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This invention relates to an electrical system 
and apparatus and to a method for achieving 
Cyclic actuation, for example of a signaling de 
Vice, at and for predetermined time intervals. 
One of the objects of this invention is to pro 

vide a simple and thoroughly practical system 

20 

5 5 

60 

and apparatuS for dependably achieving periodic 
actuation of Such a device as a visual or audi 
ble Signal and to provide a thoroughly depend 
able control of the periods of time of actuation 
and inactivity. Another object is to provide an 
electrical System and apparatus capable of 
achieving, in a thoroughly dependable yet sim 
ple manner, the periodic actuation of a control 
member at precisely determined time intervals 
and, more particularly, to achieve cyclic actua 
tion of a control member at successive periods, 
Within each cycle, that may be the same or may 
bear any Suitable relation to each other. An 
other object is to provide an apparatus of the 
above-mentioned character capable, in a simple 
and thoroughly practical manner, of a wide 
range of change in the relation of one period 
Within a cycle to another period within the cycle 
of Operation. Another object is to provide an 
electrical apparatus of the above-mentioned 
character in which, electrically, time intervals 
Or periods of relatively great length may be 
produced. Another object is to provide a sig 
naling System and apparatus in which repeated 
actuations of the signaling device may be 
achieved with thoroughly dependable control 
of the time intervals during which the signaling 
device is actuated and of the intervening time 
intervals; and more particularly to provide an 
electrical apparatus of this character in which 
it is possible to make effective time intervals of 
a length greater than it has heretofore been pos 
Sible. Another object is to provide a system and 
apparatus of the above-mentioned character 
that will be of inexpensive construction, rugged 
and thoroughly dependable in action, and well 
adapted to meet the varying conditions of hard 
practical use. 
Another object is to provide a thoroughly prac 

tical method for achieving electrically relatively 
long periods of time or time intervals in the 
Operation or actuation of an apparatus Such as 
a signaling device and Which method may be 
carried on in practice in a simple and practical 
manner and With thoroughly dependable and 
consistent results. 
Other objects will be in part obvious or in 

part pointed out hereinafter. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
arrangements of parts and in the several steps 
and relation and order of each of the sa:me to 
one or more of the others, all as will be illus 
tratively described herein, and the scope of the 

(C. 177-329) 
application of which Will be indicated in the 
following claims. 

In the accompanying dra Wing, 
Figure 1 is a diagrammatic representation of 

the apparatus and circuit arrangement of a pre 
ferred enabodiment Of the mechanical and elec 
tical features of my invention, and 

Figure 2 illustrates the magnetizing force 
flux density characteristic or So-called "hyster 
esis loop' of a part of the apparatus of Figure i. 
AS conducive to a clearer understanding of 

certain features of my invention, it may at this 
point be noted that frequent occasion arises in 
practice for causing the repeated or cyclic actu 
ation, for example of a signaling device Such as 5 
a signal lamp, so that the Successive periods of 
time during which the device is actuated are 
precisely of equal duration and the intervening 
time intervals are likewise precisely of equal 
duration and also so that the length of a time 20 
interval of actuation of the device bears an in 
variable ratio or proportion to the length of 
time of inaction of the device. For example, in 
fiashing buoys, or the like, it is Sometimes neces 
sary to achieve identification of the buoy and 
hence of the point which it marks, by the length 
of the time interval of the flash and the length 
of the time period intervening the flashes; in 
such instances the time intervals must be in 
variable. One of the dominant aims of this in 
wention is to provide a simple and thoroughly 
practical electrical system and apparatus for 
achieving thoroughly dependable and consist 
ently precise control of such time intervals and 
of the relation or proportion of the time inter- 35 
vais of operation to the time intervals of in 
action. 

Referring now to the drawing and inore par 
ticularly to Figure 1, there is diagrammatically 
indicated at it the device to be controlled, and 40 
for purposes of illustration, this device may be 
considered to be a signaling lamp that is to be 
cyclically operated, each cycle to include a time 

5 

30 

interval of illumination of the lamp followed by 
a time interval of darkness. It may further be 45 
assumed that the device ij is electrically Oper 
ated or controlled and therefore has associated 
With it, a circuit in Which is included a Suitable 
source of current conveniently taking the form of 
a storage battery and a circuit-controlling de- 50 
vice comprising a fixed contact 2 and a movable 
switch member 3. Hence, where the device fo 
is in the form of an incandescent lamp, the lamp 
is lighted for Such a period of time as the switch 
2-3 closes the circuit and remains dark for 55 
Such a period of time as the Switch 2-3 is 
held open. These periods of time may be on the 
order of two or three Seconds in duration. 
The position of the Switch member 3 with re 

spect to the contact 2 is controlled by two coils 60 
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4 and 5 operating upon an armature 6 con 

veniently pivoted as at 7 and having a portion 
adapted to engage the Switch member 3 to move 
the latter therewith. Preferably the movement of 

5 the armature 6 when the coils 4 and 5 are ap 
propriately energized takes place in opposition 
to a Spring 8 which is l'eferably adjustable. 
The coils 4 and 5 are related to the al'mature 
f 6 so that when either coil alone is energized 

10 the armature 6 moves upwardly to close the 
Switch f 2-3 and it remains in that position, 
thus holding the SWitch 2-3 closed, as long as 
only one of the coils 3-5 is appropriately ener 
gized; the coils 4-5, moreover, are related in 

15 opposition to each other So that, when the second 
of these tWO coils becomes appropriately ener 
gized, the armature 6 moves downwardly under 
the action of the Spring 8, thus causing the 
switch member 3 to open the circuit of the de 

20 vice fo; the parts remain in downward position 
until one of the coils is deemergized so as to per 
mit the other coil to attract the armature 6 and 
again cause the latter to close the switch 2-3. 

Considering now certain of the features of my 
25 invention. Whereby the duration of the circuit 

closing action of the Switch 2-3 and the dura 
tion of the circuit-opening action of the switch 
2-3 are predetermined and controlled, it might 

first be noted that I provide a polarized relay 
30 generally indicated at 9 arranged, in coaction 

With preferably certain other devices hereinafter 
more clearly described, to control the energiza 
tion of the coils 4 and 5. The relay 9 has a 
movable armature 23 the movement of which is 

35 controlled by a coil 2 i, the relay being constructed 
and arranged in any Suitable manner so that, 
When current of a certain value passes through 
the coil 2 in one direction, the armature 2) is 
moved to its extreme left-hand position, as viewed 

40 in Figure 1, to make contact with a fixed con 
tact 22 while, on the other hand, when current 
of a certain value passes through the coil. 2 in 
reversed direction, the arnature 28 is moved to 
its extreme right-hand position to make contact 

45 with a relatively fixed contact. 23. As long as the 
Current energizing the coil 2 f is below the above 
mentioned certain value, the armature 20 re 
mains in a neutral position between the contacts 
22 and 23. 

50 The current tilat energizes coil. 2 of the relay 
9 is derived from any suitable source but prefer 

ably from a Stoltage battery 24 having therefore 
a low internal resistance and the battery 24 and 
coil 2 of the relay are connected in circuit with 
an inductance generally indicated at 25 wound 
upon or Suitably associated with an iron core 26. 

5 5 

AS will be pointed out more clearly hereinafter 
and as conducive to a clearer understanding of 

60 certain features of my invention, it may at this 
point be noted that the inductance 25-26 is of 
Sufficient value to cause the lapse of a Substan 
tial period of time between the closure of the cir 
cuit therethrough and through the relay coil 2 

65 and the achievement of a current flow there 
through of a value Sufficient to cause the actua 
tion of the relay armature 2. 
The circuits, however, in which the battery 24 

may become effective are controlled, in accord 
to ance with certain features of my invention, pref 

erably by the coils 4-5, and conveniently I 
provide Suitable Switch members and associated 
contacts appropriately related to the armature 
6 to cause actuation thereof by the latter. For 

75 example, I provide two switch members 27 and 

28 connected, by the insulating bar 29, to the 
SWitch member 3. IhuS actuation of the arma 
ture 3 causes also the actuation of the Switch 
members 27 and 28. 
Switch member 2 has associated with it a con- 5 

tact 3 with which it is engaged when the switch 
2-3 is open, while Switch inenber 23 has sini 

larly related to it a coil tact 3; with which it en 
gageS when the SWitch 2-3 is open. Upward 
movement of the SWitch member 2 brings it into l) 
COntact, with a contact 33 while a contact 33 is 
positioned to be engaged by the Switch member 
28 upon upward movement of the latter. 
The various switch nenbers are conveniently 

made of a Suitable Spling sileet metal and the 15 
various contacts coacting there with, as above 
pointed Out, aire preferably carried by Suitably 
yielding members. Which may also take the form 
of a Spring Sheet metal. The Switch members 
i3, 27 and 28 are biased in any suitable manner 20 
to tend to aSSune the position shown in Figure 1 
in the drawing; this biasing action may be 
achieved by the Spring 8 associated with the 
armature 3 but preferably the spring metal of 
the Switch members themselves is made, in any 25 
Suitable mannel', to tend to cause the Switch mem 
bers yieldingly to remain in the position shown 
in Figure i. 

Contact 33 is yieldingly held by its spring sup 
porting rheinbei in the position substantially as 30 
shown in Figure i while the spring supporting 
members of the contacts 3 and 3 are spring 
biased in an upward direction so that, when the 
Switch members 2 and 23 are moved upwardly 
by the armature 6, contacts 30 and 3i follow 35 
this upward movement throughout a portion 
thereof, the parts being so related that Switch 
member 23 nakes contact with the contact 33 
just before the limit of upward movement of the 
contacts 33 and 3 is reached, thus causing the 40 
closure of a circuit at the contact, 33 before the 
circuit, or circuits in which contacts 30 and 3 are 
included become broken by the continued up 
ward novelinent of the SWitch members 27 and 
28 respectively. 45 
The spring member which supports the con 

tact 33 and tends to hold it in the position shown 
in Figure 1 coacts with and contacts with a con 
tact 34 as the continued upward movement of 
the Switch member 28 picks up the contact 33 and 50 
its Spring Supporting member and carries the lat 
ter into engagement With the contact 34. 

Before considering the various circuits with 
which the above-mentioned switch members and 
Switch contacts are aSSociated, it should be point- 55 
ed out that Figure 2 represents the hysteresis 
loop of the iron core 26 associated with the in 
ductive winding 25. The loop illustratively shown 
in Figure 2 is to be understood to be the flux dens 
ity-field intensity characteristic of the iron core 60 
after sufficient reversals of the magnetizing field 
intensity have been achieved to prevent, upon 
further reversals, a shifting of the hysteresis loop 
relative to one of the axes; the loop will be seen 
to be symmetrical With respect to both the ver- 65 
tical and the horizontal axis. 
The abscissae represent the magnetizing force 

or magnetic field intensity which is, of course, a 
function of the current flowing through the wind 
ing 25 related to the core 25. Ordinates repre- 70 
Sent the density of magnetic flux in the iron core 
26. 
ASSuming that the maximum magnetizing 

force, corresponding, of course, to the maximum 
value of current in the coil 25 in a positive direc- T5 
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2,016,671. 
tion, is equivalent to the value OG, the flux dens 
ity in the iron core 26 corresponding thereto is 
represented by the value BG; if the magnetizing 
force or the current in the winding 25 is now 
diminished and brought to Zero, the flux density 
in the iron core 26 still has a very substantial 
value and will be seen to be equal to OC; this 
value is known as the “remanent magnetism'. 
To reduce the flux density in the core 26 to zero, 
the field intensity has to be reversed, that is, the 
current through the winding 25 must be reversed, 
and brought to a value equivalent to OD, corre 
sponding to the abscissa of the point where the 
left-hand part of the curve crosses the horizontal 
axis or the axis of field intensity. This value OD 
of the field intensity necessary to reduce the flux 
in the core 26 to zero is known as the “coercive 
force'. The hysteresis loop of Figure 2 thus rep 
resents the relation between flux density in the 
iron core 26 and the magnetizing force or field 
intensity, the latter a function of the current 
flowing through the winding 25, between two as 
sumed maximum values of magnetizing force Or 
current in the winding 25, the one maximum be 
ing represented by a value corresponding to OG 
in the positive direction and the other maximum 
being represented by the value OJ in the nega 
tive direction. With this preliminary consider 
ation of the hysteresis loop of the iron core a S 
sociated with the inductive winding 25, the Wari 
ous circuits associated with the above-described 
switching mechanism and related parts may now 
be considered in detail. 

Let it first be assumed that the mechanically 
movable parts have just been brought into the 
positions shown in Figure 1; the Switch 2-3 
is open and the device O, if a signal lamp, re 
mains in darkness, and the armature 20 of the 
polarized relay 9 stands in its neutral position. 
Let it be assumed that, at this time, the flux 
density in the core 26 is represented by the value 
OF, in a negative direction. This relation of the 
parts brings about a closure of a circuit, in which 
is included the battery 24, the polarized relay 
winding 2 and the winding 25. This circuit may 
be traced from one terminal of the battery 24, 
conductor 35, switch member 28, contact 3, con 
ductor 36, coil. 2 of the polarized relay 9, wind 
ing 25, adjustable tap 37, conductor 38, contact 
33, switch member 27 and by way of conductor 
39 back to the other terminal of the battery. 
The current that commences to flow through 

the winding 25, in the above-outlined circuit, pro 
duces a magnetizing force in a positive direction, 
aSSunning ultimately a maximum value equiva 
lent to OG (see Fig. 2). It has, however, taken 
a considerable period of time, from the moment 
of closure of the above-described circuit, for the 
achievement of this maximum value of current 
in the circuit. The time rate of rise of current 
in this circuit is relatively very low; the rise or 
increase in the current is opposed not only by the 
inductance and resistance in the circuit but also 
by the remanent magnetism in the iron core. 
The fiu X due to this remanent magnetism in the 
iron core 26 is in a direction opposed to that 
produced by the current flowing in this circuit; 
referring to Figure 2, the remanent magnetism, 
represented by the ordinate OF, is not reduced 
to Zero until the current or magnetizing force 
has achieved a value OA. Continued increase 
in the current or magnetizing force in the Wind 
ing 25 (from the value OA to the value OG) is 
accompanied by the production, in the iron core 
26, of a flux density equivalent to the ordinate 

3 
BG. During this prolonged interval of time, the 
iron in the core 26 has gone through the portion 
FAB of the hysteresis loop. 
When the current has finally achieved a value 

equivalent to OG, the polarized relay 9 is actu- b. 
ated to Swing the armature 20 toward the left 
and hence to close a circuit at the contact 22. 
The circuit thus closed includes the battery 24 
and the coil 4 and will be seen to be as follows: 
From the upper terminal of the battery 24, con- 10 
ductor 40, contact 22, armature 20, conductor 
4, conductor 42, coil 4, and then by way of 
conductor 43 to the remaining terminal of the 
battery 24, 

Coil f4 starts to Swing the armature 6 up- 15 
Wardly, the latter moving with it the Switch 
members 3, 27 and 28, but before switching 
members 27 and 2S are moved out of contact with 
the contacts 30 and 3, respectively, switch mem 
ber 28 has engaged the contact 33 to hold closed 20 
the circuit of coil 4 initially closed by the re 
lay arnature 20 at the contact. 22. 
The energizing circuit of coil 4 is thus main 

tained closed independently of the armature 20 
and contact 22 of the polarized relay 9 and this 25 
takes place through the following circuit:-From 
one terminal of the battery 24, conductor 35, 
Switch member 28, contact 33, conductor 44, con 
ductor 42, coil 4, and then by way of conductor 
43 back to the other side of the battery 24. 30 
After Switch member 28 has engaged contact 

33, the Switch members 28 and 27 are moved out 
of engagement with contacts 3 and 30, respec 
tively, whereupon continued upward movement 
brings the SWitch member 27 into engagement 35 
With the contact 32 while the spring member 45 
which carries the contact 33 has been brought 
into engagement with contact 34. 
The disengagement of the Switch members 28 

and 27 from the contacts 3 and 30, respectively, 40 
has caused the interruption of the circuit in 
which was included the battery 24, the winding 
2 of the polarized relay 9, and the inductance 
25. The current in this circuit, up to this time 
having a value corresponding to the abscissa, OG 45 
of Figure 2, drops to zero, and the flux density 
of the iron core 26, up to that time being at a 
value corresponding to the ordinate GB, drops, 
along the portion BC of the hysteresis loop, to 
a value, in the positive direction, equivalent to 50 
the Ordinate OC, this value representing the 
remanent magnetism in the core 26. 
Though the current in the relay coil 2 has 

dropped to Zero SO that the armature 20 cannot 
be held in engagement with the contact 22, the 55 
circuit of coil 4 is, nevertheless, maintained 
energized, as above described in detail, at the 
contact 33. 
The upward movement of the armature f6 

WaS. accompanied also by the closure of the 60 
Switch 2-3, thus closing the circuit of the 
signaling device 0 and causing its illumination 
where it takes the form of a lamp. 

Following the interruption of the energizing 
circuit of inductance 25 there took place a clo- 65 
Sure of a circuit for again energizing the in 
ductance 25 but so that the new energizing cur 
rent flows through the inductance 25 in a direc 
tion opposite from that in which it passed there 
through in the circuit initially described above. 70 
This new energizing circuit may be traced as 

follows:-From the upper terminal of battery 
24, conductor 35, switch member 28, contact 33, 
Switch member 45, contact 34, conductor 46, ad 
justable tap 41 at the lower end of the induc-5 



O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

85 

70 

75 

4. 2,016,671 
tance 25, inductance 25, coil. 2 of the relay 9, 
conductor 36, conductor 48, contact 32, switch 
member 27, and then by way of conductor 39 
back to the other side of the battery 24. 
The closure of this circuit finds the iron core 

26 with a remanent magnetism equivalent to 
the ordinate OC of Figure 2 to overcome which 
a substantial “coercive force' is needed. The 
flux corresponding to this remanent magnetism. 
OC is, moreover, in a direction opposite to that 
which the rising current in the winding 25 pro 
duces, the current passing through the latter in 
reversed direction or in negative direction as 
considered in Figure 2. This remanent flux op 
poses the increase of the current through the 
winding 25 in the negative direction and con 
siderable time has elapsed before the current has 
increased in a negative direction to the value 
OD of Figure 2 in order to reduce this remanent 
flux OC to zero, along the portion CD of the 
hysteresis characteristic of the iron core 26. 
From that point on the current continues to 

increase in a negative direction from the value 
OD to the value OJ, producing a flux density, 
now in a negative direction, increasing from 
zero, along the portion DE of the characteristic, 
to a value equivalent to the ordinate JE. 
The time rate of rise of the current, in this 

negative direction, from a Zero value to the 
value OJ has been very low and the correspond 
ing time interval during which this lise takes 
place relatively iong. This long time interval, 
like the time interval required to cause a tran 
sition in the conditions of the inductance along 
the portion FAB of the characteristic, is due, 
not merely to the low time rate of increase of 
current due to the factors of resistance and in 
ductance in the circuit, the effect of these fac 
tors being greatly increased because of the rela 
tion to the winding 25 of an iron core of high 
magnetic permeability, but also due to the fact 
that the current must first overcome the effect 
of the very substantial remanent magnetism 
that is made to act in a direction to oppose the 
magnetizing force produced by the increasing 
current. 
When the current, in the negative direction, 

has reached a value OJ, the 1relay winding 2 is 
sufficiently energized to move the armature 20; 
but the current now passes through the Winding 
2 in reversed direction and hence the armature 
2O is moved toward the right and into engage 
ment with the contact 23, thus closing a circuit 
in which is included the coil 5. 
This circuit may be traced as follows:-Fron 

the upper terminal of battery 24, conductor 35, 
switch member 28, contact 33, Switch member 45, 
conductor 44, conductor 4 , al'mature 20, contact 
33, conductor 49, coil 5 and thence by way of 
conductor 43 back to the other side of the bat 
tery 24. 

Coil 5 thus becomes energized, the circuit of 
coil 4 having, during this time interval, been 
held closed at the contacts 28-33 through a cir 
cuit which, as noted hereinabove, extends from 
the upper terminal of the battery 24, conductor 
35, switch member 38, contact 33, Switch member 
45, conductor 44, conductor 42, coil 4, and thence 
by way of conductor 43 back to the other termi 
nal of the battery. Coils 4 and 5, however, act 
in opposition to one another and hence the arma 
ture 6, under the action of the Spring 8 or 
under the action of the Spring Switch members 
3, 2T and 28, or both, moves downwardly so that 
the parts assume the position shown in Figure 1 

of the drawing. The current flowing through the 
inductance 25 thus becomes interrupted at the 
contacts 45-34 so that, referring now to Figure 2, 
the energizing current OJ is reduced to Zero and 
the flux density in the iron core 26 is reduced from 
the value JE to the value OF, the reduction tak 
ing place along the portion EF of the hysteresis 
loop. The iron core 26 is thus left in a condition 
in which it possesses a remanent magnetism, in 
a negative direction, equivalent to the value OF. 0 
The movement of the Switch members, under 

the control of the coils f 4-5, into the position 
shown in Figure 1, Will be seen to effect an Open 
circuiting, at the switch members 2-3, of the 
circuit of the signaling device O so that the lat- 5 
ter, illustratively taking the form of a lamp, is 
put out and is in darkness; by way of Switch 
members 28 and 2 and their respectively aSSO 
ciated contacts 3 and 3), there is now again 
closed an energizing circuit in which is included 20 
the inductance 25 and the relay winding 2, all as 
herein above initially described. 
circuit, however, is completed in Such a way that 
the current flowing through the inductance 25 is 
now reversed; in other words, referring to Figure 25 
2, the current in this newly established energiz 
ing circuit, instead of increasing in the direction 
OJ, increases in the direction OG. But its rate of 
increase is very slow due, aside from other factors, 
to the very substantial remanent flux OF re- 30 
maining in the iron core 26 before this energiz 
ing circuit was closed and which acts in a direc 
tion opposed to the fiux produced by this increas 
ing current. Reference to Figure 2 shows that 
a current, now in this reversed or positive direc- 35 
tion, equivalent to the value OA must be achieved 
before this remainent magnetism OF is reduced, 
along the portion FA of the characteristic, to 
zero, whereupon further increase in this current, 
fl:)n the value OA to the value OG, is effective 40 
to produce a flux density in the iron core 26 
equivalent to the value GB, the flux density in 
creasing along the portion AB of the character 
istic. 

This enelgizing 

The cycle of operations above described in de- 45 
tail repeats itself as Will now be clear in view 
of the foregoing, though it might be noted that 
the achievement of a value of current for which 
the relay 9 is set, illustratively a current value of 
OG, causes the relay to close the circuit at the 50 
contact 22 for energizing the winding 4, where 
upon the armature 6 and related parts become 
actuated with detailed results and actions as fully 
described above. 
With this arrangement I am enabled to achieve 55 

time intervals in the cyclic control of the device 
O that are of very Substantial length. I am en 

abled, due to certain features of my invention, to 
make an inductance cause a vastly lower rate of 
increase in current therethrough than has here- 60 
tofore been possible and to cause the coacting 
mechanisms to achieve vastly longer time inter 
vals in the actuation of the device () than has 
heretofore been possible. 
direct current source, such as the storage bat- 65 
tery 24, finds the inductance 25-26, as it starts to 
pass through the winding 25, in a condition where 
the iron core 26 has a remanent magnetism or 
flux density which the current, tending to in 
crease, must oppose and negative by its own flux 70 
before it can produce, in the iron core 26, a flux 
acting in the direction of its own flux. 
operation consumes a considerable period of 
time. 

The current from the 

This 

At each cycle, the current that is to pass 75 
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through the inductive winding 25 must first Op 
pose and bring to Zero a substantial remanent 
flux in the iron core before it can 'agnetize' 
the core itself. For example, the current flow 
ing in the positive direction to achieve a Value 
OG, referring to Figure 2, must reverse the Inag 
netic flux in the iron core 26 from the remanent 
flux value OF (which is in a negative direction) 
to the value GB (which is in a positive direction), 
the transition in the magnetic condition of the 
iron core 2S taking place along the portion FAB 
of the characteristic. In like manner the re 
versed cuirrent, during the next cycle of opera 
tion, increasing in a direction OJ, must reverSe 
the flux fron the remanent fiux Value OC (in a 
positive direction) to a flux value of JE (which 
is in a negative direction), the transition taking 
place along the portion CDE of the characteristic. 
In this manner I can obtain time intervals in 

the actuation of a device like that indicated at 
fC on the order of two or three seconds, by Way 
of example. 

Moreover, by adjusting the position of the ad 
justable taps 4 and 37, I am enabled to give the 
intervals of closure of the circuit of the device 
at the contacts 2-3 and of opening of that 
circuit at these contacts any desired ratio. For 
example, if I Wish to have the interval of illumi 
nation of the Siginal lamp of the same length as 
the interval of darkness thereof, position the 
adjustable taps 3 and 47 at the Saine point along 
the inductance 25 so that there is included the 
Same number of turns of the inductance 25 for 
each of the two portions of the cycle of opera 
tion. In other words, the current increasing in a 
direction toward OG of Figure 2 is opposed by 
the Sane factors, particularly the factors of in 
ductance and resistance, that oppose the increase 
in the current in the opposite direction or in a 
direction O.J. 
On the other hand if I wish to make one of 

these intervals longer than the other, I position 
one tap So that there is included in the circuit, 
during one portion of the cycle of operation, more 
inductance and resistance than there is included 
in the other portion of the cycle. For instance, 
if I Wish to have the Signal lamp illuminated for 
a period of one Second followed by an interval 
of darkness of tWo Seconds, I position the taps 
so that the circuit in which is included the tap 42 
has included in it Substantially one-half of the 
inductance and resistance that is included in the 
circuit in which is included the tap 3. 
Thus it will be seen that there has been pro 

vided in this invention a method and apparatus in 
which the Several objects hereinbefore noted, 
together with many thoroughly practical ad 
Vantages, are SUCCeSSfully achieved. It Will be 
Seen that the apparatus is of a, thoroughly practi 
cal nature, is capable of embodinent in inex 
pensive and thoroughly dependable and rugged 
form, and is well adapted to meet the varying con 
ditions of hard practical use. 
AS many possible embodimentS may be made 

Of the nechanical features of the above inven 
tion and as the art herein described night be 
varied in various parts, all without departing 
from the scope of the invention, it is to be under 
stood that all matter hereinabove Set forth or 
shown in the accompanying drawingS is to be in 
terpreted as illustrative and not in a limiting 
SeSe. 

claim: 
i. In apparatus of the character described, in 

combination, an inductive winding and a core of 

magnetic material therefor; a source of direct 
current; a polarized relay adapted to be actuated 
upon the achievement through the coil thereof 
of a certain current value; SWitching means in 
cluding coacting contacts with Some of which 5 
said switching means is engageable when in one 
position and with others of which said Switching 
means is engageable when in another position; 
circuit connections between said Source, Said 
winding, said coil, Said contacts, and Said Switch- 10 
ing means whereby, when Said Switching means 
is in One position, a circuit is completed and the 
current from said source passes through said 
winding and said coil in one direction and When 
said Switching means is in Said other position a 15 
circuit is completed in which the direction of cur 
rent flow through said winding and said coil is 
reversed; means including a coil for moving Said 
switching means into one position, means where 
by said coil is controlled by said relay; means in- 20 
cluding a part of said switching means for main 
taining effective the energizing circuit of Said 
last-mentioned coil after the latter has moved 
said Switching means; and another coil With 
means whereby it is controlled by a Subsequent 25 
actuation of said polarized relay and adapted 
when energized to oppose said last-mentioned coil, 
whereby said switching means noves into its other 
position. 

2. In apparatus of the character described have 30 
ing a device adapted to assume tWO conditions, 
each for a certain time interval, in combination, 
means for controlling said time intervals, Said 
means including an inductive Winding and an 
iron core therefor, a source of current for en- 35 
ergizing said winding, said Winding and Said Core 
being so proportioned with respect to the voltage 
of said source of current that the time rate of rise 
of current through said Winding is low, means re 
sponsive to the rise to a certain value of Said 40 
energizing current for altering the condition of 
said device, and means for reversing the direc 
tion of current flow through said inductive wind 
ing after each effected change in condition of Said 
device. 45 

3. In apparatus of the character described 
having a device adapted to assume two conditions, 
each for a certain time interval, in Combination, 
means for controlling said time intervals, Said 
means including an inductive winding and an 80 
iron core therefor, a source of current for ener 
gizing said winding, means responsive to the rise 
to a certain value of said energizing current for 
altering the condition of Said device, means for 
reversing the direction of current flow through 
Said inductive Winding after each effected change 
in condition of Said device, and neans for chang 
ing at Will the ratio of the inductance effective 
when current foWS through said Winding in One 
direction to the inductance effective When cur 
rent flows in reversed direction. 

4. In apparatus of the character described, in 
combination, means for causing a delay in the 
rise of current in a circuit including a Source of 65 
lini-directional current, and an inductive Wind 
ing related to a core of imagnetic material, Said 
means including switching means for reversing 
the direction of curreit flow in Said circuit, Ineans 
responsive to a condition caused by a certain value 70 
of current flow in said circuit for controlling Said 
switching means, and means including Said Wind 
ing and said core for making the time-constant 
of said circuit different when the current fiOWS 
therethrough in one direction from the time-con- 75 
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stant of said circuit when the current flows there 
through in reversed direction. 

5. In a signaling device which is to be operated 
So that periods of actuation and of inaction of said 
device follow alternately upon each other and in 
continued succession, of means for controlling the 
time interval of actuation of said device and the 
time interval of inaction of said device, said means 
including a circuit in which is included a source 
of uni-directional current and an inductive wind 
ing having a core of magnetic material related 
thereto, and means for repeatedly energizing said 
circuit with a current flow in such a direction 
that the rising current through said inductive 
Winding is in opposition to the remanent mag 
netism of said core, and means operating in sub 
stantial Synchronism with the periodic energiza 
tion of said inductive winding for controlling said 
Signaling device. 

6. In a signaling device which is to be oper 
ated SO that periods of actuation and of inaction 
of Said device follow alternately upon each other 
and in continued succession, of means for con 
trolling the time interval of actuation of said 
device and the time interval of inaction of said 
device, said means including a circuit in which 
is included a source of uni-directional current 
and an inductive winding having a core of mag 
netic material related thereto, means responsive 
to the achievement of a certain value of current 
in Said circuit for reversing the direction of cur 
rent flow therethrough, and means causing ac 
tuation of said signaling device during current 
flow in Said circuit in one direction and inac 
tion of said signaling device during current flow 
in reversed direction in said circuit, 

7. In a signaling device which is to be operat 
ed so that periods of actuation and of inaction of 
Said device follow alternately upon each other and 
in continued succession, of means for control 
ling the time interval of actuation of said de 
vice and the time interval of inaction of said de 
vice, said means including a circuit in which is 
included a source of uni-directional current and 
an inductive winding having a core of magnetic 
material related thereto, means responsive to the 
achievement of a certain value of current in said 
circuit for reversing the direction of current flow 
therethrough, means causing actuation of said 
signaling device during current flow in said cir 
cuit in one direction and inaction of said signal 
ing device during current flow in reversed direc 
tion in said circuit, and means including a part 
of said inductive winding and core causing said 
circuit to have a time-constant When current 
flows therethrough in one direction different from 
the time-constant when current flows in reversed 
direction. 

8. A device constructed to assurne alternately 
two positions and having means for holding said 
device in one position for a certain time interval 
and for holding it in its other position for a cer 
tain time interval, said means including in com 
bination a circuit having included therein a 
Source of luni-directional current and an induc 
tive winding having a core of magnetic material 
related thereto, means responsive to the direction 
and to a certain value of current flow in Said 
circuit for reversing the current flow therein and 
for controlling the positions of said device, and 
means including a part of said inductive winding 
and core causing the rate of current rise to be 
different when Said circuit is conditioned for foW 
of current in one direction from the rate of rise 
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of current when said circuit is conditioned for 
current flow in reversed direction. 

9. In a circuit including a Source of electrical 
energy, current delay means comprising an in 
ductive winding, an iron core of high remanent 
magnetism coacting therewith, means for giving 
the magneto-notive-force produced by the cur 
rent through said winding Such a direction as to 
oppose the remanent magnetism of said core, and 
means causing more turns of said winding to be 
effective when current flows therethrough in one 
direction than are effective when current flows in 
the opposite direction, for giving a greater delay 
in the building-up of current in said one direc 
tion than the delay in building-up of current 
flowing in the Opposite direction. 

10. In apparatus of the character described, 
in combination, a source of current, a movable 
member capable of assuming either of two posi 
tions, two magnetic circuits, one of which has re 
lated thereto a movable armature subjected to 
the flux thereof, winding means connected to 
said Source of current and associated with said 
two magnetic circuits, Switching means inter 
posed between said Winding means and said 
source for reversing the direction of current flow 
through Said winding means and capable of being 
actuated to interrupt the current flow through 
said winding means at a point such that substan 
tial remanent magnetism remains in said other 
magnetic circuit, whereby a subsequent energiza 
tion of said winding means takes place in a di 
rection of current flow such that the flux pro 
duced by said winding means is in opposition to 
said remanent magnetism, and means including 
said movable armature for changing the position 
of said switching means when said current 
reaches a certain value corresponding to said 
point. 

11. In apparatus of the character described 
having a device adapted to assume two cond 
tions, each for a certain time interval, compris 
ing, in combination, a novable member capable 
of assuming either of two critical positions, Ileans 
responsive to changes in the said positions of said 
movable member for correspondingly changing 
the condition of Said device, and means for con 
trolling the time intervals allotted respectively to 
the two conditions of said device, said controlling 
means comprising (1) a Source of uni-directional 
current, (2) a core of magnetic material, (3) a 
Winding related to Said core, (4) reversing-switch 
means interposed between said winding and said 
source for reversing the direction of current flow 
through said winding, said movable member be 
ing of magnetic material, (5) means producing a 
magnetic field of fixed direction, and (6) flux 
producing means responsive to a function of the 
current energizing said winding for coacting with 
said magnetic field of fixed direction to produce a 
composite magnetic field, said movable member 
of magnetic material being Subjected to and 
moved in accordance with changes in said con 
posite field. 

12. In apparatus of the character described 
having a device adapted to assume two condi 
tions, each for a certain time interval, compris 
ing, in combination, a movable member capable 
of assuming either of two critical positions, means 
responsive to changes in the said positions of 
said movable member for correspondingly chang 
ing the condition of said device, and means for 
controlling the time intervals allotted respective 
ly to the two conditions of Said device, said con 
trolling means comprising (1) a Source of und 
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directional current, (2) a core of magnetic ma 
terial, (3) a winding related to said core, (4) 
reversing-SWitch means interposed between said 
Winding and said source for reversing the direc. 
tion of current flow through said winding, and 
(5) means responsive to the achievement through 
Said Winding of a certain value of current for 
moving Said movable member from one of said 
Critical positions to the other. 

13. In apparatus of the character described 
having a device adapted to assume two conditions, 
each for a certain time interval, comprising in 
Combination, a Source of direct current, a flux 
responsive control member movable into either of 
two critical positions, means changing the con 
dition of said device in accordance with move 
ment of said control member into said two critical 
positions, and means for controlling the lengths 
of time intervals allotted respectively to the two 
conditions of Said device, said controlling means 
comprising (l) flux-producing means, said mem 
ber being exposed to the flux thereof, (2) an iron 
Core, (3) a winding about the latter and capable, 
When energized, to magnetize said core and said 
Core being capable, when said Winding is deener 
gized, of retaining residual magnetism, (4) re 
Versing-SWitch means interposed between said 
Source and Said Winding and capable of inter 
rupting the current flow through said winding 
and then reversing the direction of current flow 
therethrough, (5) a winding energized from said 
Source and having said reversing-SWitch means 
interposed between it and the source and posi 
tioned to affect the flux of said flux-producing 
means, and (6) means for actuating said Switch 
ing means in response to the positions assumed by 
Said flux-responsive movable member. 

14. In apparatus of the character described, 
having a device adapted to assume two conditions, 
each for a certain time interval, comprising, in 
combination, a source of direct current, a flux 
responsive control member movable into either 
of two critical positions, means changing the con 
dition of said device in accordance with move 
ment of Said control member into said two critical 
pOSitions, and means for controlling the lengths 
of time intervals allotted respectively to the two 
conditions of said device, said controlling means 
comprising (1) flux-producing means, said men 
ber being exposed to the flux thereof, (2) an iron 
Core, (3) a winding about the latter and capable, 
When energized to magnetize said core and said 
core being capable, When Said Winding is deener 
gized, of retaining residual magnetism, (4) re 
Versing-SWitch means interposed between said 
Source and Said Winding and capable of interrupt 
ing the current flow through said winding and 
then reversing the direction of current flow there 
through, (5) means for actuating said Switching 
means in response to the positions assumed by 
said movable member, and (6) means whereby 
Current foWing through said Winding affects the 
flux of said flux-producing means, thereby to 
effect change in the position of Said movable 
member. 

15. In apparatus of the character described in 
Which there is a device adapted to assume alter 
nately two conditions and means for controlling 
the time intervals during which said device as 
Sumes Said two conditions respectively, in which 

7 
the Said controlling means comprises, in combi 
nation, a core of magnetic material, a winding 
for said core, a source of uni-directional current 
for energizing said winding, reversing-switch 
means interposed between said source and said 
Winding and capable, when actuated, of inter 
rupting the current flow through said winding 
and then reestablishing a current flow through 
Said winding but in reversed direction, the ma 
terial of said core being of relatively high mag 
netic retentiveness, and means operating each 
time that said core achieves a certain degree of 
magnetization for actuating said reversing 
SWitch means to thereby cause the latter to in 
terrupt the current flow whereby said magnet 
ization is achieved, thereby to leave said core 
With Substantial remanent magnetism therein, 
and to cause the energization of Said winding in 
Said reversed direction to have to overcome the 
effect of said reimanent magnetism. 

16. In apparatus of the character described, 
in which there is a device adapted to assume al 
ternately two conditions and means for control 
ling the time intervals during which said device 
a SSuneS Said tWO conditions respectively, in 
Which the said controlling means comprises, in 
Combination, a core of magnetic material, a wind 
ing for Said core, a source of uni-directional cur 
rent for energizing said Winding, reversing 
SWitch means interposed between said source and 
Said Winding and capable, when actuated, of in 
terrupting the current flow through said Wind 
ing and then reestablishing a current flow 
through Said Winding but in reversed direction, 
the material of said core being of relatively high 
magnetic retentiveness, electromagnetically-act 
ing means capable, in accordance with changes 
in magnetomotive forces thereof, to operate said 
reversing-SWitch means, and means operating 
each time that there is achieved a certain value 
of magnetization of Said iron core to change the 
magnetomotive force of said electromagnetically 
acting means. 

17. In an apparatus of the character described, 
an inducta:ace having a core of magnetic mate 
rial and a Winding, a source of direct current, a 
polarized relay having an armature capable of 
a SSunning either of two positions in response to 
the achievement through the coil thereof of a 
Certain value of current, switching means capa 
ble of a SSunning either of two positions, means 
connecting said relay, inductance, switching 
means and Source of current so that current flows 
through Said relay coil and inductance in one di 
rection in one position of said switching means 
and in the opposite direction in the other position 
of Said Switching means, lineans including certain 
of Said connections and Said relay for causing said 
Switching means to assume one position when the 
Current foWing through the relay coil in One di 
rection reaches said certain value and for causing 
Said Switching means to assume its other position 
When the current through the relay coil reaches 
Said certain value in said opposite direction. 

18. In a device as set forth in claim 17, means 
for selectively changing the ratio of the value of 
Said inductance when current flows in one direc 
tion therethrough to its value when current flows 
in the Opposite direction therethrough. 

FRANK W. GODSEY, JR. 
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