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This invention relates to smoke detector units
for sensing the presence of smoke in fur vauilts,
on shipboard and in other locations where an
automatic system of fire detection or extinguish-
ment is desired. More particularly, the invention
relates to an electronic system of detecting smoke

and giving a response, either in the form of an .

alarm, or by setting a sprinkler system or other
automatic extinguisher into operation or in com-
bining these two functions and bringing them
into operation successively.

Where the system provides for two stage oper-
ation, it functions by first giving an alarm, and
then by setting an extinguishing system into op-
eration. In such two stage systems dust may
collect on the equipment to produce a condition
which simulates that resulting from the presence
of smoke and may be made fo give an alarm
whereby the system may be recalibrated before it
actually sets the fire extinguishing means into
operation. In other words, it provides for an au-
tomatic indication resulting from the system
drifting out of calibration so that the parts may
be reconditioned before the fire extinguishing
means is put into operation under false alarm con-
ditions,

The system contemplates the performance of
several functions without the addition of extrane-
ous means for carrying them out. In general,
the sytem provides for the use of a balanced
phototube system with means for actuating an
alarm circuit when the system is out of calibra-
tion, or when a lamp filament burns out, or when
there is any other failure which should be cor-
rected, and, under proper conditions, setting the
fire extinguishing means into action.

Briefly stated, the system embodies two photo-
tube units, one of which serves as a reference
and the other as a detector, both of them being
supplied with light from a single source so that
variations in light intensity due to the lamp it-
self will affect the two tubes similarly, hence
small changes in lamp voltage, for example, will
not disturb the calibration of the system or set
it into operation under conditions which do not
make it necessary.

The invention will be more fully understood

from the following description when it is read
in connection with the drawings in which:
Figure 1 is a side elevation, with parts broken
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away, of a preferred form of smoke detector unit
embodying the present invention.

Figure 2 is a top plan view with parts broken
away to show the interior conmstruction of the
unit.

Figure 3 is an end view of the unit looking from
right to left in Fig. 1.

PFigure 4 is a section on line 4—4 of Fig. 1 show-

ing the means for varying the intensity of the

light which is directed onto the reference photo-
cell tube.

Figure 5 is & section on line 5--5 of Fig. 1 show-
ing the smoke entry and exi$ openings in the
unit, :

Figure 6 is a complete circuit diagram of a
preferred form of the invetion,

Figure 7 is a circuit diagram of a simplified
form of smoke detector arranged for single stage
operation.

Figure 8 is a circuit diagram of the system
shown in Fig. 7, with the addition of time delay
means for protecting certain of the tubes used
in the unit.

Figure 9 is a moke detector unit especially ar-
ranged for use on shipboard, utilizing the single
stage arrangement of Fig. 7 with a reference
phototube for each detector tube.

Figure 10 is 2 modification of the system shown
In Fig. 9, whereby a single reference phototube
may be employed in place of the plurality of ref-
erence tubes which are necesary in the arrange-
ment of Fig. 9. .

The invention will first be described with re-
spect to the circuit diagram of Figure 6 which
shows the preferred form of the invention, and
thereafter the structural elements of the units
will be described, and their relation to the cir-
cuit shown in Figure 6 pointed out.

In Figure 6 reference ¢haracter T designates —
-& transformer the primary winding 15 of which

" is supplied with current from a conventional

45

50

source of alternating current through the usual
protective devices indicated at 16. Transformer
T has a main secondary winding 17 and an suxil-
iary secondary winding 18, the former of which
supplies current to the series-cennected photo-
tubes 19 and 20 over line wires i1a and {7b.
These tubes are of the usual two element type
comprising a curved cathode 21 and an anode
22 placed in spaced relation to the cathode. ‘They
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serve, therefore, as rectifiers in that electric cur-
rent can flow-in one direction only through them,
that is, from the anode 22 to the cathode 21.
In accordance with usual practice these photo-
tubes have the characteristic of passing current
in direct proportion to the intensity of light im-
pinging on them, that is, the stronger the light
the greater the conductivity. 'To a lesser degree
the conductivity of the tube is proportional to
the voltage across the tube. It will be evident,
therefore, that for the purpose of the present
invention the particular design of tube employed
is not critical so long as the two tubes {9 and
20 are substantially alike, that is, alike within
manufacturing tolerances. Consequently, when
the two tubes 19 and 20 are exposed to the same
conditions, the voltage drops across them will be
substantially the same and the current flow
through the two tubes will also be the same.
That is, the photo tubes will be in balanced rela-
tion in the circuit.

Also, connected to the alternating current
source is the primary 23 of a transformer A
the secondary 24 of which supplies a lamp 25 so
disposed as to direct its beam on both the photo-
tubes 19 and 26, and being closely spaced with
respect to the reference tube #9. The detector
tube 20 is more remotely located with respect
to lamp 25 so that the smoke fo be detected is
between the lamp 25 and the detector tube 26,
thus permitting variations in the electrical con-
ductivity of the tube 2@ for control purposes.

Tnasmuch as continued functioning of the
lamp 25 is vital to operation of the system, there
is included in circuit with the filament 26 of this
lamp a relay 21, having an armature 28, which
during the energized condition of the lamp holds
the contact 29 open: If, however, the filament 26
should burn out or be de-energized, de-energiz-
ing the relay 27, the armature 28 would drop
closing contact 29 and completing an alarm cir-
cuit which includes the conductors 38 and 3.
Relay 21 also controls a second contact 29a
which forms a part of an extinguisher circuit.
When the relay is energized, indicating normal
conditions, the contact 23¢ is held closed so that
the extinguishing circuit can be closed when nec-
essary. If relay 27 is de-emergized the contact
29a opens so that the extinguishing circuit can-
not be closed under conditions not requiring it.

Unbalance of the circuit including the photo--

tubes 19 and 28 is caused to actuate successively
an alarm circuit, and then an extinguishing ecir-
cuit, and for this purpose there is provided in
the system two gas-filled tetrodes of the thy-
ratron type, these tubes being designated 32 and
33 respectively. This type of tube is well known
in the art and is characterized by its ability
to. trigger into action when the control grid
reaches a critical positive potential. So long as
the control grid is not positive enough to ionize
the gas within the tube, there is no current flow,
and even though the anodes and cathodes are
energized, the current consumed is practically
nil. The filaments of the tubes 32 and 33 are
* connected in series relation with the auxiliary
secondary 18 of transformer T, and this circuit
also includes a relay 34 having an armature 35
adapted, when the relay is de-energized, to close
a contact 36. This relay 34 also includes a front
contact 36a included in the extinguisher circuit,
_and serving to prevent completion of the extin-
guisher circuit under improper conditions. If
will be observed that the armature 35 and contact
36 may complete the alarm cireuit through con-

ductors 30 and 31, and thus give an indication
whenever one of the filaments of tubes 32 and 33
burns out or for any reason the flow of current in

. this Alament circuit ceases. De-energization of

15

‘relay 34 also opens the extinguisher circuit at

36a. The tubes 32 and 33 include both screen
grids and control grids to be referred to later.

The operation of the system is based upon an
unbalancing of the phototube circuit connected
with the phototubes 19 and 20. More specifically,
operation of an alarm circuit to show that the
system is out of calibration or that there is some
smoke in the smoke path occurs when the photo-
tubes are unbalanced to one degree, whereas a
greater unbalance will cause operation of the ex-

. tinguisher circuit, both of these operations being

accomplished through the two thyraton tubes 32
and 33 in response to a change in potential of

~ the control grids of those tubes.

20

More specifically, the thyratron tube 32 has its
cathode 31 connected to the secondary 11 of

 transformer T at point 38. The cathode 39 of
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tube 33, on the contrary, is more positive than
the cathode 31, being connected to line wire 40
and slider 41 of potentiometer 42 which is shunt-
ed across a portion of the secondary 17. It will
be obvious that by moving the slider 41, the
potential of cathode 39 may be changed to se-
cure desired operating differentials between the
two tubes 32 and 33.

The control grid 43 of tube 32 is connected
through g high resistance 44, and line 45 to a
control point 46 between the phototubes 19 and
20. By virtue of this connection,-it will appear
that when the conductivity of detector tube 20
is reduced, by smoke passing between it and lamp
25, the potential of point 46 will be increased
thereby rendering the control grid 43 more posi-
tive than normal, and therefore, initiating a cur-
rent flow between the anode and cathode of tube
32 which serves, through means yet to be de-
scribed, to energize the alarm circuit over con-
ductors 54 and 55. The screen grid 43a performs
its usual function. 'The conftrol grid 471 of tube -
33 is connected through high resistance 48 and
line wire 45 with the point 46, and functions in
a manner similar to that described to cause a
triggering action of tube 33 under appropriate
conditions to close the extinguisher circuit when
the conductivity of tube 20 has been reduced to
a point where such action is called for, Screen
grid 47a here is also conventional,

The life of gas filled tukes of the thyratron
type is affected by the time of application of
potential to the anode of the tube after the tube
is" first put into operation. Consequently, it is
desirable for increasing the life and reliability
of the apparatus that the tubes 32 and 33 be
protected by a time delay relay designated R in
Figure 6. This relay is shown diagrammatically
as consisting of a heater element 49, a bimetallic
armature 50, and a fixed contact 5{. Upon the
application of current to the heater 49 for a pre-
determined period, the bimetallic element 58 will

‘flex closing the contact 5i, and the circuit con-

trolled thereby. The use of relay R is optional,
and since its sole function is to increase the life
of the thyratrons it may be omitted without
altering the effectiveness of the circuit for the

o purpose intended. Such omission is, therefore,

%

contemplated where tube life is not a controlling -
factor. ’

In the arrangement illustrated, the heater 49
of tube R is supplied with current from the al-
ternating current source through line wires 52
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and 83. The element B0 and contact 81 of tube
R control the circuit for heater 49 of tube RIi 8o
that a short delay of approximately ten seconds
takes place between the energization of heater
49 of tube R and the closing of contact 8| of
tube R. Similarly, energization of the heater
of tube R, after a short delay, closes contact.
B! of tube Ri thus completing the alarm cir-
cuit through line wires 54 and 85. The heater
of relay R2 controls its contact 51 to complete
& circuit to the extinguisher mechanism through
line wires 56 and 51.

The operation of the relay ecircuit is accom-
plished in the following manner. When the
heater of tube R is energized, the contact B

is closed after a short interval 50 as to energize

the heaters of relays RI and R2. This places a
potential on the anodes of tubes 82 and 33 but
no current flows until one of these tubes is
triggered into action. As indicated, when the.

the heaters 49 of relays Ri and R2 are energized,
both the anodes and ecathodes of the tubes 32
and 83 have potential applied to them. However,

6 .
current voltage caused by condenser 58 also de-
creases so that the tubes 19 and 20 remain sub-
stantially balanced. Hence, by adjustment of
the potentiometer 60 a condition may be es-

s tablished where the operation of either tube 82

or 33 produces the same effect on the cireuit,
in spite of substantial variation in the supply
- vollage of the circuit. Consequently, while the

. bias for each of the tubes 32 and 83 is different,
10 & compromise position can be established where

the operation of either tube is substantially in-

.. dependent of supply voltage variations over the

range between 85 and (3§ volts. Under ordi-
nary conditions the position of slider 69 is such

18 that the condenser 88 introduces a positive volt-

age, whereas the normal direct current bias due

.. to phototubes 19 and 20 is negative. When the

. power 18 suddenly turned off for a fraction of a
"-second and then turned on again, the time delay

20 relays Rl and R2 do not close even though the
fllaments of tubes 32 and 33 are energized, and. -

-tubes 32 and 33 conduct for a fraction of a sec-
ond due to the voltage surge thus eliminsting
any possibility of a false actuation of the alarm
or extinguisher circuit due to voltage surges in

50 long as the control grids of the tubes do not. g5 the circuit. This accounts for the desirability

carry sufficient positive bias to trigger the tubes
into action, there is no current flow through
the tubes, and hence the relays Rl and R2 can-

not operate. When the conductivity of tube 20.

Is reduced by the passage of smoke between it
and lamp 2§, the potential of point 46 becomes
more positive than under balanced conditions,
thus placing a positive bias on control grid 43
of tube 32 triggering that tube into action and
causing a flow of current through the heater
circuit 49 of relay Rl. After a predetermined
interval of perhaps ten seconds, the contact §{
of relay Rl is closed to complete the alarm e¢ir-
cuit connected to line wires 54 and 55 thus giv-
ing an indication that the phototube circuit has
been unbalanced, either due to collection of dust
on the parts, or to the presence of an incipient
condition which may call for fire extinguishing
action. If the condition becomes more aggra-
vated, to further decrease the conductivity of
tube 20, the point 48 becomes still more posi-
tive placing sufficient bias on the control grid
47 of tube 33 to trigger the tube into action, and
through contact 51 of relay R2 closing the cir-
cuit to the fire extinguishing mechanism through
line wires 56 and 51. It will be obvious that
the time delay of the various relays of RI and
R2 can be made to sult conditions, and that any
desired time lag can be interposed between the
successive operations of these devices. .

It has been pointed out above that the bal~
anced phototubes {9 and 20 tend to eliminate
the effects of voltage fluctuations and also to
compensate for variations in light intensity from
the lamp 25. Large voltage fuctuations may
cause the voltage at point 46 to vary substan-
tlally, and consequently it is preferred to fur-
ther stabilize the circuit by including a con-
denser 58 connected through line 59 to a slider
80 on a potentiometer 81 shunted across a por-
tion of the secondary ‘17 of transformer T. By
adjusting the slider 69 it is possible to make the
point 46 assume any desired voltage value on
the positive half rycle of voltage undulation.
This voltage introduced by condenser 58 is bal-
anced by an opposing direct current voltage
built-up on the condenser 58 by the phototube
current. Consequently, when the direct current
voltage unbalance at point 46 decreases due to a

30 false operation.

of using a thermal delay relay instead of an
ordinary magnetic type of relay.

It will be evident that the system is so designed
that a normal failure of parts will not produce a
If for example the filament of
the lamp 25 burns out the phototubes 19 and 20
receive no light and hence become non-conduct-
ing so that very little if any current can be pro-
vided to charge condenser §8. Thus tubes 32 and

35 33 cannot ordinarily operate. Likewise if the fila-

ment of one of the tubes 32 or 33 burns out, each
of the fubes 32 and 33 is deprived of a hot fila-
ment for heating its cathode and thus cannot op-
erate. However to provide against a possible op-

40 eration of the extinguisher circuit because of some

instability which might develop to operate tube
33, due to a failure of the filament of lamp 25 or
one of the tubes 32 and 33, the extinguisher cir-
cuit will be opened by the opening of contact 2%a

45 of relay 21 or by the opening of contact 3§z of

relay 34. Thus only an alarm is possible in the
event of a failure of the filament of lamp 25 or
one of the tubes 32 and 33, the extinguisher cir-
cult being open either at 29a or 86a. Also, if re-

50 lay R should fail to close its contact or one of the

heaters should burn out or open circuit, the tubes
32 and 33 or one of them would be left without
necessary operating plate voltage and hence could
not trigger.

86 _Itis desirable to have some indicating means to

show when the tubes 32 and 33 have the necessary
plate voltage for operation. For this purpose
there is shunted between the ancde and cath-
ode of tube 32 a neon lamp 62 having a series-

60 connected resistor 63. This lamp draws only a

fraction of a milliampere of current and hence
does not otherwise affect the circuit. As long
as there is an alternating current potential on
the circuit both electrodes of the lamp glow. 1If,

65 however, the voltage fails or the tubes are ren-

dered conducting, the neon lamp is extinguished.
More specifically, when tube 32 is non-conducting,
both plates of neon lamp 62 glow but when the
tube becomes conducting, the voltage from anode

70 to cathode of the neon lamp becomes very low

during the positive half cycle and is not sufficient
to cause the lamp to glow during this postive
half cycle. Consequently, the lamp 62 glows only
during the negative half cycle and acts as if di-

line voltage decrease, the opposing alternating 98 rect current were impressed upon it. Associated
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with tube 88 is & neon lamp 64 and a resistor 83
the action of which is similar to that just de-
scribed in connection with tube 32 and its asso-
ciated neon lamp.

Having described the circuits which are used in
apparatus of the present invention, the struc-
tural units wi”’ now be described.

Referring to Figures 1 to 5, inclusive, it will
be seen that the unit comprises a box-like struc-
ture including a base 65 upon which the lamp 25
is mounted between the reference phototube 18
and theé detector phototube 20. A lens 66 car-
ried by the base concentrates the beam from lamp
25 on the detector tube 20 but no such means is
necessary in connection with reference tube 18
because of its proximity to the lamp 25. The
intensity of the light falling upon the reference
tube 19 is however controlled by a variable screen
€7 shown in detail in Figure 4. Fixed on the unit
is a guide 68. A block 73 slides in this guide and
attached to it are springs 69 and 70 reacting be-
tween the block and a support 7i. A threaded
rod 12 can be turtied to move the sliding block
13 to which one end of a helix 74 is attached;
the other end being attached at Tle to support
11, this helix being disposed over an aperture be-
tween the lamp 25 and the reference phototube
19.

opened up, allowing more light to impinge on the

phototube 19, but when the block 73 is moved.

toward the right, the turns of the helix become
more closely spaced thus reducing the amount of
light which strikes the phototube {9. This pro-
vides a ready means for securing accurate initial
calibration of the phototube 19.

Carried on the support at the right of refer-

Consequently, when the block 78 is moved.
to the left in Pig. 4, the turns of the helix are-

10

15

20

25

30

35

ence tube 19 is a relay and tube unit, supporting .

the two thyratrons 32 and 383, the relays R, RI,
and R2, and the relays 27 and 34. At the left
of the concentrating lens 66, and rotatably sup-
ported on the base 68, are two grids 15 and '16.
The coarse grid 15 may serve to calibrate the tube

32, for example, preventing 10% of the light from.

lamp 25 from striking the detector phototube 28.

By rotating the shaft 78, by means of a screw-

driver applied to the slotted end of the shaft,
this grid may be placed in a nearly vertical posi-
tion where it offers the maximum resistance to
the flow of light. When the calibration has been
accomplished, the grid is lowered to the position
shown in Figures 1 and 2. Similarly, the fine
grid 76 may be raised to a vertical position
through the shaft 77. The grid 16 prevents 20%
of the light from passing through it and may be
used to calibrate the thyratron 83 for extin-
guisher purposes. It will be evident that the piv-
oted disposition of the test grids makes it possible
to determine whether the cutoff is too great or

too little, the grids having their maximum effect

when raised to nearly vertical position.

As here shown the entire unit comprises a
closed casing with the exception of an opening
19 at the bottom of the casing and outflow open-

ings 80 and 81 at the top. Consequently, smoke

may enter at the bottom and pass through the
passageways 82 and 83 before escaping through
the outlets 80 ind 8f.
.pended by hooks ‘84 secured to the top of the
casing.

The preferred form of the invention just de-
seribed provides for two stage operation, that is,
the giving of an alarm when the smoke conditicn
starts or when the calibration of the instrument

The unit may be sus-:

40

extinguishing action when the smoke concentra-.
tion exceeds a fixed value. In certain situations
such as on shipboard automatic extinguishment
is not desired, and hence it is only necessary to
provide means for giving an alarm when a dan-
gerous condition- arises, or when the unit be-
comes inoperative due to the burning out of a
lamp or the like. Where a single stage of opera-
tion only is needed, the device may be simplified
and -one example of a circulit embodying this
simplification is found in Figure 7.

In Figure 7 the primary 84 of transformer Tl
is supplied with alternating current from any
suitable source. This source also supplies the
primary of a transformer T2. Transformer T2
provides current for lamp 25 and the filament
85 of a thyratron tube 86. It will be clear that
the failure of any filament will cause a con-
dition which will actuate the alarm now to be
described. The secondary 81 of transformer T
supplies the phototubes 88 and 88 in series as
before, over line wires 87a and- 81D, noting how-

‘ever, that here the tube 88 serves as the detector

tube and the tube 89 serves as the reference tube
and that current flows normally through the

- single thyratrom used. The point 90 between

the tubes 88 and 89 is connected through con-
denser 81 to a midpoint on the secondary 81 as
at 92. The filament is connected by wire 93 to
that secondary in order to place the filament at
desired potential for satisfactory operation. The
control grid 98 is connected through the resistor
95 to the point 90. Relay 96 which controls the
alarm circuit through contact 87, is connected
between the anode 98 of tube 86 and the circuit
for the phototubes 88 and 89. With the circuit
energized as shown, and with the light directed
on the tubes 88 and 89, the relay 96 remains
energized and the tube 86 is conducting. When,
however, smoke to be detected passes between
the lamp 25 and the phototube 88 this will cause
the potential of point 90 to be reduced, thus

- stopping current flow in the tube 86 and de-

45

&0

55

60.

0

energizing the relay 86 to close the alarm circuit
at 91. It will be noted, therefore, that the sys-
tem shown in Figure 7 operates on the theory
of continuous energization of the tube 86 so that
the relay 96 is normally energized and only be-
comes de-energized when current flow through
the tube 86 is discontinued.

The system shown in Figure 7 operates with-
out time delay, the alarm circuit being closed
immediately upon failure of current flow in tube
86 and consequent de-energization of relay 96.
When a time delay is desired in connection with
tube. 86, the scheme shown in Figure 8 may be

adopted.

Referring to Figure 8, the parts there shown

'are identical with those in Figure 7 except that

in Figure 8 the relay 96 of Figure 7 is replaced
by the time delay thermal relays R3 and R4 with
a neon lamp 99 to indicate the condition of cur-
rent flow through the tube 86. In Figure 8, the
relay R3 upon energization of its heating coil will

. after a time delay, close the contact 180 to sup-

ply heating current to the heater of relay R4,
provided tube 86 is conducting. The arrange-
ment is such that the contact 101 of relay R#&
will only be closed to complete the alarm circuit
when current flows through tube 86. The neon
lamp 99 will indicate whenever there is a drop
in potential around the heater circuit of relay R4.

As indicated above, the dominant feature of
the present invention -is the use of balanced

is affected by accumulation of dust and dirt a.nd w phototubes for’ gwmg a desired mdication. An— ’
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other possible application of this prineciple  to
smoke detection is its use on shipboard where a
series of holds are continuously sampled for the
presence of smoke through draw tubes extending
to visible smoke tubes at a ceniral point. With
such an apparatus, it is essential that each draw
tube be sampled separately, because this is the
only way in which the smoke concentration in
each hold can be determined.

Figure 9 of the drawing shows a portion of a
system in which two balanced phototubes could
be used in connection with each smoke tube,
and wherein a single alarm and detecting circuit
would be effective. In tracing the circuits of
Fig. 9, it will be observed that this figure re-
places the phototubes 88 and 89 of Fig. 7 so that
phototubes 106 and 107 are supplied by line wires
87a and 8Tb, the condenser 9! and resistor 86
being connected as in Fig. 7.

In Figure 9 the condenser 91 and resistor 95
are the ones shown in Figure 7. Associated with
a plurality of parallel connected pairs of photo-
tubes, is a rotary switch comprising a rotary con-
tact 102 driven by means such as an electric
motor and adapted to successively engage con-
tacts 103, 104 and (05 in its travel., For purposes
of simplification only three of these are shown

10

15

20

25

connected to balanced phototubes comprising de-

tector tubes {06 and reference tubes 107. The
various smoke tubes all terminate at a common
point but each pair may have a separate light
source. The response of the alarm circuit will
be determined by the unbalance of a pair of
tubes 106—107 as it is put in circuit by switch
102. The motor which drives the rotary contact
102 may be connected to the alarm relay so that
when smoke is detected in any smoke tube and
operates the alarm, this automatically breaks
the circuit of the actuating motor and stops the
contact at the point where the dangerous con-
dition is registered. ]

Where a single light source is utilized for all
of the smoke tubes, a single reference phototube
only is required as indicated at {08 in Figure 10.
Here the rotary contact 102 serves to connect
the detecting phototubes 108 into the circuit suc-
cessively, so that each of them operates in con-
junction with the reference tube 108 to determine
whether or not there is smoke in the particular
tube which is being sampled, assuming that the
arrangement of Fig. 10 is used to replace the
phototubes 88 and 89, it will be noted that line
wire 87a is connected to the cathodes of detector
tubes {09 and that line wire 81b is connected to
the anode of reference tube (08. If the scheme
of Fig. 10 is to be used with a two-stage system
similar to that of Fig. 6, the reference tube 108
of Fig. 10 will take the place of reference tube
19 in Fig. 6, and detector tubes 108 will replace
the reference tube 20.

It is to be understood, therefore, that the sys-
tems of Figs. 9 and 10 are not by any means
limited to single stage operation and that the
details may be modified to suit conditions without
altering the basic principles of the invention.

Although only a few forms of the invention
have been illustrated, it will be obvious from a
reading of the specification and claims that
changes may be made in the details within the
scope of the claims without departing from the
spirit and scope of the invention.

Having thus described the invention, I claim:

1. In a smoke detecting unit, a source of al-
ternating current including a transformer, a pair
of phototubes connected in series relation, across

30
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the secondary of said transformer and arranged
to receive current therefrom, a source of light
focused upon said phototubes, means providing
a smoke path between sald light source and one
of said phototubes for varying the drop in Do~
tential across said tubes, and a condenser inde-
pendently connected between a point on said
transformer secondary which has a low potential
relative to the connections of said phototubes

-and a point between said phototubes for impos-

ing a potential on sald latter point.

2. In a smoke detector unit, a base having a
source of light mounted thereon, a reference
phototube closely adjacent to said source on one
side thereof, a detector phototube on the other
side of said source and placed remotely there-
from, means for equalizing the Intensity of the
light from said source impinging upon said photo-
tubes, electric means responsive to a differential
in the Intensity of the light from said source
impinging upon said phototubes, and grid means
disposable between said source and said de-
tector phototube for varying the intensity of light
impingement on sald detector phototube to cali-
brate sald unit for response to s predetermined
differential In the intensity of the light imping-
ing upon said phototubes. ’

3. In a smoke detecting ynit, an alarm circult
and a fire extinguishing circuit, a pair of photo-
tubes arranged in serles relation, a source of
light disposed to direct its beam upon sald photo-
tubes but being located closer to one phototube
than to the other, a plurality of gas-filled trigger
tubes arranged to be triggered into action suce
cessively as the intensity of light directed upon
sald remotely located phototube is varied, ang
a connection between a point between said photo-
tubes and the control grids of said trigger tubes
for controlling the potential of the latter, pre-
determined variations in the intensity of licht
falling upon said remotely located phototube
acting to vary the potential of said control grids
for triggering sald trigger tubes and energizing
said alarm and extinguishing circults in succes-
sion.

4. In a smoke detecting unit, a source of light,
phototube means responsive to vartations in the
intensity of light recelved from said source, in-
dicating means responsive to a decrease of one
degree in light intensity applied to said photo-
tube means, fire extinguishing means responsive
to a decrease of a greater degree in light in-
tensity applied to said phototube means, signal
means responsive to failure of said light source,
and control means associated with said signal
means to prevent response by said extinguishing
means upon failure of said light source. )

5. In a smoke detecting unit, an alarm ecircuit

~ and a fire extinguishing circuit, a pair of photo-
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tubes arranged in series relation, a source of
light disposed to direct its beam upon said photo-
tubes but being located closer to one phototube
than to the other, a plurality of gas-filled trig-
ger tubes arranged to be triggered into action
successively as the intensity of light directed
upon said remotely located phototube is varied,
and a connection between a point between said
phototubes and the control grids of said trigger
tubes for controlling the potential of the lat-
ter, and means for imposing predetermined
variations in the intensity of light falling upon
said remotely located phototube to vary the po-
tential of said control grids for calibrating said
trigger tubes to energize sald alarm and ex-
tinguishing circuits in succession.
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.6. In a smoke deteéting unit, an alarm circuit
and g fire extinguishing circuit, a pair of photo-
tubes arranged in series relation, a source of light

disposed to direct its beam upon said phototubes-

but being located closer to one phototube than
to the other, a plurality of gas-filled trigger tubes
arranged to be triggered into action successively
as the intensity of light directed upon said re-
. motely located phototube is varied, means asso-
ciated with said source of light and said trig-
ger tubes to indicate failure of any of the asso-
ciated units and to open said extinguishing cir-
cuit upon such failure, and a connection between
a point between said phototubes and the control
grids of said trigger tubes for controlling the po-
tential of the latter, predetermined variations in
the intensity of light falling upon said remotely
located phototube acting to vary the potential
of said control grids for triggering said frigger
tubes and energizing said alarm and extinguish-
ing circuits in succession.

7. In a smoke detecting unif, an alarm cir-
cult and a ifire extinguishing. eircuit, a pair of
phototubes connected in series relation to a
source of alternating current, a source of light
disposed to direct its beam upon said phototubes
but being located closer to one phototube than
to the other, @ plurality of gas-filled trigger
tubes arranged to be triggered into action sue-
cessively as the intensity of light directed upon
said remotely located phototube is varied, a con-
denser connected between said current source
and & point between said phototubes for adjusting
the potential of said latter point, and a connec-
tion between a point between said phototubes
and the control grids of said trigger tubes for
controlling the potential of the latter, prede-
termined variations in the intensity of light fall-
ing upon said remotely located phototube acting
to vary the potential of said control grids for
triggering said trigger tubes and energizing said
alarm and extinguishing circuits in succession.

8. In a2 smoke detecting unit, an alarm cir-
cuit and a fire extinguishing circuit, a pair of
phototubes arranged in series relation, a source
of light disposed fo direct its beam upon said
phototubes but being located closer to one photo-
tube than to the other, a plurality of gas-filled
trigger tubes arranged to be triggered into action
successively as the intensity of light directed upon
said remotely located phototube is varied, a con-
nection between a point between said phototubes
and the control grids of said trigger tubes for
controlling the potential of the latter, prede-
termined variations in the intensity of light
falling upon said remotely located phototube act-
ing to vary the potential of said control grids for
triggering said trigger tubes and energizing said
alarm and extinguishing circuits in succession,
and means providing a slight delay between the
triggering of said trigger tubes and the energiz-
ing of said circuits to prevent functioning of said
circuits when said trigger tubes momentarily re-
spond to voltage surges in the unit.

9. In a smoke detecting unit, a pluralitv of
pairs of associated phototubes each pair being
connected in series relation to a source of al-
ternating current, licht means disvosed to direct
a heam of licht unon each of said phototubes. a
gas-filled trigger tubse. a condenser connected to
said source of alternating current a rotary switch
for connecting a pnint between successive pairs

of phototubes to said condenser and the control’

grid of said trigeger tube. said condenser being
independently connected to sald source of alter-
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nating current at a point of low potential rela-
tive to the connections of sald phototubes for
imposing a potential on the point between said
phototubes and said grid being responsive to
variations in the potential of the point between
said phclotubes to cause said trigger tube to
respond to variations in the light directed on

‘one of a connected pair of said phototubes, and

an alarm circuit responsive to the action of said
trigger tube.

10. In a smoke detecting unit, a source of
light, a plurality of associated phototubes com-
prising a reference phototube closely adjacent
to and a detector phototube located remotely
from said light source, said phototubes each being
connected between points of relatively high po-
tential difference, a gas-filled trigger tube, means.
connecting the control grid of said trigger tube
to said phototubes to control the potential of
sald grid for causing said trigger tube to respond
to variations in the intensity of the light directed
on one of sald phototubes, s condenser connected
between said phototubes and a source of rela-
tively low potential for imposing & potential upon
the phototubes and alarm means responsive to
the action of said trigger tube.

11. In a smoke detecting unit, a source of light,
& plurality of associated phototubes comprising .
a reference phototube closely adjacent and 3
series-connected detector phototube located re-
motely from said lght source, said phototubes
each being connected between points of relatively
high potential difference, & gas-filled trigger tube,
means connecting the control grid of said trig-
ger tube to a point between said reference and
detector phototubes to control the potential of
said grid for causing said $rigger tube to respond
to variations in the intensity of the light di-
rected on sald detector phototube, calibrating
means for imposing predetermined variations in
light intensity on said detector phototube, a con-
denser independently connected to a point be-
tween said reference and detector phototubes
and to a source of relatively low potential for
imposing a potential on said point, and alarm
means acting In accordance with the response
of said trigger tube.

12. In a smoke detecting unit a source of light,
phototube means responsive to variations in the
intensity of light received from said source, in-
dicating means controlled by a gas-filled trigger
tube which is actuated in response to a difference
in its grid potential resulting from interception
of such a portion of the light directed toward
said phototube means as will effect a predeter-
mined variation in the light intensity applied
to said 1ast mentioned means, and fire extinguish-
ing means controlled by a second gas-filled trig-
ger tube which is actuated in response to a dif-
ference In its grid potential resulting from inter-
ception of such a greater portion of the light
directed toward the phototube means as to effect
a variation of a greater degree in the light in-
tensity applied to said last mentioned means.

13. In a smoke detecting system, a continu-
ously energized source of light, phototube means
responsive only to variations in the intensity of
light received from said energized source, electro-
responsive indicator means arranged to be ener-
gized upon a predetermined decrease in the in-
tensity of the light received from said energized
source by said phototube means, electro-respon-
sive fire extinguishing means arranged to be en-
ergized upon a further decrease in the intensity
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of the light received from sald energized source
by said phototube means, said indicator means
and sald fire extinguishing means each including
a thyratron tube having a two-electrode gas-filled
tube connected between the anode and cathode
thereof to indicate voltage potential therebetween
and energization of said thyratron.
JAMES C. HESSON.
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