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LARS 0. GRONDAHL, OF PITTSBURGH, PENNSYLVANIA, ASSIGNOR TO THE UNION
SWITCH & SIGNAL COMPANY, OF SWISSVALE, PENNSYLVANIA, A CORPORATION

OF PENNSYLVANIA

POWER-SUPPLY MEANS

" Application filed July 19, 1928. Serial No. 652,524..

My invention relates to apparatus for the
electrical communication of intelligence, and
particularly to apparatus of this character
involving electron tubes.

I will describe one form and arrangement
of apparatus embodying my invention, and
will then point out the novel features there-
of in claims. .

In the accompanying drawings, Fig. 1is a
diagrammatic view showing one form of
apparatus embodying my invention. Fig. 2
is a view showing, in vertical cross section,
one form of rectifying device illustrated dia-
grammatically in Fig. 1 and also embodying
my invention. Fig. 3 is a detail view drawn
to a large scale and showing a portion of the
rectifying device illustrated in Fig. 2.

Similar reference characters refer to simi-
lar parts in both views.

Referring first to Fig. 1, the receiving ap-
paratus here illustrated comprises an elec-
tron tube B containing as usual, a filament
4, a grid 5, and a plate 6. This tube is pro-
vided with a grid circuit including one wind-
ing 8 of an oscillation transformer A, a
grid condenser 10, and the filament 4 and

rid 5 of the tube B. The winding 8 may
e tuned to resonance by means of the con-
denser 9 connected across the terminals of
the winding. A high resistance or grid leak
11 is shunted around the grid condenser 10
in the customary manner. The remaining

winding 2 of transformer A is connected .

with a suitable antenna 1 and a ground con-
nection 3 in the usual manner.

The electron tube B is also provided with
a plate circuit including the filament 4 and
plate 6 of tube B, an electro-responsive de-
vice such as a telephone receiver 18, and a
source of alternating energy such as the sec-
ondary 18 of a transformer K. The pri-
mary 19 of transformer K is constantly sup-
plied with alternating current from some
source not shown in the drawing. As is
well known to those skilled in the art, alter-
nating current in the plate circuit causes an
audible “hum” in the telephones 18 which
interfere with the reception of the incoming

“signals. To transform the alternating cur-

50

rent supplied by the transformer secondary

18 into a uni-directional current I interpose
between this secondary and the tube g, a
rectifying device E one form of which will
be described in detail hereinafter, and a
wave filter C. :

Referring now to Fig. 2 the rectifying
device F comprises three sections 87, 50 and
51, each comprising a plurality of rectify-
ing units. Each of these rectifying units is
preferably in the form of a disk of copper
having an. intimate contact with one side
thereof a coating of cuprous oxide which is
preferably formed directly upon the disk by
some suitable means such as by subjecting
the disk to a high temperature in the pres-
ence of a limited amount of air. During this
process a thin film of cupric oxide is formed
upon the outside of the cuprous oxide coat-
ing and this film is subsequently removed
by some suitable means such as abrasion
with emery cloth or sand blast, or by cor-
rosion as with nitric acid. As shown In the
drawing the copper disks are designated by
the reference characters 40 and the oxide
coatings by the reference characters 41. It
has been found that units prepared in this
manner offer lower electrical resistance to
current flowing from the oxide coating 41
to the copper disk 40 than to current flowing
in the opposite direction, and hence these
units are called rectifying units. One or
more sheets 39 of some relatively soft con-
ducting material such as lead foil are inter-
posed between each two adjacent units to
insure good electrical contact. Two rectify-
ing units constructed in accordance with my
invention are illustrated on a larger scale

in Fig. 3. The section 50 is so assembled as

to allow current to pass the more readily
from right to left and sections 87 and 51
are so assembled as to allow current to pass
the more readily from left to right. Section
37 is separated from section 50 by means
of a conducting disk 42 provided with a ter-
minal wire 26. Similarly, section 50 is sepa-

rated from section 51 by means of a conduct--

ing disk 43 provided with a terminal wire
27. The middle unit of section 50 is conm-
nected with a terminal wire 25. The entire
series of units is contained in a tube 36 of
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fibre or other insulating material and is
mounted in a frame 34 of some suitable con-
ducting material. This frame is provided
with a boss 60 which is arranged to engage
the right hand unit of section 51, and with
a set screw 35 threaded in the frame 384 and
arranged to engage the left hand unit of
section 37 whereby the units may be pressed
into intimate relation thus insuring perfect
electrical contact. 5

Referring now also to Fig. 1, wires 24 and
25 are connected with the secondary 18 of
transformer K and wires 26 and 27 are con-
nected through the wave filter C to the plate
and filament of the tube 7. When the left
hand terminal of secondary 15 is nositive,
current flows from this terminal through
wire 24, rectifying section 87 of device H,
wire 26, filter C, phone 13, plate and fila-
ment of tube 7, flter C, wire 27, right hand
portion of section 50 of device F, and back
to the other side of transformer secondary
18 through wirs 25. Wken the right hand
terminal of secondary 18 is positive, current
flows from this terminal through wire 25,
left hand portion of section 50 of device E,
wire 26, filter C, phone 13, plate and fila-
ment of tube 7, filter C, and wire 27, recti-
fying section 51, and wire 24 back to trans-
former secondary 18. As a result the cur-
rent supplied to the plate circuit is a uni-di-
rectional current which fluctuates with the
electromotive force in the secondary wind-
ing 18. To reduce these pulsations and
eliminate any alternating current which
might pass the rectifiers I prefer to inter-
pose between the rectifying device E and
plate 6 a wave filter designated by the ref-
erence character C. This filter may be of
any suitable form and in the present in-
stance comprises a plurality of reactors 33
connected in series with the filament 4 and
a plurality of condensers 32 connected in
parallel with the filament 4 and interposed
between adjacent reactors as shown in the
drawing.

I have found that rectifying devices such-

as shown in Fig. 2 may be conveniently con-
structed with very high resistances, and I
have also found that this is of especial ad-
vantage since the plate resistance of the
tube, that is, the resistance from plate to
filament, is very high. Furthermore, I
have found that if the rectifier I has a
resistance equal to the plate resistance of
the tube, the efficiency of the rectifier is
about 33%. If the resistance of the recti-
fler is twice the plate resistance, the effi-
ciency of the rectifier is increased to about
50%. Rectifiers built in accordance with
my invention may be conveniently made
having resistances of many thousands of
ohms and are therefore highly efficient for
use in connection with electron tubes.
Moreover, rectifiers embodying my inven-
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tion do not distort the wave form appre-
ciably and are therefore particularly adapt-
ed for such use.

As shown in the drawing, the filament 4
of tube B is heated by means of an electric
current which is furnished by the secondary
winding 17 of transformer K. It is well
known that periodic variation in the current
through filament 4 would cause a “hum” in
the receivers just as explained in connection
with the plate circuit. This is undesirable,
and to prevent its occurence, I interpose a
rectifying device D between the filament 4
and the secondary winding 17 of transform-
er K.

The rectifying device D may be of any
suiteble type, such for example, as the de-
vice shown in Figs. 7, 8, and 9 of an ap-
plication for Letters Patent of the United
States filed by Lars O. Grondahl and Frank
H. Nicholson on March 7, 1922, Serial No.
541,743, In brief, this device comprises four
reclifying elements 28, 29, 30 and 81, each
of which may be copper in intimate con-
tact with cuprous oxide. An clement of
this character offers a lower electrical resist-
ance to current passing from the oxide to
the copper than to current flowing in the
opposite direction, and so the element may
properly be termed a “rectifier”. The four
elements are so connected between the trans-
former and the filament that when the left
hand terminal of the secondary 17 of trans-
former K is positive, current flows from
that terminal through wire 22 and rectifier
element 31, wire 21, filament 4, wire 20, and
through rectifier element 29 ‘and wire 23
back to the transformer; whereas, when the
right hand terminal of the secondary wind-
ing 17 is positive, current will flow through
wire 23 and rectifier element 30, wire 21,
filament. 4, wire 20, and rectifier element
28 back to secondary winding 17 over wire
22. As a result, the current supplied to
the filament is a wunidirectional current
which fluctuates or pulsates in response to
alternations in the electromotive force in the
secondary winding 17. These pulsations
are further reduced by a filter B similar to
filter C. A variable resistance 14 is con-
nected in series with the filament to regulate
the temperature of this element to any de-
sired value.

It will be clear from the foregoing that
telephonic or telegraphic signals which are
transmitted to the apparatus by transformer
A are rendered audible by the telephones 13.
But the slight periodic variations in the cur-
rent through the filament 4 of the tube, re-
sulting from imperfect or incomplete recti-
fication by device D may cause an audible
sound in the receiver: which sound will be
confused with the signals which it is desired
to hear. To prevent this occurrence I inter-
pose between transformer secondary 17 and
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the rectifying device D a resistance 15 and a
reactance 16. The resistance and reactance
are connected in series with the secondary
17 and the rectifier D is connected by means
of wires 22 and 23 with the terminals of the
resistance. The effect of the combination is
to displace the phase of the current flowing
in the rectifiers with respect to the voltage
across the transformer secondary 17. By
suitably proportioning resistance 15 and re-
actance 16, the phase of the filament current
may be displaced any required amount so
that its maximum points are in phase with
the point of minimum plate current, thus
tending to balance the irregularities in these
two currents. :
My invention, though here shown applied

-to a “single stage” detector is readily appli-

cable to receiving apparatus comprising one
or more. stages of amplification in addition
to a detector tube.

Although I have herein shown and de-
scribed only one form and arrangement of
apparatus embodying my invention, it is
understood that various changes and modifi-
cations may be made therein within the
scope of the appended claims without de-
parting from the spirit and scope of my
invention.

Having thus described my invention, what
I claim is: :

1. In combination, an electron tube com-
prising a filament, a plate circuit for said
tube including a source of alternating cur-
rent, means for supplying to said filament
a uni-directional current having periodic
points of maximum value, and means for
displacing the phase of such points with
respect to the maximum points of said alter-
nating current.

2. In combination, an electron tube com-
prising a filament, a plate circuit for said
tube including a source of alternating cur-
rent, means for supplying to said filament a
uni-directional current having periodic
points of maximum value, and means for
causing said points to be approximately in
phase with the minimum points of said al-
ternating current.

3. In combination, an electron tube com-
prising a filament, a plate circuit for said
tube, means for supplying to said circuit
a uni-directional current having periodic
points of maximum value, means for sup-
plying to said ‘filament a uni-directional
current having periodic points of minimum
value, and means for causing said maximum
points and said minimum points to be ap-
proximately in phase.

4. In combination, an electron tube com-
prising a filament, a plate circuit for said
tube, means for supplying to said circuit
a uni-directional current having periodic
points of maximum value, means for supply-

ing to said filament a uni-directional cur-

3

rent having periodic points of minimum
value, and means for regulating the phase
relation of said maximum points and said

‘minimum points.

In testimony whereof I affix my signature.

LARS O. GRONDAHL.
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