March 6,‘ 1-951! | W. C. BROWN ETAL # 2,543,887

- MAGNETRON POWER SUPPLY CIRCUITS

Filed March 11, 1947 ' 2 Sheets-Sheet 1
F/76. /7
— <« '
R C
N \Z
S
&
| N / A
e R /
| I
// ﬂ! . I
/ -l
/ / /7 . P
ZERO AX/S | ANOODE CURFENT . ]p N
Cz | PV
TIME X
Z 5‘2. %
3 5{
4 -
¥ '
S
. A
Ny
3|8
S R
w
Ny
IMVENTORS

W/ILLIAM C. BROWN
JOHN £ STACY

o ol




March 6, 1951 W. C. BROWN ET AL 2,543,887
MAGNETRON POWER SUPPLY CIRCUITS |
Filed March 11, 1947 | 2 Sheets—-Sheet 2

Ll 02

Ill

IF
!

ll

'll

il

INVENTORS
W/LL/AM C. BROWN
JOHN E S7A CY '




Patented Mar. 6, 1951

2,543,887

UNITED STATES PATENT OFFICE

2,543,887
MAGNETRON POWER SUPPLY CIRCUITS
William .C. Brown, meoln, and John E. Stacy,

Wmthrop, Mass.,

assignors to Raytheon Manu-

Tacturing Company, Newton,. Mass,, a corpora-

‘tion of Delaware

Application March 11, 1947, Serial No. 733 ,840

11 Clainis.

This invention relates to electrical circuits, and
more particularly to electrical eircuits utilizing
electron-discharge devices of the so-called mag-
netron type. -
- An object of this invention is to devise circuits -5
for operating & plurality of magnetrons, where-
by an increase in overall efficiency of operation
may be obtained.

Another object is to provide circuits by the use
of which magnetrons may be operated directly 10
from an alternating current source, without the
necessity of using therewith -a-ﬂsepara{te rectifier
power supply.

A further object is to devise -cir cults for oper-
ating magnetron or a pair of magnetrons from -
an alternating current source.in a self-rectifying
maenner.

A still further object 1s to devise magnetron
circuits which provide g self-regulating  action,
whereby no external _voltage regulators ‘are re-
quired.

An additional obiect is to devise magnetron cir-
cuiits wherein the magnetron anode current is
utilized as a source of excitation for the -elec-
tromagnet which provides the magnetic ﬁeld for
the magnetron.

Still another object 1s to devlse magnetron ¢ir-
cuits wherein the means used for producing: the
magnetic field for the magnetron has additional
functions.

The foregoing and other objects of the. jnven«
tion will be best understood from the following
description of some exemplifications thereof, ref-
erence being had to the accompanying drawings,
wherein:

Tig. 1 is a set of curves useful in explaining the
operatbion of the invention; and

Wigs. 2, 3, and 4 are diagrammatic representa—
tions of d1 erent circuit arrangements according
to the invention.

Now referring to Fig. 1, a family of representa-
tive anode voltage-anode current (Ep vs. Ip)
curves A, B, C, and D are shown for an electron-
discharge devzce of the magnetron type. Each
of the curves A, B, C, and D is drawn for a. single
constant value of maﬂ'netlc intensity in the mag-
rietron, these values of magnetic intensity in-
creasing from the lowermost curve A to the up-
perrost curve D.  As will be noted, curves A, B,
C, and D are substantially parallel to each other,
and each curve is substantially linear and has a
very small slope throughout the greater portion
of its length.

It is very often desirable o operate magnéetrons
directly from a source of alternatmg current -
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3% which voltage F reaches value ¢ in its upward
swing and the ins"ta,nt' at which said voltage-again
reachies value &
small as compared to the time 3 of a full half-
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rather than operating them from a separate aux-

iliary power supply (as is.conventionally done), in

order to -eliminate the rectifier power supply to-
gether with the losses naturally present therein.
It i1s desirable, of course, to reduce total system

losses in order to raise the overall efficiency of
the system.

If, now, the sinusoidal. alternating anode .sup-

ply voltage represented by curve F is ‘applied to

2, magnetron which has a .constant magnetic
intensity therein :of the value represented by

- characteristic .curve D, no plate current will fiow
in the magnetron untﬂ voltage F reaches g value
a,-at which curve.D intersects the axis. of zero Ip,
since a voltage of this value is required to over-

come the current-cutofl .effect of the magnetic
field. .As voltage .F reaches .and passes value .a,

the magnetron plate current G will start from

zero and will increase rapldly, because of the

very small slope of characteristic .curve D. The

magnetron plate current G increases as plate
voltage F increases, until voltage F reacheg its

maximum or peak. Value- b. At this peak voltage

value, a value-¢ of plate current flows in the mag-

pnetron this value being-quite large as shown, due
to the small slope -.of characteristic D. As the
magnetron. plate voltage F decreases from its
peak valiie b, the magnetron. plate current G also

decreases rapldly from its maximum value ¢, until

¢ voltage value ¢ isreached in the downward swing
of voltage F, at which time the magnetron plate

current 'Gis agaaln zero, as ‘determined by char-
acteristic ID.

The time interval %1, between ;;the-- instant at

g in its downward swing, .is quite

cycle-of voltage F,:as is apparent from the draw-

ing, since value ¢ is well up on the upward swing
of voltage F. 'Thereforeé, during the half-cycle
of voltage F in which the ‘magnetron :anode is

positive with respect to its cathode, only a very
short steep high-amplitude pulse G of plate cur-

L rent will flow. Of course, sirice g magnetron is

an asymmeétrical device or rectifier, no plate-eur=

rent will flow during the next half-cycle of volt-
age ¥, in which the magnetron ariode is neg“atwe

with respect to its cathode.

Since the total length #:1 of the pulse of anode
current is small compared to the time 23 of a half-
cycle of anode voltage, the power factor of the

tube load is rather low and, also, since the input
transforuier is loaded only over g relatively small




i — L -'-'l\ - ""'l. - P o e r-‘l

2,543,887

3

portion of the cycle, the transformer is being op-

erated in a rather inefficient manner.

It is ordinarily preferable, with alternating cur-
rent operation of magnetrons as above described,
to utilize a pair of magnetrons connected in push-
pull relation, or as a full-wave rectifier, across the
alternating current source, in which case a pulse
G of plate current would ' be produced during each
half-cycle of the alternating current input. )

The above analysis of alternating current mag-
netron operation, since it involves a characteristic
curve such as D, will be understood to refer to

10

a magnetron in whlch the magnetlc mtensmy re- -

mains constant during operation thereof, this
constant magnetic intensity being’ suppli'ed' by a
permanent magnet, for example.

Pursuant to this invention it has been found
that,

4

tron plate current J swings downwardly toward
the zero axis as determined by characteristic
H—H’, this downward swing of the current again
being substantially sinusoidal because of the fact
that characteristic H-—H’ is substantially linear
as above described. Plate current J continues
to decrease as the plate voltage P decreases, until
at the time when the supply voltage F is zero,
the plate current J is also zero.

It will be apparent, from the above analysis,
that under these conditions the magnetron acts
as & pure resistance load across the alternating
current source, and plate current J flows in a sub-

© . stantially sinusoidal manner throughout the en-

15

tire time %z of a half-cycle of source voltage F,
As stated above, the peak value d of the mag-

.. .netron plate current J (in the series electro-

if the magnetron current is used as.a.

source of excitation for-an electromagnet which

provides the magnetic field for the magnetron,
the above-described disadvantages may be elimi-
nated and the magnetron may be operated very
eﬁimently'from a source of alternating current.
Where the magnetic field of the magnetfron is
Supphed by the magnetron plate current, it has
been found that the operating line or Ep—Ip
characteristic of the magnetron is substantially
as represented by curve H'—H, which, as will be
seen, passes through the origin, is curved only
very slightly over its length and which has a sub-
stantlal slope over its entire length.
~ If the magnetic field of the magnetron is sup-

phed by the plate current, when there is no plate
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current there will be no magnetic field, and there

is nothing to prevent the increase of plate cur-
rent from zero as soon as the plate voltage be-
comes sreater than zero because there is then
no- magnetlc. field to produce a current-cutoff
effect. Of course, ag the plate current increases,
the magnetic field intensity also increases, which
might tend to cause the plate current to decrease,
but this does not happen because the plate volt-
age has also increased to cause an increased plate
current.

istic goes substantially through the origin as
shown because the hysteresis loop of the material
of whiech the electromagnet core is made is very
'-na.rrow

If, now, the smusmdal alternatmg anode sup-
'ply voltage ¥ is applied to the magnetron under
these conditions (with the plate current flowing
in series through the electromagnet), the operat-
ing line' in this case will be H'—H, as stated
above, 'so that magnetron plate current (repre-
sented by curve J) will begin flowing as soon as
the voltage F rises.above zero. The plate current
J will rise as the voltage F rises, as determined
by. characteristic. H'=——H. Since characteristic
H'—--H is substantially-linear, the rise of plate
current J will be substantially sinusoidal. Char-
acleristic H—H is substantially linear and goes
through the origin, so that in effect the mag-
netron under these conditions acts substantially
as.a pure resistance loagdg across the alternating
current source. The magnetron plate current J
continues to increase as the plate voltage F in-
creases, until voltage F reaches its maximum or
peak value b. At this peak voltage value, a value
d of plate current flows, this current value being
determined from charactemstlc H. It will be

noted that value d is substantlally less than
value c.

-As Voltage I begms 1ts downward swmg toward

urre Therefore, characteristic H'—H ex-
tends approximately as shown. This character-
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magnet arrangement of the second case) is sub-
stantially less than the peak value ¢ of the mag-
netron plate current G (in the permanent mag-
net arrangement of the first case). Since the
plate current J in the second case flows over the
entire half-cycle time €3, which time is substan-
tlally in excess of the time %1 over which the
plate current G flows in the first case, for the
same average power in the two cases the peak
current d in the second case can be substantially
less than the peak current ¢ in the first case.
This decrease of the peak magnetron plate cur-
rent is advantageous because it tends to lengthen
the effective life of magnetron devices.

- Since the plate current J in the second case
flows over the entire half-cycle time %3, the input
transformer secondary is loaded over this entire
half-cycle, thus effectively raising the efficiency
of operation of said transformer. Also, from a
comparison of curves G and J, it can be seen
that curve J is substantially sinusoidal, whereas
curve G is not, and also that curve J extends
throughout the entire half-cycle, whereas curve
G extends over only a relatively small portion of
sald half-cycle of supply voltage F. Therefore,
the power factor in the second case (curve J) is
substantially better than in the first case (curve
G). Of course, it is desirable to keep the power
factor of any alternamng current load as high as
posmble |

For reasons which will be explained herein-
after, it is desirable or even preferable to provide
a constant direct magnetic flux or bias through
the electromagnet core, this fiux being in series
alding relationship with that produced by the
pulsating direct anode current of the magnetron
flowing in series through the electromagnet ex-
citing coil. Therefore, when the anode current
goes to zero, there will still be magnetic flux
through the magnetron as a result of this bias,
so that the lower end of solid line curve H does
not go through the origin, but slopes off as shown.
Characteristic H is curved only very slichtly over
the major portion of its length and has a sub-
stantial slope over the major portion of its length.-
As will be seen, the solid line characteristic H
differs somewhat from the characteristic H’-—H
in the lower portion thereof.

With characteristic H, the sinusoidal supply
voltage F must rise to the value e before any
plate current (represented by curve K) flows,
since a voltage of this value is required to over-
come the current cutoff effect of the biasing mag-
netic field. As voltage F rises bevond value e,
magnetron plate current K increases from Zero,

rising approximately sinusoidally to the same
value d as before, this value being determined

'the zero axis from its pedk value b, the magne- 75 by ‘peak voltage value b and characteristic curve
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H. As voltage P swings downwardly, -current
K does also, the magnetron anode current fall-
ing to zero at theinstant when voltage F reaches
value e in its downward swing. -Since value e
is reached by voltage F rather earily in the up-
ward swing thereof and rather late:in the down-
ward swing thereof, the time {2 during :which
plate current K flows is only very slightly less
than the half-cycle time t3. Therefore, the time
interval fo is substantially greater than the time
interval #1 of the pulse ‘G which flows when no
electromagnet is used, so-that the power factor in
this third case is gtill very much ‘better than in
the first case. Again, the peak current d can be
substantially less than the peak .current ¢ for
the same average power, hecause the plate cur-
rent ¥ flows over a much longer period of time
than does plate current G. Also, with curve K
the input transformer is loaded over a much
greater portion of the half-cycle than is the
case with curve G.

Since the greater portion of cha;ractaenstm
curve H is substantially linear, the greater por-
tion of anode current curve K is substantially
sinusoidal, so that the magnetron again acts as
as a resistive load across the alternating cur-
rent source, thus enabling a rather high power
factor to be achieved.

In this third case, in which a direct :constant
magnetic bias is used along with a plate-current-
excited electromagnetic field, it is trye that the
portion of the supply voltage curve F between
zero and value e is in effect lost as far as the
magnetron load is concerned. However, the volt-
age is relatively low in this region, so that-only
an unimportant proportion of :the total-available
volt-amperes is lost. Also, magnetrons will not
ordinarily function to produce a radio-frequency
output in this region of very low anode voltage
anyway, So that there is no loss ‘of radio-fre-
quency power in so far as the radio-frequency
load is concerned. ‘In addition, the envelope of
a magnetron is ordinarily made of a highly con-
ductive material, such as copper, and the mag-
netic flux for the magnetron passes through and
1inks with this envelope: it.is desirable to limit
the change of magnetic flux linking with this
envelope so as to prevent an unduly high voltage
being induced therein by transformer-action with
the envelope acting as a short-cireuited second-
ary winding: therefore the magnetic fux should
be kept from going completely to zero at -any
time. For the above reasons, it is desirable to
use a d1rect magnetic bias along with a series
plate-current-excited electromagnetic field as the
magnetic ficld for the magnetron.

Although the above description of magnetron
operation with a plate-current-excited electro-
magnetic field has been made with reference to
a single magnetron connected across an alter-
natmg current source, it has been found that it
is ordinarily preferable to utilize a pair of magne-
trons connected in push-pull or as a full-wave
rectifier across a source of alternating current,
the magnetrons themselves providing the only
load across said source, and said magnetrons act-
ing as their own power supplies. In this case,
the above analylsis still holds, so that an-anode
current wave such as K will be produced in the

-appropnate one of the pair of- magnetrons dur-
ing each successive half-cycle of the source volt-

age F. The advantages described in detail above

are obtainable with a pair of magnetrons, as with
a. single magnetron, provided that the magne-

‘trons. utilize plate-current-excited electro-mag-

‘nets for their magnetic fields.
of this invention are obtained, as discussed above,

6

The advantages

by using the magnetron anode.current.as a source

.-5

10

-of excitation for the electromagnet which fur-
nishes the magnetic field for the magnetron.

By ‘the utilization of magnetron anode -cur-

rent to excite the magnetron electromagnet, the
magnetron anode current is held substantially
-constant, regardless of line voltage variations,
so ‘that no special provisions for voltage regu-

lation are necessary with this invention,
Referring again to Fig. 1, assume that a mag-

netron is being operated with a permanent mag-
net field having a value corresponding to that
represented by characteristiec curve C, and that
the applied sinusoidal alternating anode voltage
s as represented by curve L. From character-

“istic curve C, we see that under these conditions
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seen that the anode current

the anode .current has a peak value f. Now, if
the line voltage varies, downwardly for example,
the applied sinusoidal alternating voltage will be
as represenfed by curve M. Under these condi-

tions, the anode current will have a peak value ¢
which, as can be seen, is very much lower than

~value f. Similar reasoning applies to increases
in line wvoltage.

Therefore, there are ordinarily
extremely wide variations of gnode current with

small differences in applied anode potential in a

magnetron. As a result, in order to maintain the

desired substantially constant power input to the
magnetron, regardless of variations in line volt-

age, very sensitive voltage-regulating devices are

ordinarily required.

Now, utiilizing this invention, the operating

characteristic of the magneiron is ggain, as

before, represented by curve H. With the ap-
plied anode voltage L, from curve H it may be
utilizing the inven-
tion has a peak value h. Now, if the applied
anode voltage changes to curve M, the anode
current will have a peak value 4. As can be
seen, due to the large slope of characteristic

H, there is very little difference between values h

and 4. Similar reasoning applies to increases
in line voltage. Therefore, by means of our in-
vention, without. the use of any external or ad-
ditional voltage-regulating devices, the mag-

- netron plate current is stabilized or maintained
- substantially constant regardless of variations

20

in line voltage, so that the desired subsvantially
constant power input to the magnetron is main-

~ tained regardless of such variations.

-ob

65

5

field, which :
functions also, as above described, to Teduce

It will be seen, from all of the above, that
pursuant to this invention, there have been de-
vised magnetron arrangements, using the mag-

"netron anode current as a source of excitation
for the magnetron electromagnet, in which no

rectifiers are necessary for operation of the
magnetron or magnetrons, and in which no
permanent magnets are necessary. In this in-
vention, the means for providing the magnetic
Jeld is required in every magnetron,

the anode peak current while maintaining the
same average power, to increase substantially
the length of the anode current pulse, to raise

the power ?fac't_or of the magnetron load, toc in-
crease the input transformer efficiency, and to

maintain the magnetron current substantially

.constant. regardless of line voltage variations.

Figs. 2-4 represent, diagrammatically, three
different circuit. arrangements whereby the in-

vention may be carried out. Referring now to

Fig. 2, the numerals { and 2 generally designate

- plectron=discharge devices of the magnetron
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type, each including, for example, an evacuated
enveiope 3 made of highly conductive materiadi,
such as copper, and provided withh a piurality
of inwardiy-directed, radially-disposed anode
vanes 4., The arrangement is such that each
pair of adjacent anode vanes 4 forms, together
with that portion oi the envelope § lying there-
between, a cavity resonator whose natural
resonant frequency is, as is well known to those

skilled In the art, a function of the geometry

of the physical elemenis making up the same.

Centrally located in each envelope 3 is a
highly electron-emissive cathode member 9, for
example of the well~-known alkaline-earth metal-
oxXide type, sald cathode member being provided
with conventional means (not shown) ifor rals-
ing the temperature thereof to a 1eve1 suf‘iment
for thermionic emission.

An electromagnet, designated genelally by b,
may consist of a three legged soft iron core
structure having airgaps in the two outer liegs
thereof and having an exciting or variable-cur-
rent coil 7 and g biasing or constani-current
coil 22 wound around the central leg thereof.
Device | is placed in one of the airgaps of the
electromagnet and device 2 is placed in the other
airgap, both in such a manner that the mag-
netic field provided by the electromagnet 6, when
coils T and 22 are energized, extends in each

::1

10

A"
v} |

device in g direction transversely of the electron 30

path between each cathode 5 and the anode 3
associated therewith. Devices | and 2 are there-
fore placed side by side, and the electromagnet
means 6 is common to the two devices.

Devices | and 2 are connected in a push-pull
arrangement or as g fuil-wave rectifier across a
source 8 of raw or unfiltered alternating current,
for example the conventional 60-cycle power
lines, with the exciting electromagnet coil 7 in
series with the anode currents of each magnetron,
and to this end cathode 5 of device § is con-
nected by means oi a conductor & directly to
ongc terininal of the secondary winding 10 of an
input transiormer (I, while cathode % cf device
2 is connecied by means of a conductor
rectly to the opposite terminal of said secondary
winding. Secondary winding {3 1is cenier-
tapped, and a conductor {3 connects the center
tap of said winding to one end of exciting elec-

tromagnet coil 1, the other end of said ccil being -4

12 di- i

an

connected to a pomt i4, irom which 'omnt a palr

of leads 15 and ¢t branch lead 15 is connectpd
dirzsctly to anode 3 of device !, while lead 16
is connected directly to anode 3 of dEVI“e 2.

Source 8 is connected across the pumary Wmd- )

ing 1T of transicrmer 1.

Biasing coil 22 is connected across a sou.l.ce
23 of direct current, for example a battery, a
choke 24 being connected in series with coil 22.

A condenser 25 is connected across battery 23,

the condenser 28 and choke 24 functioning to
isolate said battery from the alternating voltage
which tends to be induced in coil 22 as a resuli
of the pulsating voltage applied to exciting coil 7.

Biasing coil 22 is so wound and arranged with -0

respect to exciting coil T that the biasing fux
produced by the direct current flowing through
coil 22 is in series aiding relation with the
pulsating flux produced by the magnetron anode
current flowing in series through said EXCltlIl”'
coil. Therefore, by this means, the char acteristi

curve H of Fig. 1 results, as discussed above.

- Thus, the electron-discharge devices 1 and 2
are connected as a single-phase full-wave recti-

fier across the source 8 of raw or unfiltered al-

.

64)

75

8

ternating current, with the exciting electromag-
net coil 7 being connectﬁd effectively in series
with the anode of each of the devices | and 2.
It 1s apparent that the anodes of each of the

magnetrons | and 2 are in series with the coil
1, so that the coil 7 will be supplied by the mag-

netron anode current of each of the devices |

and 2, the magnetron anode current of each ot
tne devices therefore acting as a source of vari-
able excitation for the coil T of the electromag-

net § which provides the magnetic fields for each

of the magnetrons. Therefore, the advantages
explained in detall hereinabove are obtainable
with the circuit of Fig. 2, since the magneiron
anode current is used to supply the excliing
coll of the magneiron electromagnet, and since

‘the magnetrons are operated directly from an
alternating

current source.
Now referring to Fig. 3, a pair of magnetrons

{"and 2 again are used, each magnetron including

an anode 3 and a cathode 3. However, in this

figure, each device has its own electromagnet to

establish a magnetic field in the corresponding

‘device in a direction transversely of the electron
‘path between the cathode and the anode thereof;

electromagnet 18 is magnetically coupled to de-
vice | while electromagnet 1§ is magnetically
coupled to device 2. Exciting coil 20 is wound
around the iron core of electromagnet 18, while
exciting coil 21 is wound around the iron core
of eleciromagnet 19. If desired, each of the elec-

tromagnets of Fig. 3 may be provided with a sep-
‘arate blasing coil and socurce similar to that of

mig, 2.
Cathode 5 of device | i1s connected, in series

with electromagnet coil 20, by means of lead 9,
-to one terminal of secondary winding 10 of input
transformer i1;
nected, in series with electromagnet coil 21, b

‘means of lead 12, to the opposite terminal of sec-
ondary winding 19.

a cathode 5 of device 2 is con-

The anodes 3 of devices |
and 2 are tied together and are connected by

conductor 13 to the center tap of secondary wind-

ing {0.

Again, the electron-discharge devices ! and 2
are connected as a single-phase full-wave rectifier
across the alternating current source 8, with the

electromagnet exeiting coil of each device in series

in the anode-cathode circuit thereof, so that each
exciting coil is supplied by the anode current of

-the corresponding device, or, in other words, the
‘anode current of each device acts as a source of
excitation for the electromagnet which provides
the magnetic field for the same magnetron. The
advantages described in detail above are obtain-

able with this circuit also, because of the series
connection of the electromagnet exciting coil and
the magnetron anode-cathode circuit, with alter-
nasing current operation of the magnetrons.
Now referring to Fig. 4, a pair of magnetrons
{ and 2 having electromagnets (8 and 9, respec-

‘tively, are again connecied as a full-wave rectifier

across the source 8, as in Fig. 3. However, in
Fig. 4, the cathodes 5 of devices | and 2 are con-
hected directly to opposite ends of secondary
winding 19, while electromagnet exciting coil 20
is connected in series between anode 3 of device

{ and the common lead {3 from the center tap

of transformer 0, and electromagnet exciting
coil 21 is connected in series between anode 3 of
device 2 and the common lead 13. In this case
also, each of the electromagnets may be provided

with a separate biasing coil and source similar

to that of Fig. 1, if so desired.
-As In Fig. 3, the electromagnet exciting coil of
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each device is-connected in ‘series in the anode-

cathode circuit thereof, so that each such coil

is supplied by the anode current of the corre-
sponding device; the anode current of each device

therefore acts as a source of -excitation for the

electromagnet which provides the magnetic field
for the same magnetron. Therefore, the advan-~
tages described in detail above are obtainable
with this cireuit also.

Of course, it is to be understood that this in-
vention is not limited to the particular details as
described above, as many equivalents will suggest
themselves to those skilled in the art. For ex-
ample, it is possible to use a single electromagnet-
type magnetron connected as a half-wave recti-
fier across an alternating current source, with
the electromagnet exciting coil in series with the
anode-cathode circuit, in accordance with the
principles herein discloesed. If desired, a per-
‘manent maenet could be used to produce the
electromagnet biasing flux, rather than a source
and coil as illustrated. Various other variations
will suggest themselves. It is accordingly desired
that the appended claims be given a broad inter-
pretation commensurate with the scope of this
invention within the art.

What is claimed is: = -

1. An elec¢trical tircuil comprising: an evacu-
ated electron-discharge device of the magnetron
type having an anode element comprising a plu-
rality of resonant cavities, a cathode element,
and an electromagnet for establishing a magnetic

10

15

20

20

30

field in a direction transversely of the electron

ath between said cathode and said anode; means
connecting said device across a source of alternat-
ing current for energization solely therefrom; and

means connecting the exciting coil of said elec- |

tromagnet directly in series between sald source
and one of said elements.

2. An electrical circuit comprising: a pair of
evacuated electron~discharge devices of the mag-
netron type each having associated fogether an
anode element, a cathode element, and an elec-
tromagnet for establishing a magnetic field in
a, direction transversely of the electron path he-
tween each cathode and the anode associated
therewith: means connecting said devices as a
full-wave rectifier across a source of alternating
current: and means connecting each electro-
magnet directly in series with one of the elements
associated therewith.

3. An electrical circuit comprising: a pair of
evacuated electron-discharge devices of the mag-
netron type each having associated together an
anode element, a cathode element, and an elec-
tromagnet for establishing a maghnetic field In
a. direction transversely of the eleciron path be-
tween each cathode and the anode associated
therewith; means connecting said devices as a
full-wave rectifier across a source of alternating
current: and means connecting each electromag-
- net directly in series between said source and the
- cathode with which sald electromagnet is as-
sociated.

4. An electrical circuit comprising: a pair of
evacuated electron-~discharge devices of the mag-
netron type each having associated together an
anode element, a cathode element, and an electro-
magnet for establishing a magnetic field in a
direction transversely of the electron path be-
tween each cathode and the anode associated
theremth means connecting said devices as a
full-wave rectifier across a source of alternating
current; and means connecting each electromag-

net directly in series between said source and the
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:-a.node with  which said electromagnet is asso=
ciated.

5. An electrical 01rcu1t comprising: a pair of
evacuated electron-discharge deviees of the mag-
netron type each having associated together an
anode element, a cathode element, and an electro-
macnet for establishing a magnetic field in a di-
rection transversely of the electron path between
each cathode and the anode associated there-
with: a transformer having a primary winding
and a center-tapped secondary winding; means
connecting a source of alternating current across
said primary winding; means connecting the
anode and cathode of one of said devices between
said center tap and one end of said secondary
winding; means connecting the anode and cath-
ode of the other of said devices between said cen-
ter tap and the other end of said secondary wind -~
ing; and means connecting eaech electromagnet
directly in series between said secondary winding
and one of the elements with which said electro-
magnet is -associated.

6. An- electrical circuit comprising: a pair of
evacuated electron-discharge devices of the mag-
netron type each having assoclated together an
anode element, a cathode element, and an elec=
tromagnet for establishing 2 magnetic field in a
direction transversely of the electron path bhe-
tween each cathode and the anode associated
therewith; a transformer having a primary wind-
ing and a center-tapped secondary winding;
means connecting a source of alternating cur-
rent across said primary winding; means con-
necting the anode and cathode of one of said de-
vices between said center tap and one end of
said sécondary winding; means connecting the
anode and cathode of the other of said devices
between said center tap and the other end of said
secondary winding; and means connecting each
electromagnet directly iIn series between said
secondary winding and the cathode with which
said electromagnet is associated.

7. An electrical circuit comprising: a pair of
evacuated electron-discharge devices of the mag-
netron type each having associated together an
anode element, a cathode element, and an elec-

tromagnet for establishing a magnetic field In

a, direction transversely of the electron path be-
tween each cathode and the anode associated
therewith: a transformer having a primary wind-

ing and a center-tapped secondary winding;
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means connecting a source of alternating current
across said primary winding:; means connecting
the anode and cathode of one of said devices be-
tween said center tap and one end of said sec-
ondary winding; means connecting the anode
and cathode of the other of said devices between
said center tap and the other end of said sec-
ondary winding: and means connecting each
electromagnet directly in series between said
secondary winding and .the anode with which
said electromagnet is associated. |

8. An electrical circuit comprising: a palr of
evacuated electron-discharge devices of the mag-
netron type each having associated together an
anode element, a cathode element, and an elec-
tromagnet for establishing a magnetic field in a
direction fransversely of the electron path be-
tween each cathode and the anode associated
therewith; a transformer having a primary wind-

ing and a center-tapped secondary winding;

means connecting a source of alternating current
across said primary winding; means connecting
‘the anodes of both of said devices to said center

7"' tap; means connecting the cathode of one of said
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devices to one end of said secondary winding and
the cathode of the other of said devices to the

other end of said secondary winding; and means

connecting each electromagnet directly in series
between said secondary winding and one of the
elements with which said electromagnet is asso-
ciated. | :

3. An electrical circuit comprising: a pair of
evacuated electron-discharge devices of the mag-
netron type each having associated together an
anode element and a cathode element: electro-
magnet means common to said pair of devices for
establishing in each device a magnetic field in a
direction transversely of the electron path be-

tween each cathode and the anode associated

therewith; meang connecting said devices as g,
full-wave rectifier across a source of alternating
current; and means connecting said electromag-
net means directly in series with one of the ele-
ments of each of said devices. |
-10. An electrical circuit comprising: a pair of
evacuated electron-discharge devices of the mag-
netron type each having associated together an
anode element and a cathode element; magnetic
means common to said pair of devices for estab-
lishing in each device a magnetic field in a dj-
rection transversely of the electron path between
each cathode and the anode associated there-
with; an exciting coil for energizing said mag-
netic means; means connecting said devices as a
full-wave rectifier across a source of alternating
current; and means connecting said coil directly

In series with one of the elements of each of said
devices. o N

11. An electrical circuit comprising: a pair of 38
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evacuated electron-discharge devices of the mag-
netron type each having associated together an
anode element and a cathode element; electro-
magnet means common to said pair of devices
for establishing in each device a magnetic field
in a direction transversely of the electron path
between each cathode and the anode asso-
ciated therewith; a transformer having a pri-
mary winding and a center-tapped secondary
winding; means connecting a source of alternat-
Ing current across said primary winding: means
connecting the anodes of both of said devices to
sald center tap; means connecting the cathode
of one of said devices to one end of said secondary
winding and the cathode of the other of said de-
vices to the other end of said secondary winding:
and means connecting said electromagnet means
directly in series between said secondary wind-
ing and one of the elements of each of said
devices. |
| - WILLIAM C. BROWN.
- JOHN E. STACY.
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