is connected between voltage 
sensing circuit 61 and cable 12. If switch 94 is used, then 
the connection made between voltage sensing circuit 61 
and jaw 32 of connector 20 is not used. Switch 94 is 
preferably a remote switch, which permits the operator 
to initiate operation of the jumper cables from a dis 
tance. This remote operation of the jumper cable appa 

60 

65 

6 
ratus is an advantageous safety feature. In addition, 
since the special switch formed by the jaws 30 and 32 of 
connector 20 is no longer required, conventional con 
nectors can be used rather than the special connectors 
as illustrated in FIGS. 2-4. 

The Circuit of FIG. 7 
FIG. 7 shows another circuit which uses only a single 

SCR. In the circuit shown in FIG. 7, SCR 70 is pro 
vided in the current path between terminals 30 of con 
nectors 16 and 20. Cable 10 directly connects jaws 30 of 
connectors 14 and 18. In the embodiments shown in 
FIG. 7, gate circuit 71 includes a pair of photosensitive 
triacs 76a and 76b, Triac 76a is controlled by a voltage 
sensing circuit 96 which includes resistors 98 and 100, 
Zener diode 102 and light emitting diode 104. Voltage 
sensing circuit 96 senses voltage between jaw 32 of 
connector 18 and jaw 30 of connector 20. Triac 76b is 
controlled by voltage sensing circuit 106, which in 
cludes resistors 108 and 110, Zener diode 112 and light 
emitting diode 114. Voltage sensing circuit 106 senses 
voltage between jaw 32 of connector 14 and jaw 30 of 
connector 16. In the circuit of FIG. 7, voltage sensing 
circuits 96 and 106 must both sense voltages of the 
proper polarity and magnitude before a gate signal can 
be applied to gate electrode 70c of SCR 70. In addition, 
SCR 70 will not conduct, even if a gate signal is present, 
if connector 20 is not more positive than connector 16. 
The circuit of FIG. 7, therefore, senses three voltage 
conditions, the voltage between connectors 14 and 16, 
the voltage between connectors 18 and 20, and the 
voltage between connectors 16 and 20. 
Also shown in FIG. 7 is alternate hand-held switch 

116 which is connected to voltage sensing circuits 96 
and 106. When alternate hand-held switch 116 is used 
and connected as shown in dashed lines in FIG. 7, the 
connections to jaws 32 of connectors 14 and 18 are not 
used. As in the circuit shown in FIG. 6, the use of a 
remote hand-held switch permits the use of conven 
tional connectors, and provides a desirable safety fea 
ture, since the operator is permitted to stand clear of the 
vehicles before initiating operation of the circuit. The 
circuit of FIG. 7 provides protection against reverse 
connection and short circuit connection of connectors 
14 and 16 and connectors 18 and 20. Because cable 10 
makes a direct connection between connectors 14 and 
18, however, a potential unsafe condition can occur if 
the bumpers of the vehicles are in contact, so as to 
provide a ground path between negative terminals 88 
and 92 of the two vehicles. Provided this condition is 
not present, however, the circuit of FIG. 7 provides the 
desirable protective features with only one rather than 
two high current SCRs. 

The Circuit of FIG. 8 

FIG. 8 shows another embodiment of the present 
invention which is generally similar to the circuit 
shown in FIG. 5. Similar elements are designated with 
similar numerals and letters. In the circuit of FIG. 8, 
SCR 52 is connected in series with first cable 10 be 
tween first connector 14 and third connector 18. SCR 
70 is connected in series with second cable 12 between 
second connector 16 and fourth connector 20. 
The circuit of FIG. 8 differs from that of FIG. 5 in 

two respects. First, the gate control circuits 53 and 71 in 
the circuit of FIG. 8 differ from those shown in FIG. 5. 
In particular, resistor 54 in FIG. 8 is connected between 
anode and cathode of SCR 52 and photosensitive triac 
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60 is connected between gate and anode of SCR 52. 
Similarly, resistor 72 is connected between anode and 
cathode of SCR 70, and photosensitive triac 76 is con 
nected between gate and anode of SCR 70. It has been 
found that this arrangement of gate circuits 53 and 71 
provides greater sensitivity and reduces the number of 
components required from that shown in FIG. 5. 

Second, in the circuit shown in FIG. 8, both voltage 
sensing circuits 61 and 77 are connected between jaw 30 
of connector 18 and jaw 32 of connector 20. In other 
words, voltage sensing circuits 61 and 77 both sense the 
same voltage (i.e. the voltage between connectors 18 
and 20) and permit operation of SCR 52 and SCR 70 
only when this voltage has a predetermined polarity 
and magnitude. Sensing voltage only at the disabled 
vehicle is possible, since SCRs 52 and 70 are undirec 
tional current control devices. SCR 52 will not operate 
unless the voltage between connector 14 and connector 
18 has the proper polarity. Similarly, SCR 70 will not 
operate unless the voltage between connectors 16 and 
20 has the proper polarity. The circuit of FIG. 8, there 
fore, monitors the voltage between connectors 14 and 
18, the voltage between connectors 16 and 20, and the 
voltage between connectors 18 and 20. Only if all three 
of these voltages have the proper polarity and magni 
tude will the circuit permit operation of these jumper 
cables. Thus, in effect the circuit also monitors the volt 
age between connectors 14 and 16. 

The Circuit of FIG. 9 

Each of the circuits shown in FIGS. 5 through 8 uses 
an SCR as the switching device connected in series with 
jumper cables 10 and/or 12. FIG. 9 shows another 
embodiment of the circuit of the present invention 
which utilizes relays rather than SCRs as the switching 
devices. ... . . . 

In the circuit of FIG. 9, a first relay CR1 having 
contacts 120 and coil 122 controls current flow between 
first connector 14 and second connector 18. Similarly, a 
second relay CR2 having contacts 124 and coil 126 
control current flow between connectors 16 and 20. 
Operation of contacts 120 of relay CR1 is controlled by 
coil 122, which is connected in series with diode 128 
between jaw 30 of connector 18 and jaw 32 of connec 
tor 20. Similarly, operation of contacts 124 of relay CR2 
is controlled by coil 126, which is connected in series 
with diode 130 between jaw 30 of connector 14 and jaw 
32 of connector 16. The contacts 120 and 124 of relays 
CR1 and CR2, respectively, close only if connector 18 
is connected to a positive terminal with respect to con 
nector 20, and if connector 14 is connected to a positive 
terminal with respect to connector 16. 

Because relays CR1 and CR2 permit current flow in 
either direction, the circuit of FIG. 9 does not depend 
upon having a particular end connected to the disabled 
vehicle and the other end connected to the rescue vehi 
cle. The circuit provides protection against cross con 
nection of connectors at either end, and also provides 
short circuit protection. If, for example, connectors 14 
and 16 are shorted together, coil 126 of relay CR2 is 
deenergized, thereby causing contacts 124 to open. 
Similarly, shorting of connectors 18 and 20 deenergizes 
relay coil 122 of relay CR1, thereby opening contacts 
120 of CR1. 
The circuit of FIG. 9 operates satisfactorily so long as 

the two vehicles are not in contact so as to provide a 
ground path between the two vehicles. If the two vehi 
cles are in contact so as to provide a ground connection, 
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8 
shorting can occur if one of the two vehicles is properly 
connected and the other vehicle is reverse connected. 
So long as the two vehicles are maintained out of physi 
cal contact with one another, however, the circuit of 
FIG. 9 is effective in preventing both reverse connec 
tions and shorting of the connectors, and thus repre 
sents a significant improvement over conventional 
jumper cables. 

The Circuit of FIG. 10 
FIG. 10 shows another embodiment of the present 

invention which, like the circuit of FIG. 9, uses first 
relay CR1 to control current flow between connectors 
14 and 18 and second relay CR2 to control current flow 
between connectors 16 and 20. Contacts 120 of CR1 are 
again connected in series with cable 10 between connec 
tors 14 and 18. Contacts 124 of CR2 are again con 
nected between connectors 16 and 20. 
The circuit of FIG. 10 differs from the circuit of FIG. 

9 in that it includes additional voltage sensing circuits 
132 and 134. Voltage sensing circuit 132 is connected 
between jaws 32 of connectors 14 and 16, and includes 
resistor 136, Zener diode 138, and coil 140 of third relay 
CR3. Contacts 142 of relay CR3 are connected in series 
with coil 122 of CR1 and diode 128 between jaws 30 o 
connectors 18 and 20. . 

Voltage sensing circuit 134 is connected between 
jaws 32 of connectors 18 and 20. Voltage sensing circuit 
134 includes resistor 144, Zener diode 146, and coil 148 
of fourth relay CR4. Contacts 150 of fourth relay CR4 
are connected in series with coil 126 of CR2 and dipde 
130 between jaws 30 of connectors 14 and 16. 
Zener diode 138 and coil 140 of voltage detector 

circuit 132 are selected so that coil CR3 is energized 
only when connector 14 is positive with respect to 
connector 16. When the polarities of connectors 14 and 
16 are reversed, the forward bias voltage drop across 
Zener diode 138 is an insufficient voltage to energize 
coil 140. Zener diode 146 and coil 148 of voltage detec 
tor circuit 134 are selected in a similar manner, so that 
coil 148 is energized only when connector 18 is positive 
with respect to connector 20. 
With the circuit of FIG. 10, therefore, contacts 120 of 

relay CR1 are closed only when the voltages between 
connectors at both ends of the cable have the proper 
polarity and have sufficient magnitude to energize the 
coils. If the voltage between connectors 14 and 16 is 
improper polarity, or connectors 14 and 16 are shorted, 
coil 140 of CR3 is not energized, and contacts 142 of 
CR3 remain open, thus preventing coil 122 from being 
energized. If connectors 18 and 20 are improperly con 
nected or shorted, relay CR1 will not be energized. 

Similarly, contacts 124 of CR2 are closed only if 
connectors at both ends of cable are properly con 
nected, and not shorted. If connectors 18 and 20 are 
reverse connected or shorted, coil 148 of CR4 is not 
energized, and contacts 150 of CR4 remain open, thus 
preventing energization of coil 126 of CR2. In addition, 
if the polarity of voltage between connectors 14 and 16 
is reversed, or they are shorted, coil 126 of CR2 will not 
be energized. - . . 

Because the circuit of FIG. 10 requires the connec 
tors at both ends of the cable to be properly connected 
in order to close contacts 120 and contacts 124, it pro 
vides protection against reverse polarity connections 
even in the event that the two vehicles are grounded 
together. The circuit shown in FIG. 10 has another 
important advantage. It prevents arcing at a contact 
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post in the event that the operator removes one of the 
connectors from the battery terminal temporarily, and 
then replaces the connector onto the terminal. This 
protection is provided by voltage sensing circuits 132 
and 134, which are connected between the insulated 
jaws 32 of the respective connectors. When a connector 
is removed from the battery terminal, the circuitry of 
FIG. 10 causes both relays CR1 and CR2 to be deemer 
gized, and contacts 120 and 124 to open. 

The Circuit of FIG. 11 

FIG. 11 shows a circuit which is similar in operation 
to the circuit of FIG. 10, but uses solid state compo 
nents rather than third and fourth relays CR3 and CR4 
as shown in FIG. 10. In the circuit shown in FIG. 11, 
relay coil 122 of CR1 is connected in a control circuit 
path with Darlington transistor 152 between jaws 30 of 
connectors 18 and 20. A control current is supplied to 
the base of Darlington transistor 152 by resistor 154 and 
phototransistor 126. Phototransistor 156 is controlled 
by light from light emitting diode 158 of voltage sensing 
circuit 132. Light emitting diode 158 and resistor 160 
are connected in parallel with Zener diode 138 of volt 
age sensing circuit 132 (i.e. in place of relay coil 140 
shown in FIG. 10). When voltage of proper polarity 
and magnitude is present between connectors 14 and 16, 
light emitting diode 158 emits light, thereby turning on 
phototransistor 156. This supplies current to the base of 
Darlington transistor. 152, which will turn on provided 
the voltage between connectors 18 and 20 is of the 
proper polarity and magnitude. Thus coil 122 of relay 
CR1 is energized only if the proper voltage is present 
between connectors 14 and 16 to actuate light emitting 
diode 158; and the proper voltage is present between 
connectors 16 and 20 to permit current flow through 
the collector-emitter current path of Darlington tran 
sistor 152. 

Relay coil 126 of CR2 is controlled in a similar man 
ner. Coil 126 is connected with the collector-emitter 
current path of Darlington transistor 162 between jaws 
30 of connectors 14 and 16. Current is supplied to the 
base of Darlington transistor 162 by resistor 164 and 
phototransistor 166. Light emitting diode 168 of voltage 
sensing circuit 134 supplies light to phototransistor 166 
when voltage between connectors 18 and 20 is of the 
proper polarity and magnitude. Light emitting diode 
168 and resistor 170 are connected in parallel with 
Zener diode 146 of voltage sensing circuit 134. 

Coil 126 of CR2 is energized only if the voltage be 
tween connectors 14 and 16 permits current flow 
through the collector-emitter current path of Darling 
ton transistor 162, and if the voltage between connec 
tors 18 and 20 is of the properpolarity and magnitude so 
that light emitting diode 168 supplies light to phototran 
sistor 166. 

Like the circuit of FIG. 10, the circuit of FIG. 11 
provides reverse polarity and short circuit protection 
even in the event that the vehicles are in electrical 
contact. In addition, the circuit of FIG. 11 also provides 
protection against arcing in the event that the operator 
removes one of the connectors temporarily and then 
replaces the connector on the terminal. Whenever one 
of the connectors is removed, both contacts 120 of CR1 
and contacts 124 of tR2 open. 

Conclusion 

Although the circuits of FIGS. 5through 11 illustrate 
various desirable circuits for the safety jumper cables of 
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10 
the present invention, other circuits and circuit compo 
nents can also be used. For example, although photosen 
sitive triacs and phototransistors have been specifically 
shown in some of the circuits, other photosensitive 
switch devices, such as light activated SCR (LASCR) 
can also be used. In addition, as illustrated in FIGS. 10 
and 11, relays can be used as part of the voltage sensing 
circuitry, rather than light emitting diodes and photo 
sensitive switching devices. 

Similarly, although SCRs and relays are specifically 
shown in the circuits of FIGS. 5-11, other current con 
trol switching devices can also be used, provided that 
they have the necessary current carrying capabilities for 
use in jumper cables. 
Although the present invention has been described 

with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. Jumper cable apparatus for providing, when prop 

erly connected, a connection between positive termi 
nals of the electrical systems of first and second vehicles 
and between negative terminals of the electrical systems 
of the first and second vehicles, the jumper cable appa 
ratus comprising: 

first and second connector means for user-selected 
removable connection to the positive and negative 
electrical terminals, respectively, of the electrical 
system of the first vehicle when properly con 
nected; 

third and fourth connector means for user-selected 
removable connection to the positive and negative 
electrical terminals, respectively, of the electrical 
system of the second vehicle when properly con 
nected; 

first cable means for providing a first current path 
between the first and third connector means; 

second cable means for providing a second current 
path between the second and fourth connector 
means; and 

control means for preventing current flow in the first 
and second current paths unless (a) a first voltage 
between the third and fourth connector means has 
a polarity in which the third connector means is 
more positive than the fourth connector means and 
a magnitude greater than a predetermined thresh 
old level, and (b) a second voltage between the first 
connector means and one other of the second, third 
and fourth connector means has a predetermined 
polarity in which the first connector means is more 
positive than the one other of the second, third and 
fourth connector means and a magnitude greater 
than a predetermined threshold level, thus indicat 
ing that the first, second, third and fourth connec 
tors are all connected properly, wherein the con 
trol means comprises: 
first switch means connected in the first current 

path and having a conductive state which per 
mits current flow through the first path and a 
nonconductive state which blocks current flow 
through the first path; 

first switch control means for controlling the state 
of the first switch means as a function of the first 
and second voltages; 

second switch means connected in the second cur 
rent path and having a conductive state which 
permits current flow through the second path 
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and a nonconductive state which blocks current 
flow through the second path; and 

second switch control means for controlling the 
state of the second switch means as a function of 
the first and second voltages. 

2. The apparatus of claim 1 wherein the second volt 
age is between the first and second connector means. 

3. The apparatus of claim 2 wherein the first switch 
control means comprises first voltage sensing means for 
sensing the second voltage between the first and second 
connector means and second voltage sensing means for 
sensing the first voltage between the third and fourth 
connector means; and wherein the second switch con 
trol means comprises third voltage sensing means for 
sensing the first voltage between the third and fourth 
connector means and fourth voltage sensing means for 
sensing the second voltage between the first and second 
COnnectOr means. 

4. The apparatus of claim 3 wherein the second volt 
age sensing means comprises: 
means for switching the first switch means to a con 

ductive state when energized; 
means for permitting energization only when the first 

voltage between the third and fourth connector 
means has a polarity in which the third connector 
means is more positive than the fourth connector 
means and a magnitude greater than a predeter 
mined threshold level; and 

means controlled by the first voltage sensing means 
for permitting energization only when the second 
voltage sensed by the first voltage sensing means 
has a polarity in which the first connector means is 
more positive than the second connector means 
and a magnitude greater than a predetermined 
threshold level. 

5. The apparatus of claim 4 wherein the fourth volt 
age sensing means comprises: 
means for switching the second switch means to a 

conductive state when energized; 
means for preventing energization unless the second 

voltage between the first and second connector 
means has a polarity in which the first connector 
means is more positive than the second connector 
means and a magnitude greater than a predeter 
mined threshold level; and 

means controlled by the third voltage sensing means 
for permitting energization only when the first 
voltage sensed by the third voltage sensing means 
has a polarity in which the third connector means is 
more positive than the fourth connector means and 
a magnitude greater than a predetermined thresh 
old level. 

6. The apparatus of claim 5 wherein the first switch 
means comprises first relay contacts, wherein the sec 
ond switch means comprises second relay contacts; 
wherein the means for switching the first switch means 
comprises a first relay coil; and wherein the means for 
switching the second switch means comprises a second 
relay coil. 

-7. The apparatus of claim 3 wherein each of the con 
nector means has first and second electrically isolated 
jaws, the first jaw of the first connector means being 
connected to a first end of the first cable means, the first 
jaw of the second connector means being connected to 
a first end of the second cable means, the first jaw of the 
third connector means being connected to a second end 
of the first cable means, and the first jaw of the fourth 
connector means being connected to a second end of 
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12 
the second cable means; and wherein the first voltage 
sensing means is connected between the second jaw of 
the first connector means and the second jaw of the 
second connector means, and the third voltage sensing 
means is connected between the second jaw of the third 
connector means and the second jaw of the fourth con 
nectOr reas. 

8. The apparatus of claim 1 wherein the control 
means includes a voltage sensing means for sensing the 
first voltage between the third and fourth connector 
means, and wherein the third connector means has first 
and second electrically isolated jaws, the first jaw being 
connected to the first cable means and the second jaw 
being connected to the voltage sensing means. 

9. Jumper cable apparatus for providing, when prop 
erly connected, a first current path for electrical current 
flow from a positive terminal of an electrical system of 
a rescue vehicle to a positive terminal of an electrical 
system of a disabled vehicle, and a second current path 
for electrical current flow from a negative terminal of 
the electrical system of the disabled vehicle to a nega 
tive terminal of the electrical system of the rescue vehi 
cle, and for preventing current flow in the first and 
second current paths in the event of an improper con 
nection, the jumper cable apparatus comprising: 

first and second connector means for user-selected 
removable connection to the positive and negative 
electrical terminals, respectively, of the electrical 
system of the rescue vehicle when properly con 
nected; 

third and fourth connector means for user-selected 
removable connection to the positive and negative 
electrical terminals, respectively, of the electrical 
system of the disabled vehicle when properly con 
nected; ". . . . w 

first cable means for providing the first current path 
between the first and third connectors; 

second cable means for providing the second current 
path between the second and fourth connectors; 

first control means connected in the first current path 
for permitting current flow between the first and 
third connector means only when (a) a first voltage 
between the third and fourth connector means has 
a predetermined polarity in which the third con 
nector means is more positive than the fourth con 
nector means and a magnitude greater than a pre 
determined threshold level, and (b) a second volt 
age between the first connector means and one 
other of the second, third, and fourth connector 
means has a predetermined polarity in which the 
first connector means is more positive and a magni 
tude greater than the predetermined threshold 
level; and 

second control means connected in the second cur 
rent path for permitting the current flow between 
the second and fourth connector means only when 
the first and second voltages each have the prede 
termined polarity and a magnitude greater than the 
predetermined threshold level. - 

10. The apparatus of claim 10 wherein the second 
voltage is between the first and second connector 
means, and the predetermined polarity is one in which 
the first connector means is more positive than the sec 

65 
ond conductor means. 

11. The apparatus of claim 10 wherein the second 
control means permits current flow between the second 
and fourth connector means only when (a) the first 
voltage between the third and fourth connector means 
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has a polarity in which the third connector means is 
more positive than the fourth connector means and a 
magnitude greater than a predetermined threshold 
level, and (b) the second voltage is between the first and 5 
second connector means and has a polarity in which the 
first connector means is more positive than the second 
connector means and a magnitude greater than a prede 
termined threshold level. 10 

12. Jumper cable apparatus for connecting together 
positive terminals and connecting together negative 
terminals of electrical systems of first and second vehi 
cles, and for preventing occurrence of a hazardous 
condition in the event of an improper connection, the 
jumper cable apparatus comprising: 

first and second connector means for user-selected 
removable connection to the positive and negative 
terminals, respectively, of the electrical system of 2 
the first vehicle when properly connected; 

third and fourth connector means for user-selected 
removable connection to the positive and negative 
terminals, respectively, of the electrical system of 25 
the second vehicle when properly connected; 

first cable means for providing a first current path 
between the first and third connector means; 
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14 
second cable means for providing a second current 

path between the second and fourth connector 
means; 

first control means connected in the first current path 
for permitting current flow between the first and 
third connector means only when a first voltage 
between the third and fourth connector means has 
a predetermined polarity in which the third con 
nector means is more positive and a magnitude 
greater than a predetermined threshold level and a 
second voltage has a predetermined polarity in 
which the first connector means is more positive 
and a magnitude greater than a predetermined 
threshold level and a second voltage has a prede 
termined polarity in which the first connector 
means is more positive and a magnitude greater 
than a predetermined threshold level; and 

second control means connected in the second cur 
rent path for permitting current flow between the 
second and fourth connector means only when the 
first voltage has the predetermined polarity in 
which the third connector means is more positive 
and a magnitude greater than a predetermined 
threshold level and the second voltage between the 
first and second connector means has the predeter 
mined polarity in which the first connector means 
is more positive and a magnitude greater than a 
predetermined threshold level. 

sk k k k k 
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