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12 Claims. (CI. 172-281) 
This invention relates to improvements in al 

ternating current frequency converting systems 
utilizing electron discharge devices, and more 
particularly to systems in which a variable 

5 amount of in-phase current or of reactive cur 
rent is to be exchanged in either direction be 
tween lines which are not always rigidly main 

, tained in an invariable frequency relation; and 
is similar in some of its aspects to the system 

10 disclosed in the application filed by Charles 
Ehrensperger, September 20, 1932, bearing Serial 
No. 634,056. 

It is well known to connect two alternating 
current lines or two portions of a single alter 

is nating current line by a frequency converter 
30imprising an input transformer, an electron 
discharge device and an output, transformer, iza 
Winica current suggplied from one line to the in 
put transforzner is rectified and reconverted in 
to alternating cuigi'ent by the electrora discharge 
device, and is supplied to the second line 
through the outguit, treasformer. A systern of 
£20 ago we chaiacar generally permits conseca 
tick oily of lines rigidly maintained in as iza 
7ariajoie frequency relation, and does not gerrai: 
2, reguia.io. of tile icy of current i. eithar 
gi:'32tion, Sy ena: 'gizing is contico, aecidgies 
C. : $3'... discaa.ge device i3 degerdeae 

3.33. , 

2. 

Leggies oi kot;2 tie is guit, a.3) is tra 
, tie Syster, 3.2537 e iii.28 03:"a 
y Saiasis is eities' disectiox. 3 
es even when the frequency sea 

i Aires is 723iakis. 3:23 (20 
isoliig 1882.s. iii.23 airties fee povided wit: 

35 2.ea, as for adjustinent, whic. pseria, separate 
Segulation of tie direction and of $33 intensity 
of ile io97 ci iii-biase c. 235, aid of eactive 
cuisite, 372e: Eile ine3. 

E? is, tierefore, one of the objects of the res 
4G ent invention to provide a frequency conver 

iing Systeig, utilizing an electron discharge des 
Vice Operable to 23i's hit, glow of energy in either 
directic; eWee Wo alternating clien, iras 
Which are not rigidly chaintained is 93 invasi 

85 able frequency relation. 
Another object of the presea, is vention is to 

O'ovide a frequency converting systega tattilizing 
&n electron discharge device in which the in 
rection of the flow of energy between two altera 

50 nating current lines which are not rigiday main 
tained in an invariable frequency relation, may 
be determined by automatically or manually op 
&rated control means. - 
Another object of the present invention is to 

5 provide a frequency converting system utilizing 

an electron discharge device in which the in 
tensity of flow of in-phase current between two 
alternating current lines which are not rigidly 
maintained in an invariable frequency relation, 
may be determined by automatically or manual 
ly operated control means. 
Another object of the present invention is to 

provide a frequency converting system utilizing 
an electron discharge device in which the in 
tensity of flow of reactive current between two 6 
alternating current lines which are not rigidly 
maintained in an invariable frequency relation, 
may be determined by automatically or manu 
ally operated control means. 
Another object of the present invention is to 

provide a, frequency converting System utilizing 
an election discharge device in which the Voit 
age induced in the primary windings of the on 
put transformer may be adjusted in phase 33d 
in magnitude with respect to the voltage oš is ES: 
output line toy autonatically or manually C3 
erased control reaias, 
Objects and advantages othese that these 

above described wii is appare?t for the foie 
lowing description when read in connection with C 
tkae accoraganying diavyingSir Willic: 

Fig. disgrainatically iliasti'aas 339 cra 
codinert of the presert, is a Vezio; fo: CO32732.Éixg 
golyphese alternating currents at one frequene: 
igato poiyo:ase alternating currents at ze S&S.G. S. 
is ai; ano;&e frequenc37, and iri which he i3. 

se current, and of rea, cive C2 area; 3,333, 
ey regulated in direction 3.2c is: i23 S2:23: 3.3ge 

it: die; 
Stig. 2 diagi'annatically ilius;&tes 3' racisi36. 

embodiaen; of the presezni, izvestioz disieging 
fi'OR. S., iiis;ated is, Sig. i. i2. She .333 (s 
3, plurality of electroc disclairge devices e.g.: 
i: intracer to the Yu Yankees of phases of E8 323s 
put circii. 
Referring more particularly to the drawisagg 

toy chairacie's of reference, the eigee C& 2.3a 
ineral 3 designates a polyphase alternating cur 
regatine which is shown as a 3-phase he tee 
case such type of line is most frequently net 
in practice. Tine 6 may be energized at any 
cominercial requency, out Such frequency aeed, 
inot be maintained at a, constant value and may 
present regular or irregular variations. It is 
assumed that, it is desired to transmit energy 
between line 6 and another polyphase alternat 
ing current line 7, also represented as 3, 3-phase 
line. Line nay be energized at any frequency 
and such frequency may be Withoua, relation 
with the frequency of the voltages in line 6. 
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2 
The frequencies of lines 6 and 7 may be sub 
stantially equal, as would be the case when such 
lines are part of electrical systems operated at 
the same normal frequency. Lines 6 and 7 may 
also be parts of a single electrical system, in 
which case their frequencies are identical, but 
their voltages may or may not be equal in mag 
nitude and/or in phase coincidence. When lines 
6 and 7 are portions of the same system, the 
System described in the present invention is no 
longer properly speaking a frequency convert 
ing System, but becomes a system for producing 
transfer of energy between different lines of 
an electrical system independently of the voltage 
relations in such lines. The frequency convert 
ing system will be described assuming that it is 
desired to obtain a flow of energy from line 6 
towards line 7, and the system elements will be 
designated accordingly. Line 6 supplies current 
to primary winding 8 of an input transformer 
having three secondary windings 11, 12 and 13 
and line 7 is connected with the secondary wind 
ing 16 of an output transformer having a star 
connected primary winding 14. Windings 11, 12 
and 13 comprise star connected portions such as 
11a, 12a, 13a severally connected with anodes 
Such as 21d, 22a, 23a of an electron discharge 
device 1 operable as an electric current rectifier 
and provided with a cathode 18 which is con 
nected with the neutral point of winding 14. 
The portions 14a, 14b and 14c of transformer 
winding 14 are severally connected with the 
neutral points of windings 11, 12 and 13. Rec 
tifier 17 is provided with control electrodes such 
as 31a, 32a, 33a which are energized at a nega 
tive potential with respect to cathode 18 from 
a battery 24 through banks of resistances 26 
and 27. The control electrodes may also be 
energized at a positive potential with respect 
to cathode 18 from a second battery 28 through 
the segments of a distributor 36 and of three 
distributors 41, 42 and 43. Distributors 41, 42 and 
43 are provided with brushes mounted on the 
shaft of a synchronous motor 29 energized from 
line 6 and have their segments spatially adjusta 
ble by means of a lever 34. Distributor 41 is pro 
vided with six segments connected with control 
electrodes 31a, 31b, 31c, etc. and has its brush 
connected with segment 36a of distributor 38. 
Distributors 42 and 43 are similarly connected 
with the remaining control electrodes of rectifier 
17 and have their brushes connected respectively 
With Segments 36b and 36c of distributor 36. 
Distributor 36 is provided with a brush energized 
from battery 28 and rotated by a synchronous 
motor 37 energized from line 7. The segments 
of distributor 38 extend so as to be in contact 
with the associated brushes thereof during one 
half of each revolution of the brush and are 
Spatially adjustable by means of a lever 35. 

In operation, assuming that lines 6 and 7 are 
energized at their respective operating frequen 
cies, winding 16a of the output transformer will 
be periodically energized at a positive potential 
from line 7. During each period of positive ener 
gization of winding 16a, winding 14.a must also 
be energized at a postive potential to permit 
transfer of energy from line 6 to line 7. Dur 
ing such period, the brush of distributor. 36 is 
in contact with segment 36a, thereof thereby 
energizing the brush of distributor 41 at a posi 
tive potential from battery 28. The brushes 
of distributors 42 and 43 are disconnected from 
battery 28 and are thus inoperative, so that 
the control electrodes associated therewith are 
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energized at a negative potential from battery 24 
and prevent flow of current through transformer 
windings 12 and 13. The brush of distributor 
41, being rotated by synchronous notor 29, per 
mits sequential energization of control electrodes 
31a, 31b, 31c, etc. from battery 28 through seg 
ment 36a. Such control electrodes are positively 
energized in the sequence in which the associ 
ated anodes 21a, 21b, 21c, etc. are energized 
at positive potentials from transformer winding 
portions lla, 11b, 11c, etc. Winding portions 
11a, 11b, 11c, etc. therefore sequentially carry 
current during one-sixth of cycle of the voltage 
of line 6 as is well known in the electric cur 
rent rectifer art, such currents flowing to the 
cathode 18 of rectifier 17 and combining to form 
a single current wave flowing through windling 
portion 14a back to the neutral point of wind 
ing 11. Such current will flow during the en 
tire period when winding 16a is energited at 
positive potential and during which time the 
brush of distributor 36 will remain in contact 
with segment 36d. 
During the following third of a cycle of the 

voltage of line 7, winding 16b will be energized 
at a positive potential. Winding portion 14b 
then receives current from winding 12 by a 
process similar to that described above for wind 
ing portion 14a, the flow of such current being 
controlled by distributor 42. During the period 
when winding portion 14b is energized, the brush 
of distributor 36 is in contact with segment 36b 
so as to permit connection of battery 28 to the 
brush of distributor 42. It will be understood 
that, during a period of one-sixth of a cycle of 
the voltage in line 7, the brush of distributor 38 
will be in contact with two segments 36a and 
36b to permit simultaneous operation of wind 
ings 11 and 12, thereby causing simultaneous flow 
of current in windings 14a and 14b. Such simul 
taneous operation corresponds to the common 
period of flow of currents in successive phases 
of 3-phase line 7. 
By a process similar to that described above, 

current flows in winding 13 during the remain 
ing third of each cycle of the voltage in line 7 
to permit flow of current through windings 14c 
and 16c. The above cycle of Successive energi 
zation of the portions of winding 16 is repeated 
during each cycle of the voltage in line 7 to per 
mit continuous flow of current from line 6 to 
line. 7. It will be understood that current sup 
plied to winding 8 from line 6 is rectified for 
one period of time in winding 11, during another 
period in winding 12, and during a further pe 
riod in winding 13, the cycle of rectification being 
repeated during each cycle of the voltage in line 
7. Windings 11, 12 and 13 thus intermittently 
transmit direct current to windings 14a, 14b and 
14c, thereby inducing 3-phase alternating cur 
rents in windings 16a, 16b and 16c. 
AS is well known, when two alternating Cur 

rent generators or converters are supplying cur 
rent to the common output line, both generators 
may be considered as supplying current to the 
current consuming devices (not shown) Con 
nected with the output circuit and as also pro 
ducing the flow of circulating currents within 
their own windings and in the line. When the 
voltages of the generators are different, a re 
active current of a magnitude determined by the 
difference in the generator voltages and by the 
reactances of the generator windings will cir 
culate through the windings. When the volt 
ages of the two generators are out of phase, 
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circulating current will again be present, such 
current then being in phase with the line volt 
age and of a magnitude determined by the phase 
differences of the generator voltages and by the 
generator Winding reactances. Similarly, in fre 
quency converting systems such as described 
above, the flow of reactive current between the 
two lines will be determined by the differences 
in the induced voltages in the primary Windings 
of the output transformer thereof and in the line 
voltage. The magnitude of such induced volt 
age may be controlled by adjustment of the seg 
ments of distributors 41, 42 and 43, by means of 
lever 34. As is well known, adjustment of such 
distributors will cause a change in the output 
voltage of rectifier 17, which output voltage is 
applied sequentially to winding portions 14a, 
4b, and 4c, and is substantially equal to the 
induced voitage in Such windings. Similarly, ad 
justment of distributor 36 by means of lever 35 
will vary the time of the alternating current 
cycle of line at which the output voltage of 
rectifier 17 is applied to winding portions 14a, 
14b and 4c thereby adjusting the phase angle 
of the induced voltage in such windings with re 
spect to the voltages in line 7. Such adjustment 
permits regulation of the flow of in-phase cur 
rent between the two lines. 
When it is desired to reverse the transfer of 

current between the two lines, it being impossible 
to reverse the current through rectifier 17, it 
therefore becomes necessary to produce the 
transfer of carrent when the voltages in lines 6 
and are negative instead of positive, such re 
versal of the voltages then determining the re 
versal of direction of the flow of energy. Such 
reversal is obtained by shifting the segments of 
distributors 44, 42 and 43 by 180 degrees thereby 
shifting the energization of the control elec 
trodes associated therewith by 180 electrical de 
grees relative to the voltage in line 6. The Seg 
ments of distributor 36 are simultaneously dis 
placed by 180 degrees, thereby shifting the enera 
gization of the brushes of distributors 41, 42 
and 43 by 3.80 alectrical degrees relative to the 
voltage of line. The process of current trans 
fe rosa line to line 6 then becomes similar to 
the process described above for the transfer of 
curren, so a tire 6 to line 7. Such current 
transfer ccci's through a winding portion such 
as 4d. Wien stic winding is energized at a neg 
ative potentia and through winding portions 
such gas (, 18 and iic, when such portions 
are also at 3, negative potential less than the neg 
ative goegatia of winding 14a, so that the 
anodes Sech as 2, 21b and 21c of rectifier . 
are again at a positive potential with respect to 
cathode 3 to permit flow of current there 
through, 

in the egaotinent illustrated in Fig. 2 rec 
tifier ' is replaced by three separate rectifiers 
5i, 52 and 53. The anodes and control elec 
trodes of recti?ers 5, 52 and 53 are similar to 
the axedes and control electrodes of rectifier 1 
in Fig. , and gre distributed in such a manner 
that the accies and electrodes associated with 
the cortions of g, single secondary winding of the 
input, transfoganes are assembled in a single reco 

is 

i?es. The caficies of rectifiers 51, 52. and 53 
age inteccGQ'Caeced. With the neutra points of 
Wigadings 5, i2 and 13 and are also connected 
with he several positions of the primary wind 
ing of the caps, transformer herein illustrated 
as a delia, corrected winding 15. As is weli 
knoWC, Sag eleg 28ion of the control elec 

3 
trodes is a rectifier must be relative to the 
potential of the rectifier cathode and the dif 
ferent rectiler cathodes in the present embodi 
ment are at different potentials, it is no longer 
possible to eithergize all of the control elec 
trodes from a single pair of batteries 24 and 
28. The control electrodes must therefore 
be connected in groups associated respectively 
with windings 11, 12 and 13 and respectively 
receiving negative potentials with respect to 
the associated cathodes from batteries 17, 
18 and 9 and positive potentials from bat 
teries 38, 39 and 40. Each segment of distributor 
36 must therefore receive current from a sepa 
rate brush connected with one of batteries 38, 
39 and 40. The Operation of the present emi 
bodiment is similar to that of the embodiment 
illustrated in Fig. , current impulses being Se 
quentially transmitted from line 6 to winding 
portion 15a over winding 11 and rectifier 51, 
through winding portion 5b over winding 12 
and rectifier 52 and through winding portion 15c. 
over winding 13 of rectifier 53. 
Although but two embodiments of the present 

invention have been illustrated and described, it 100 
will be apparent to those skilled in the art that 
various changes and modifications may be made 
therein without departing from the spirit of the 
invention or from the scope of the appended 
claims. 

It is claired and desired to secure by Letters 
Patent: 

1. in a system for transmitting energy between 
polyphase alternating current lines at different 
electrical conditions, a transformer having a 10 
primary winding coalected with one of the lines 
and a plurality of secondary windings each hav 
ing a neutra point, an electron discharge device 
having anodes with associated control electrodes 
and a cathode, the terminals of the secondary 5 
Windings of Said transformer being connected 
With the axodies, a polyphase transformer con 
anected with aiother of the lines and having a 
winding connected with the cathode and with the 
neutral points of the secondary windings of the 
first Said tailsformer, a source of potential ar 
ranged for connection with the centrol electrodes 
of said device, and means for controlling the 
connection of said source with the control elec 
trodes to control the energy flow between the 
lines. 

2. In a systern for tranSitting energy between 
polyphase alternating current lines at different 
electrica conditions, a trailsformer having a 
primary winding cornected with one of the lines 130 
and a plurality of secondary windings each hav 
ing a neutral point, an electro discharge device 
having anodes with associated control electrodes 
and a cathode, the tertainals of the secondary 
windings of said transformer oeing severally 135 
connected with the arodes, a polyphase trans 
former connected with another of the lines and 
having a winding with a neutral point connected 
with the catinode, the terminals of the last men 
tioned Wirading being severally connected with 40 
the neutral points of the secondary windings of 
the first said transformer, a source of potential 
arranged for cannection with the control elec 
trodes of said device, and means for controlling 
the carection of said source with the control 4, 
electroges to easaro the energy flow between the 
is&S. 
3. A & syste: for tria, Saraitting exergy between 

polygasse alternating cirrent Sires E. different 
electarica. 203238&io:35, a za2SiOSE.e.: having a 150 
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4. 
primary winding connected with one of the lines 
and a plurality of Secondary windings each hav 
ing a neutral point, an electron discharge device 
having anodes with associated control electrodes 
and a cathode, the terminals of the secondary 
windings of said transformer being severally 
connected with the anodes, a polyphase trans 
former connected with another of the lines and 
having a winding with a neutral point connected 
with the cathode, the terminals of the last men 
tioned winding being severally connected with 
the neutral points of the Secondary windings of 
the first said transformer, a source of potential 
arranged for connection with the control elec 
trodes of said device, an intermediate potential 
point of said source being connected with the 
cathode of said device, and means for controlling 
the connection of said source with the control 
electrodes of Said device to control the energy 
flow between the lines. 

4. In a system for transmitting energy between 
polyphase alternating current lines at different 
electrical conditions, a transformer having a 
primary winding connected with one of the lines 
and a plurality of secondary windings each hav 
ing a neutral point, an electron discharge device 
having anodes with associated control electrodes 
and a cathode, the anodes being divided into 
groups, the anodes of each group being severally 
connected with the terminals of the Several Sec 
ondary windings of said transformer, a poly 
phase transformer connected with another of the 
lines, a source of potential arranged for connec 
tion with the control electrodes of Said device, 
and means for controlling the connection of Said 
source with the control electrodes of Said device 
to control the direction of the energy flow be 
tween the lines. 

5. In a system for transmitting energy between 
polyphase alternating current lines at different 
electrical conditions, a transformer having a 
primary winding connected with one of the lines 
and a plurality of secondary windings each hav 
ing a neutral point, an electron discharge device 
having anodes with associated control electrodes 
and a cathode, the anodes being divided into 
groups, the anodes of each group being Severally 
connected with the terminals of the several Sec 
ondary windings of said transformer, a polyphase 
transformer connected with another of the lines, 
and having a winding with a neutral point 
connected with said cathode, the terminals of the 
last said winding being severally connected with 
the said neutral points of the secondary winding 
of the first said transformer, a source of poten 
tial arranged for connection with the control 
electrodes of said device, means associated with 
each group of control electrodes of Said device 
and responsive to the electrical conditions of One 
of the lines to control the sequential energization 
of the control electrodes, and means responsive 
to the electrical conditions of another of the 
lines to control the connection of the positive 
terminal of said source with the first Said means 
thereby controlling the operation of said device. 

6. In a system for transmitting energy between 
polyphase alternating current lines at different 
electrical conditions, a transformer having a 
primary winding connected with one of the lines 
and a plurality of secondary windings each hav 
ing a neutral point, an electron discharge device 
having anodes with associated control electrodes 
and a cathode, the anodes being divided into 
groups, the anodes of each group being severally 
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connected with the terminals of the sevaral sec 
Ondary windings of said transformer, a poly 
phase transformer connected with another of the 
lines, and having a winding with a neutral point 
connected with said cathode, the terminals of 
the last said winding being severally connected 
with the neutral points of the secondary winding 
of the first Said transformer, a Source of poten 
tial arranged for connection with the control 
electrodes of said device, a plurality of distribu 
tOrS operating in response to the electrical con 
ditions of one of the lines, each of said distribu 
tors controlling the energization of the control 
electrodes associated with one group of anodes, 
and a distributor responsive to electrical condi 
tions of another of the lines to control the con 
nection of Said source with the said plurality of 
distributors thereby controlling the intensity of 
the energy flow between the lines. 

7. In a System for transmitting energy be 
tween polyphase alternating current lines at dif 
ferent electrical conditions, a transformer hav 
ing a primary winding connected with one of the 
lines and a plurality of secondary windings each 
having a neutral point, an electron discharge de 
Vice having anodes with associated control elec 
trodes and a cathode, the anodes being divided 
into groups, the anodes of each group being sev 
erally connected with the terminals of the Sev 
eral Secondary windings of said transformer, a 
polyphase transformer connected with another 
of the lines and having a winding with a neu 
tral point connected with said cathode, the ter 
minals. Of the last said winding being severally 
connected with the neutral points of the sec 
ondary winding of the first said transformer, a 
Source of potential arranged for connection with 
the control electrodes of said device, a plurality 
of distributors each controlling the energization 
of the control electrodes associated with one 
group of anodes, a distributor controlling the 
connection of Said source with the first said dis 
tributor, means responsive to the electrical con 
ditions of one of the lines for operating the said 
plurality of distributors, and means responsive 
to the electrical conditions of another of the 
lines for operating the second said distributor. 

8. In a system for transmitting energy be 
tween polyphase alternating current lines at dif 
ferent electrical conditions, a transformer hav 
ing a primary winding connected with one of the 
lines and a plurality of secondary windings each 
having a neutral point, an electron discharge 
device having anodes with associated control 
electrodes and a cathode, the anodes being di 
vided into groups, the anodes of each group be 
ing severally connected with the terminals of 
the several Secondary windings of Said trans 
former, a polyphase transformer connected with 
another of the lines and having a winding with 
a neutral point connected with said cathode, the 
terminals of the last said winding being sever 
ally connected with the neutral points of the 
Secondary Winding of the first Said transformer, 
a source of potential arranged for connection 
with the control electrodes of said device, a plu 
rality of distributors each controlling the ener 
gization of the control electrodes associated with 
One group of anodes, a distributor controlling 
the connection of said source with the first said 
distributor, means responsive to an electrical 
condition of one of the lines for operating the 
Said plurality of distributors, means responsive 
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for operating the second said distributor, and 
means for varying the operation of said distrib 
utors by variation of the relations in space 
thereof. 

9. In a system for transmitting energy between 
polyphase alternating current lines of different 
voltage frequencies, a transformer connected 
With one of said lines and having a plurality of 
Windings each divided into a plurality of phase 
displaced sections having connections forming a 
neutral point, electron discharge means having a 
plurality of anodes divided into a plurality of 
groups and a plurality of control electrodes sev 
erally associated with said anodes, the anodes 
of each group thereof being Severally connected 
with the phase displaced sections of the several 
said windings, a second transformer connected 
With another of said lines and having a winding 
divided into a plurality of phase displaced sec 
tions Severally connected with the neutral points 
of the first said Windings, and means for affect. 
ing said control electrodes in such manner and 
during Such recurring periods as to induce the 
conversion of current supplied from the said one 
of said lines to the first said means by Way of 
the first said windings and said anodes into 
polyphase alternating current having the voltage 
frequency of the said another of said lines and 
the Supply thereof thereto, 

10. In a system for transmitting energy be 
tween polyphase alternating current lines of dif 
ferent voltage frequencies, a transformer con 
nected with one of said lines and having a plu 
rality of windings each divided into a plurality 
of phase displaced sections having connections 
to form a neutral point, electron discharge 
means having a plurality of anodes forming a 
plurality of groups, the anodes of each group 
thereof being severally connected. With the phase 
displaced sections of the several said Windings, 
a second transformer connected with another of 
said lines and having a winding divided into a 
plurality of phase displaced sections severally 
connected with the neutral points of the first 
said windings, control means associated with 
said anodes, and means for affecting said coin 
trol means in such manner and during Such re 
curring periods as to induce the conversion of 
current supplied from the said one of said lines 
to the first said means by way of the first said 
windings and said anodes into polyphase alter 
nating current having the voltage frequency of 
the said another of said lines and the supply 
thereof thereto. 

11. In a system of the character described, a 
plurality of polyphase alternating current lines 
of different voltage frequencies, electron dis 
charge means comprising a plurality of anodes 
and a plurality of control electrodes severally as 
sociated with said anodes, a transformer con 
nected with one of said lines and having a plu 
rality of windings each divided into a plurality 
of phase displaced sections connected to form a 
neutral point and being severally connected with 

S 
said anodes, a second transformer connected 
with another of said lines and having a winding 
divided into a plurality of phase displaced sec 
tions severally connected with the said neutral 
points of the first said windings, a source of 
current connectable with Said control electrodes, 
and means operable responsive to and . in de 
pendence upon the voltage frequencies of the 
said one and another lines for controlling the 
sequential connection of said Source of current 
with said control electrodes at Such recurring 
periods as to control the operation of said elec 
tron discharge means to convert current received 
from the said one of said lines by way of the 
first said windings and the said anodes into 
polyphase current having the voltage frequency 
of the Said another of said lines and the supply 
thereof thereto by way of the said second trans 
former. 

i2. In a System for transmitting energy be 
tween polyphase alternating current lines of dif 
ferent voltage frequencies, a transformer con 
nected with one of said lines and having a plu 
rality of windings each divided into a plurality 
of phase displaced sections having connections 
for ning a neutral point, a plurality of electron 
discharge devices each comprising a cathode, a 
plurality of anodes and a plurality of control 
electrodes severally associated with said anodes, 
the anodes of each said device being severally 
connected with the phase displaced sections of 
the Several said windings, a second transformer 
connected with another of said lines and having 
a. Winding divided into a plurality of phase dis 
placed Sections Severally connected with the 
cathodes of said devices and with the neutral 
points of the Several first said windings, a plu 
rality of Sources of current severally arranged 
for connection with the control electrodes of the 
Several said devices, means severally associated 
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With the control electrodes of the several said 
devices operable responsive to and in accordance 
with the voltage frequency of the said one of 
said lines to control the sequential connections 
of said sources of current with said control elec 
trodes during such recurring periods as to in 
duce the conversion of current Supplied from 
the said one of Said lines to Said devices by Way 
of the first said windings and said anodes into 
polyphase alternating current having the volt 
age frequency of the Said another of Said lines 
and the supply thereof thereto, and means sev 
erally associated with the first Said means oper 
able responsive to and in accordance with the 
voltage frequency of the said another of said 
lines for controlling the recurrent connections 
of said sources of current with the first said 
means whereby the voltage frequency and the 
intensity of the current supplied to the said 
another of Said lines may be varied. 

sTEFAN WIDMER. 
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