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To all whom it may concern: 
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Beit known that I, Edward D. CARTER, a 
citizen of the United States, residing in the 
town of Montclair, county of Essex, and 
State of New Jersey, have invented new and useful Improvements in Synchronism-Indi 
cators, of which the following is a specifica 
tion. 
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This invention relates to electric indicat 
ing devices and to the method of using such 
devices whereby they may be used as a syn 
chronizer for two or more alternating cur 
rent machines, or for 
electric signs. 
One object of the invention is to provide 

producing flashing 

an apparatus of this class which may be 
made up of electrical elements of ordinary 
construction not requiring special Windings, 
whereby the cost of manufacture is greatly. 

the circuit. In considering the operation of reduced. 
A further object of the invention is to pro 

vide an apparatus and method whereby the 
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lights are gradually brought from darkness 
to maximum brilliancy, and vice versa, as 
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relation of the cycles of the currents to be 
synchronized is indicated by the relative 
brilliancy of two lights as distinguished 
from the greater brilliancy of a particular la 

from 28 and is neutralized to a certain ex light. By this construction the device is 
much more sensitive, that is, Smaller depar 
tures from the exact synchronism and step 
will be indicated, for a very slight difference 
in the brilliancy of two lights will be evident 
where the slight departure from maximum 
brilliancy, of a single light cannot be dis tinguished. . . 
A further object of the invention is to pro 

vide an apparatus and method in which the 

distinguished from merely turning off and 
on as is the present custom in the electric 
signs. By this method a much more perfect 
simulation of motion is produced than with 
the construction heretofore used. With the above objects in view my inven 
tion consists in the hereinafter described ap 
paratus and method of procedure which ap 
paratus I have illustrated in the accompany 
ing drawings wherein Figure 1 represents a simple form of con 
struction designed to show the principle of 
operation of my invention. Fig.2 shows a 
diagrammatical construction whereby a plu 
rality of generators of the three phase type 
may be successively synchronized with the 
three bus-bars to which they supply cur 
rent. This figure also shows a construction 

series as indicated at 4 and 14 for the cir. 

The current from 1 tends to go through the 

ing machine to the negative of the bus-bars. 

ing through lamps 16 and 14°. At the next 
instant 1 becomes positive, but as there is no 

which may be employed for electric signs, aS, 
will be hereinafter described. Figs. 3 and 4 
show different arrangements of my inven 
tion as adapted to the two phase current. 60 

Referring first to Fig.1, the reference 
characters. 1, 19, 19, indicate leads from the 
bus-bars carrying a three-phase alternating 
current. The leads 2, and 2 indicate leads 
from the terminals of an incoming machine 65 
corresponding with the terminals of the 
leads 1, and 19. The leads 2 and 2 are 
connected by three parallel circuits 4, 5, and 
6 respectively, each carrying two lamps in 

cuit 4-5 and 15 for the circuit 5, and 69 
and 16 for the circuit 6. The lead 1a from 
the bus-bars is connected to circuit 4, and 
lead 1 to circuit. 5, and lead 1 to circuit 6, 
each connection being between the lamps of 
this arrangement let us assume that the two 
machines are in synchronism and that at a 
given instant 18 and 2 are both positive. 
lamps 4 and 14 equally, but through the 
lamp 4 it meets another positive voltage 
tent, while passing through lamp 14 it en 
counters a negative voltage from 2 and is 
correspondingly increased. The current will 
therefore take the path through lamp 14, 
through the incoming machine, then back 
through lead 2 and through lamps 5 and 6 
to the negative terminals 1 and 1 of the 
bus-bars. The lamp 14. will therefore burn 
brightly under the combined voltage of the . . 
two machines. Lamps 6 and 5 will divide 
the voltage from the positive of the incom 

95 and burn dimly, and lamps 4, 15 and 16 
will receive their minimum current at this 
instant. At the next instant in the rotation 
of the machines, the leads 1 and 2 will both 
become positive so that the current will be 
opposed through lamp 15 but will pass 
from 1 through lamp 59, through the in 
coming machine and back through 2 divid 

lead from the third phase of the incoming 
machine the voltage will be divided between 
lamp 69 and 16 lighting neither of them to 
maximum brilliancy. At this instant neither 
2 or 2 is positive so none of the other lamps 110 
receive voltage. As long as the two ma 
chines are in synchronism the same lighting 
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will occur. Considering a complete rotation 
of the machine as comprising the three in 
stants described, lamps 14 and 5 will each 
receive maximum voltage at one instant, di 
vided voltage at one instant and opposed 
voltage at the third instant. Lamps 6° and 
16° will receive divided voltage at two in 
stants and lamps 4 and 15 will receive di 
vided voltage at one instant only. Lamps 
14a and 5 will therefore be bright, lamps 69 
and 16° will receive sufficient current to be 
dimly lighted and lamps 4 and 15 will not 
receive sufficient, current to be visible. 

Let us now assume that the machines are 
not in synchronism and that the lead 1 from 
the bus-bars becomes positive while the lead 
2 from the incoming machine is positive. 
The current will then tend to flow through 
lamps 5 and 15, but through lamp 5 it will 
meet the positive voltage from lead 2 ex 
tinguishing that lamp, while through lamp 
15 it will meet the negative voltage from 
the lead 2 thereby causing lamp 15 to burn 
brightly. The current will pass through the 
lamps 6 and 4 of the then negative leads 
from the bus-bars giving these lamps di 
vided voltage. At the next instant, when 28 
is negative, 1 will be positive hence lamp 6 
will be bright, while at the third instant 
when 1a is positive the voltage will be di 
vided between lamps 4 and 14. For this 
rotation of the two machines 15 and 69 are 

At the next step 1 of the bus-bars will be 
come positive in conjunction with 2 of the 
incoming machine thereby lighting lamps 
16° and 4 brightly and lamps 5 and 15 
dimly, and extinguishing the other two 
lamps. In this way a regular sequence may 
be given the lighted lamps and by position 
ing the lamps in the form of a letter or other 
sign to be illuminated a very effective sign 
can be produced by maintaining the two 
machines out of synchronism. 
As a synchronizing device the rapidity in 

change in lighting will indicate the extent 
the machines are out of synchronism, and 
the sequence in which the lighting takes 
place will indicate whether the incoming 
machine is faster or slower than the bus 
bars. 
In Fig. 2 I have shown the same system 

disclosed in Fig. 1, applied in a practical 
manner to give a regular sequence of light 
ing to the lamps arranged in a circle and 
provided with proper switch connection so 
that a number of generators may be syn 
chronized with the same bus-bars. In this 
figure I have applied the same letters as 
used in Fig. 1 to the corresponding lamps 
and circuits-the bus-bars I have indicated 
as A, B, and C and I have indicated four 
machines to be synchronized at E, F, G, and 
H. Each machine is provided with a three 
pole switch S whereby it may be connected 
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to the bus-bars, and a two-pole switch S by 
which it may be connected to the leads 2 
and 2 of the synchronizing device. A three 
pole switch S is also provided between the 
bus-bars and the leads 18, 19, and 1 of the 
synchronizing device. Circuit 4 contains 
lamps 4 and 14, circuit 5 lamps 5 and 15 
and circuit 6 lamps 6 and 16 arranged just 
as shown and described in connection with 
Fig. 1. When the machines are in exact 
Synchronism and in step, lamps 14 and 5° 
will be brilliant, lamps 6 and 16 will be 
equally and partially illuminated and lamps 
48 and 15 will not be visible. If the fre 
quency of one machine is slightly faster or 
slower than the other the sequence of the 
lighting will be continuous around the cir 
cle. At the first lag of one machine of a 
complete phase 6° and 15 will be bright, and 
14 and 4 dim, and at the next lag 4 and 
169 will be bright and 5 and 15 dim. At 
the next change of a complete phase the lag 
ging machine has lost a complete cycle and 
the machines are momentarily in synchro 
nism with 1 and 2 of the same polarity. 
Lamps 14 and 5 then become bright and 
So the rotation of the lighted lamps contin 
ues as long as the relative frequencies of 
the machines is unaltered. Should the lag 
ging machine now change to have the 
greater frequency the sequence of lighting 
will be reversed producing an appearance of 

bright, 4 and 14 dim, and 16° and 5 dark. rotation in the opposite direction. The time 
of complete rotation of the lighted lamps in 
dicates the time in which a complete cycle is 
gained or lost and the direction of rotation 
indicates which machine is the lagging ma 
chine. When the lighting remains the same 
it indicates that the frequency of the ma 
chines is the same and the particular lights 
which are bright indicate the angular de 
parture of the machines from being in step. 
have described the operation of the ma 

chine by steps of angular displacement, but 
it will of course be understood that lights do 
not change suddenly as described, but in 
stead as the relative positions of the ma 
chines gradually change the brightly lighted 
lamps gradually become dim, and the dark 
or dimly lighted lamps gradually become 
bright. When the machines are in exact 
synchronism and in step the lights 6° and 
16 are equally illuminated and the compari 
son of these two lights will show deviation 
from synchronism and step which is too 
small to be shown by a falling off in bril 
liancy in lights 14 and 59. 

In Figs. 3 and 4 is shown my improved 
apparatus applied to a two phase instead of 
a three phase current. As shown in Fig. 3, 
A: B indicate the bus-bars for one phase 
and C8 and D8 indicate the bus-bars for the 
other phase. The generators are indicated 
at E. F. G8 and H and as shown the gen 
erator E is energizing the bus-bars through 
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the switch S while generator F is connect 
ed to the synchronizing device through the 

In this view I have shown the 
incoming machine as connected to the syn 
switch S. 
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chronizing device through the transformer 
O arranged between the leads A" and B 
from the generator and the leads 7 and 7 
of the synchronizing device. The bus-bars 
are connected to the synchronizing device 
through transformers, the transformer M. 
being arranged between the bus-bars A and 
B8 and leads 3 and 3 of the synchronizing 

15 
device, while the transformer N is similarly. 
arranged between the other bus-bars and the 
leads 3° and 3 of the synchronizing device. 
The lead 7 of the transformer O branches from the incoming machine through lead 7 

...thereby extinguishing that lamp, while the beyond the transformer, one branch passing 

20 

through lamps 8 and 18° in series and 
thence back to the lead 7. The other branch 
divides into three circuits as indicated at 
the center of the diagram, one of which 
passes through the lamps 8 and 18 in se 
ries and thence back to the lead 7. The 

25. 

30. 

second branch passes through lamps 8 and 
18° in series and thence back to 7 while the - 

8° and 18 will be bright and lamps 189 and . . . 
8 will be dark and the remaining lamps The lead 3 from the transformer M is 

connected to the common circuit of lamps 

third branch passes through lamps 8 and 
18 and also back to lead 7. 

8 and 18 and in the same manner the 
leads 3, 3° and 3 are connected respectively 

35. 

to the common circuits of lamps 8 and 18. 
8° and 18° and 8 and 18. " . : . . . . 
In describing the operation of this ma 

chine it is assumed that the two machines : 
are in synchronism with A and A positive 
at any given instant. The current from 
the bus-bar A8 will pass through trans 

8 and 18. - 
45. through transformer O from the incomin 

voltage in the lead 7 which will neutralize 
the current through lamp 18 causing that 
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former Minducing a positive current of 
40 proper voltage in the lead 3 of the syn 

chronizing device, which current will ob 
viously tend to pass equally through lamps 

At the same time the current 

machine induces a positive current of equal 

lamp to be dark. The current through 
lamp 8 however is met by a negative volt 
age from the transformer O through the lead 7 thereby increasing the voltage 
through lamp 8 and causing that lamp to 
attain its maximum brilliancy. . . ." . 
The positive voltage from 7 passes 

through lamp 18 and thence back to the 
negative lead 3 of the transformer Mlight ing lampis. At the instant that 7 and 3. 
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become negative 7 and 3 will become posi 
tive and the current will flow through the 
same circuit but in the opposite direction 
lighting the same lamps, hence as long as 
the machines remain in synchronism these 
lamps will have their maximum voltage. 
When the machines are in step the current 
from the second phase of the bus-bars 

lamps as long 

through the transformer N and leads 3° and 
3 will pass equally, through the four lamps 
se, 1st, Said is and Will be neither in 
creased nor decreased directly by the volt 
age from the incoming machine. These 
lamps will therefore glow dimly and equally 

70. 

as long as the machines are in exact step. 
Assuming that the machines are out of 

synchronism and the bus-bar C is positive 
at the same time that A' of the incoming 
machine is positive, the current from the 
bus-bar will pass through transformer N to 
the connection between the lamps 8° and 18. 

75 

Through lamp 18°however the current from . 
the bus-bar is met by the positive current 80 

current through 8°, meets the negative cur 
rent from 7 causing lamp 8° to attain its 
maximum brilliancy. The positive current 
from 7 passes through lamp 18 and thences 

of transformer N, i. 
thence through the transformer back to: 
negative bus-bar D. As long as the ma 

90 : 

back to the negative 3 

chines remain in this relative position lamps 

85 

will glow equally. In like manner as the 
angular relation of the two machines alters 
lamps 8 and 18 become bright, followed 
at the next change by lamps 8 and 18° thus 
producing a regular rotation of lighted 

as the machines are out of . synchronism. 
in Fig. 4 I have illustrated a modified form of synchronizing device for two phase 

95 

currents which is especially adapted for 

ferring to Fig. 4 the machine E is ener 

sign work as any number of lights may be 
used at any one point of the circuit with 
out necessitating an equal amount of re 
sistance in the opposite circuits... I obtain 
this result by locating the neutral of the 
two phase system in the secondary circuit 

g by means of suitable transformers. Re-. 
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O 
gizing the bus-bars and the machine F is 
the incoming machine to be synchronized. . . 
The phase I of the bus-bars is connected to . 
the synchronizing device through trans 

.115. former N and phase 2 is connected to the 
synchronizing device through similar trans 
former M. The middle points of the sec 
ondary windings of these transformers are 

: connected to form the neutral n, of the sec 
120 

nected to the transformer O' through which 
ondary circuit, the neutral n being con 
the current is received from the incoming 
machine. Let us assume at a given instant 
that bus-bar A is positive at the same time 
that lead A' of the incoming machine is. 
positive. The positive current passes through , 
transformer N winding 1, through lamps 
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21 thence through transformer 6 to the 
negative lead B of the incoming machine. 
The current then passes through this ma-. 130 

100 



5. 

6) 

20 

40 

50 

55 

60 

14. 

chine to the positive lead A', through the 
transformer O to the neutral n, thence re 
turning to winding 1 of the transformer 
N and to the negative B of the bus-bars. 
These currents being in the same direction 
lamps 21" will light. At the same time the 
positive current of the bus A* passes 
through winding 2 of the transformer N 
to the neutral n, thence through trans 
former O' to positive lead. A of the in 
coming machine, through the incoming ma 
chine against its voltage to lead B, thence 
back through transformer O' to lamp 22, 
and through transformer N, winding 2, 
to negative lead B of the bus-bar. The 
voltages of the bus-bars and the incom 
ing machine are thus opposed through lamp 
22° and this lamp will remain dark. 
When the machines are in step the trans 

former O is out of phase with bus-bars C 
and D whereby the voltage through lamps 
23 and 24d will be neither increased nor de 
creased directly by the incoming machine 
and will receive equal and partial voltage. 

5. As long as the machines remain in synchro 
nism the lead A" will become negative at the 
same time that the bus-bar A* becomes nega 
tive and the path of the current will remain . 
the same and will continue to light the same 
lamps. If we now assume that the incoming 
machine has changed its relative position to 
the bus-bars by 90° the lead A will be 
positive at the same time that bus-bar C is 
positive and B" and D will be negative. 
The positive current from the bus-bar C* 
will pass through transformer M, winding 
3 through lamp 23° through transformer O' 
to negative lead B of the incoming machine, 
thence through the machine in the direction 
of its voltage to positive lead A' through 
transformer O' to the neutral n, thence 
through transformer M, winding 3, to bus 
D°. These voltages being in series will light 
lamp 23°. At the same time the voltage from 
the bus-bar C passes through winding 4 of 
transformer M through neutral n, through 
transformer O' meeting positive lead A of 
the incoming machine, and passing through 
the machine against its voltage leaving by 
the negative lead B, whence it passes 
through transformer O' through lamp 24, 
returning through transformer M', winding 
4 back to negative bus D. These voltages 
being opposed lamp 24 remains dark. At 
the same time transformer O' neither op 
poses nor adds to transformer M. directly 
and lamps 21 and 22 will get equal and 
partial voltages. 

it is obvious that when the machines have 
changed another 90° the current through the 
bus-bars will be exactly reversed from that 
first described, hence lamp 22 will light and 
lamps 21 will remain dark through the 
same circuit that lights lamps 21 and ex 
tinguishes 22 when the machines were in 

step. 
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So too when the machines have 
changed a third 90° lamps 24 will be light 
ed and 23 will remain dark. 
By the expression “approximately equi 

potential points' as employed in the fol 
lowing claims, I mean sufficiently near equi 
potential to produce the sequence of light 
ing described although the variance in re 
sistance of the two indicators may be such 
that neither lamp of the pair attains its 
maximum brilliancy. As explained above this system is particu 
larly applicable for sign work for the rea 
son that the neutral of the circuit is located 
by means of transformers and hence the re 
sistance of one light or group of lights has 
no effect on the lighting of the other lamps 
of the device. The lamps may therefore be 
arranged in groups of any number and in 
various relative positions to get any flashing 
effect desired. 
As stated above one of the chief objects of 

the present invention is to provide a syn 
chronizing indicator which does not require 
transformers or other device of special wind 
ing and expensive construction. To this end 
the lamps are arranged to be connected di 
rectly to the leads from the several ma 
chines, although of course where the voltage 
of the machines is not suited for the lamps, 
ordinary voltage changing transformers 
may be supplied in the circuits, and it is to 
be understood that in the appended claims 
where the indicating devices are described 
as “directly energized, or having intercon 
necting conductors,” the expressions are in 
tended to cover either ordinary conductors 
or conductors including voltage changing 
transformers. 
While I have illustrated and described 

certain specific embodiments of my inven 
tion and particularly with polyphase cur 
rents it will be understood that I do not wish 
to be limited to these exact constructions, 
but that various changes and modifications 
may be made without departing from the 
spirit of my invention. 

Having thus described my invention, what 
I claim and desire to secure by Letters Pat 
ent is:- 1. The combination with a plurality of 
sources of electromotive force at least one of 
which is polyphase, of a plurality of pairs 
of electro-responsive devices at least one of 
which is an indicator, leads connecting each 
of said pairs of devices to form a series cir 
cuit across one of said sources, and leads 
connecting points in the circuits between the 
devices of each of said several series circuits 
in different phases of said polyphase source. 

2. The combination with a plurality of 
sources of electromotive force at least one of 
which is polyphase, of a plurality of pairs 
of electro-responsive devices at least one of 
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of said pairs of devices to form a series cir 
cuit across one of said sources, and leads connecting approximately equipotential 
points in said several series circuits to dif 
ferent phases of the other source. 

3. The combination with a plurality of 
sources of current at least one of which is 
polyphase, of a plurality of groups of elec 
tric indicating devices bridged in multiple 
across one phase of one of said sources, and 
independent connections from a mid-point 
in each of said bridges to a different phase 
of said polyphase source. 

4. The combination with a plurality of 
sources of current at least one of which is 
polyphase, of a plurality of groups of re 
sistance devices one of each group being an 
indicator bridged in multiple across one 
phase of one of said sources, and independ 
ent connections from a point in each of said 
bridges to at least two different phases of said polyphase source. 

5. The combination with a source of alter 
nating current having a pair of terminals 
and a second source of alternating current 

5 

having a plurality of terminals of a plural 
ity of groups of resistance devices one of 
each group being an indicator, common con 
nections between said groups and said pair 
of terminals and independent connections 
from each group to a separate terminal of 
said second source. . . 

6. The combination with two sources of 
alternating current each having a plurality 
of leads connected to points of different 35 phase, a plurality of bridges across two of 
the leads of one of said sources, a pair of 
resistance devices one of which is an indi 
cator, in each of said bridges and a connec 
tion from a point in each of said bridges be 
tween said resistance devices to a different 
one of the leads connected to said second 
source. 
In witness whereof, I have hereunto set 

my hand at Montclair, N.J. aforesaid, this 
16 day of February 1914. . . . . . . . . . . . . 

Witnesses: . . . 
Mrs. F. P. REAGLE, 
FRED. P. REAGLE, 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D.C.' 
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