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This invention relates to transforming ap 

paratus for direct current. More particu 
larly it relates to apparatus for producing 
direct current at relatively high voltage from 

5 a direct current supply of relatively low volt 
age. The invention is particularly adapted 
for radio receiving apparatus but is equally 
applicable to other uses. 
The principal object of the present inven 

10 tion is to provide apparatus by means of 
which a high voltage direct current may be 
obtained directly from a low voltage direct 
current supply such as the common form of 
three cell, six volt storage battery or a farm 

15 lighting system operating upon low voltage 
direct current. - - - 

One feature of the invention resides in the 
provision of a transformer having its pri 
mary winding connected directly to the low 

20 voltage direct current supply and having its 
: secondary winding connected to a rectifying 
device, together with means for repeatedly 
interrupting the primary circuit whereby 
high voltage alternating current is produced 

25 in the secondary circuit and rectified by the 
rectifying device to produce a high voltage 
direct current. 
Another feature of the invention resides 

in the specific form of interrupting device 
30 and associated apparatus which is construct 

ed to give practically no arcing at the inter 
rupting points and is so shielded as to give 
a minimum amount of interference with the 
reception of signals by a radio receiver. 

35 Another feature of the invention resides 
in the specific form of circuit and connec 
tions for the rectifying device whereby the 
highest possible voltage is secured therefrom. 
Other objects of the invention will be un 

40 derstood from the accompanying drawing 
and the following description and claims: 

Fig. 1 is a diagrammatic representation of 
the apparatus involved and the wiring con 
nections thereto. Fig. 2 is a diagrammatic 

45 chart for comparison of the voltages at dif 
ferent parts of the apparatus. 
In Fig. 1 a pair of terminals 10 and 11 ar 

connected to the positive and negative ter 
minals respectively of a suitable low voltage 
direct current supply. The terminal 10 is 

connected to a winding 12 of a choke coil 13, 
the opposite terminal of which is connected 
to the stationary point 14 of an interrupter 
device 15. The moving point 16 of said in 
terrupter device is connected to the primary 
winding 17 of a transformer 18. The op 
posite terminal of the primary winding is 
connected to a second winding 19 of the choke 
coil 13. The winding 19 is in reversed rela 
tion to the winding 12 as illustrated in the 
diagram. The opposite terminal of the wind 
ing 19 is connected to the terminal 11. A 
condenser 20 is directly connected across the 
break points 14 and 16 of the interrupter. 
A pair of condensers 21 and 22 are connected 
as illustrated in the diagram Fig. 1. The 
interrupter 15 is surrounded by a metallic 
shield 24 grounded as indicated. The inter 
rupter point 16 is adapted to be moved to 
break its contact with point 14 when the core 
of transformer 18 is energized by the ener 
gizing of the primary winding 17. This 
movement of the point 16 breaks the primary 
circuit, deenergizing the primary winding 
17 and allowing the point 16 to return to its 75 
contact with point 14. The interrupter, 
therefore, functions in a well known manner 
for repeatedly making and breaking the pri 
mary circuit. 
The secondary winding 25 of the trans 

former 18 has each of its terminals directly 
connected to one of the plate electrodes A 
and B of a thermionic rectifier tube 26. The 
said rectifier tube also contains a filament 
F, one terminal of which is connected to the 
terminal 11 by a wire 27. The opposite ter 
minal of the filament F is connected to a re 
sistance R in turn connected by a wire 29 to 
the terminal 10. Thus the filament F is heat 
ed by the low voltage direct current supply 
and its temperature may be adjusted by ad 
justment of the resistance R. 
The plate B is connected by a wire 30 to . 

a terminal C-. The resistance R is con 
nected by a wire 28 to one terminal of a choke 
coil 31, the opposite terminal of which is con 
nected by a wire 32 to one terminal of a 
c-oke coil 33. The opposite terminal of the 
coil 33 is connected by a wire 34 to a termi 
nal B+. A resistance unit 35 is connected 160 
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between the terminal B+ and a terminal B. 
A resistance unit 36 is connected between the 
terminal B and a terminal B. A resistance 
unit 37 is connected across the terminal B' 
and a terminal B-C+. A resistance unit 
38 is connected across the terminal B-C- 
and the terminal C-. A condenser 39 is con 
nected between the wires 28 and 30. A con 
denser 40 is connected between the wires 32 
and 30. A condenser 45 is connected across 
the wires 30 and 34. A condenser 41 is con 
nected between the wire 30 and the terminal 
B'. A condenser 42 is connected between 
the wire 30 and the terminal B'. A coil 
denser 43 is connected between the terminal 
B-C-- and the wire 30. The entire appa 
ratus so far described is covered by a metal 
lic shield 44 grounded as indicated. 
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The repeated interruption of the primary 
circuit of transformer 18 by the interrupter 
15 causes an induced electromotive force in 
the secondary winding 25 which is impressed 
upon the plates A and B. As one of the plates 
comes to a higher potential than the fila 
ment F, a flow of electrons takes place from 
the heated filament to the high potential plate 
tending to reduce the potential of the said 
plate. The electrons so discharged upon the 
plate B escape by means of the wire 30, the 
resistance units 38, 37, 36, 35, wire 34, choke 
coil 33, wire 32, choke coil 31, wire 28, re 
sistance R to the filament F. This circuit 
may be termed the “high voltage direct cur 

35 

40 

rent circuit.' Electrons discharged upon the 
plate A escape through the windings 25 to 
the wire 30 and thereafter follow a similar 
path. By this means a direct current is es 
tablished in the circuit just described and 
the average potential of the plates A and B 
is lowered sufficiently to give the required 
electromotive force for the passage of said 
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current. The current so produced is a fluc 
tuating current having a frequency equal to 
that of the vibration of the interrupter point 
16. However the introduction of the choke 
coils 31 and 33 and the condensers 39 to 43 
inclusive, tend to reduce the said current to 
a substantially constant value. The poten 
tial difference obtained by this method be 
tween the wires 30 and 34 is greatly in ex 
cess of the potential difference between ter 
minals 10 and 11. 

In the operation of multi-stage radio re 
ceiving apparatus, it is desirable that certain 
of the amplifier plates be carried at higher 
voltages than others and that certain of the 
amplifier grids be carried at a negative volt 
age with respect to the filaments. By the 
use of the terminals B+, B, B', B-C+ 
and C - and the suitable choice of resistance 
35 to 38 inclusive, suitable voltages may be 
obtained for each of the plates and grids. 
In the making and breaking of the primary 

circuit I have found that the rate of change 
of primary current is greater at the “break” 
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of the circuit than at the “make”. Therefore, 
the voltage induced in the secondary winding 
25 is greater at the break than at the make. 
By the use of the condenser 20 this effect is 
greatly accentuated and by the connections 
heretofore described I take advantage of the 
fact to obtain from the rectifier the maximum 
possible direct current voltage. This will be 
apparent from a study of the chart, Fig. 2. 
In this chart, potential is plotted as the ordi 
nate with time as the abscissa. The line Ed 
indicates the potential of the mid-point D of 
the secondary winding 25 of the transformer 
18. The curve Ea, indicates the potential 
impressed upon the plate A by the making 
and breaking of the primary circuit. The 
curve Eb indicates the potential similarly 
impressed upon the plate B. The line AvEa 
represents the average value of the potential 

The line AoEb indicates the average 
value of the potential Eb. The difference in 
the induced potential at the break and make 
of the primary circuit is illustrated in Fig. 2 
by the greater amplitude of the potentials. Ea. 
and Eb in the portion of the curves marked 
“break' and results in a much lower average 
value for the potential of plate B than for 
the potential of plate A. By connecting the 
wire 30 to the plate B instead of to plate A 
or the mid-point D, a much greater potential 
difference is obtained in the high voltage di 
rect current circuit. This connection is one 
of the most important features of the inven 
tion. 
In Fig. 2 the line Ef indicates the poten 

tial of the filament F and the diniension ER 
indicates the potential drop through the re 
sistance R. In a farm lighting system, the 
voltage available is ordinarily approximately 
32 volts while that required to heat the fila 
ment F is usually no more than 5 volts. The 
potential drop through the resistance R, there 
fore, is approximately 27 volts. By connect 
ing the line 28 to the high potential terminal 
of the resistance R as herein described, the 
potential difference ER is added to that ob 
tainable between the terminals B+ and C-. 
This connection of the line 28 and the con 

nection of the line/30 to plate B, therefore, 
gives the maxin?ium potential difference 
across the terminals B+ and C-. This 
potential difference is indicated in Fig. 
2 by the dimension E. Any other connection 
of lines 28 and 30 would give a lesser poten 
tial difference. 
The use of the choke coil 13 prevents self 

induced fluctuations in voltage, in the pri 
mary coil 17, from being impressed upon the 
terminals 10 and 11. Thus, no disturbance 
due to the rapid making and breaking of the 
primary current passes beyond the grounded 
shield 44 and the current passing through 
terminals 10 and 11 is substantially a con 
stant direct current. By the use of the con 
densers 20, 21 and 22 arcing at the points 14 
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and 16 is reduced to a minimum. The shield 
ing of the interrupter, by shield 24, and the 
additional shielding of the entire transform 
ing apparatus by shield 44 reduces possible 
interference with radio reception. In prac 
tice it has been found that no appreciable 
interference is produced. 
The invention claimed is: 
1. Transforming apparatus for producing 

a high voltage direct electromotive force from 
a relatively low voltage direct current supply 
including a transformer having primary and 
Secondary windings, a source of low voltage 
direct current, a primary electrical circuit 
including said current source and said pri 
mary winding, means for repeatedly inter 
rupting the current flow in said primary cir 
cuit for inducing, an alternating electromp. 
tive force in said secondary winding, said 
electromotive force at the breaking of said 
circuit being unequal to that at the making 
thereof, whereby one terminal of said wind 
ing reaches a lower average potential than 
the other, a thermionic rectifier, a plate elec 
trode in said rectifier connected to each of 
the terminals of said secondary winding, a 
heated filament in said rectifier for reducing 
the average potential of said plates by elec 
tronic flow from said filament to said plates, 
an electrical circuit connecting said filament 
to the secondary winding terminal having the 
lowest average potential and to its associated 
plate electrode, and resistance elements in 
cluded in said circuit for resisting electronic 
flow therethrough whereby a relatively high 
direct electromotive force is established in 
said circuit. w 

2. Transforming apparatus for produc 
ing a high voltage direct electromotive force 
from a relatively low voltage direct current 
supply including a transformer having pri 

45 

mary and secondary windings, a source of 
low voltage direct current, a primary elec 
trical circuit including said current source 
and said primary winding, means for repeat 
edly interrupting the current flow in said pri 
mary circuit for inducing an alternating elec 

50 

tromotive force in said secondary winding 
said electromotive force at the breaking i 
said circuit being unequal to that at the mak 
ing thereof, whereby one terminal of said 
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65 thermionic rectifier, a 

winding reaches a lower average potential 
than the other, a thermionic rectifier, a plate 
electrode in said rectifier connected to each 
of the terminals of said secondary winding, 

3 

therein for electronic emission, apparatus ac 
tuatable by a low voltage direct current to impress a relatively high alternating poten 
tial upon said plate electrodes, said apparatus 
maintaining a lower average potential on one 
of said plates than on the other, and an ex 
ternal electrical circuit including said fila 
ment and the low potential plate electrode. 

4. Transforming apparatus including a 
thermionic rectifier, a pair of plate elec 
trodes therein, a filament electrode therein 
adapted to be heated for electronic emission, 
a source of direct current for heating said 
filament, a resistance element interposed be 
tween said filament and the high potential 
terminal of said current supply source, appa 
ratus actuatable by a low voltage direct cur 
rent to impress a relatively high alternating 
potential upon said plate electrodes, and an 
electrical circuit connecting one of said plate 
electrodes and the high potential terminal 
of said resistance unit. 
In witness whereof, I have hereunto af fixed my signature. 

CHESTER C. WILSON. 
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aheated filament in said rectifier for reducing 
the average potential of said plates by elec 
tronic flow from said filament to said plates, 
and an electrical circuit connecting said fila 
ment to the secondary winding terminal hav 
ing the lowest average potential and to its 
associated plate electrode. 

3. Transforming apparatus including a 
air of plate elec 

trodes therein, a heated filament electrode 
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