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This invention relates to an electrical system 
and apparatus for achieving a cyclic actuation, 
for example, of a signaling device at and for pre 
determined time intervals. 
One of the objects of this invention is to pro 

Wide a simple, compact and economical system 
and apparatus for dependably achieving periodic 
actuation of, for example, a visual or audible 
signal and to provide a simple, flexible and thor 
Oughly dependable control of the length of the 
time-intervals of actuation and of inactivity of 
Such a device. Another object is to provide a 
System and apparatus of the above-mentioned 
character capable of achieving in a simple and 
effective manner the periodic actuation of a cor 
trol member at precisely predetermined time-in 
tervals, and in which the time intervals may be 
relatively altered in a simple, reliable and thor 
oughly dependable manner, and in which one 
time interval, for example, that of actuation, may 
be altered without affecting the other time inter 
Wall, for example that of inactivity. Another ob 
ject is to provide a System and apparatus of the 
above-mentioned character in which Successive 
corresponding periods of actuation, and in Which 
successive cycles of operation are consistently re 
produced So that the various corresponding time 
intervals are identical. Another object of this 
invention is to provide a System and apparatus of 
the above-mentioned character that will be of 
simple, compact and inexpensive Construction, 
efficient and reliable in operation and well adapt 
ed to meet the varying conditions of actual prac 
tical use. Other objects will be in part obvious 
or in part pointed out hereinafter. 
The invention accordingly consists in the fea 

tures of construction, combination of elements, 
and arrangements of parts and in the Several steps 
and relation and Order of each of the Sane to One 
or more of the others, all as will be illustratively 
described herein and the Scope of the application 
Of which Will be indicated in the following claims. 

In the accompanying drawing, in Which is 
shown one of the various possible embodiments 
of the mechanical features of nyirVention, 

Figure 1 is a representation, partially diagran 
matic, of the circuit and apparatus, certain of 
the latter being shown in front elevation; 

Figure 2 is a horizontal sectional view of one 
of the devices of the System as seen along the 
line 2-2 of Figure 1, and 

Figure 3 illustrates the B-H curve or flux den 
sity-magnetizing force characteristic of a part of 
the apparatus of Figure 1. 

Similar reference characters refer to similar 

(C. 175-373) 
parts throughout the several views in the draw 
ling. 
AS conducive to a clearer understanding of 

certain features of my invention, it may at this, 
point be noted that in the periodic actuation of 5 
a controlled member of a signalling system such 
as, for example, a beacon light or the like, it is 
necessary, in order that the particular beacon 
or the like may be readily identified and its loca 
tion recognized, that periods of actuation or the 10 
flash periods of the beacon be of identical dura 
tion, and also that the elapsed time-intervals of 
inaction or periods between flashes be of equal 
duration. One of the outstanding objects of this 
invention is to provide a simple, reliable and eco- 5 
nomical System and apparatus for achieving pre 
cise periods of actuation and inaction of a con 
trolled member; and to provide Such a System and 
apparatus in which the number of moving parts 
and consequently Wear on parts are minimized, 
and in which the various actions are entirely au 
tomatic and dependable, requiring a minimum of 
inspection or attention. It is further pointed out 
that in a system and apparatus of the above 
mentioned character in which a signaling System 25 
such as, for example, a beacon light, it is fre 
quently necessary that the period of action and/or 
the period of inaction be changed Or Set to a new 
or different value. Another of the outstanding 
aims of this invention is to provide a System and 30 
apparatus in which the periods of action or inac 
tion may be easily changed or altered to give a 
new or different period or relation of periods. 

Referring now to the dra Wing and more par 
ticularly to Figure 1, there is diagrammatically 35 
indicated at 0 a device to be controlled which, 
for purposes of illustration, may be considered to 
be a signal or beacon light that is to be Cyclically 
operated, each cycle to include a time-interval 
of illumination followed by a time-interval of 40 
darkness. It may further be assumed that the 
device Ois electrically operated or controlled, and 
therefore has associated with it a circuit in which 
is included a suitable Source of current, conven 
iently and illustratively taking the form of a stor- 45 
age battery , and a circuit-Controlling device 
comprising a fixed contact 2 and a movable 
switch member 3. 
The controlled device, when in the form of a 

beacon light, is made operative or is flashed on 50 
for such a period of time as the electrical circuit 
is completed through the fixed contact 2 and 
the movable switch member 3, the resultant cir 
cuit being as follows:-from one side of the bat 
tery , conductor 5, movable switch member 3, 55 
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2 
fixed contact 2, conductor f4, controlled device 
10, and by way of conductor f6 back to the other 
side of the battery f. The signal light is flashed 
off or is dark during the period of time when the 
Switch 2-3 is in its open position. The periods 
of time above referred to may be on the order of 
tWO or three Seconds, more or less. 
The position of the movable switch member 3 

with respect to the fixed contact ?2 is electro 
magnetically controlled by a Winding which is 
arranged, when energized, to bring these contacts 
into engagement, thus to close the above-de 
Scribed circuit and, when deemergized, to bring 
the contacts out of engagement, thus to Open 
the above-described circuit. 
More specifically, the winding fl may be con 

structed in the form of an electromagnet having 
a Suitable core, as indicated, and operates upon 
a Suitably arranged Spring-opposed armature; 
the latter may comprise an armature 8 pivoted 
aS at 9, opposed by the Spring 20, the latter being 
adjustable. Movable Switch member 3 is Se 
cured to an insulating rod or bar 2 which in 
turn is mechanically connected as at 22, to the 
armature 8. 

Accordingly, energization of winding 7 raises 
the armature 8 and hence closes the above 
described circuit at the parts 2-3 while de 
energization of the W1nding fl is effective to 
bring about, under the action of the spring 20, 
a disengagement of the Switch member f3 from 
the part 2, thus to open the above-described 
circuit. 
The energization of the Winding and thus 

the actuation of the controlled device O are in 
turn controlled by a movable Switch member and 
a fixed SWitch member 25 Suitably mounted and 
insulated as is indicated at 26, being related to 
mechanism and structure hereinafter described 
in detail. The circuit of Winding extends from 
a suitable Source of current, illustratively a bat 
tery 23, conductor 27, movable switch member or 
contact 24, fixed contact 25, conductor 28, wind 
ing 7, conductor 29, and by way of conductor 
30 back to the other side of the source or battery 
23. Winding 7 is thus energized or deenergized, 
in this circuit, depending upon the position of 
movable contact. 24. 
Next I provide a control for the switch 24-25; 

this includes a core 3, of iron or the like, of any 
Suitable or appropriate shape, preferably of the 
shell type, thus forming a closed magnetic circuit 
and having accordingly an upper horizontal core 
leg 3, a lower horizontal core leg 3b, and 
vertical and spaced core legs 3 c and 3?d; these 
core legs may be formed in one piece and of any 
suitable magnetic material, as will more clearly 
appear hereinafter. 
Adjacent to and mechanically secured to or 

supported by the core 3, as by screws 32, is an 
other magnetic core 33, preferably forming a 
closed magnetic circuit, and hence comprising 
an upper horizontal core leg 33, a lower hori 
Zontal core leg 33b, and vertical and Spaced core 
legs 33c and 33d; these core legs may be built up 
or integrally formed in any suitable manner and 
illustratively and conveniently, for purposes of 
convenience of construction, the core legs 33d, 33 
and 330 may be made of a single U-shaped piece 
of iron, the lower ends of the vertical arms or 
legs 33d and 33c of which receive therebetween 
the core leg 33b upon which is a winding 34. By 
this construction the winding 34 and the core leg 
33 may be easily assembled to each other and 
then assembled as a unit with respect to the 
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U-shaped member 33d-338-33, thus to form a 
closed magnetic circuit for the flux of the Winding 
34. 
When the parts 3 and 33 are related to each 

other as above described, the Winding 34 with itS is 
immediate core leg 33b extends horizontally 
across the front of the bottom core leg 3fb of 
the member 31, the latter having pivoted there 
to, as at 35, a lever 36, conveniently in the form 
of a bell crank lever, whose one arm 368 extends 0 
into engagement with the movable SWitch contact 
24 and whose other arm 36b carries an armature 
37 (see also Figure 2) movable toward or away 
from the left-hand lower end of the core 33, being 
thus positioned to be within the influence of the 15 
flux in the magnetic circuit of the core 33, though 
not appreciably affected by any flux traversing 
the lower core leg 3 lb. 

Lever 36 and hence armature 37 are biased to 
Ward the left by an adjustable spring 38 and by 20 
the latter are held against an adjustable stop 39 
by means of which the most extreme position of 
the armature 37 in a direction away from the 
core 33 may be determined at Will. The insulat 
ing mounting 26 mounts the insulated Switch 25 
parts 24-25 onto the lower end of the core 3 
and holds them in Such relation to the lever 36 
that the latter may control the engagement or 
disengagement of movable switch member 24 
relative to the fixed member 25, when the Spring 30 
38 is made effective or allowed to become effective, 
lever 36 is held in the position shown in Figure 1 
and the Switch 24-25 is open, thus deenergizing 
Winding above-mentioned While actuation of 
the armature 37 and hence of the lever 36 in 35 
clockwise direction about the pivot 35 effects 
cloSure of the circuit of Winding f at the SWitch 
contacts 24-25. 

If, therefore, the intervals of time during which 
the armature 37 is permitted to remain in its 40 
extreme positions are appropriately controlled, I 
may correspondingly control the periods of actu 
ation. Or inactuation of the control device O. 
Through the core 33 I send and maintain per 

manently a magnetic flux, of fixed direction, thus 45 
polarizing the core leg 33b; this I may achieve by 
making the core leg 33b a permanent magnet, 
though preferably I achieve this polarization by 
the winding 34 Which is connected to be perma 
nently energized by the uni-directional source of 50 
energy 23. 
Winding 34 is connected to the source 23 by 

way of the following circuit:-from source 23, 
conductor 27, conductor 40, winding 34, con 
ductor 4f, and by way of conductor 30 back to the 55 
other side of the source 23. Thus, winding 34 
makes effective in the magnetic circuit 33 a fixed 
value of flux, resulting from the fixed number of 
ampere turns furnished for that purpose by the 
winding 34 and the steady or fixed current flow- 80 
ing therethrough from the source 23. This fixed 
flux, constant in direction, passes through its 
own magnetic circuit, namely, the core 33, and is 
Substantially confined to that core; it is, however, 
as above already indicated, available for coaction 65 
With the armature 37, related to the Winding 34 
and its core, so as to be within the range of the 
flux in the latter. 

However, about both cores 3-33, is a winding 
generally indicated by the reference character 70 
42; it may be wound or positioned upon the two 
cores 3-33 in any Suitable manner and illus 
tratively it may be wound in two sections, each 
On one of the vertical legs of the composite core 
31-33. Its terminals or ends are indicated at 43 is 
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and 44a. Through the winding 42 or any frac 
tion or fractions thereof is passed a current from 
the uni-directional source 23, the current being 
reversed periodically in a manner hereinafter de 
Scribed and for coaction with features more in 
detail set out hereinafter, 
The current through the winding 42 is con 

trolled by Switching mechanism which in turn is 
controlled by the magnetic flux of the structure 
33-34 and most conveniently this switching 
mechanism is controlled by the winding 7 above 
described which, as already pointed out, is con 
trolled by the armature 37 and its SWitch 24-25. 
This SWitching mechanism is arranged so that 

in One position the current from the source 23 is 
Sent through the winding 42 in One direction and 
in its other position the current is sent through 
the winding 42 in reversed direction. The mech 
anism may be of any suitable construction and 
illustratively may take the form of two movable 
Switch members 44 and 45, connected to the in 
sulating member 2, so as to be controlled by the 
Winding fl; movable switch member 44 coacts 
With fixed contacts 6 and 48, and movable switch 
member 45 coacts with fixed contacts 4 and 49. 
In Figure 1, the Switch members 44-45 are 

shown in lowermost position and hence in circuit 
closing relation to fixed contacts 46 and 4, re 
Spectively. In this relation the winding 42 about 
the two cores 3-33 is connected to the uni 
directional Source 23 by way of a circuit. Which 
may be traced as follows:-from source 23, con 
ductor 50, movable Switch member 44, fixed con 
tact 46, conductor 5, movable contact or tap 52 
related to the winding 42, sections 42a and 4.2b of 
winding 42, terminal 43, conductor 53, conductor 
54, fixed contact 47, movable switch member 45, 
and by Way of conductor 55 back to the other side 
Of the source 23; this circuit will hereinafter be 
termed 'circuit A'. 
Movable tap or contact 52 is so related to the 

Winding 42 that any desired fraction or the Whole 
Of the Winding 42 may be included in the above 
described circuit and in the position above as 
Sumed, such a fraction of the winding 42 as is 
represented by the sections 428-42bis included in 
the circuit. 
When the movable switch members 44-45 are 

moved upwardly under the control of Winding 7 
So as to break the above-described circuits at the 
Contacts 46-4, respectively, and to come into 
engagement with contacts 48-49, respectively, 
the winding 42 is again connected to the uni 
directional source 23 but now in a manner to 
send the current through the winding 42 (or any 
desired fraction of the winding) in a direction re 
Versed from its direction of flow when the above 
outlined circuit is closed. 
This new circuit will be seen to extend from 

One side of source 23, conductor 50, movable 
Switch member 44, fixed contact 48, conductor 56, 
conductor 54, conductor 53, terminal 43, section 
42 of winding 42, movable contact or tap 57, con 
ductor 58, fixed contact 49, movable Switch mem 
ber 45, and thence by way of conductor 55 back 
to the other side of the source 23; this circuit will 
hereafter be termed “circuit B'. Tap or contact 
57 is so related to the Winding 42 that any desired 
fraction or the whole of the latter may be by it 
included in this new circuit. 

Thus, successive reversals of direction of flux 
produced by the Winding 42 may be achieved and 
these Successive reversals bring about Certain 
unique coactions with and influences upon the 
system and apparatus. These reversals Will be 

3 
Seen to be effective in two magnetic circuits, inde 
pendent of each other; the first of these is the 
core 3 and the Second of these is the core 33, 
the latter having therein the polarizing flux above 
described and conveniently and illustratively 5 
achieved by the winding 34. 
Considering first certain actions that take place 

in the magnetic circuit or core 33, reference may 
first be made to Figure 3 which represents the 
hysteresis loop of the iron core 3 ; this loop is 0 
to be understood to be the flux density-field in 
tensity characteristic of the iron core 3 after 
Sufficient reversal of magnetizing field intensity 
has been achieved to prevent, upon further re 
Versals, a shifting of the hysteresis loop relative 5 
to One of the axes and it is to be noted that the 
loop is Symmetrical with respect to both the hori 
ZOntal and the vertical axes. The abscissae repre 
Sent the magnetizing force or magnetic field in 
tensity, the latter being a function of the cur- 20 
rent flowing through the winding 42, while the 
Ordinates represent the density of magnetic flux 
in the core 3. itself. 

If the maximum magnetizing force in a posi 
tive direction is equivalent to the value OA, the 25 
flux density in the iron core 3 corresponding to 
this magnetizing force is represented by the value 
BA. If this magnetizing force is diminished, as 
by diminishing the current in the Winding 42 and 
bringing it to zero, the flux density in the core 3 30 
still has a Substantial value and is determined 
by the point at which the hysteresis loop crosses 
the vertical axis and hence the value is that rep 
resented by CO. Thus, though the magnetizing 
force effective upon the core 3? has been reduced 35 
to zero, there is still substantial flux density in 
the core 3, represented by the value CO in Fig 
lure 3, and that remaining flux density is knoWn. 
as “remanent magnetism'. 

If this remanent magnetism is to be reduced 40 
to zero, the magnetizing force or field intensity 
has to be reversed, as by reversing the direction 
of flow of current through the winding 42 and 
such reversal has to be brought to a magnitude 
sufficient to produce a reversed magnetizing force 45 
equivalent to OE; it is at point E that the left 
hand part of the hysteresis loop crosses the axis 
of field intensity and the value OE of field in 
tensity that is requisite to reduce the flux in the 
core 3 to zero is called the “coercive force'. 50 

If the field intensity, in the above-described 
reversed direction, is now increased beyond the 
Value OE, and to a maximum OF (in the negative 
direction), the flux density in the core 3 is rep 
resented by the value FG, and if now the current 55 
in the winding 42 which brought about this maxi 
mum field intensity is reduced to Zero, the flux 
density diminishes along the portion GH of the 
curve and remains at a value of OH (in the nega 
tive direction), representing the "remanent mag- 60 
netism' now in the reversed direction. 
To remove this remanent magnetism, a coer 

cive force equivalent to the value OK but now in 
a positive direction, is necessary, and this has to 
be brought about by way of a reversal in current 65 
in the Winding 42. 
Thus, before the magnetizing force or ampere 

turns in the winding 42 can be brought to the 
maximum Value BA or GF, the remanent mag 
netism must in each instance be overcome. This to 
and other actions will be more fully described 
hereinafter, but it may at this point be noted that 
the above-described Switching mechanism which 
establishes either circuit A or circuit B above 
described, takes part in controlling the direction 5 
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4. 
of the magnetizing force effective upon core 3 
and hence whether such force is in the direction 
OA of Figure 3 or in the direction OF. 

Disregarding the flux in core 33 produced by 
winding A2, it should first be noted that the 
polarizing flux produced by the winding 34 in 
the magnetic circuit or core 33 is such that it is 
insufficient to effect movement of the armature 
37 in a direction toward the right, as seen in 
Figure 1, the parts being appropriately adjusted 
or constructed to bring this about; illustratively, 
the tensioi of adjustable spring 38 may be uti 
lized for this purpose, or by Way of further ex 
ample, the adjustable stop 39 may be Set to pro 
vide an air gap between the core. 33b and the 
armature 37 large enough to prevent actuation 
of the armature 37 under these conditions. Let 
it now be assumed that all of the movable parts 
are in the position shown in Figure 1 and that, 
therefore, circuit A above described through 
winding 42 is established. Now windings 42 and 
34 are wound in such directions relative to the 
core 33 that, when circuit A is established, the 
flux produced in core 33 by the ampere turns 
of winding 32 flows in the same direction as and 
is additive to the polarizing flux, namely, the 
flux of winding 34. 

But at the moment that circuit A is estab 
lished, there is effective in core 3 a remanent 
magnetism in a negative direction equivalent to 
OH on Figure 3 and the resultant current flow 
through winding 42 produces a magnetizing 
force in a positive direction, assuming ultimately 
a maximum value of OA in Figure 3, the mag 
netizing force having had to reach a value of 
OK before the remanent magnetism OH has 
been reduced to zero and having had to be still 
further increased, by the amount KA, before 
the maximum flux density, in core 3, of BA, 
has been achieved. 
But the time rate of rise in this circuit A, 

during the above-described actions, is very low; 
the rise or increase in the current through Wind 
ing 42 is opposed not only by the Substantial in 
ductance of the combination of winding 42 and 
core 33 and by the resistance in the circuit but 
also due to the remanent magnetisin in the iron 
core 3; itself. The flux due to this remainent 
magnetism in the core 3 is, as is above made 
clear, opposed to that produced by the current 
fiowing in circuit A. From the moment that 
circuit A is closed, the current therethrough and 
hence through the winding 42 Starts to increase 
in the direction OA of Figure 3 and the rate of 
increase of that current is greatly reduced be 
cause the magnetizing force which it produces 
in core 3 has to overconne and is opposed by the 
remanent magnetism OH which, as already 
pointed cut, has to be reduced to Zero, requiring 
a coercive force of OK and a corresponding Value 
Cf current, before it is actually reduced to Zero; 
thereafter, magnetization of the core 3 or the 
production in it of flux density in positive direc 
tion, along the portion KB, on the curve, takes 
place and this is achieved by the further increase 
in current, by the amount of KA, to the total 
value of OA. To achieve all of this, requires 
considerable periods of time, and during the re 
Sultant prolonged interval, the iron in the core 
3 has passed through the portion HKB of the 
hysteresis loop. 
At the time the magnetizing force has reached 

the value OA in the winding 42, there becomes 
effective in the magnetic circuit of core 33 
ampere turns or magnetizing force proportional 
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to the value OA of Figure 3 and the resultant 
flux which Winding 42, at this moment, sends 
through the core 33 to be added to the flux of 
winding 34, is sufficient now with the flux of 
winding 34 to draw armature 37 to the right and 5 
toward the core leg 33b, thus diminishing the 
air gap between the armature 3 and core leg 
33b (for a purpose later mentioned), and mov 
ing movable switch member 24 into contact with 
contact 25, thus closing the circuit to winding O 

7, which is thus energized, moving Switch mem 
bers f3, 44 and 45 upwardly into and holding 
them in contact with the contacts 2, 48 and 49, 
respectively. --- 

At contacts 2-3 the circuit to the control 15 
device is thus closed and the latter enters upon 
a new interval of actuation. By Switch members 
44-45 the above-described circuit A has been 
interrupted, and circuit B through Winding 42 is 
closed. 20 
Upon the interruption of circuit A, the mag 

netizing force or ampere turns in winding 42 
drops to zero, the magnetizing force OA being 
thus removed; but the flux density in core 3 
does not drop to zero but moves, along the por- 25 
tion EC of the hysteresis characteristic and m0 
mentarily remains at the value CO, represent 
ing now a remanent magnetism in a positive 
direction. 

But the closure of circuit B sends current 30 
through the winding 42 in reversed direction and 
that current tends to increase in the direction 
OF in Figure 3. But here its rate of rise is op 
posed first by the remanent magnetism CO which 
must first be overcome and brought to Zero and 35 
to bring it to zero the magnetizing force Or an 
pere turns and hence the current has to rise to 
a value OE, the remanent magnetism diminish 
ing to zero along the portion CE of the charac 
teristic, and it is only after the lapse of that in- 40 
terval of time and after the expenditure of that 
work that the reversed direction in winding 42 
can begin to magnetize the core 3 in reversed 
direction. 

Accordingly, the current in circuit B continues, 45 
but slowly, to increase beyond the value OE, pro 
ducing a flux density in the core 3 that in 
creases in the negative direction along the por 
tion EG of the curve, reaching a maximum value 
of FG, while the current itself in the winding 42 50 
achieves its maximum value Which is a function 
Of the abscissae OF. 
During the transition of the core 3 through 

the portion BCEG of the characteristic of Figure 
3, considerable time has elapsed, as will be clear 55 
from what has already been Stated above, it be 
ing additionally pointed out, however, that the 
rate of fall of current in circuit A, when that 
circuit is interrupted, and corresponding to the 
transition of the core 3d along the portion BC of 60 
the characteristic can be made to be and prefer 
ably is so low that the flow of current, in re 
versed direction, through coil 42 as a result of 
the closure of circuit B is opposed also by the de 
caying current in Winding 42 resulting from the 
conditions existing when circuit A was interrupt 
ed, and thus further delaying the building up 
of the current in circuit B. 
During this prolonged interval of time, corre- 70 

sponding to the transition of the core 3 through 
the portion BCEG of the characteristic of Fig 
ure 3, armature 37 has been held in its actuated 
position, by the flux of Winding 34, and arma 
ture 37 is not released and the ampere turns of 5 
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winding 42, when in the circuit B, have sent suf 
ficient flux through the core 33, but in a direc 
tion now opposed to the direction of flow of the 
flux produced by winding 34, to either completely 
neutralize the flux of winding 34 or to sufficiently 
weaken that flux to cause a release of armature 
37 and its movement, under the action of Spring 
38, into the position shown in Figure l; the parts 
are SO proportioned or adjusted that this takes 
place when the magnetizing force effective in core 
3 has achieved the value OF of Figure 3 and 
hence when the flux density is equivalent to 
the value FG. 
The actuation in the above-mentioned direc 

tion of armature 3 under the control of the 
parts as above described noW result in opening 
the circuit of winding at the Switch 24-25, 
whereupon winding 7 causes switch members 3, 
44 and 45 to be moved downwardly, under the 
action of spring 20, thereby interrupting the cir 
cuit of the controlled device O at the contacts 
f2-13 and thus terminating a prolonged interval 
of time, which may be several Seconds or more Or 
less, of actuation of the device fe, and by way of 
switch members 45-45 thus interrupts circuit 
B and establishes circuit A. 
But the interruption of circuit B commences 

a slow decay or fall of the current in winding 42, 
the flux density in core 3 falling along the por 
tion GH of the characteristic of Figure 3 to leave 
in the Core 3 a remanent magnetism OH, in 
the negative direction, which, as Well as the 
above-mentioned slow decay of current in the 
Winding 42, has to be Overcome by the current 
starting to rise in the newly established circuit A, 
Whence cycle of operation is repeated. 

Thus, the time interval during which the Switch 
f2-3 is open and the time interval during 
which the switch 2-3 is closed can be and are 
made relatively very long, being, as already 
above indicated, On the Order of Several Seconds 
Or more. Each cycle, made up of two such suc 
CeSSive time intervals and Corresponding there 
fore to a complete cycle of action or inaction of 
the controlled device (), are accompanied by the 
paSSage of the conditions in the inductance core 
3 through the hysteresis loop or characteristic 
of Figure 3. Each time interval corresponding to 
a paSSage of the Conditions of the core 3 along 
the characteristic of Figure 3 from G to B or 
from B to G is relatively long and its length is 
contributed to by not only the low time rate of 
increase of current in circuits A or B, due to 
the factors of resistance in the circuit and in 
ductance of the combination 42-3, to the low 
time rate of fall of current at the interruption of 
One circuit to oppose the rising current when the 
other circuit is established, but also due to the 
arrangement whereby the current in each circuit 
must Overcome the effect of the very substantial 
remanent magnetism that is made to act in a 
direction to oppose the magnetizing force pro 
duced by the increasing current. Such facts as 
these are furthermore greatly enhanced in effect 
because the core 3 is preferably made of an iron 
of high magnetic permeability. During each cy 
cle the current that is to paSS through the induc 
tive winding 42 must first Oppose and bring to 
zero a substantial remanent flux in the iron 
core before it can “magnetize' the core itself. 
By such coactions as these, I am enabled to cause 
an inductance to bring about a vastly lower rate 
of increase in current therethrough than has 
heretofore been possible and thus to achieve 
vastly longer time intervals in the actuation of 

5 
the device O than has heretofore been possible. 

In the foregoing and for simplicity of de 
scription, it may be considered to have been 
assumed that the same fraction of Winding 42 
or the whole of Winding 42 WaS made to be 5 
effective in each of the tWO circuits A and B, in 
which case, of course, the two time intervals that 
make up the cycle of operation of the device O 
are substantially equal, it being understood, in 
that case, that the movable taps or contactS 52 10 
and 57 are coincident in position or engage 
the same turn of the winding 42. The length 
of these equal time periods may be Varied by 
shifting, preferably conjointly, the two taps 
52-5; along the winding 42, thereby to include 15 
in each circuit the same but a different fraction 
of the turns of Winding 42. If more turns are 
included, thus increasing the inductive re 
actance of the combination 3-42, these time 
intervals are lengthened and if the number of 20 
turns of winding 42 is diminished, the time in 
tervais are shortened. 

However, and still assuming equal time inter 
vals, the iron core 3 is always worked through 
the same hysteresis loop or characteristic, Such 25 
as that of Figure 3, irrespective of change in the 
number of turns of Winding 42 that are made 
effective; this because, the effective portion of 
winding 42, whether in circuit A or in circuit B, . 
must achieve ultinately the same magnetizing 
force or ampere-turns to bring about an actuation 
of the armature 3 which in turn brings about 
a cessation of one time interval and the COm 
mencement of the next. 

If, on the other hand, it is desired to make 
one time interval longer than the other, the 
taps 52 and 5 are dissimilarly positioned along 
the winding 42, for example, as shown in Figure 1, 
thus to cause a greater number of turns of Wind 
ing 42 to be included in one circuit than in the 
other. In Figure 1, for example, portions 42 
and 42b of the Winding 42 are included in cir 
cuit A, giving one value of inductive reactance, 
while portion E.2c, smaller than the portions in 
cluded in circuit A, is included in circuit B, thus 
giving a smaller value of inductive reactance. 
In such case, the time interval is longer. When 
circuit A is effective than the time interval when 
circuit B is effective; if the device O were to 
represent a fashing lamp, the interval of dark- 50 
ness is thus made longer than the interval of 
lamp illumination. Here, again, though there 
is now dissimilarity in the turns of Winding 42 
respectively included in circuits A and B, the iron 
of core 3 is nevertheless worked through the 55 
Same hysteresis loop or characteristic, Such as 
that of Figure 3, for in each case (circuit A and 
circuit B) the same magnetizing force Or ampere 
turns must be achieved before one time interval 
is terminated and the next commenced, 

For example, if the turns represented by the 
portions 42a and 42b of winding 42 included in 
circuit A are twice the number of the turns of 
portion 4.2c included in circuit B, the ultimate 
magnetizing force or ampere-turns achieved 65 
thereby will be the same, as above pointed out, 
to bring about actuation of the armature 37 
and switch 24-25, though the current effective 
in circuit B, and hence in portion 420 of the 
inductance 2, will be twice the value of current 70 
effective in circuit A and hence in portions 428 
and 4.2b, thereby achieving equality of ampere 
turns or magnetomotive force. And in each in 
Stance and because of the achievement of the 
same ampere-turns or magnetizing force and 5 
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6 
hence because the core 3 is caused to pass 
through the same hysteresis characteristic 
(Figure 3) the remanent magnetism left effective 
at the interruption of one circuit to be overcome, 
as above explained, upon the closure of the other 
circuit, will be the same, and hence the coercive 
force necessary to overcome the remanent mag 
netism will be the same in each circuit. This 
feature of action is important in that it achieves 
dependable independence of adjustment or set 
ting of the value of One time interval of a cycle 
of operation of the device 0 with respect to the 
other time interval. 

For example, if it is desired to change the 
length of the time interval during which cir 
cuit B is effective and not to change the length 
Of the time interval during which circuit A is 
effective, tap or contact 52 (in circuit A) is not 
shifted, thereby not changing the number of 
turns of winding 42 to be effective in circuit B; 
Such action has no reflex action, and the time 
interval of circuit. A remains the same and is 
unaffected by the new time interval effective in 
circuit B, and vice versa; this because the same 
ultimate magnetomotive force, or ampere-turns, 
Or magnetizing force, is achieved in each in 
Stance, and the cessation of action of one circuit 
leaves the core 3 with the same amount or value 
of remanent magnetism to be overcome by and 
in the other circuit when that is made effective. 
Thus, I achieve ease and convenience and pre 

cision of determination of the relative lengths 
of the time intervals of a cycle of operation of 
the device O and particularly where the latter 
is in the form of a beacon light, or the like, whose 
identification is achieved by measuring the 
lengths of intervals of darkness and of light, 
I am enabled to achieve a wide range of differ 
ently related time intervals with speed, accuracy 
and precision. 

I have above mentioned that the rising cur 
rent in one circuit may be opposed by the falling 
current resulting upon the breaking of the other 
circuit. This effect I greatly enhance by bridg 
ing across the terminals 43-44 of the inductance 
42 a gaseous discharge tube 60, as by conductors 
6 and 62-53; this tube may be of any suitable 
construction and illustratively it may comprise 
any Suitable container having therein suitably 
Spaced discharge electrodes and containing an 
atmosphere of a Suitable gas, such as neon, at a 
Suitable pressure, such as several millimeters. 
It may be constructed, in any suitable manner 
as is now well known in the art, to have a break 
down voltage on the order of 80 or 90 volts where 
the inductance 42-3 is of such a character that 
the decay of current therein, when its circuit is 
interrupted, gives rise to a voltage therein on the 
Order of 1000 voltS or SO. 

In operation, when circuit A or circuit B is 
interrupted, thus to start collapsing the magnetic 
field of Windings 42 and thus to start this decay 
of current therein, the energy resulting from the 
latter is shunted away from the switch contacts 
46-48-47-49 and related Switch members, and 
is now to be dissipated by and in the gaseous 
discharge tube 60; gaseous conduction takes place 
from electrode to electrode in the device 60 out 
conduction therethrough and hence the dissipa 
tion of the energy in the winding 42 correspond 
ing to this collapsing magnetic field or due to the 
decaying current therein, takes place at a limited 
or controlled rate, due to the action of the device 
60, thus delaying the rate of fall or decay of the 
decaying current and this I may achieve to such 
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an extent that, when the next circuit (either A 
or B) is made effective, the current therein and 
tending to flow in opposition to the direction 
of this decaying current is of a large enough 
value to oppose the current flow in the newly es- 5 
tablished circuit or, viewed in another light, sets 
up a back E. M. F. in this newly established 
circuit that still further delays the rise of current 
from the Source 23 in the newly established cir 
cuit. Thus, I am enabled still further to increase 10 
the length of the time intervals. 
The device 60 also safeguards the above-men 

tioned switch contacts against snarking for its 
breakdown voltage is much less than the break 
down voltage of the air gaps at these contacts, 15 
and thus this stored energy seeks out the tube 60 
as the path of lesser resistance and it is through 
the tube 60 that the discharge takes place. More 
over, the tube 60 has the characteristic that its 
resistance, after discharge therethrough has been 20 
commenced is less than would be or is the re 
sistance of the spark discharge path that would 
otherwise be formed at these switch contacts; 
through such an arc, the dissipation of this stored 
energy would be exceedingly rapid, being of high 25 
resistance, but through the once established dis 
charge through the device 60, the dissipation of 
this stored energy takes place at a much slower 
rate because of the lower resistance of the device 
60 as compared to the resistance of the Spark. 80 
The breakdown voltage of the discharge de 

vice 60 is, moreover, in excess of the voltage of 
the source 23 and is such that the battery or 
source 23 is incapable of sustaining the discharge 
in the device 60 upon the closure of either circult 35 
A or circuit B; the discharge in the device 60 
therefore ceases as soon as the decaying current 
(or its voltage) has diminished to a value insuf 
ficient to maintain the discharge. 

Thus, aside from the achievement of delay in 40 
the rise in current by such coactions as have above 
been described in connection with the hysteresis 
characteristic of Figure 3, I am enabled to cause 
the energy stored in the winding 42 or in the mag 
netic field ultimately achieved by the latter in the 45 
core 3 at points B or G of Figure 3 to coact 
to achieve still further prolongations of the time 
intervals that it takes the current in the winding 
42, in either circuit A or B, to achieve the intend 
ed or desired maximum magnetizing flux. 50 
In the circuit or switch 24-25 is inserted a con 

denser 70 (Figure 1) related thereto and to the 
circuit of winding fT as indicated in Figure l; 
in series with the condenser 70 is a resistance 
7. These parts are inserted to protect the con- 55 
tacts 24-25 and in practice the condenser 70 
takes the form of an electrolytic condenser which 
may be embodied in relatively small cubical vol 
ume of adequately high capacity for the relatively 
low voltage involved and when so embodied it 60 
has the inherent characteristic of providing an 
equivalent series resistance, indicated by the re 
sistance 7, thereby making it unnecessary to pro 
vide a separate external resistor unit. With this 
arrangement, the lives of the switch contacts 65 
24-25 are greatly prolonged. 

It will thus be seen that there have been pro 
vided in this invention a system and apparatus 
in which the various objects hereinabove pointed 
out, together with many thoroughly practical and 70 
unique advantages are successfully achieved. It 
will be seen that the apparatus is of a thoroughly 
practical character, is capable of dependably 
achieving cyclic actuation in which the periods 
that make up any cycle may be reliably deter-5 
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mined, made equal, or made different, and that 
these actions may be achieved without causing 
the Setting of one time interval or period of a 
cycle to disturb or influence the length of the 
other period or time interval. 
As many possible embodiments may be made 

Of the mechanical features of the above invention 
and as the art herein described might be varied 
in various parts, all without departing from the 
Scope of the invention, it is to be understood that 
all matter hereinabove set forth, or shown in the 
accompanying drawing is to be interpreted as 
illustrative and not in a limiting sense. 

I claim: 
1. In apparatus of the character described, in 

combination, a Source of direct current, a flux 
responsive control member movable into either of 
twopositions, and meansforcontrolling the lengths 
of the tine intervals during which said member 
Occupies Said positions, Said means including 
magnetic-flux-producing means, Said member 
being exposed to the flux thereof, an iron core, 
a winding about the latter and capable, when 
energized, to magnetize said core, and Said core 
being capable, when said winding is deenergized, 
of retaining residual magnetism, said winding 
being positioned to affect the flux of said flux 
producing means, and means for sending current 
through said winding from Said source in a direc 
tion to overcome the residual magnetism in said 
COre. 

2. In apparatus of the character described, in 
combination, a source of direct current, a flux 
responsive control member movable into either 
of two positions, and means for controlling the 
lengths of the time intervals during which said 
member occupies said positions, said means in 
cluding magnetic-flux-producing means, Said 
member being exposed to the flux thereof, an 
ircIn core, a winding about said core and capable, 
when energized, to magnetize said core, and said 
core being capable, when said Winding is deen 
ergized, of retaining residual magnetism, means 
for sending current from said source through said 
winding in a direction to overcome the residual 
magnetism of said core, and means whereby cur 
rent flowing in the circuit of Said winding and 
Source affects the flux of said flux-producing 
means, thereby to affect the position of said 
member, said last-mentioned means comprising 
means causing flux from said Winding to affect 
the flux of said flux-producing means. 

3. In apparatus of the character described, in 
Combination, a Source of current, a movable 
member capable of aSSunning either of two posi 
tions, two adjacent magnetic circuits, means for 
producing a flux in one of Said circuits, means 
controlled by flux in Said one circuit for control 
ling the position of Said member, a Winding for 
setting up flux in both of said circuits and capa 
ble, when energized, to magnetize said other mag 
netic circuit, and said other magnetic circuit be 
ing capable, when Said winding is deenergized, 
of retaining residual magnetism, and switching 
means controlled by Said movable member for 
directing current through said winding from said 
Source in a direction to oppose the residual mag 
netism in the other of said magnetic circuits. 

4. In apparatus of the character described, in 
combination, a source of current, a movable mem 
ber capable of assuming either of two positions. 
two adjacent magnetic circuits, means for pro 
ducing a flux in one of Said circuits, means con 
trolled by flux in said one circuit for controlling 
the position of said member, a winding for set 
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ting up flux in both of Said circuits, means for 
changing the inductive reactance of the induc 
tance formed by said Winding and the other of 
Said magnetic circuits, and means controlled in 
response to the fux in said one magnetic cir 
cuit for reversing the direction of current flow 
from said source through said winding. 

5. In apparatus of the character described, in 
combination, a source of current, a nowable 
member capable of assuming either of two posi 
tions, two adjacent magnetic circuits, means for 
producing a flux in one of Said circuits, means 
controlled by flux in said one circuit for con 
trolling the position of said member, a winding 
for setting up flux in both of said circuits, SWitch 
ing means interposed between said winding 2nd 
said source for reversing the direction of current 
flow through said winding, means for varying 
the number of turns of Said winding through 
which current from said source is to paSS, and 
means actuating said switching means in re 
sponse to change in position of Said imovable 
member. 

6. In apparatus of the character described, in 
combination, a source of current, a movable 
member capable of assuming either of tWO posi 
tions, two adjacent magnetic circuits, means for 
producing a flux in one of said circuits, means 
controlled by flux in said one circuit for con 
trolling the position of said member, a Winding 
for setting up flux in both of said circuits, Switch 
ing means interposed between said winding and 
said source for reversing the direction of current 
flow through said winding, there being more 
turns of said Winding effective when current fron 
said source flows therethrough in One direction 
than there are effective when the current is re 
versed, and means responsive to said movable 
member for controlling said switching means. 

7. In apparatus of the character described, in 
combination, a source of current, a movable 
member capable of assuming either of two posi 
tions, two adjacent magnetic circuits, means for 
producing a flux in one of said circuits, means 
controlled by flux in said one circuit for con 
trolling the position of said member, a winding 
for setting up flux in both of said circuits, SWitch 
ing means interposed between said Winding and 
said source for reversing the direction of current 
flow through said winding, means Operable at 
will for determining how many turns of Said 
winding shall be effective when current flows 
therethrough in one direction as compared to 
the turns to be effective when the current is 
reversed, and means operating Said switching 
means in response to change in position of Said 
movable member. 

8. In an inductive time delay apparatus having 
a winding about a core and reversing-Switch 
means effective upon said winding, the combi 
nation therewith of means having a lower break 
down voltage than the contacts of Said switch 
means but a higher resistance after breakdown 
than the resistance of said Switch means after 
spark-over, shunted about said winding for re 
tarding the dissipation of the energy generated 
in said Winding upon the collapse of the mag 
netic field of said core. 

9. An apparatus like that of claim 8 in which 
the shunted means comprises an electric con 
duction device. 

10. An apparatus like that of claim 8 in which 
the shunted means is a gaseous discharge device. 

11. An apparatus for achieving electrically 
Successive long time intervals, comprising, in 
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8 
combination, reversing-switch means, a polarized 
relay for controlling the latter, said polarized re 
lay including a member of magnetic material, an 
iron core, a winding thereon and a source of cur 
rent in circuit therewith and said reversing 
Switch means, and means for affecting said polar 
ized relay by current under the control of said 
reversing switch means comprising means mount 
ing said member in a position to be affected by the 
flux produced by said Winding. 

12. An apparatus for achieving electrically suc 
cessive long time intervals, comprising, in com 
bination, reversing-switch means, a polarized re 
lay for controlling the latter, said polarized relay 
including a core of magnetic material, an iron 
core, a winding thereon and a Source of Current 
in circuit therewith and said reversing-SWitch 
means, and means subjecting Said core of Said 
polarized relay to flux of said winding produced 
by the reversing current controlled by said Switch 
e2S. 
13. An apparatus for achieving electrically suc 

cessive long time intervals, comprising, in com 
bination, reversing-switch means, a polarized re 
lay for controlling the latter, an iron core, a 
winding thereon and a source of current in cir 
cuit therewith and Said reversing-Switch means, 
and means subjecting said polarized relay to flux 
produced by said winding. 

14. An apparatus for achieving electrically Suc 
cessive long time intervals, comprising, in com 
bination, reversing-switch means, a polarized re 
lay for controlling the latter, said polarized relay 
having a core of magnetic material, a Second core 
of magnetic material, a source of current, and a 
winding common to both of said cores, Said Wind 
ing being in circuit with Said source and Said 
reversing-switch means, whereby said polarized 
relay is subjected to flux produced by the revers 
ing current controlled by said switch means. 

15. An apparatus for achieving electrically Suc 
cessive long time intervals, comprising, in con 
bination, reversing-switch means, a relay for 
controlling the latter, said relay having a core, 
a source of current, a winding on said core uni 
directionally energized from said source for there 
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by polarizing said relay, a second core, a winding 
On Said Second core connected to said Source 
through said reversing-switch means, and means 
for affecting said polarized relay by current under 
the control of said reversing-switch means. 

16. An apparatus for achieving electrically Suc 
cessive long time intervals, comprising, in combi 
nation, reversing-SWitch means, a relay for Con 
trolling the latter, Said relay having a COre, a 
Source of current, a winding on said core uni 
directionally energized from Said Source for 
thereby polarizing said relay, a Second COre, a 
Winding on said Second core connected to Said 
source through said reversing-switch means, and 
means subjecting said polarized relay to flux pro 
duced by the reversing current controlled by said 
Switch means. 

17. An apparatus for achieving electrically 
Successive long time intervals, comprising, in 
combination, reversing-switch means, a relay 
for controlling the latter, said relay having 
a core, a source of current, a winding on 
said core uni-directionally energized from Said 
source for thereby polarizing said relay, a second 
core, and a winding extending about both of Said 
cores and connected in circuit with said source 
but through said reversing-switch means, where 
by said polarized relay is subjected to flux pro 
duced by the reversing current in said second 
mentioned Winding. 

18. An apparatus for achieving electrically 
successive long time intervals, comprising, in 
combination, reversing-SWitch means, a relay for 
controlling the latter, said relay having a core, 
a source of current, a winding on Sald core uni 
directionally energized from Said Source for there 
by polarizing said relay, a second core, said two 
cores forming individual and closed magnetic 
circuits, and a winding about both of Said cores 
and thereby affecting both of Said closed mag 
netic circuits and connected through said revers 
ing-switch means to said source, whereby said re 
lay is affected by flux produced by the reversing 
current in said Second-mentioned winding. 
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