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UNITED STATES PATENT office 
SNGLE PHASE TO POLY PEASE CoNVERTER 
Parker B. Wickham, Delavan, Wis, assignor, by 
mesne assignments, to George W. Borg Corpo 
ration, Chicago, Ill., a corporation of Delaware 
Application March 24, 1941, serial No. 384,785 

(C. 172-238) 11. Claims. 
The present invention relates in general to 

single phase to polyphase converters, and the 
object of the invention is the production of a new 
and improved apparatus of this character. More 
in particular, the invention deals with the uti 
lization of a variable frequency source of sin 
gle phase alternating current having a negligible 
power output to obtain, by Suitable conversion 
and amplification, a variable frequency quarter 
phase or three phase output of several kilowatts 
or more with good voltage regulation and suit 
able for use in running a polyphase motor at a 
variable speed. It may be stated, moreover, that 
the invention not only provides a power output 
of variable frequency, but affords means for ad 
justing the frequency to any desired value with 
in the limits of the equipment. 
The invention has application to numerous in 

dustrial problems where an alternating current 
motor with accurately adjustable speed is re 
quired, and solves these problems in an economi 
cal and satisfactory manner. 
The invention and various features thereof will 

be described more fully hereinafter, reference 
being made to the accompanying drawing, which 
shows by means of a conventional type of circuit 
diagram sufficient of the apparatus and circuit 
connections to enable the invention to be ex 
plained and understood. 

Referring to the drawing, the rectangles to 
5, inclusive, represent the component parts of a 
beat frequency oscillator, which comprises the 
radio frequency oscillators and 3, a mixer stage 
2, and filter and amplifier stages 4 and 5. The 
construction and operation of a beat frequency 
oscillator are well known and hence the cir 
cuits are not shown in detail. It will Suffice to 
say that the outputs of the two radio frequency 
Oscillators f and 3 are combined at the mixer 
stage 2, to produce a beat frequency which is 
equal to the difference between the Oscillator 
frequencies. The output from the mixer stage 
also includes components having the oscillator 
frequencies and a component having a frequency 
equal to the sum of the oscillator frequencies, 
but these undesired components are eliminated 
at the filter stage 4, which is arranged to pass 
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also includes a resistance 15, but in circuits 2 
and 3 the corresponding elements are a con 
denser T (circuit f2) and an inductance 9 
(circuit 3). The capacity and inductance values 
depend on the frequency range but in any event 
are calculated to have substantially equal react 
ances at the average frequency. 
The branch circuits 1, 2, and 3 are em 

ployed to control the grids of the three tubes 
20, 2, and 22, which may be Type 6C5G tubes, 
for example. These three tubes with their asso 
clated input circuits constitute a phase shifting 
arrangement, whereby a quarter phase output is 
secured, as will be explained more fully herein after. 
At the next circuit stage two tubes 30 and 

3 are employed, one for each phase of the out 
put from the preceding stage. These tubes may 
be of the Type 6F6G. The plate circuit of tube 
20 is coupled to the grid of tube 30 by means of 
a condenser 25, the grid being provided with a 
grid leak 28. The plate circuits of the tubes 2 
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only the beat frequency component. The filter 
output is delivered to the amplifier stage 5, hav 
ing a grounded output circuit O. 
The output circuit to may be regarded as 

having three parallel branches , 2, and 3. 
These branch circuits include resistances 4, 6, 
and 8, respectively, which may have a value of 
about 100,000 ohms each. The branch circuit 
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and 22 are coupled to the grid of tube 3 by 
means of a transformer 23 and potentiometer 
24. 
The plate circuit of the tube 30 includes the 

primary winding of the transformer 34, while the 
plate circuit of the tube 3 includes the primary 
winding of the transformer 35. The secondary 
windings of these two transformers are wired in 
accordance with the familiar 'Scott connection' 
to provide a three phase output circuit compris 
ing the conductors 36, 37, and 38. This arrange 
ment will be readily understood, although it 
may be stated that the tap 83 is at the mid 
point of the secondary winding, while the tap 
84 is an 86.6 per cent tap, it being assumed 
that the two secondary windings have the same 
number of turns. 
The remainder of the circuit drawing shows 

a two stage three phase amplifier. The first 
stage comprises the three tubes 40, 4, and 42, 
which are preferably Type 845 tubes. These 
are filament type tubes, having their filaments . 
connected in parallel and Supplied with heating . 
current by the transformer 43. The grids of 
the tubes 40, 4, and 42 are controlled over the 
three conductors 36, 37, and 38, respectively, to 
which they are directly connected. A common 
grid return is provided by the grounded tap 85, 
which should be located one-third of the distance 
from "tap 84 to the upper end of the secondary winding. 
The last or power stage comprises six Type 

805 power tubes connected in pairs to provide 
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three push-pull power amplifiers, one for each 
of the three phases. These are also filament type 
tubes. A transformer 56 supplies heating cur 
rent to tubes 50 and 5, another transformer 57 
supplies heating current to tubes 52 and 53, while 
transformer 58 supplies heating current to tubes 
54 and 55. The plate circuit of tube 40 is cou 
pled to the grids of tubes 50 and 5 by means of 
a transformer 46. Similarly, the plate circuit 
of tube 4 is coupled to the grids of tubes 52 
and 53 by the transformer 4, while the plate 
circuit of tube 42 is coupled to the grids of tubes 
54 and 55 by means of transformer 48. The 
center points of the secondary windings of these 
three transformers are grounded to complete 
the grid circuits of the tubes. 
The plate circuits of the tubes of the three 

power amplifiers include the primary windings of 
the transformers 60, 6, and 62, respectively. The 
secondary windings of these transformers are 
delta connected, and are provided with the three 
phase output leads 7, 72, and 3. 

Suitable sources of direct current are provided 
for the various plate circuits of the tubes. The 
plate supply for tubes 20, 2, 22, 30, and 3 may 
have a potential of 250 volts. The plate voltage 
at the tubes of the three phase amplifier is higher, 
preferably in the neighborhood of 1200 volts. 
These direct Current sources are not shown in 
the drawing, which merely shows the two con 
ductors 65 and 66, with appropriate labels, as 
is customary in such circuit drawings. It will 
be understood, however, that conductors 65 and 
66 are connected to the positive poles of the 250 
volt and 1200-volt direct current sources, respec 
tively, and that the negative poles of these sources 
are grounded. 
The cathodes of the various tubes are of course 

grounded also, in order to complete the Cathode 
plate circuits through the tubes. Thus in the 
case of the power tubes 50 to 55, inclusive, the 
cathodes or filaments are connected to ground 
by grounding the center taps of the secondary 
windings of the heating current transformers 56, 
5, and 58. Where a grid bias is necessary or 
desirable, cathode resistors are provided. Thus 
the filaments of tubes 40. 4, and 42 are grounded 
through the resistor 44, which is preferably 
shunted by a by-pass condenser 45. Tubes 20, 30, 
and 3 are provided with individual cathode re 
sistors 26, 32, and 33, respectively, while tubes 
2 and 22 have a common cathode resistor 27. 
The tubes 20, 2, 22, 30, and 3 require suit 

able arrangements for supplying current for heat 
ing their cathodes. These circuits are well known, 
however, and are not shown in the drawing. 
The apparatus and connections thereof having 

been briefly described, the operation of the com 
plete circuit will now be explained. 
The output frequency of the beat frequency 

oscillator may vary over a considerable range, 
from 60 cycles per second to 400 cycles per sec 
Ond, for example. Within this range the fre 
quency is adjusted to any desired value by ad 
justing the frequency of one of the radio fre 
quency Oscillators. For this purpose the oscil 
lator 3 may be provided with adjustable tuning 
means controlled by a dial 6, which is calibrated 
in cycles per second, the calibrations referring 
to the beat frequency output. It may be assumed 
that the Oscillator is adjusted to some frequency 
near the middle of the frequency range, say 
230 cycles per second. 
The beat frequency oscillator accordingly main 

tains a flow of single phase alternating current 
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at 230 cycles per second in the output circuit 
10. It will be understood that no appreciable 
amount of power is furnished by the oscillator, 
its function being to supply control voltages of 

5 the desired frequency. 
As previously explained, the output circuit to 

has three branch circuits if, 2, and 3. The 
three branch circuits are used for controlling the 
grids of tubes 20, 2, and 22, respectively. The 

10 manner in which this takes place will be briefly 
explained. 

Considering first the branch circuit ft and tube 
20, the resistance 5 in circuit is also included 
in the grid circuit of the tube and accordingly 

5 alternating voltages are impressed on the grid, 
these voltages having a value which is determined 
by the voltage drop across the resistance 5. In 
other words, the potential across the resistance 5 
is available and effective to control the grid. The 

20 circuit has no inductive or capacitative react 
ance, and accordingly the voltages impressed on 
the grid are in phase with the applied voltage 
derived from the OScillator. 
In the branch circuit 2 there is a condenser 

25 T instead of a resistance such as 5. There is 
a Voltage drop across the condenser which is in 
pressed on the grid of tube 2, the value of the 
impressed voltage depending on the impedance 
of the condenser. The grid of tube 2 is 

30 therefore controlled similar to the way the grid 
of tube 20 is controlled. The voltages applied to 
the grid of tube 2 are, however, displaced in 
phase from the voltages applied to the grid of 
tube 20 by approximately ninety degrees. Ex 

35 plaining this briefly, it may be stated that the 
current in the branch circuit 2 is nearly in phase 
with the applied voltage, due to the fact that the 
capacitative reactance of the condenser is rela 
tively small as compared to the value of the re 
sistance 6. The voltage across the condenser, 
which is the voltage effective to control the grid 
of tube 2, lags behind the current by ninety de 
grees, and accordingly is approximately ninety 
degrees out of phase with the voltage applied 

5 to the grid of tube 20. 
In the branch circuit f3 there is an inductance 

9 and the voltage drop across this inductance is 
impressed on the grid of tube 22. In circuit 3 
also the current is nearly in phase with the ap 
plied voltage, due to the large value of the resist 
ance f8 as compared to the inductive reactance 
of coil 9. The voltage across the inductance 9, 
however, leads the current by ninety degrees, and 
accordingly the voltage impressed on the grid of 
tube 22 is approximately ninety degrees out of 
phase with the voltage impressed on the grid of 
tube 26. The grid voltage at tube 22 is leading, 
whereas the grid voltage at tube 2 is lagging, 
from which it will be seen that the grid voltages 
at tubes 2 and 22 are displaced in phase from 
each other by one hundred eighty degrees, ap 
proximately. 
The control voltages impressed on the grid of 

tube 20 cause variations of plate current in tube 
20 and the resulting variations in plate voltage 
at the tube are impressed on the grid of tube 30 
through the condenser 25. 

Similarly, the control voltages impressed on 
the grid of tube 2 bring about fluctuations of 
plate current in the tube, and since the plate cir 
cuit includes a part of the primary winding of 
the transformer 23, alternating currents are 
caused to flow in the secondary winding of the 
transformer and in the potentiometer resistance 

75 24. There is a fall of potential across the re 
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sistance 24, and a portion of this voltage is m 
pressed on the grid of tube 3, the value of the 
in pressed grid voltage depending on the adjust 
Ynent of the potentiomater. 

he grid voitages at tubes 30 and 3 are ninety 
degrees out of phase with each other due to the 
(described phase shift in the grid voltage at tube 
2, which iags behind the voltage at the grid of 
tube 2 by ninety siegrees. This phase displace 
lient is carried over to the grids of tubes 3e and 
3S, as will be obvious from the fact that, phase 
sits of one airies: eighty degrees stach as are 
pi'Giuced by thes and couplings canxiot change 
a 3Rinety degg'ee ghase difference, 

Sovy it, witi e recallied that he grid voltage at 
age 33 leads the 33plied voltage by the sagae 

35 agie that the grid 'yoitage a, tube 25 isgs beinigad 
e 

3re out of SSa with each other by one hun 
fixed eigia; 23; sad it will he appreciated 
i&i, these coaliticias are correct for plashes: 
geration of £ile 3Lies 3 S 32ndi. 22 is supply sig 
iciliating 3 i; to the 3riziary windirig of 

siaese 557 &ues coop32.338 
78:1 is own Siangle ix). Sixpplying 

tra:storizier. Operating at 2, re 
i 

We: G tra 
siegacy of 33i: 
gi, 33 to seise. said :: 2di:catace 3 

O 3. S. {i, ta e i ge 3. C 

8, i, g &A g di i 37 in --- 

3e 33rd:iiate 
O tie grids oš 
3.7c Sites hata 
giate pollege g 
c£133, 3:23 as 

s This saea...as ta3; 
iaily equal 3;ges of 

sia'; they s: gply S2 stainia?:y 
powife io &he raisorine. 

for Eer 23 fox ar; (iigua, voi age exactly the Saipa 
as the ougu, reitage derived from the Riata ci. 

in fiew of in a different; types of . suit of the 33. 
couplings extagiogeti, and it is preferable Yao', 'g 
3,5832 apt to do so. Á. standard transfor aex is 
i3S&d ere, .33'3íose, having 'Vidings sticia S2, 
the secondary voitage is largely in excess of : 
reqLi'3d. ES 3.323s of line poterio2 effle 
joitage is ed to the irequired waite, he 
potentioxieze: 3ing 2djusted so ina, the visi 
3ge izingressed is tie grid of Etie 3 is tie SE:ace 
as that it::pressed on the grid of tie 33. 
As explaired, he joitages at; the grids of Libes 

33 and 3 are oui, or paase With each other 
insey degrees. The tubes 33 sand 3 may these 
e'e e regairtied as a 6'7o passe or quarter piase 

simplifier, 'thich opera;2s is a 3:3 aer Winic, 
'vil: he readily inderstood anti which trequire3 and 
gie?ailed explazation. 
The two phase output from tubes 30 and 33 is 

converted into a, Shree phase output by aea as of 
the transfor 22rs 3i and 35, he secondary Wirai 
ings of whici are connected iri accorder ce Wii: 
the knowia 'Scott, connection,” as previously 
mentioned. She operation of this circuit, 3,3'- 
rangenherit is 3, so Wei untierstood. 

in this n&nzer here is produced a three pinase 
output in the three phase circuit, comprising con 
ductors 36, 35, and 33, which is used to control 
the grids of tubes 39, 4, and 32, these tubes con stituting a three phase amplifier. Eacia libe 
operates to airpify one phase, and to deliver con 
trolling voltages to the associated tubes in the 
power amplifier. Thus the tube 40 is controlled 
over conductor 33 and by means of transformer 

3. 

8: 
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43 supplies coiatioi voltages to the push-pull cor 
nected power anplifier comprising tubes 50 and 
5. In a similar manner the tube 4f controls 
the power amplifier comprising tubes 52 and 53, 

woitages 2, Gues 2 and 22 
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3 
while the tube 42 controls the power amplifier 
comprising the tubes 54 and 55. 

In connection with the foregoing it may be 
refriarked that the power amplifiers are class B 
amplifiers, and hence the grids of the tubes draw 
grid current, which means that the tubes at the 
preceding stage must supply a certain amount of 
OWser in oxier to properly control the grids at 

the power .338s. is is the reason for using 
the Type 83.5 kbes at the preceding stage. A 
Type 845 tube has a power output of about thirty 
watts, which is aKaple for the purpose. 
The outputs of the three power anaplifiers are 

coupied by Sneans of &gansformers 69, 38, and 82 
to the three phase otitgu, circuit, cornprising con 
ductors , 2, 2d 3, as previouasiy stated. 
These conductor's gay extend size:Sy to , anotor 
and supply three pia.32 20:7&r for Oga'ating it. 
the transformer Vinci: Eags are, of cogase, designed 
to give tra desired 23 gia, Voltage. Elsa Gatput 

gllercy of 
(Scies per 

Secai. 
it in ay 2 

increase the 
2ss. Yad Eg'y &aat; ; is esired to 
Speed if the Sios. Ellis is sco 

3.3g2SScy to 3, Wale 
which will give tie &sired ingei Sisted. Sae 
change in frequency is 3:3 dely 33 isstieg 38 dia 

at the gradio freggieSaty (Seijiaios 3, "Sygicia in 23 
be reset for 33 outstaš, Seq23&ncy C: 33 37cies per 
second, fo2 eggaiage. 

affect; he royer o3333i:03 of 3ine Sigratus; 
that is, it oduces Enly $223 is eraded result, 
wiich is to raise the outgut, requesney of the 
power & Eiic: ; 3: Cycies 2: S3302d, S', is 
noted in gearicier &aai, the orig.2% joitages of 
tubes 2 and 39 remain equai, which insures 
equal "foliages in the caree giaases of tie power 
outguit, circuit. "his is title to a cornpersating 
action. Which aires glace at lies; 3B aid 28, as 
will no7 e expialized. . 
Whe: the fire:38: Scy of the 02:33, circuit, S is 

raised, the inaged 22nce of the condeisei is 
correspondingly decreased aid the drop across 
this circuit eelsat is tiecreasefi, which oyer's the 
Voltages ingressed on the grid of toe 3. In 
other "Vordis, the Voitage drop across the con 
de Ser and the yol ages is pressed on he girid 
of tube 23 are inversely proportions to the fre 
quency. At tub3 28, iiierefore, the result of tie 
increase in freggiency is to decease the range 
of psie Carea, flicit 3itions, which woad, unless 
coranges Sated for it some way, redice the volt 
sages iridiced in the Secciary vinding of the 
transformer 23 and tie voi&sages ign pressed on 
the grid of tute 33. 

the necessary congestion is provided by 
tube 22. When the fregency is raised, the effec 
tive impedance of the inductance 3 is increased 
proportionately, and he "joltages ingressed on 
the grid of tube 23 are increassed. That is, the 
drop acroSS the aiductance and the voltages 
impressed on he grid of tute 22 are directly pro 
portional to the fire.g33) cy. The effect of the 
increased frequency at tibe 22, therefore, is to 
increase the range of giate current fictuations, 
which tends to increase the voltages induced in 
the secondary windig of trarisformer 23 and the 
voltages impressed on the grid of tube 3. 
The net result of the foregoing is that the 

changes in output at the tubes 2 and 22 approx 
imately cancel each other and the impressed 
voltages on the grid of tube 3 are maintained 
substantially unchanged in spite of the change 

  



4. 
in frequency. The greater part of the grid volt 
age at tube 3, however, is due to the operation 
of tube 22; that is, the push-pull hookup of tubes 
2 and 22 is now in unbalanced condition, with 
tube 22 supplying the greater part of the effec 
tive energy delivered to the transformer 23. 
The change in frequency has no effect on the 

operation of tube 20, since the branch circuit 
f is made up substantially of pure resistance. 
The voltages delivered to the grid of tube 30, 
therefore, have a constant amplitude and since 
the voltages delivered to the grid of tube are 
also maintained substantially constant in the 
manner explained, the voltage balance between 
the different phases, both in the quarter phase 
section and in the three phase section, is not dis 
turbed, and satisfactory operation of the equip 
ment as a whole is maintained. 
In case the frequency is lowered instead of 

raised, the necessary compensation is effected in 
a manner similar to that described, as will be 
readily understood. If the frequency is low 
ered to 100 cycles per second, for example, the 
impedance of the condenser is increased, while 
that of the inductance 9 is decreased, with the 
result that the roles enacted by the tubes 2 and 
22 are reversed, the former instead of the latter 
now supplying the greater part of the effective 
energy delivered to the transformer 23 and there 
utilized in generating grid control voltages for 
the tube . 
In view of all the foregoing, it will be seen 

that the frequency can be varied Over a con 
siderable range, affording a wide range of motor 
speed, the equipment operating satisfactorily 
without adjustment other than the adjustment 
of the dial 6 to change the frequency. The bal 
anced condition of the equipment is maintained 
automatically by the compensating arrangement. 

It will be understood that a two phase power 
amplifier can be substituted for the three phase 
amplifier shown herein if a two phase power out 
put is desired. A two phase or three phase in 
verter could also be used in place of an amplifier. 

It will be understood also that the invention 
permits of other modifications within the prin 
ciples set forth, and that the embodiment spe 
cifically described herein is intended merely as 
an illustration of one way in which the invention 
may be carried out in practice. I do not there 
fore wish to be limited to the exact form of the 
invention as shown and described herein, but de 
sire to include and have protected by letters pat 
ent all forms and modifications of my invention 
that come within the scope of the appended 
clains. 

I claim: 
1. In combination, a single phase circuit sup 

plied with a variable frequency alternating cur 
rent, a two phase circuit, Ineans including Said 
single phase circuit and a phase shifting device 
for supplying alternating current to said two 
phase circuit, and means for preventing the volt 
ages in the two phases of the two phase circuit 
from changing relative to each other in response 
to a change in the frequency of the current in 
said single phase circuit. 

2. In combination, a single phase circuit sup 
plied with a variable frequency alternating cur 
rent, a two phase circuit, means including said 
Single phase circuit and a phase shifting device 
for supplying alternating current to said two 
phase circuit, and compensating means for auto 
natically maintaining equal voltages in the two 
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phases of the two phase circuit while the fre 
quency of the single phase circuit is changed. 

3. In combination, a single phase circuit sup 
pied with a variable frequency alternating cur 
rent, a two phase circuit, means including said 
single phase circuit and a phase shifting device 
for supplying alternating current to said two 
phase circuit, said means including condenser 
and transformer couplings for the two phases, re 
spectively, means for adjusting the voltage in the 
transformer coupled phase, and means for auto 
matically preventing changes in the adjusted 
voltage in response to changes in the frequency 
of said single phase circuit. 

4. In combination, a single phase circuit sup 
plied with a variable frequency alternating cur 
rent, a three phase circuit, means including said 
single phase circuit, phase splitting devices, and 
a plurality of amplifiers for supplying power to 
said three phase circuit, adjusting means for 
equalizing the voltages in the three phases of the 
three phase circuit, and automatic compensating 
means for preventing a change in the frequency 
of the single phase circuit from changing said 
voltages. 

5. In combination, a single phase circuit sup 
plied with a variable frequency alternating cur 
rent, a two phase circuit, means including said 
single phase circuit for supplying power to one 
phase of said two phase circuit, means including 
said single phase circuit and two phase shifting 
devices for supplying power to the second phase 
of said two phase circuit, and means whereby the 
said phase shifting devices cooperate to prevent 
frequency changes in the single phase circuit 
from changing the voltage in said second phase. 

6. For use in a single phase to polyphase con 
verter, a phase shifting arrangement comprising 
two space discharge devices, means including 
capacitative and inductive reactances for im 
pressing lagging and leading control voltages on 
the grids of said devices, respectively, said means 
including a source of alternating current, and 
means for combining the outputs of said devices 
to energize a common output circuit, said last 
means including means for utilizing the opposite 
changes in said control voltages in response to 
changes in the frequency of said source for pre 
venting voltage changes in said output circuit. 

7. For use in a single phase to polyphase con 
verter, a phase shifting arrangement comprising 
two space discharge devices, two input circuits 
for said two devices, respectively, to which alter 
nating voltages may be applied, means in one 
circuit for producing control voltages on the grid 
of the associated device which are inversely pro 
portional in amplitude to the frequency of the 
applied voltages and which lag the same by ninety 
degrees, means in the other circuit for producing 
control voltages on the grid of the associated de 
vice which are directly proportional in amplitude 
to the frequency of the applied voltages and 
which lead the same by ninety degrees, an out 
put circuit, and means including said discharge 
devices for applying control voltages to said out 
put circuit which are ninety degrees out of phase 
with the said applied voltages and which have 
a constant amplitude independent of the fre 
quency of said applied voltages. 

8. In combination, a single phase circuit sup 
plied with a variable frequency alternating cur 
rent, said circuit having three branches, a resist 
ance in the first branch, a condenser in the sec 
ond branch, an inductance in the third branch, 
three space discharge devices, circuit connections 
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for impressing the voltages developed across said 
resistance, condenser, and inductance on the 
grids of said tubes, respectively, a two phase cir 
cuit, means for supplying power to one phase from 
the discharge device controlled over said first 
branch, and means including a push-pull Con 
nected transformer whereby power is supplied 
to the second phase by the discharge devices 
which are controlled over the said second and 
third branches. 

9. In combination, a single phase circuit Sup 
plied with a variable frequency alternating Cur 
rent, said circuit having three branches, a re 
sistance in the first branch, a condenser in the 
second branch, an inductance in the third branch, 
three space discharge devices, circuit connections 
for impressing the Woltages developed across said 
resistance, condenser, and inductance on the 
grids of said tubes, respectively, two additional 
Space discharge devices, means for controlling 
the grid of the fourth discharge device by volt 
ages supplied from the discharge device controlled 
over the first branch, means for controlling the 
grid of the fifth discharge device by voltages de 
rived from push-pull operation of the two dis 
charge devices controlled Over the second and 
third branches, and a two phase circuit supplied 

0 
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5 
with power from the fourth and fifth discharge 
devices, 

10. In combination, a three phase power sup 
ply circuit, three power amplifiers for supplying 
power to the three phases of said circuit, respec 
tively, a three phase amplifier for supplying grid 
voltages for said power amplifiers, means includi 
ing a two phase amplifier and suitable trans 
former connections for supplying grid voltages 
to Said three phase amplifier, a beat frequency 
Oscillator, and means including said oscillator and 
phase shifting means for supplying grid voltages 
to said two phase amplifier. 

11. In combination, a single phase circuit, 
means for supplying alternating current to said 
circuit, a two-phase circuit, means for supplying 
power to Said two phase circuit from said single 
phase circuit, including reactance means for se 
curing a phase displacement of approximately 90 
degrees between the voltages in the two phases 
of said two phase circuit, means for varying the 
frequency of said alternating current, and means 
for preventing such frequency variation from 
Creating a difference in the amplitudes of the 
voltages in the two phases of said two phase 
circuit. 

PARKER. B. WICKHAM. 


