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This invention relates.to a method and appa-
ratus for transforming low voltage, direct current
power to high voltage smooth direct current,
whereby electrical apparatus using thermionic

8 tubes such as radio receiving, sending or audio-
amplification apparatus may be operated from
a single low, voltage source of current such as a
wet cell storage battery.

Heretofore, for the operation of such appa-

10 ratus, a high voltage current has been supplied

by a separate high voltage battery block or by a

dyna-motor set. Such battery blocks are very

bulky and cumbersome and are expensive and

short-lived. The dyna-motor sets are much

15 more expensive and bulky and are inefficient and

have moving parts requiring attention or replace-

ment. - A separately operated high voltage gen-
erator is equally objectionable.

It is one of the objects of our invention to

20 eliminate the use of such expensive and bulky

high voltage battery blocks, dyna-motor sets and

like equipment in apparatus using thermionic

vacuum tubes whereby a compact and easily port-

able radio receiving or sending set suitable for'

25 Use in automobiles, airplanes, and other vehicles
may be produced. .

Another object of our invention is to supply a
high voltage direct current from a low voltage
direct current source by an inexpensive compact

gp and durable apparatus, which is very efficient
and capable of economic quantity production
from easily obtainable materials.

A more specific object of -our invention is to
operate the plate and grid circuits and the fila-
.45 ment circuits of radio receiving and sending sets

and the like from- the usual low voltage wet cell
storage battery.

Still another object of our invention is to pro-'

duce a high voltage alternating current from a
40 low voltage direct current source of supply,
whereby radio sets operable by the usual house-

hold alternating currents may be operated from

a storage battery and thus rendered portable.

Other objects and advantages will become ap-
parent from the following specification in which
reference is made to the drawing by the use of
numerals. :

In the drawing— .

Fig. 1 illustrates a preferred form of apparatus
suitable for carrying out our invention and
adapted for use with radio receiving, transmit-
ting sets or thermionic tube amplifiers. .

Fig. 2 is a modified form of our apparatus suit-
able for providing alternating currents.

55 Fig. 3 is a graphical representation of the re-
sults obtained hy the use of the apparatus illus-
trated in Fig. 1. . :

For the purpose of illustration, we shall de-
scribe an embodiment of our invention for oper-

60 ating a radio receiving set. As illustrated, our
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Frank J. Kaehni, Cleve-

to The Radiart Corpora- ] .
a corporation of' Ohio REl SS U ED
1930, Serial No. 434,544 :
(CL 250—27) '

invention includes a source of low voltage direct

current such as a storage battery, designated as 1.
The battery and the low voltage power circuit
of the radio set, such as to the A power terminals
4 and 5, are directly connected by suitable con-
ductors 2 and 3. Connected-to the same battery
is a primary circuit in which is an interrupter,
a desirable form of which may include the vi-
brator 6, operable by the coil magnet 7. The
condenser 8 is provided across the circuit breaker
of the interrupter to eliminate sparking of con-
tacts in the primary circuit. The primary cir-
cuit also includes a primary winding or trans-
former element 9, wound on a soft iron core 10.
This core is preferably of the closed core type,
as such tends to give g pulse-of cutrrent of longer
duration for each cycle. - The interrupter need
not be a separate unit, as described, but may be
combined with the transformer element, as illus-
trated in Fig. 2. .

The interruption of the current by an inter-
rupter tends to cause voltage variations at the

battery, which would ' affect the low volt—

age .power circuit directly connected thereto.
To eliminate these variations and at the same
time permit an even flow of current in the
primary circuit, we provide choke coils such
as 11 and 12 in the primary circuit between
the battery and the interrupter. A single chocke
coil or some other resistance may be used for
this purpose, but are not as effective as the ar-
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rangement of coils illustrated. On the core 10

is wound a secondary winding 20 of & greater
number of turns than the winding 9, thus form-
ing a step-up transformer. The current induced
in the secondary winding by the primary circuit
actuates a secondary circuit for operation of
plate and grid circuits. The secondary circuit
includes a rectifier 21 and a choke coil 22 for
rectifying and smoothing the current from the
winding 20. Condensers 23 and 24 are provided
in a secondary circuit which, with the choke coil
22, even the flow of current passing therethrough.
The resistance 25 and suitable bypass condensers
26 and 27 are provided in the secondary circuit
for further evening the flow and voltage of the

current. This supplies a source of potential for

the plus B amplifier, the plus B detector volt=
age, the minus B and minus C potential of the
radio set. )

If alternating current is desired for operation
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of one of the usual household sets, this may be .

obtained by the apparatus illustrated in Fig. 2.
A suitable apparatus includes a primary circuit,
such as described, which may be modifled so that
the vibrator element of the interrupter is oper-
ated from the transformer element. The alter-
nating current induced in the secondary winding
by the primary circuit may be connected directly
to the aiternating current lead wires of the set.
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We shall now describe the operation of our
invention, referring to Figs. 1 and 3 for clearness.
The current from the battery 1 flows through
a primary circutt actuating the vibrator 6 by
mesns of the coil 7 and building up)a field in the
core 10 through the winding 9. Due to the break-
ing of the circuit by the vibrator 6 an intermit-
tent flow of direct current is obtained in the

. primary circuit and through the winding 9, as il-

10

lustrated by the dotted line P—1 in Fig. 3. 'Any
tendency of the action of the interrupter affect-
ing the voltage at the battery is overcome by
means of the choke coils 11 and-12, The inter-

" rupted flow of the current through the winding

15

20

25

30

35

9 sets up an induced alternating current in the
seconidary winding 20 as illustrated by the line
S. This current has much higher voltage value
than the current in the primary circuit. The up-
per or positive value of this current is then rec-
tified by the rectifier 21, and when so rectified,
charges the condenser 23 with a direct current
potential of interrupted character. The flow of
current from condenser 23 is illustrated by the
dot and dash line C—1 of Fig. 3. As there il-
lustrated, the current is more even than. the cur-
rent of the secondary circuit directly from the
rectifier.
eliminate these puisations of current, it is direct-

‘ed through the choke coil 22, preferably of the

partially closed core type.

Next, the condenser 24 is provided to even the
flow of current still more and produce & uni-
form direct current of the desired potential, as
illustrated by the line C—2 in Fig. 3. This ef-
fect may be described in a somewhat different
manner. The condenser 23 is intermittently
charged by impulses from the secondary winding

. 20 through the rectifying device 21, the impulses

40
45
50
&6
60
66
70

75

having & wave shape such as shown ai S in Fig.
3. During the interval betwesn the peaks of
these impulses condénser 23 discharges into the
circuit comprising chok/e coil 22 and condenser
24. It is well known in the art that when a ca-
pacitance device such as condenser 24 is charged
through s resistance and an inductance that the
charging currenf may be expressed by the rela-

tion
e —R—-S _ —R-S
=5 e 2L tT ¢ 2L

" j=charging current of condenser 24
e=pctential of condenser 43 ‘in which

. 4L
vs_\/m- C

R=the ohmic resistance of the circuit from

“condenser 23 to condenser 24, including the ohmic

resistance of the cholke coil 22,
T.—inductance of the choke coil 22, in henries
.C=the capacity of condenser 24, in farads
i=time
Tt iz well known that when the value of
greater than

R2 is

4L

-

To further dampen and more nearly .

1,051,614

the current ﬂowiﬂg into condenser 24 will be &
logarithmic function as représented by the line
C—1 in Fig. 3, and simultaneously with this cur-
rent, the voltage across condenser 24 will build
up as a similar logarithmic function. Because
of the constantly recurring discharge of con-
denser 23 the voltage across condenser 24 is main-
fained practically constant because of the afore-

_mentioned relation between resistance, induct-

ance and capacity. As a result of thisnearly con-
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stant voltage across condenser 24, it discharges -

into an external circuit, such as a radio set or
other current consuming device, with a practi-
cally constant current as represented by the line
C—9 in Fig. 8. For distributing different volt-
ages as desired to the plus B amplifiers or the
plus B terminals of different plate voltage values
and the minus B and minus C potential of the
apparatus, and additionally smoothing and even-
ing the current, resistances such as 25 and by-

"pass condensers such as 26 and 27, may be pro-

vided in the lead wires to these parts.

The frequency of the alternating current in-
duced in the secondary circuit will, of course, be
the same as the frequency of interruption of the
current-in the primary circuit by the interrupter.

A rather high rate of interruption of the cur-
rent in the primary circuit will provide a suitable
current for operation of alternating current radic
sets or for conversion into higher voltage of di-
rect current as described. Experience has
proven that in a circuit for a transmitting set,
a modulation effect is produced when the filter in
the circuit is reduced in size. In fact, in such &
circuit, the condenser 24 and the choke coil 22
could be dispensed with and very satisfactory re-
sults obtained. .

While we have described our invention in con-
nection with a radio receiving set, we do not in-
tend to limit this use to such purposes, but. intend
to include its use with all apparatus using ther-
mionic vacuum tubes for voltage and supply.
Audio-amplifiers and various other apparatus
wherein thermionic vacuum tubes are emplcoyed
may be operated with this device. -

We claim:

In apparatus of the character described, the
combination of a battery, a low voltage radio pow-
er circuit connected to said battery, a transform-
er having a primary windng and a high voltage

-secondary winding, a second circuit including an

interrupter and the primary winding of said
transformer connected to said battery, and a

 third circuit including the secondary coil of said

transformer, and means for steadying the high
voltage current impressed thereupon, and for
steadying and smoothing the current supplied to
said interrupter and for preventing voltage
fluctuation produced in sa'd second circuit from
materially affecting the current conditions in said
first-named circuit, said means comprising a
choke coil locsted between said battery and said
interrupter and a second choke coil between said
battery and said primary winding.

WILLIAM L. KAEHNI.

FRANK J. KALHNI.
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