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To all whom it may concern: 
Be it known that I, Jose.PH L. WooD 

BRIDGE, a citizen of the United States, and a 
resident of Philadelphia, in the county of 
Philadelphia and State of Pennsylvania, 
have invented certain new and useful Means 
for Rectifying Alternating Currents, of 
which the following is a specification. 
The rectifying apparatus which has here 

tofore been proposed has involved commu 
tating devices or means for opening the cir 
cuit of the alternating current and reversing 
the connections at or near the instant when 

15 
the current is passing through Zero. Such 
apparatus is liable to produce troublesome 
or destructive sparking with slight varia 
tions in the phase relation of the current. 
In the apparatus described below the cir 
cuit is at no time broken but resistances 
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illustrates one means of providing for the 
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are employed whose resistance varies with 
pressure and means are provided for pro 
ducing variation of pressure in synchronism 
with the current alternations. 
The invention will be more clearly under 

stood by reference to the following descrip. 
tion taken in connection with the accom 
panying drawings, in which 

Figure 1, shows one embodiment of the 
invention applied to a single phase alter 
nating current circuit. Figs. 2, 3, and 4, 
are diagrams illustrating the combination 
of forces operating in the apparatus of Fig. 
1 under different adjustments. Fig. 5, 
shows another embodiment of the invention 
applied to a three phase circuit, and Fig. 6, 

adjustment of phase relation in the appa 
ratus shown in Fig. 5. 

Referring to Fig. 1, K and K are piles 
of carbon disks or other material whose 
electrical resistance varies with pressure, 
these piles being connected in series across 
the outer terminals of the auto-transformer 
T. A storage battery B is shown connected 
at one end to the middle point 4 of the 
transformer and at the other end to a point 
in the circuit between the two carbon piles. 
Between the two piles is shown a tongue A. 
of magnetic material arranged to vibrate 
in the air gap D of a magnetic circuit M. 

pressure on the two piles of carbon disks is 
equal and their resistance is equal and it 
may be comparatively high so that only a 
small flow of current will take place through 
and a small flow of direct current from the 
battery in the discharge direction. This 
latter will divide through the two carbon piles and passing through the winding of 
the transformer T from opposite ends will 
unite again at the middle point returning 
from there to the battery. If, however, the 
tongue A is vibrated in synchronism with 
and in the proper phase relation to the alter 
nating electro-motive-force on the circuit 
1-2 the resistance of the pile K will be 
reduced at the instant when the alternating 
current electro-motive-force between the 
points 8 and 4 is in the proper direction to 
charge the battery and owing to this re 
duction in the resistance of the pile K a 
considerable charging current willflow into 
the battery during this half cycle. During 
the following half cycle the other carbon 
pile K* will be under compression and its 
resistance reduced, and at the same time the 
electro-motive-force between the points 4 
and 5 will be in the right direction to charge 
the battery so that a considerable charging 
current will flow into the battery during 
this half cycle also. The battery will there. 
fore receive a uni-directional current under 
these conditions. A reactance coil is shown 
at L which will tend to smooth out the pull 
sations of this current. 
In order to produce synchronous vibra 

tion of the tongue A and the proper phase 
adjustment of this vibration the following 
construction is shown: The tongue is at 
tached to the magnetic frame M by a flexible 
suspension at F. A steel spring may be 

55 
them from the alternating current circuit 

60 

65 

70 

s 

so 

85 

90 

used having considerable resilience or an 
ordinary hinge joint. . At the other end of 
the tongue A is an extension G carrying 95 
an adjustable weight H, which may slide. 
along the bar G and be clamped at any 
point by a set screw. Two opposing springs 
I and I whose tension-may be adjusted by 
screws J and J are also shown. The rela 00 
tive tension of these springs will determine 

When this tongue is in its mean position the the mean position of the tongue A. By ad 
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justing their absolute tension as well as the position of the weight H, the natural period 
of vibration of the tongue A may be varied 
and adjusted to the frequency of the circuit 
1-2. E. bar G may be made more or less 
elastic, permitting the weight H to over 
swing to some extent at each end of its 
travel and prolong the maximum pressure 
on the carbon piles during each vibration. 

.3 
variation of force acting on the tongue. A 
during its vibration. The horizontal line 
between the points 6-7 represents the travel 
of the tongue, greatly magnified, while the 
curved line 8 represents the force acting 
upon the tongue including the elasticity of 
the spring F and of the springs I and I", 
and the resisting force of the carbon piles 
K. and K2 when under compression. While 
the tongue is traveling from one extreme 
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corresponding to the point 6 to the middle 
point 9, these forces tend to accelerate its mo 
tion, and are therefore represented as posi 
tive corresponding with the ordinates of the 
curve 8 above the line 6-7. Between the 
point 9 and the point 7 the forces acting 
on the tongue will oppose its motion and 
are represented as negative, the curve 8 be 
ing below the horizontal line between these 
points. These forces will bring the tongue 
to rest when it reaches the extreme point of 
its travel and then accelerate it in the Op 
posite direction. If these forces were the 
only ones acting on the tongue it is evident 
that the vibration would continue indefi 
nitely after once being set in motion. There 
are, however, other forces such as friction 
and air resistance as well as the lack of 
perfect elasticity in the spring and carbon 
piles, which will oppose the motion of the 
tongue in each direction. These forces may 
be represented by the curve 10 when the 
tongue is moving to the right and by the 
curve 11 when the tongue is moving to 
the left. These resisting forces will soon 
bring the tongue to rest unless counter 
acted by others which in the aggregate 
are equal and opposite to them. These 
latter forces are supplied in the device 
shown in Fig. 1 by the magnetic attraction 
and repulsion produced by the coils C and 
C wound on the magnetic frame M and 
by the coil E surrounding the tongue A. 
Coil E is connected across the terminals of 
the battery B, and its effect may be con 
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trolled by the rheostat R. The coils C and 
C are connected in series across a portion 
of the transformer T, the number of coils 
of the transformer T across which these 
windings C and C° are connected being ad 
justable by means of the multiple point 
switch S. A rheostat R is also included in 
this circuit. The coils C and C are so 
wound that when one is producing north 

65 polarity at the pole face the other is pro 
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In Fig. 2, is shown diagrammatically the 
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ducing south polarity. Thus when the 
tongue A is attracted by one pole of the 
magnet M it will be repelled by the other. 
These attractions and repulsions will alter 
nate at a frequency corresponding with that 
of the circuit 1-2, and will tend to produce 
vibrations of the tongue A of the same fre: 
quency. 

It remains to show how the apparatus may 
be adjusted so that the tongue A will vibrate 
in the proper phase relation to produce the 
compression on the piles K' and K at the 
times when the alternating current electro 
motive-force is in the right direction to 
charge the battery, and further that any 
departure from this phase relation will in 
troduce forces tending to restore it. There 
are two different adjustments of the appa 
ratus shown in Fig. 1, either of which will 
accomplish this result. For the first adjust 
ment the resistance in the rheostat R' will 
be entirely cut out. The resistance of the 
coils C and C being comparatively low the 
counter electro-motive-force developed in its 
coils will be largely due to the variation of 
magnetic flux, and since this counter electro 
motive-force must be equal to that applied 
to the terminals of the coils, the magnetic 
flux must, in accordance with the well known 
law, reach its maximum value in one direc 
tion or the other when the potential applied 
to the coils C and C is passing through 
zero. The value of this flux will be deter 
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mined by the potential applied to the ter 
minals C and C as adjusted by the Switch 
S, and the force exerted on the tongue. A by 
this flux may be adjusted by varying the 
position of the switch S as well as by vary 
ing the current in the coil E by means of the 
rheostat R. Referring to Fig. 2, let us as 
sume that these forces of attraction and re 
pulsion are represented at some particular 
adjustment by the dotted curves 12 and 18 
the curve 12 corresponding with motion of 
the tongue A from right to left, and the 
curve 13 corresponding with motion in the 
opposite direction. It will be seen that these 
curves more than counter-balance the curves 
10 and 11 representing the retarding forces 
of friction, etc. 'Under these conditions the 
vibration of the tongue A would tend to 
increase, first in amplitude, and therefore in 
frequency since the force represented by the 
line 8 increases rapidly at each extreme of 
the travel with any increase in the ampli 
tude. This momentary increase in frequency 
of vibration will change the phase relations 
shown in Fig. 2, so that the magnetic force 
represented by the dotted lines 12 and 18 
will become retarded with reference to the 
other forces. This new condition is illus 
trated in Fig. 3, the full lines remaining the 
same as in Fig. 2, while the dotted lines 
reach their maximum values a little later. 
It will be seen that the aggregate effect of 
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the magnetic force represented by the detted 

0. 

lines in Fig. 3 is less than it was in Fig.2, this aggregate being represented by the 
shaded area which is less than the area in 
cluded between the line 13 and the horizontal 
line 6-7 in Fig.2 by the small area. 14, 15, 
16. As soon as the shift in phase relation 
between the vibrations of the tongue and the 
electro-motive-force applied to the coils C. 
and C is sufficient to reduce the shaded area 
in Fig. 3 to an equality with the area be 
tween the curve 10 and the horizontal line 

5. 

20. 

6-7 no further phase displacement will take 
place and the tongue will continue to vibrate 
in this phase relation. A careful adjustment 
of the switch. S and the rheostat R' will 
produce this condition of stability with only 
a very slight phase displacement, and the 
tongue A will be in its mean position when 
the magnetic flux in the magnet M is sub 
stantially at its maximum, and therefore 
when the electro-motive-force across the cir 
cuit 1-2 is at or near Zero. This adjustment 
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will therefore produce the desired rectifica 
tion of the alternating current. 
The second adjustment will be produced 

by including a very considerable resistance 
in series with the coils C and C by means 
of the rheostat R"... Under these conditions 
the larger part of the counter electro-motive 
force in the circuit containing the coils C. 
and C will be that due to the ohmic drop 
in the rheostat R. The current in this cir 
cuit will then be substantially in phase with 
the applied electro-motive-force producing 
a magnetic flux in the magnet M and across 
the air gap D, which will reach its maximum 
value at the instant of maximum potential 
across the circuit 1-2. The magnetic forces 
of attraction and repulsion produced by this 
adjustment will then be as shown in Fig. 4. 
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In this figure the full lines are the same as 
in Figs. 2 and 3, and have the same signifi 
cance. The dotted lines 12 and 13 represent 
as before the forces due to the magnetic flux, 
but since this flux is now nearly in phase. 
with the electro-motive-force the adiustment 
must be such that the lines 12 and 13 will 
pass through zero when the tongue A is 
near its mean-position and the adjustment 
must be such that the line 13 will cross the 
horizontal line 6-7 a little to the left of the 
middle point 9 but as near thereto as pos 
sible, while the line 19 crosses a little to the 
right of this point. The shaded area be 
tween these two lines will then represent the 
aggregate force tending to counterbalance 
the friction, air resistance, etc. It will be 
seen that if the frequency of vibration of the 
tongue A tends to slow down slightly, giy 
ing an increased lead to the alternating cur 
rent electro-motive-force and the correspond 
ing magnetic flux, the line 13 will cross the 
line 6-7 a little earlier, that is, nearer to 
the point 6, and the line 12 will cross the 

line 6-7, a little earlier on the rstura travel, 
that is, a little nearer te the point , whieh 
will increase the area included between the 
lines 12 and 13 thus increasing the foree 
tending to maintain the proper frequency 
and phase relation. 
The lines 12 and 13 in Fig. 4 which repre 

sent, the variation of magnetic flux will also 
represent the magnetizing current in the 
coils C and C° which produces this flux, and 
as this current will be displaced somewhat 
in the lagging direction from the applied 
electro-motive-force, this applied electro 
motive-force will pass through its zero value 
a little earlier than the current and flux, for 
example at the points 17 and 18 in the travel 
of the tongue as shown in Fig. 4. It is de 
sirable to have these points of zero electro 
motive-force as near as possible to the mid 
dle point 9, but in order to accomplish this 
it will be seen that the current and mag 
netic flux would have to be leading instead 
of lagging. To produce this result a con 
denser () is shown on Fig. 1 in series with 
the coils C and C°, which would be short 
circuited by the switch P for the first ad 
justment described above, but can be open 
circuited by opening the switch P for the 
second adjustment. The capacity of this 
condenser may be chosen to give a leading 
phase position to the current and the mag 
netic flux so as to bring the points 17 and 
18 to coincide with the point 9 or nearly so. 
The second adjustment has certain ad 

vantages over the first. . It will be noted 
from Fig. 4. that the force exerted by the 
magnet on the tongue A reaches its maxi 
mum near the extreme limits of the travel 
thus assisting to increase the pressure on the 
carbon piles, whereas in the first adjustment 
this force is passing through Zero at its ex 
trenne limits. Furthermore, since the area 
included between the curves 12 and 13 is 
fixed by the retarding forces of friction, air 
resistances, etc., which must be counteracted, 
these two curves will approach nearer to 
each other the greater their maximum 
height. When the magnetizing force is 
comparatively small these curves must be 
farther apart which will throw the vibra 
tion of the tongue A somewhat out of phase 
with the electro-motive-force, and thus re 
duce the charging current into the battery. 
As the magnetizing force is increased the 
curves 12 and 13 will come closer together 
bringing the vibration of the tongue A 
more closely into phase with the electro 
motive-force and increasing the charging 
current. The increase in the magnetizing 
force will also increase the maximum pres 
sure on the carbon piles and still further in 
crease the charging current. With this ad 
justment therefore, the amount of charging 
current can be readily varied over a wide 
range by manipulating the rheostats R and 
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R° or the switch S. With the first adjust 
ment, however, this cannot be so readily ac 
complished. The curves 12 and 13 in Fig. 
2 must have a slightly greater maximum 
than the curves 10 and 11, in order to in 
sure stability with any slight changes in 
the opposing forces of friction, air resist 
ances, etc. Any increase in the magnetizing 
force will throw the vibration of the tongue 
A farther out of phase, while having only a 
slight effect on the maximum pressure on 
the carbon piles. 

In Fig. 5 a three phase alternating cur 
rent circuit 21-22-23 is shown, to which 
is connected a three phase auto-transformer 
Tl. Three piles of carbon disks K*, K* and 
K" are shown, one terminal of each being 
connected to the corresponding terminal of 
the transformer T. The other three termi 
nals of the carbon piles are connected to a 
common junction point 30 and a storage bat 
tery B is connected between the common 
junction point 27 of the transformer T and 
the junction point 30. The three carbon 
piles are intermittently compressed in se 
quence by the three rods P, P and P re 
spectively. These rods are given a recip 
rocating motion by means of the pin 81, 
which is mounted eccentrically upon and ro 
tated by the shaft 32. This shaft is driven 
by the synchronous motor M connected to 
the circuit 21-22-23- its field 33 being 

It will be seen 
that each of the carbon piles is connected in 
series between one phase of the three phase 
circuit and the battery. The adjustment of 
the apparatus is such that the maximum 
compression on each carbon pile is produced 
when the potential between the correspond 
ing conductor of the three phase circuit and 
the neutral point 27 is a maximum in the 
direction to charge the battery. This per 
mits the maximum current to flow into the 
battery in the charging direction through 
each carbon pile in succession, the pressure 
on each being released when the polarity 
reverses to prevent any appreciable flow of 
current in the opposite direction. 
The phase relation between the electro 

motive-force on the circuit 21-22-23 and 
the rotation of the pin 31 may be adjusted 
in many well known ways. Fig. 6 illus 
trates one of these methods. The shaft 32 
shown in Fig. 5 is divided in Fig. 6 into 
two parts 41-42, which abut and are sur 
rounded by a sleeve 43. Mounted on the 
two parts of the shaft are 
which engage in slots 47 and 49 in the 
sleeve. Slot 47 is parallel with the axis of 
the shaft while the slot 49 is inclined there 
to, so that by sliding the sleeve in one direc 
tion or the other, the angular relation of the 

65 

two parts of the shaft may be adjusted. 
The position of the sleeve may be shifted 
by means of the collar 44 and the fork 45. 

pins 46 and 48, 
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It will be obvious that many modifica 
tions may be made in the details of the in 
vention without departing from the spirit 
thereof. 
What I claim as new and desire to secure 

by Letters Patent is 
1. In a device for rectifying alternating 

currents, a body of material whose electrical 
resistance varies with pressure and having 
both alternating and direct current connec 
tions, and means for applying to said body 
pressures varying in synchronism with the 
alternations of electro-motive force. 

2. In combination an alternating current 
circuit, a direct current circuit, a body of 
material whose electrical resistance varies 
with pressure connected between said cir 
cuits and means for applying to said body 
pressures varying in synchronism with the 
alternations of electro-motive-force in the 
alternating current circuit. 

3. In combination an alternating current 
circuit having a plurality of conductors, 
a direct current circuit, a body of material 
whose electrical resistance varies, with pres 
sure connected between each conductor of 
the alternating current circuit and the direct 
current circuit, and means for applying to 
said bodies pressures varying in Sychronism 
with the alternations of electro-motive-force 
on the alternating current circuit. 

4. In combination an alternating current 
circuit having a plurality of conductors, a 
direct current circuit, a body of material 
whose electrical resistance varies with pres 
sure connected between each conductor of the 
alternating current circuit, and one side of 
the direct current circuit, and means for 
applying to each of said bodies pressures 
varying in synchronism with the alterna 
tions of electro-motive-force on the alternat 
ing current circuit. 

5. In combination, an alternating current 
circuit, a direct current circuit, a body of 
material whose electrical resistance varies 
with pressure connected between said cir 
cuits, means for applying to said body pres 
sures varying in synchronism with the alter 
nations of electro-motive-force on the alter 
nating current circuit, and means for adjust 
ing the phase relation between said pressures 
and the alternations of electro-motive-force. 

6. In combination an alternating current 
circuit, a direct current circuit, a body of 
material whose electrical resistance varies 
with pressure connected between them, an 
electro-magnet, a magnetic member ar 
ranged in the magnetic field of said electro 
magnet and adapted to apply varying pres 
sures to said body, and means for applying 
to the electro-magnet an alternating excita 
tion in synchronism with the alternating 
current electro-motive-force. 

7. In combination, an alternating current 
circuit, a direct current circuit, a closed con 

70 

75 

80 

85 

90 

95 

00 

105 

115 

20 

125 

30 



O. 

1,051,941 

ducting circuit of variable resistance con 
necting the two, and means for varying the 
resistance of the conducting circuit in 
synchronism with the alternations of electro 
motive-force on the alternating current cir 
cuit without opening said conducting cir 
cuit. . . . . . . . . . . . . . . 

8. In combination, an alternating current 
circuit, a direct current circuit, a body of 
material whose electrical resistance varies 
with pressure connected between said cir 
cuits and electromagnetic means including 
windings connected respectively to the alter 
nating current, and to the direct current cir 
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cuit for applying to said body pressures 
varying in synchronism with the alterna 
tions of electro-motive-force on the alternat 
ing current circuit. 

9. In combination an alternating current 
circuit, a direct current circuit, a body of 
material, whose electrical resistance, varies 
with pressure connected between them, elec 
tro-magnetic means including windings con 
nected respectively to the alternating cur 
rent and the direct current circuits for ap plying synchronously varying pressures to 
said body, and means for adjusting the 
phase relation between the variations of 
pressure and the alternating electro-motive 
force of the alternating current circuit. 

10. In combination an alternating current 
circuit, a direct current circuit, abody of 
material whose electrical resistance varies 
with pressure connected between them, an 
electro-magnet, a magnetic member ar 
ranged in the magnetic field of said electro 
magnet and adapted to apply varying pres: 
sures to said body, means for applying direct 
current excitation to said member, means for 
applying alternating current excitation to 
the electro-magnet, and means for adjusting 
the phase relation of said, alternating cur 
rent excitation. 

11. In combination an alternating cur 
rent circuit, a direct current circuit, a body 
of material whose electrical resistance va 
ries with pressure connected between them, 
an electro-magnetic device including a sta 
tionary member and a movable member 
whereof the latter is adapted to apply vary 
ing pressures to said body. o 
for each of said members, means for trans 
mitting direct current through one of said 
coils, means for transmitting alternating 
current through, the other coil, and means 
for adjusting the phase relation of said al 
ternating current. 

12. In combination an alternating cur 
rent circuit, a direct current circuit, a body 

60 of material whose electrical resistance varies 
with pressure connected between them, an 
electro-magnetic device including a station 
ary member and a movable member whereof. 
the latter is adapted to apply varying pres 

65 sures to said body, an exciting coil on one 

an exciting coil 

of said members connected to the alternating 
current circuit, and an electrical condenser 
connected in series with the coil. 

13. In combination an alternating current 
circuit, a direct current circuit, a body of 70 
material whose electrical resistance varies 
with pressure connected between them, a 
vibrating piece adapted to apply varying 
pressures to said body, means for adjusting 
the natural period of vibration of said vi. 
brating piece, and means for applying to 
said piece magnetic forces to maintain its 
vibration in synchronism with the electro 
motive-force of the alternating current cir 
cuit. \ . 

14. In combination an alternating current 
circuit comprising two conductors, means 
for maintaining a neutral point of intermes 
diate potential with respect to said circuit, 
a storage battery, connection from one ter 
minal of said battery to said neutral point 
two circuit connections from the other bat. 
tery terminal one to each of the two con 
ductors of the alternating current circuit, 
two bodies of material, whose electrical re 
sistance varies with pressure, one connected 
into each of the two circuit connections last 
named, a vibrating piece arranged to apply 
pressure alternately to the two bodies, and 
an electro-magnetic device for maintaining 
the vibration of said piece in synchronism 
with the electro-motive-force of the alter 
nating current circuit. 

15. In combination on alternating current 
circuit comprising two conductors, means 
for maintaining a neutral point of inter 
mediate potential with respect to said cir 
cuit, a storage battery, connection from one 
terminal of said battery to said neutral point, 
two circuit connections from the other bat 
tery terminal, one to each of the two con 
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ductors of the alternating current circuit, 
two bodies of material whose electrical re 
sistance varies with pressure, one connected 
into each of the two circuit connections last 
named, a vibrating piece arranged to apply 
pressure alternately to the two bodies, an 
electro-magnetic device for maintaining the 
vibration of said piece, a coil connected to 
the alternating current circuit for exciting 
said device, and a condenser in series with 
said coil. - . 

16. In combination an alternating current 
circuit, a direct current circuit, abody of 
material whose electrical resistance varies 
with pressure connected between said cir 
cuits, an electro-magnetic device for apply 
ing varying pressures to said body, an ex 
citing coil for said device, and means for 
transmitting through said coil alternating 
currents in synchronism with the electromo 
tive force on the alternating current circuit 
and substantially in phase therewith. 

17. fin combination an alternating current 
circuit, a direct current circuit, abody of 
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material whose electrical resistance varies In testimony whereof I have hereunto 
with p. Aft it. said 5. signed my name. cults, an electro-magnetic device or apply ing varying, pressures to said body, an ex- JOSEPH L. WOODBRIDGE. 
citing coil for said device, and means for Witnesses: 
varying the current strength in said coil to FrANK. E. FitENCH, 
control the maximum pressure on said body. K. M. GILLIGAN. 


