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This invention relates to improvements in cables. 
More especially it has to do with cables particularly suit 
able for use in an electrical rate-of-rise fire protective 
System which responds to heat from a fire and actuates 
an alarm or sets in operation fire extinguishing agencies. 
One of the desirable features of a rate-of-rise fire 

protective system is that it is unaffected by slow varia 
tions of the ambient temperature of the air in the enclo 
Sure in which it is installed and responds only to rates of 
increase in that ambient temperature which exceed a 
predetermined rate. This feature is desirable because 
it has been found that while space heating equipment 
and industrial equipment and even sunlight can achieve 
very high temperatures within the enclosure, they usually 
cannot effect a rate of temperature increase which ap 
proaches that produced by a fire. 
The rapid increase in air temperature typically pro 

duced by a fire can be utilized in rate-of-rise systems by 
exposing to it two electrical, current-carrying conductors 
which are distributed in the enclosure and are so designed 
that their temperatures, and hence their resistances, are 
increased at different rates by the increase in air tem 
perature. A circuit which includes these conductors, 
together with other elements, and which is in electrical 
balance when the air temperature is not changing, can be 
arranged so that this difference in the rates of resistance 
change in the two conductors results in the flow of an 
unbalance current in certain of these other elements to 
actuate an alarm device. Rates of temperature increase 
which are produced by the normal operation of such 
equipment or by sunlight will also cause the flow of un 
balance currents, but when the circuit is properly ad 
justed these are not large enough to give an alarm. 

Heretofore the conductors have been installed in the 
enclosure to be protected in spaced relationship or sim 
ply twisted together so that both were equally exposed 
to a rising temperature and attained unbalance by having 
diverse thermal properties by reason of dissimilar mate 
rials, sizes or degrees of insulation. My invention resides 
in the assembly of the conductors into a cable in which 
they are so disposed that one thermally shields the other 
and the shielded one shields itself, to an extent needed to 
produce the sensitivity desired. 
The conductors forming the cable may conveniently be 

identical in size, material and insulation. My invention, 
however, is not limited to this advantage but has others 
as will be pointed out later. 
When the circuit of a rate-of-rise system is adjusted 

So that the rates of air temperature increase which will 
give alarms are relatively low and approach those rates 
produced by the operation of space heating equipment 
or Sunlight, the system is said to be very sensitive. In 
other words if a fire should start a signal would be given 
while the fire was still very small. Sensitivity, as thus 
defined, is very desirable, but there is a limit to the de 
gree of sensitivity which can be successfully employed. 
Thus, while it is important that the circuit be sufficiently 
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2 
unbalanced to produce an alarm when the rate of air 
temperature increase indicates the occurrence of a small 
fire, it is equally important that the circuit balance be re 
stored quickly after the termination of air temperature in 
creases which are not caused by a fire and accordingly 
do not produce signals individually. If such restoration 
is not made quickly it might be found that a series of air 
tehperature increases will build up a circuit signal con 
dition even though any one of these increases is insuffi 
cient for that purpose. A rate-of-rise system is said to 
lack stability when circuit balance is not quickly restored. 

have discovered that when the different rates of tem 
perature and resistance change in the two distributed 
conductors are at least partially achieved by so forming 
these conductors into a cable that they are close together 
and one shields the other from changes in air tempera 
ture, System stability for any given degree of sensitivity is 
unusually good. 

I have further discovered that stability for any given 
degree of sensitvity is improved by compactly associating 
the distributed conductors so that heat can be readily ex 
changed between them. 

I have also discovered that system stability for any 
given degree of sensitivity is still further improved when, 
in addition to having one conductor shield the other in a 
cable comprising both, the shielded conductor is arranged 
So that it partially shields itself from air temperature 
changes and thereby contributes to the achievement of 
the different rates of temperature and resistance change 
in the conductors. 

I have also discovered that system stability for any 
given degree of sensitivity is even further improved when 
the distributed conductors comprising a cable have the 
Same thermal capacity, and the entire difference in rates 
of temperature and resistance change therein is achieved 
in each instance by the shielding of one conductor by the 
other or by the other and by itself. 

In addition to having good stability, it is desirable that 
rate-of-rise systems employ distributed conductors which 
are as free as possible from variations throughout their 
lengths. Such variations can be troublesome because 
they may either exaggerate the difference in the rates of 
conductor temperature and resistance change and cause a 
signal to be given when the air temperature increase is 
not callsed by a fire, or they may detract from such dif 
ference and delay the giving of a signal when the air 
temperature increase is caused by a fire. 

I have discovered that when the entire difference in 
rates of conductor temperature and resistance change is 
achieved in each instance by the shielding of one con 
ductor by the other or by the other and by itself, the 
conductors may be formed of identical wires with the 
result that variations throughout the conductor lengths 
are kept at a minimum. 

have further discovered that the undesirable effects 
of those conductor variations which do exist are mini 
nized when the conductors are so arranged in a cable 
that they are doubled back therein one or more times, 
and if each Such conductor is doubled back an odd num 
ber of times this arrangement has the additional advan 
tage that currents induced in the conductor by external 
magnetic fields cancel out and cannot unbalance the sys 
tem. 

In rate-of-rise Systems of the kind under consideration 
it is desirable to employ for the distributed conductors 
Wires which have low thermal capacities, because the 
temperatures and resistances of such wires are quickly 
changed by air temperature increases, and a signal which 
should be given is given at the earliest moment. In gen 
eral wires of small size have low thermal capacities and 
therefore prefer to employ them for the distributed 
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condictors. Such wires, however, will not individually 
withstand rough treatment by installers. 

have discovered that when the small size conductor 
wires are formed into a cable these wires are not easily 
roken or otherwise damaged with rough treatment. 

have further discovered that when a cable is provided 
in which the conductors are doubled back one or more 
times the various strands of each conductor may be 
connected together at the ends of the cable to cause 
some or all of these strands to be in parallel with each 
other. This is advantageous because the resistance of 
the cable as a whole may be varied by such selective con 
nections to suit particular cable length requirements with 
out having to alter the cable construction but merely by 
changing the cable end conections. 

Having made the above-noted discoveries with respect 
to the distributed conductors of rate-of-rise systeins, one 
object of my invention is to achieve the different rates of 
temperature and resistance change in these two con 
dictors by so forming them into a cable that they are 
close together and one shields the other from changes 
in the temperature of the fluid surrounding the cable. 

Another object of my invention is to achieve the differ 
ent rates of temperature and resistance change in these 
two conductors by so forming them into a cable in which 
each conductor constitutes a branch in an electric circuit 
that one of the branches is substantially interposed be 
tween the fluid and the other branch and is therefore 
more freely exposed to convection currents in the fluid 
Surrounding the cable than said other branch. 
Another object of the invention is to provide a rate 

of-rise cable comprising the distributed conductors in 
which these conductors are compactly associated with 
each other so as to permit the ready exchange of heat 
therebetween. 
Another object of the invention is to provide a rate 

of-rise cable comprising the distributed conductors in 
which one conductor will be disposed so as to partially 
shield itself from changes in air temperature. 

Another object of the invention is to provide a rate-of 
rise cable comprising the distributed conductors in which 
these conductors have substantially the same thermal 
capacity. 
Another object of the invention is to provide a rate-of 

rise cable comprising the distributed conductors in which 
these conductors are formed of identical wires. 

Another object of the invention is to provide a rate 
of-rise cable comprising the distributed conductors in 
which these conductors are doubled back one or more 
times. 
Another object of the invention is to provide a rate-of 

rise cable in which the distributed conductors are doubled 
back one or more times to provide a plurality of strands 
of each conductor in any given section of the cable and 
in which some or all of these strands in the same con 
ductor are connected at the ends of the cable so as to be 
in series with each other. 

Another object of the invention is to provide a rate 
of-rise cable in which there is a plurality of strands of 
each conductor in any given section of the cable and in 
which some or all of these strands in the same conductor 
are connected at the ends of the cable so as to be in 
parallel with each other. 
Another object of the invention is to provide a rate 

of-rise cable of the type described in which the strands 
of a conductor therein are connected at the ends of the 
cable so as to be in series-parallel combinations. 

Still another object of the invention is to provide a 
rate-of-rise cable comprising the distributed conductors 
in which each conductor is doubled back an odd num 
ber of times. 
And still another object of the invention is to provide 

a rate-of-rise cable comprising the distributed conductors 
which is easily and quickly installed and will withstand 
rough treatment without being injured. 
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4. 
Another object of the present invention is to provide a 

rate-of-rise cable comprising the distributed conductors 
wherein all of the conductors are insulated so as to pre 
vent corrosion and resulting change in resistance which 
might lead to false alarms. 
The best mode in which it has been contemplated to 

apply the principles of my improvements is shown in 
the accompanying drawings but these are to be deemed 
primarily illustrative because it is intended that the patent 
shai cover by suitable expression in the appended claims 
whatever features of patentable novelty exist in the in 
vention disclosed. For example, while specific reference 
is made to use of this invention in fire protective sys 
tems wherein temperature increases are involved, it is 
obvious that the cable can be used in other types of SyS 
terns wherein it night be desired to detect temperature 
decreases. 

In the drawings: 
Figure 1 is a side elevation view of a portion of a form 

of my improved cable; 
Figure 2 is a diagrammatic view showing the cable of 

Fig. 1 connected to other elements of a Satisfactory cir 
cuit; 

Figure 3 is a side elevation view of a portion of the 
preferred form of my improved cable; 

Figure 4 is a cross sectional view of the cable taken as 
on line 4-4 of Fig. 3; 

Figure 5 is a diagrammatic view showing how the var 
ious strands which form the two conductors of the pre 
ferred form of my cable may be connected at the ends of 
the cable; 

Figure 6 shows the preferred form of my cable con 
nected to the other elements of a circuit like that shown 
in Fig. 2; 

Figures 7 and 8 show other ways of connecting my 
preferred form of the cable into satisfactory circuits; 

Figure 9 is a diagrammatic view of another form of 
my improved cable shown with a portion of a circuit sin 
ilar to that of Fig. 2 to which it is connected; 

Figure 10 is a diagrammatic view, similar to that of 
Fig. 9, showing still another form of my improved cable; 
and 

Figure 11 is a diagrammatic view similar to that of 
Fig. 9, showing yet another form of my improved cable. 

Referring now more particularly to the drawings, the 
preferred form of my cable shown in Figs. 3 to 8 coil." 
prises what may be termed a core and a helical Wrapping. 
The core consists of four wire strands 2a, 2b, 2c and 
E.2d. As a practical matter each of these strands cf the 
core may come from a different wire spool when the 
cable is being made (though I prefer to use wire from 
the same spool), but when a particular length of cable 
is installed in a rate-of-rise circuit some of the eads of 
the strands are so connected together that the core 2S 
a whole constitutes a single conductor which, in effect, 
has been doubled back along itself three times. The 
outer wrapping E4 consists of two strands 4a and 14th 
whose ends are connected together at one end of the 

- cable so that the wrapping also constitutes one Conductor 
60 

5 

3 inafter when reference inlinerals 

which, in effect, has been wrapped aicing the core and 
then wrapped back in the spaces of the first Wrai. 

Preferably all the wires are of the saine size and na 
terial and are covered uniformly with the same insula 
tion 16. The core strands 2a, 2b, 3.2c and 22d (here 

of the Several Wire 
strands are used they are to be taken as referring to the 
wire plus its insulating covering) are laid parallei, al 
though it is within the scope of my invention to twist thern 
somewhat along the axis of the cable abolit one another 
if desired. The strands 4a and 54b of the wrapping 
wire 4 are wound helically around the core with Sufi 
cient tightness thereagainst to give appreciable firmness 
to the cable. Nevertheless, the latter can be bent readily 
around and laid along such uneve: Supports as may be 
encountered where it is installed. 
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The cable can be made up in one section or, if addi 
tional length is required, in several sections by connect 
ing the corresponding strands of one such section to those 
of another. However, when a cable of proper length has 
been selected or made up from several shorter sections, it 
is necessary in my preferred arrangement, as has been 
previously indicated, to so connect the ends of certain 
strands that the cable as a whole constitutes two conduc 
tors 12 and 14. This manner of connection is shown in 
Fig. 5. 
The left end of strand 12a of the core 2 is shown free 

and its right end connected by a suitable connector 18 
to the right end of strand 12b. The left end of the latter 
strand is joined with the left end of strand 12c by an 
other connector 20. The right end of strand 12c is con 
nected by a connector 22 to the right end of strand 12d, 
and the left end of the latter is shown free. Thus the 
strands of the core, though perhaps made up in the cable 
from different spools, when connected as just described 
provide a single conductor from the left end of strand 
12a to the left end of strand 2d. 

Similarly the left end of helical strand 14b is shown 
free and its other, or right, end is connected by a con 
nector 24 to the right end of strand 14a. Thus these 
two strands also provide a single conductor from the left 
end of strand i4a to the left end of strand 14b. 

There are undoubtedly a considerable number of cir 
cuits with which my improved cable may be associated 
to form a rate-of-rise system. I have found none, how 
ever, which are more satisfactory than those which oper 
ate on the principle of the Wheatstone bridge, and ac 
cordingly I have shown the preferred form of my cable 
in three such bridge circuits in Figs. 6, 7 and 8. 

Referring now particularly to Fig. 6, the bridge cir 
cuit shown there has for two of its arms fixed resistors 
26 and 28 connected together at a junction point 30. The 
remaining end of fixed resistor 26 is connected to core 
strand 12a of my cable at a junction point 32, and simi 
larly the remaining end of fixed resistor 28 is connected 
to wrapped strand 14a of the cable at a junction point 
34. The cable's core strand 12d and wrapped strand 
14d have their free ends connected together at a junc 
tion point 36. A battery 33 or other source of electro 
motive force is connected between junction points 30 and 
36 and a galvanometer relay 49 which can be adjusted 
to respond to a current therethrough of any particular 
magnitude is connected between junction points 32 and 
34. 

It will be seen from the daigrammatic showing of the 
cable in Fig. 6 that the core 12 constitutes a bridge arm 
connected between junction points 32 and 36, and the 
wrapping 14 also constitutes a bridge arm connected be 
tween junction points 34 and 36. As has been noted, the 
cable is distributed throughout the enclosure to be pro 
tected from fire. The remaining circuit eiements are cus 
tomarily housed, as, for example, in a wall box. 
When the rate-of-rise system shown in Fig. 6 is in 

stalled it is set for normal, or what may be called stand 
by, conditions under which the bridge circuit is in balance. 
This balance condition is attained by adjusting the resist 
ance of one or more arms until no current is flowing in the 
galvanometer 49. Thereafter if the air temperature in 
creases in the neighborhood of the cable the bridge will 
become electrically unbalanced and current will flow 
through the galvanometer. The higher the rate of air 
temperature increase the larger the galvanometer current, 
and the galvanometer is adjusted to respond and give 
a signal when the magnitude of current through it indi 
cates that the air temperature increase is caused by a 
fire. 
An increase in air temperature results in a galvanometer 

current because there is exposed to fluid currents a greater 
proportion of the external Surface area of the wrapping 
conductor 14 than of the core conductor 12 thus caus 
ing the temperature of the former to increase at a faster 
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6. 
rate than the rate of temperature increase of the latter. 
Stated another way the temperature, and hence the re 
sistance, in the core conductor follows but lags behind 
the increasing temperature in the wrapping conductor. 
As a result the ratio of resistances of these two bridge 
arms which existed in the balance condition is changed 
by the air temperature increase, and if this ratio is 
changed enough, as it would be with a rapid air temper 
ature increase caused by a fire, the galvanometer cur 
rent is large enough to give a signal. 
The disposition of the core strands so that the con 

ductor, in effect, partially shields itself contributes to 
the difference in rates of temperature increase in the two 
conductors for a given rate of air temperature increase. 

Since the shielding of the core conductor by the wrap 
ping conductor and the shielding of the core conductor 
by itself are sufficient to achieve the different rates of 
temperature increase in the two conductors, I am not re 
quired to use wire in one conductor which has a different 
thermal capacity than the wire in the other conductor in 
order to achieve these different rates. In fact, I prefer 
to use for the two conductors wires which have substan 
tially the same thermal capacity, and, accordingly, I find 
that wires of the same material and size and having the 
same insulation are very satisfactory in my cable. 

In addition to having substantially the same thermal 
capacity, I prefer that the two conductors in my cable 
have substantially the same resistance for any given length 
of the cable itself. One reason for this preference is that 
I have found that the auxiliary circuits (not shown) 
usually associated with the main Wheatstone bridge cir 
cuit are simple and inexpensive when the distributed con 
ductors have the same resistances. As a practical matter 
these auxiliary circuits are necessary to give trouble 
signals in the event of broken wires, power failures and 
other mishaps. Furthermore, when the two distributed 
conductors have the same resistance it is possible to ob 
tain properly paired commercial resistors for the two 
fixed bridge arms 26 and 28. 

In the preferred form of my cable I make the resist 
ances of the two distributed conductors equal by using 
therefor wires identical in every respect and by so choos 
ing the number of wrapping strands and the number of 
turns made thereby for a given number of core strands 
that in any selected section or in all of the cable the total 
length of the wrapping strands will be approximately the 
same as the total length of the core strands. 

Figs. 7 and 8 illustrate additional Wheatstone bridge 
arrangements employing my improved cable. Fig. 7 is 
identical to Fig. 6 except that the battery and galvanometer 
have been interchanged. Fig. 8 is identical to Fig. 6 
except that another length of my improved cable has 
been substituted for the fixed resistances 26 and 28. 
Although it has been pointed out in the foregoing de 

scription of the preferred form of my cable that the 
use of identical wires is desirable, that the provision of a 
cable in which the two conductors have the same length 
is also desirable and that doubling back of the conduc 
tors within the cable has advantages, it will be appre 
ciated that the shielding of one conductor by the other 
may be achieved in other arrangements, the most simple 
of which is shown in Figs. 1 and 2. In these latter fig 
ures the cable comprises a single strand core conductor 
12 around which there is disposed by helical wrapping 
another single strand conductor 14. 

Operation 

Consider now the operation of the preferred form of 
my cable. Good practice in the installation of electrical 
rate-of-rise systems dictates the proper lengths of the 
conductors which are to be distributed in a protected en 
closure of any particular size. Assume, as an example, 
that such practice is observed when 400 feet of the pre 
ferred form of my cable is uniformly distributed in a 
given enclosure. 
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Assume, further, that this cable is located in the en 
closure where electrical rate-of-rise conductors are usually 
located, that is, near the ceiling. If the cable is then 
connected into a bridge circuit such as that shown in Fig. 
4 and the bridge is balanced the system is ready to de 
tect fires. 
When a fire starts somewhere in the enclosure the 

air in the immediate vicinity of this fire is heated well 
above the normal room temperature, and convection cur 
rents promptly carry this heated air to other parts of the 
room including the parts where the cable is located. As 
would be expected with the cable uniformly distributed, 
the heated air does not arrive at all sections of the cable 
at the same instant, but instead first reaches only a small 
portion of the total length of 400 feet. 
heat from the heated air initially flows into the wrapping 
conductor and into the core conductor through the spaces 
between the turns of the wrapping conductor strands. 
Since the two conductors have substantially the same 
thermal capacity in this preferred form of my cable, the : 
fact that the wrapping conductor is more exposed to the 
heated air than the core conductor obviously causes its 
temperature and resistance to increase faster than the 
temperature and resistance, respectively, of the core con 
ductor. 
Though the conductor temperatures and resistances 

are thus increased at different rates only over the portion 
of the cable encountered by the heated air, an alarm will 
be given if the difference in these rates at this portion 
results in a sufficient difference in the total conductor 
resistances for the entire cable. 
One advantage of the structure of the preferred form 

of my cable is that the various strands of the two dis 
tributed conductors therein may be connected at the 
ends of the cable to achieve parallel arrangements of 
these strands rather than the series arrangement of the 
preferred form. Several such parallel arrangements are 
possible including those illustrated in Figs. 9, 10 and 11 
and generally have the advantage that they enable me to 
provide longer cable lengths for a given circuit. This is 
because the parallel connection of the strands makes the 
total resistances of conductors for a unit length of cable 
less than the corresponding resistances in the series con 
nection of the preferred form. These parallel arrange 
ments may result in a decrease in sensitivity of the sys 
tem, but in many installations the sensitivity afforded by 
the use of the parallel arrangements, is entirely satisfac 
tory. 

Referring particularly to the parallel arrangement of 
Fig. 9, the left ends of strands 12a and 12b are shown 
connected together and to the junction point 32. Simi 
larly the left ends of Strands 2c and 42d are connected 
together and to the junction point 36. At the right end 
of the cable of Fig. 9 strands 2a and 2d are connected 
together as are the remaining core strands 2b and 12c. 
AS to the wrapping conductor, the strands 4a and 14h 
thereof are connected in series at the right end of the cable 
as in the preferred form. 

In Fig. 10 the strands of the core conductor 52 are 
connected as in Fig. 9, but the wrapping conductor strands 
i4a and 14b are connected in parallel. In this latter 
manner of connection it is convenient to so dispose the 
cable in the protected area that both ends of the cable 
terminate at the wall box or other mounting for the re 
maining elements of the circuit. Thus in Fig. 10 the 
cable itself is shown with its "remote' end returned to 
these elements so that the parallel strands 4a and 4b. 
are connected directly to the junction point 34. 

In Fig. 11 the arrangement is the same as in Fig. 10 
as far as conductor 4 is concerned, the strands thereof 
being in parallel, and in addition all of the strands of core 
conductor 2 are likewise in parallel. In this arrange 
ment it is again convenient to locate the cable in the pro 
tected area. So that the "remote” end is returned to the 
other circuit elements, because with this disposition the 

At this portion 
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8 
parallel strands 12a, 2b, 12c and 12d may be directly 
connected to junction point 36. 

In any of the arrangements herein disclosed of a cable 
embodying my inventive features extended lead-in wires 
may of course be used to connect the cable conductors 
to the other circuit elements. When such extension lead 
ins are employed their resistances should be small relative 
to the resistances of the cable conductors. 

Having particularly described my invention in its pre 
ferred form and the operation thereof, I now direct atten 
tion fo the advantages achieved by the fulfillment of the 
objects earlier stated herein. 
One advantage is that system stability for any given 

degree of sensitivity is very good when the distributed 
conductors are so arranged that they are close together 
and one shields the other from air temperature changes. 
Formation of the conductors into a cable wherein one 
conductor is exteriorly disposed and the other is interiorly 
disposed results in such shielding. By such close rela 
tionship of the distributed conductors with respect to each 
other heat exchange therebetween is facilitated to the 
extent that greater stability results for any given degree 
of sensitivity. The conductors need not have the same 
thermal capacity or comprise wires identical in all re 
Spects to realize this advantage if the conductor wires 
actually chosen operate properly with respect to each other 
and the other parts of the rate-of-rise system circuit when 
formed into a cable as above. 

Another advantage is that system stability for any given 
degree of sensitivity is still further improved when, the 
shielded conductor is arranged so that it partially shields 
itself from air temperature changes. Doubling back of 
the shielded conductor along itself within the cable results 
in Such an arrangement. 

Another advantage is that system stability for any given 
Sensitivity is even further improved when the wires se 
lected for the conductors have substantially the same 
thermal capacity, such wire selection being made possible 
by the fact that the entire difference in rates of conductor 
temperature and resistance change in the presence of an 
air temperature increase may be achieved by the shielding 
of one conductor by the other or by the other and by 
itself. 

Another advantage is that by forming the conductors 
into a cable installation is simplified and there is little 
likelihood that the individual conductor strands will be 
broken by rough treatment. 

Because the wires employed for the two conductors in 
my improved cable can have the same thermal capacity 
they can be identical in every respect. It is an advantage 
to employ such wires because they can be taken from the 
same Spool and as a practical natter the chances of there 
being Serious variations in the temperature coefficient of 
resistance at points therealong attributable to manufac 
turing errors are smaller when the wire employed for both 
conductors has been drawn through the same wire-making 
die. The variations above-mentioned which usually take 
the form of non-uniformity in wire diameter, and undesir 
able because they may result in the giving of a signal 
where no signal should be given or in the delay of a signal 
which ought to be given. Thus it may happen that a por 
tion of one of the conductors has a wire diameter slightly 
greater than the wire diameter of the remainder of that 
conductor. At the same time it may happen that the 
corresponding portion of the other conductor has a wire 
diameter slightly smaller than the wire diameter of the 
remainder of that conductor. It would follow that along 
these portions the ratio of resistances of the two conduc 
tors in the balance condition would differ from the ratio 
of the total resistance of the conductors. Depending on 
whether this difference were in a direction to exaggerate 
or detract from the effects of heated air reaching these 
portions simultaneously, a signal might be given where 
no signal Was Warranted or a proper signal might be 
delayed. 
Another advantage of my invention is that when the 
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conductors are doubled back along themselves a number 
of time the undesirable effects of any variations along the 
wires thereof are further minimized. Both conductors 
may be doubled back along themselves in the cable. The 
larger the number of times each is so doubled back the 
more likely the variations will cancel each other out. If 
each conductor is doubled back an odd number of times 
(so that there are an even number of strands of each 
conductor in any portion of the cable), there is the addi 
tional advantage that any current induced in one strand 
of a conductor by external magnetic fields is cancelled out 
by an equal opposite current induced in another strand 
of that conductor. Consequently, the danger of false 
alarms caused by currents being induced in the distributed 
conductors is reduced. 
A further advantage of that form of my invention 

wherein a plurality of strands of each conductor are en 
ployed is that these strands may be variously connected 
at the ends of the cable in series or parallel arrangements 
or in a combination of these to achieve different char 
acteristics without effecting the structure of the cable 
itself. 

It will be understood, of course, that while the cable 
arrangements particularly described hereinbefore have had 
certain definite numbers of strands for each conductor, 
larger or smaller numbers of such strands obviously may 
be provided without departing from the spirit of my 
invention. 
The following are values of exemplary system that has 

been found very satisfactory using the preferred cable 
arrangement in the circuit of Fig. 6 in a system in which 
the fluid surrounding the cable is air, it being understood, 
of course, that such values are merely illustrative and in 
no way are meant to limit the scope of the invention: 
1. Cable length-400 feet. 
2. Conductor wire size, material and insulation-No. 22 

pure electrolytic copper with 64 inch vinyl plastic 
insulation. 

3. Voltage on system of Fig. 6-25 volts. 
4. Current through cable-1.0 amperes. 
5. Resistors 26 and 28 of Fig. 6-25 ohms each. 
With this arrangement resistance of each distributed 

conductor is approximately 25 ohms. 
I claim: 
1. For an electrical rate-of-rise fire detecting system 

which employs the elements of a Wheatstone bridge cir 
cuit, a cable for distribution in a region in which fires 
are to be detected by said system, said cable comprising 
individually insulated wires which form the core of said 
cable and additional individually insulated wires wrapped 
firmly around and shielding said core, the wrapped and 
core wires each being of an electric current conducting 
metal which has a substantial temperature coefficient of 
resistance, the wires of said core being interconnected 
in series to constitute a single conductor to form one 
arm of said Wheatstone bridge circuit and the wrapped 
wires likewise being interconnected in series to consti 
tute another single conductor to form a different arm of 
said bridge circuit, and said wrapped wires having the 
exterior surfaces of the insulation thereon more exposed 
to the air in the region than the exterior surfaces of said 
core wire insulation, said difference in exposure caus 
ing the temperatures of said conductors, and hence their 
resistances, to change at different rates for each change 
in air temperature in said region. 

2. In an electric circuit, heat responsive, conducting 
cable comprising a plurality of individually electrically 
insulated wires, some of said wires being interconnected 
in series to form a single conductor which constitutes 
a first current-carrying branch of the circuit, and the re 
maining of said wires being interconnected in series to 
form a single conductor which constitutes a second cur 
rent-carrying branch of the circuit, each of the wires of 
both branches being of an electric current conducting 
metal which has a substantial temperature coefficient of 
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10 
resistance, the wires of the first branch being laid against 
each other to form the center portion of the cable, and 
the wires of the second branch being laid against the 
wires of the first branch to form the outside portion of 
the cable substantially shielding the center portion, said 
shielding alone causing the temperature of the first branch 
to change less rapidly than the temperature of the sec 
ond branch for each rate of change in the temperature 
of the air around the cable. 

3. In an electric circuit, a heat responsive, conducting 
cable as defined in claim 2 in which all of the wires have 
substantially identical thermal capacities. 

4. In an electric circuit, a heat responsive conducting 
cable comprising a plurality of individually electrically 
insulated wires, some of said wires being interconnected 
to form a single conductor which constitutes a first cur 
rent-carrying branch of the circuit, the remaining of said 
wires being interconnected to form another single con 
ductor which constitutes a second current-carrying 
branch of the circuit, each of the wires of both branches 
being of an electric current conducting metal which has 
a substantial temperature coefficient of resistance, the 
wires of the first branch being laid against each other in 
a tight cluster, and the wires of the second branch be 
ing disposed against said cluster in separated relation 
with respect to each other to partially shield the wires of 
the first branch from changes in the temperature of the 
air around the cable, said partial shielding alone caus 
ing the temperatures of the branches to change at dif 
ferent rates for each rate of change in the air tempera 
ture, and the wires of the first branch at least partially 
shielding each other from the air temperature changes 
to contribute to the said difference in said rates. 

5. In an electric circuit, a heat responsive conducting 
cable as defined in claim 4 in which each branch has an 
even number of wires. 

6. For an electrical rate-of-rise fire detecting system 
which employs the elements of a Wheatstone bridge cir 
cuit and has means responsive to electrical unbalancing 
of said circuit of predetermined magnitude, a cable for 
distribution in a region in which fires are to be detected 
by said system, said cable comprising a group of individ 
ually electrically insulated wires which form the core of 
said cable and are interconnected in series so as to con 
stitute a single conductor, additional individually elec 
trically insulated wires wound helically about said core 
in firm contact therewith, said additional wires likewise 
being interconnected in series so as to constitute another 
single conductor, said core wires and said additional 
wires having the same size and insulation and being of 
an electric current conducting metal which has a substan 
tial temperature coefficient of resistance, the total length 
of core wires in said first-mentioned single conductor 
being equal to the total length of additional wires in 
said second-mentioned single conductor, said first-men 
tioned single conductor being adapted to form one arm 
in said Wheatstone bridge circuit and said second-men 
tioned single conductor being adapted to form a different 
arm in said bridge circuit, and said additional wires par 
tially shielding said core wires so that for a gradual 
change in temperature in said region the unbalancing of 
said circuit due to the dissimilar changes in the resist 
ances of said single conductors will fail to achieve said 
predetermined magnitude, but for a rapid change in tem 
perature in said region the unbalancing of said circuit 
due to dissimilar changes in the resistances of said single 
conductors will achieve said predetermined magnitude. 

7. For an electrical rate-of-rise fire detecting circuit 
which has first and second current-carrying branches and 
which is in electrical balance when the resistance ratio 
of said branches has a predetermined value, a heat re 
sponsive, conducting cable comprising a plurality of in 
dividually electrically insulated wires having substantial 
ly identical thermal capacities, a number of said wires 
being connected in series at the ends of the cable to form 
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a single conductor which constitutes the first branch, 
a smaller number of said wires being connected in series 
at the ends of the cable to form a single conductor which 
constitutes the second branch, all of the wires being of 
the same electric current conducting metal which has a 
substantial temperature coefficient of resistance, the wires 
of the first branch being laid against each other in a 
tight cluster to form the center portion of the cable and 
the wires of the second branch being laid against and 
wrapped helically around said cluster in separated rela 
tion with respect to each other and at Such a unifornia 
pitch that the total lengths of the conductors are Sub 
stantially the same, said wires of the first branch par 
tially thermally shielding each other and being partially 
thermally shielded by the wires of the second branch, 
and said shielding relation causing the temperatures of 
the branches to change at different rates for each rate of 
change in the temperature of the air around the cable 
to effect a change in the predetermined branch resist 
ance ratio. 

8. For an electrical rate-of-rise fire detecting circuit 
which has first and second current-carrying branches and 
which is in electrical balance when the resistance ratio 
of said branches has a predetermined value, a heat re 
sponsive, conducting cable comprising six individually 
electrically insulated wires having substantially identical 
therinal capacities, four of said wires being coanected 
it series at the ends of the cable forming a single con 
ductor to constitute the first branch, the remaining two 
wires being connected in series at the ends of the cable 
forming a single conductor to constitute the second 
branch, the wires of the first branch being laid substan 
tially parallel to and against each other in a tight cluster 
which fo; in the center portion of the cable and the wires 
of the second branch being laid against and wrapped 
helically around said cluster parallel to each other and 
in Separated relation with respect to each other and at 
such a uniform pitch that the total lengths of the con 
ductors are substantially the same, the said four wires 
of the first branch partially thermally shielding each other 
from changes in the temperature of the air around the 
cake and being partially thernally shielded by the two 
wires of the second branch from said air temperature 
changes, and said shielding relation combined alone caus 
ing the temperatures of the branches to change at Sufi 
ciently different rates for each change in the tempera 
ture of the air around the cable to effect a change in 
the predetermined branch resistance ratio. 

9. For an electric circuit, a heat responsive conduct 
ing cable for distribution in a fluid subject to tempera 
ture changes, said cable comprising a pair of individually 
electrically insulated wires, one of said wires being 
adapted to constitute a first current-carrying branch of 
the circuit, and the other of said wires being adapted 
to constitute a second current-carrying branch of the 
circuit, each of the wires being of an electricity con 
dicting retal which has a Substantial temperature co 
cificient of resistance the wire of the Second branch being 
wrapped closely about the wire of the first bianch to 
form the outside portion of the cable, the wrapped wire 
of the second branch shielding the wire of the first branch 
front fluid temperature changes to a greate extent than 
the wrapped wire is in turn so shielded by the wire of 
the first branch, said difference in extent of therinal 
shielding causing the temperatures of the branches to 
change at different rates for each rate of change in the 
temperature of the fluid around the cable, and the said 
close wrapping causing that difference in the tempera 
tires of the branches which results from the said different 
rates to ba quickly reduced at the termination of each 
fic temperature change. 

10. In an electrical rate-of-rise fire detecting System 
which employs the elements of a Wheatstone bridge cir 
cuit, a cable for distribution in a region in which abnor 
mal changes in temperature are to be detected by Said 
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system, said cable comprising individually electrically 
insulated wires which form the core of said cable and 
additional wires wrapped around Said core, each of the 
wires being of an electricity conducting metal which has 
a substantial temperature coefficient of resistance the 
wires of said core being interconnected in parallel at 
the ends of the cable to form one arm of Said Wheatstone 
bridge circuit and the wrapped wires being interconnected 
in series to constitute a different arm of said bridge cir 
cuit, and said wrapped wires being more exposed than 

goire wires so that a change in temperature in said 
region causes the temperatures of Said conductors, and 
hence their resistances, to change at different rates. 

11. In an electrical rate-of-rise fire detecting Systein 
which employs the elements of a Wheatstone bridge cir 
cuit, a cable for distribution in a region in which abnor 
inal rates of change in temperature are to be detected by 
said system, said cable comprising individually electrically 
insulated wires which form the core of Said cable and 
additional wires wrapped around said core, each of the 
wires being of an electricity conducting netal which has 
a substantial temperature coefficient of resistance, the 
wires of Said core being interconnected in parallel at the 
ends of the cable and doubled back to for one arm 
of said Wheatstone bridge circuit and the wrapped wires 
being interconnected in parallel at the ends of the cable 
to constitute a different arm of said bridge circuit, and 
said wrapped wires Substantially shielding said core wires 
from temperature changes in said region so that when 
an abnormal change in temperature occurs therein the 
temperatures of said conductors, and hence their resist 
ances change at substantially different rates. 

12. In an electrical rate-of-rise fire detecting System 
which employs the elements of a Wheatstone bridge cir 
cuit, a cable for distribution in a region in which abnor 
mal changes in temperature are to be detected by said 
System, said cable comprising individually electrically 
insulated wires which form the core of Said cabie and 
additional wires wrapped around said core, each of the 
wires being of an electricity conducting metal which has 
a substantial temperature coefficient of resistance, the 
wires of said core being interconnected in paraliel at the 
ends of the cable to form one arm of said Wheatstone 
bridge circuit and the wrapped wires being interconnected 
in parallel at the ends of the cable to constitute a differ 
ent arm of said bridge circuit, and said wrapped wires 
substantially shielding said core wires from temperature 
changes in said region so that when an abnormal change 
in temperature occurs therein the temperatures of said 
conductors, and hence their resistances, change at Sub 
stantially different rates. 

13. For a rate-of-rise electric circuit which has two 
electric current carrying branches distributable in a fluid 
subject to temperature changes and which responds to a 
predetermined difference in the rates of change of elec 
trical resistances of the branches, a heat responsive cable 
for distribution in the fluid, said cable comprising a plu 
Fality of strands which form the branches, each of Said 
strands carrying an electric current and being in non 
electricity-conducting relationship with one another at all 
times, each of the strands being of an electric current 
conducting material which has a substantial temperature 
coefficient of resistance, each strand of one branch Sub 
stantially thermally shielding a strand of the other branch 
from the fluid temperature changes, and said shielding 
relation alone producing in the branches a Substantial 
portion of said predetermined difference in the resistances 
for each rate of Said fluid temperature change. 

14. For a rate-of-rise electric circuit which has two 
electric current carrying branches distributable in a fluid 
subject to temperature changes and which responds to a 
predetermined difference in electrical resistances of the 
branches, a heat responsive cable for distribution in the 
fluid, said cable comprising a plurality of strands which 
form the branches, each of said strands carrying an elec 
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tric current and being in non-electricity-conducting rela 
tionship with one another at all times, each of the strands 
being of an electric current conducting material which 
has a substantial temperature coefficient of resistance, the 
Strands of one branch partially thermally shielding the 
strands of the other branch to a greater extent than the 
strands of the one branch are partially shielded by the 
strands of the other branch, the strands of the other branch 
partially thermally shielding each other to a substantially 
greater extent than the strands of the one branch partially 
shield each other, and the combined shielding relations 
producing in the branches a substantial portion of said 
predetermined difference in said resistances for each rate 
of said fluid temperature change. 

15. For a rate-of-rise electric circuit which has two elec 
tric current carrying branches distributable in a fluid sub 
ject to temperature changes and which responds to a pre 
determined difference in the electrical resistances of the 
branches, a heat responsive cable for distribution in the 
fluid, said cable comprising a plurality of strands which 
form the branches, each of the strands carrying electric 
current at all times and being of an electric current con 
ducting metal which has a substantial temperature co 
efficient of resistance, the strands of one branch being dis 
posed at the interior of the cable and being individually 
covered with electrical insulation which electrically in 
sulates them at all times from each other and from the 
strands of the other branch between the ends of the cable, 
the strands of the other branch being disposed at the 
exterior of the cable substantially thermally shielding the 
interior strands, said shielding relation causing the pro 
portion of the interior strand surfaces which is exposed 
to fluid temperature changes to be smaller than the pro 
portion of exterior strand surfaces so exposed, and said 
shielding relation alone thereby producing in the branches 
a substantial portion of said predetermined difference in 
the resistances for each rate of said fluid temperature 
change. 

16. For a rate-of-rise electric circuit which has two elec 
tric current carrying branches distributable in a fluid sub 
ject to temperature changes and which responds to a pre 
determined difference in the electrical resistances of the 
branches, a heat responsive cable for distribution in the 
fluid, said cable comprising a plurality of strands which 
form the branches, each of the strands carrying electric 
current at all times and being of an electric current con 
ducting metal which has a substantial temperature co 
efficient of resistance, the strands of one branch being in 
dividually electrically insulated and being clustered at the 
interior of the cable partially thermally shielding each 
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other from fluid temperature changes, the strands of the 
other branch being wrapped around the clustered interior 
strands and thereby partially shielding the interior strands 
from fluid temperature changes, said shielding relations 
combined causing the proportion of interior strand sur 
faces which is exposed to fiuid temperature changes to be 
Simalier than the proportion of wrapped strand surfaces 
so exposed, and said combined shielding relations alone 
thereby producing in the branches a substantial portion 
of said predetermined difference in said resistances for 
each rate of said fluid temperature change. 

17. For a rate-of-rise fire detecting electric circuit which 
has two electric current carrying branches distributable 
in that portion of a protected area where the occurrence 
of a fire produces air temperature changes and which re 
sponds to a predetermined difference in the electrical 
resistances of the branches, a heat responsive cable for 
distribution in said portion of the protected area, said 
cable comprising wires clustered together forming the 
cable core and additional wires wrapped firmly around 
said core, the clustered and wrapped wires each being of 
an electric current conducting metal which has a sub 
stantial temperature coefficient of resistance and each 
having an individual electricity insulating coating which 
has electricity insulating properties substantially unaf 
fected by temperature changes, the clustered wires being 
interconnected at the cable ends to constitute a single elec 
tric current carrying conductor which forms one of the 
branches, the wrapped wires likewise being interconnected 
at the cable ends to constitute a single electric current 
carrying conductor which forms the other branch, and the 
wrapped wires substantially thermally shielding the 
clustered wires from changes in air temperature adjacent 
the cable, said shielding relation causing that proportion 
of surface area of the clustered wire coatings which is 
exposed to air temperature changes to be smaller than 
the proportion of surface area of the wrapped wire coat 
ings so exposed, and said shielding relation alone thereby 
producing in the branches a substantial portion of said 
predetermined difference in said resistances for each rate 
of said air temperature change. 
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