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The invention described herein may be manu-
factured and used by or for the Government for
governmental purposes, without the payment to
me of any royalty thereon.

This invention relates to an 1mproved method
of employing alternating current and has for. its

" object the heating of filaments of vacuum tubes

and the minimizing of the objectionable dlStOI'-
tion resulting from such use.
An object of this invention therefore is to mini-

" mize the variations in filament temperature by
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minimizing the length of time of small .current
during change of direction; that is, to make the
change of current from maximum plus value to
maximum minus value very quickly so as to ren-
der the average current as nearly as possible equal
to the maximum value of current.

To this end I propose to change the connectxons
and relative sizes of the transformer windings and
cores to produce a more nearly square or flat-
topped wave form of current used to light the
filaments of vacuum tubes

With the foregoing and other oblects in view,
the invention consists in the matter hereinafter
set forth in the following description and illus-
trated in the accompanying drawing, in which:

Fig. 1is a hypothetical showing of a rectangular
wave form.

Fig. 2 is a diagrammatical showing of a ring
transformer with a separate spaced iron core.

Fig. 3 is a diagrammatical showing of an oscillo~-
gram showing the wave forms of the resulting
electromotive forces. The dotted line represents
the total electromotive force of the secondary and
tertiary windings in series aiding. ;

Referring more particularly to the drawing, one
method of obtaining a wave closely approximating
the desired rectangular wave form, as shown in

Fig. 1, is by the use of a ring transformer R (with’

primary and secondary windings P and S, respec-
tively, as shown in Fig. 2) in which is placed a
third coil on a separate iron core, T, which is sep-
arated at its ends from the ring core by a small air
gap, T—1 and T—2. = This third winding, T—3,
is connected in series aiding with the secondary
winding 8. The ring transformer is operated in
such a way that the flux in the core is well above
magnetic -saturation, and the reluctance of the
all-iron path through the secondary will become
so great during a portion of the cycle, that a major
poftion cf the flux will pass through the tertiary
path, the reluctance of which is lower at high flux
periods by reason of the presence of the unsatu-
rated air gaps. Thus, at low flux periods the
major portion of the flux follows the all-iron path.

By properly ‘proportioning the turns in each wind-
ing, the rates of change of flux in each core, and
hence the induced voltages in secondary and ter-
tiary, will vary non-uniformly, as shown in Fig. 3,
because the reluctance of the magnetic paths
through T—2 and T—3 varies unequally as the
flux through P .changes.

Fig. 3 shows the electromotive forces which re-
sult when the transformer is so operated, and the
resultant when these forces are placed in series
aiding. Each ordinate of the dotted curve is the
sum of the ordinates of the other two curves at
the same instant. To make this curve approach
the desired rectangular wave form, the number of
turns in each winding must be properly adjusted.
The correct adjustment depends upon the size of,
and material constituting, the cores; the space
between the third core and ring core; and upon
other things.

This arrangement incorporated in the step- 5
down transformer would necessitate only the third
core and winding in addition to the usual equip-
ment., - .

The basis of the invention is the idea of apply-
ing to the filament or heating element of a vacuum
tube an alternating current the wave form of
which is altered to approach the rectangular form.
A method of obtaining this form of wave has been
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.hereinbefore set forth.

I claim: 85

1. Means for changing the wave form of alter-
nating currents, comprising in cembination with
a source of alternating current, a transformer
assembly having a main core provided with pri-
mary and secondary windings; and a tertiary
wound core spaced from and encompassed by
said main core and having its windings series
connected with the windings of said secondary
whereby the voltages in the secondary and tertiary
will vary non-uniformly to produce a substantial-
ly rectangular wave form.

2. Means for changing the wave form of alter-
nating currents, comprising in combination with
a source of alternating current, a transformer
assembly having a ring coré provided with
primary and secondary windings; and a tertiary
wound core spaced from and encompassed by
said ring core whereby the magnetic reluctance
of said tertiary is lower at high flux periods, said
tertiary having its windings connected in series jp5
with said secondary to produce an aiding effect
and whereby the voltages in the secondary and
tertiary will vary non-uniformly to produce a
substantially rectangular wave form.

3. In a device employing -alternating current jjq
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adapted for heating vacuum tube filaments, the
combination in a transformer assembly, which in-
cludes a two core component having primary and
secondary windings, of a tertiary wound core hav-
ing its windings in series and having an aiding
action with the windings of said secondary, the
core of said tertiary being spaced relative to said

1,947,484

component to form unsaturated air gaps, whereby

the magnetic reluctance of said tertiary is lower
at higher flux periods, and whereby the induced
voltages in the secondary and tertiary will vary
non-uniformly to produce a substantially rectan-
gular wave form.

o HARROD G. MILLER.
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