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vACUUM ELECTRIC TUBE. 

Application fled March 14, 1924, Serial No. 699,185, and in Great Britain March 15, 1923. 

This invention relates to vacuum electric 
tubes and more especially to methods of em 
ploying vacuum devices such for example as 
thermionic oscillators and rectifiers, and 
other electronic devices, mercury arcs, glow 
discharge devices and the like which may be 
used for the production of alternating cur 
rent or the rectification thereof. In these de 
vices there is at least an anode and a cathode. 

10 Hitherto it has been the practice to operate 
such devices so that the anode may be at a 
considerable potential with respect to earth; 

: generally where one of the electrodes has been 
earthed the cathode has been the earthed elec 
trode. In order that the capacity of the 
anode for the dissipation of heat may be in 
creased it is usual in such devices to cool the 
anode by means of a cooling fluid. Inasmuch 
as the anode may have a considerable poten 
tial with respect to earth it has been neces 
sary to resort to means such as storing the 
cooling fluid in an insulated reservoir of Pro 
viding a long thin column of liquid in thein 
let and outlet pipes of the cooling jacket. 
Moreover it is often desirable in these devices 
to employ metallic casings or enyelopes which 
may serve as anodes and sometimes such de vices are continuously exhausted during Op 
eration in order that they may deal with a 
large amount of power and consequently be 
rendered suitable for industrial engineering 
purposes. It is therefore necessary to pro 
vide for the interposition of one or more in 
sulating breaks between said device and the 
vacuum pumps in order to insulate the anode 
from earth. When the devices are con 
structed in large sizes the insulating breaks 
impose mechanical difficulties of construc 
tion. 
According to the invention the devices and 

circuits are so arranged that the anode is al 
ways earthed whereby the anode when it com prises a portion of the envelope of the valve 
imay be directly connected to the vacuum 
pump and the cooling of the anode may beef 
fected in a simple manner. For instance the 
anode cooling jacket may be fed directly from 
a water main. 
Thus, considering the simple case of a 

thermionic valve employed as a rectifier, the 

source of single phase alternating current has 
one terminal thereof connected to the cathode 
which is heated by any suitable means whilst . 
the other terminal of said source is connected 
to one conductor of the rectifier current or 
output circuit the other conductor of which is 
connected to the anode and is earthed. The 
first mentioned conductor is thus at a posi tive potential with respect to the second men 
tioned conductor and also to earth and the 
mean potential of the alternating current 
source is positive and substantially equal to 
that of the first mentioned conductor. 
To enable the invention to be clearly under 

stood several arrangements for carrying it 
into effect will now be described by way of 
example with reference to the accompanying 
drawings wherein Figure 1 is an electrical 
diagram of the simple case of a single-phase 
rectifier; Fig. 2 is a similar diagram of a 
three-phase rectifier; Fig. 3 is a similar dia 
gram of a six-phase rectifier; Fig. 4 is a dia 
gram of another rectifying system using half 
wave rectifiers; Figs. 5, 6, 7 and 8 are dia 
grams of arrangements in accordance with 
the invention for generating single-phase al 
ternating current or oscillations: Fig. 9 is a 
diagram of an arrangement for generating 
three-phase alternating current and Fig. 10 is 
a diagram of another form of generator of 
three-phase currents, using half-wave rec 
tifiers. 

In all the figures thermionic valves are dia 
grammatically illustrated. Such valves may 
be of various kinds, for instance the cathodes 
thereof may consist of filaments heated by the 
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passage therethrough of an electric current, . 
or of metal tubes or plates heated by ther 
mionic bombardment: the anode will usually 
be fluid cooled although not so illustrated and 
in some cases the valves may be continuously 
evacuated during operation 

Referring first to Fig.1 of the drawings, 1 
is a thermionic valve of the diode type having 
an incandescent cathode 2 and an anode 3. 
The cathode 2 is heated from a suitable source 
of current illustrated in this case as a battery 
4. The source 5 of alternating current to be 
rectified has one terminal connected to the 
cathode 2 whilst the other terminal is con 
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nected to one conductor 7 of the rectified 
current or output circuit, the other conductor 
6 of which is connected to the anode 3 and is 
earthed as conventionally indicated. The con 
ductor 7 is thus at a positive potential with 
respect to the conductor 6 and also to earth 
and the mean potential of the source 5 is posi 
tive and substantially equal to that of the con 
ductor 7. It may here be noted in contradis 
tinction to the above that in the arrangements 
usually heretofore employed the mean pp 
tential of the alternating current Source is 
zero with respect to earth or in some cases 
is at a potential intermediate between the 
earth potential and that of the rectified cur 
rent. 
Referring to Fig. 2, a source of three-phase 

current such as a generator 8 is connected to 
the primary winding of a three-phase trans 
former 9 the star-connected secondary wind. 
ing 10 of which has its mid-point connected 
to one of the conductors of the rectified cur rent circuit. The secondary phase-windings 
of the transformer 9 are connected to the 
cathodes of three valves 1 each cathode hav ing a separate source of heating currentil 
lustrated in this case as the battery 4. The 
anodes 3 of the valves are connected to the 
other conductor 6 of the output circuit which 
conductor is earthed as indicated. It will be noted that the potential of the star-point, 
that is to say, the mean potential of the trans 
former secondary winding will be at the po 
tential of the conductor 7 of the output cir 
cuit. 
A suitable arrangement for six-phase rec 

tification comprises a three-phase generator 
connected either through a single transform 
er or as illustrated in Fig. 3 through three 
transformers 11 so as to supply six-phase cur 
rent to the respective cathodes of six valves 
1, the mid-points of the three secondary wind 
ings of the illustrated transformers being 
connected together and to the conductor 7 
of the output circuit. The anodes 3 of the 
six valves are connected together and to the 
other conductor 6 of the output circuit which 
conductor is earthed as in the arrangements 
previously herein described. The cathodes 2 
of the valves 1 may be supplied with heating 
current from separate sources such as bat 
teries or transformers as illustrated and de 
scribed with respect to Figs. 1 and 2 or they 
may be supplied with current as illustrated in 
Fig. 3 by connecting them across a few of the 
end turns of the individual secondary wind 
ings of the transformers. 
When separate transformers are employed 

for supplying the filament current it may be 
arranged that the heating current is 90 out 
of phase with the space current in order to 

35 

reduce unequal heating of the filament. Also 
in any of these circuit arrangements, means 
may be provided whereby when valves hav 
ing filament cathodes are employed the space 
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current is led into the filament equally at both 
ends thereof, or is led into the filament ends 
or to the ends and additional taps thereon so 
that it divides therein in any predetermined 
ratio as described in the specifications of m 
27,182 of 1923. 
In the arrangement shown in Fig. 4, two 

three-phase half-wave rectifiers are employed 
and the transformer secondary windings 13 
and 14 have their respective phases displaced. 
by 180 with respect to one another and the 
mid-points of these windings are connected 
to a device for maintaining the rectified cur 
rent to each transformer substantially con 
stant. This device comprises a reactance coil 
15 connected between the two star points of the transformer secondary windings. In 
practice the two windings 13 and 14 may be 
wound on the same core and supplied by a 
common primary winding 16 as will be well 
understood by those skilled in the art. With 
two such three-phase half-wave rectifiers of 
this known type, each rectifying valve func 
tions during one-third of the cycle and at the 
same time harmonics of the output current 
are reduced while even harmonics of the al 
ternating input current of the rectifier are 
eliminated. In the system illustrated the 
anodes 3 of the valves, of which only one per 
phase leg is represented, are, according to the 
invention, all connected together and are con 
nected to earth as indicated at 6. The fila 
ments of the valves are supplied with heating, 
current from transformers 17 and 18' which 
are energized from the source of current to 
be rectified such for example as the illus 
trated alternating-current generator 17. In 
order to reduce unequal heating of the fila 
ment when the space current flows the lat 
teris caused to be displaced 90° in phase with 
respect to the filament current, this result be 
ing obtained by suitably connecting individ 
ual filaments to the filament heating trans 
formers. The space current may be caused 
to enter each filament substantially equally 
at each end thereof by leading the space cur 
rent to the mid-point of an inductive wind 
ing. In the arrangement of Fig. 4 induc 
tances 19 are connected across the filaments 
and the space current is led into a compen 
sating winding 20 which serves to distribute 
the space current equally or in any predeter 
mined ratio between the filament lead-in 
wires while the inductances 19 prevent short 
circuiting of the filament heating current as 
described in the specification of my British 
application No. 27,182 of 1923. 
For the generation of alternating current 

the filament 21 of a triode 22 (Fig. 5) may be 
heated from a suitable source such as a bat 
tery 23 and connected to a source of negative 
potential through a transformer winding 24. 
The source of negative potential may be a 
direct current generator 25 having its posi 
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1,743,ass 
tive terminal connected to the earthed anode 
26 and its negative terminal connected to 
the transformer winding 24. The trans 
former winding 24 may be replaced by an 
inductance or resistance. Alternating poten 
tials from any suitable source 28 are provided 
between the grid 27 and the cathode 21 in 
order to produce an alternating or pulsating 
current in the transformer winding 24. The 
potential of the cathode being continuously 
varying it is necessary that the grid poten 
tial should be varied with respect to the cath 
ode. The battery 23 may be replaced by the 
secondary winding of a transformer the pri 
mary winding of which may be supplied with 
current from the output side of the valve. 
When filaments are thus heated from the out 
put side of the valve generator it is necessary 
to employ auxiliary means for initially, heat 
ing the filament and a change-over switch 
may be provided for switching over from 
source of heating current to the other and 
such switch may be automatically operated 
by the generated current. In addition the 
space current in the valve may becaused to 
be 90° out of phase with the filament heating 
Current. 
The source of direct current may have con 

nected in parallel with it a condenser, or a 
tuned admittance which may comprise a se 
ries oscillatory circuit tuned to the frequency 
of the generated current. By such arrange 
ment the alternating component of the space 
current may be short-circuited through the 
source of direct current. Thus, in Fig. 6 
the generator 25 is connected in parallel with 
the condenser 29 and with a tuned admittance 
30, comprising the inductive winding 31 and 
the condenser 32. Either the condenser 29 or 
the tuned admittance 30 may be omitted. 

It may be arranged that the space current 
is led in through filament taps in any prede 
termined ratio. 

Fig. 7 illustrates an arrangement in which 
the space current is led in equally to the fila 
ment by making a space current tap to the 
mid-point of the secondary of the filament 
heating transformer. The cathode 21 is con 
nected as previously described to the negative 
terminal of a direct current generator 25 the 
connection being made through an inductance 
24 which may be coupled to an oscillatory 
circuit 33. The circuit 33 may for example 
be a wireless antenna. A condenser or a 
tuned admittance may be connected in paral 
lel with the generator as previously herein. 
described. The connection of the inductance 
24 with the cathode is preferably made as il 
lustrated to the mid-point of the secondary 
winding of the transformer 34 the primary 
winding of which is supplied by means of an 
alternating current generator 35. The two 
halves of the secondary winding of the trans 
former 34 may be shunted by means of con 
densers in the manner similar to that herein 
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after described with reference to Fig. 8. Re 
ferring again to Fig. 7 the controlling oscil 
lations for the valve are derived from a suit 
able source and may be transferred to the 
grid 27 by means of a transformer 36 one 
end of the secondary winding 37 of which 
is connected to the grid and the other end 
thereof to the mid-point of the secondary 
winding of the transformer 34 whilst the pri 
mary winding 38 is connected to the source 
of controlling operations. 
The oscillatory circuit 33 is preferably re 

Sonant to the produced oscillation in which 
case the grid may be excited by means of a 
back coupling from the oscillatory circuit 33. 
An alternative method of coupling the out 
put circuit to the filament consists in con 
necting the anode inductance to the mid-point 
of a choke coil 39 which is connected across 
the filament 21 which is supplied by means: 
of the transformer 34 as indicated in Fig. 8, 
the two portions of the choke coil 39 being 
shunted by means of condensers 40 if desired. 
With this arrangement current is led-in. 
equally at both ends of the filament. Any 
other method of controlling the distribution 
of space current to the filament leads may be 
employed. If on the other hand the cathode 
comprises a metal tube heated by bombard 
ment from an auxiliary member it will be 
understood that it is not necessary to lead-in 
the Space current equally at the ends of such 
a cathode. In Fig. 8 also a back coupling coil 
41 is provided whereby the grid 27 may be 
excited from the output current of the oscilla 
tion generator. 
The arrangement illustrated in Fig. 9 is 

suitable for the generation of three-phase 
current and comprises three triode valves 22 
the cathodes 21 of which are heated by cur 
rent derived from transformers 42 which are 
Supplied with three-phase current from a 
three phase, alternator 43 which may also 
serve to excite the grids 27 of the valves as 
will be hereinafter described. The filaments 
21 are connected from the mid-points of the 
Secondary windings of the transformers 42. 
through the respective primary windings of 
other transformers 44 to a source of negative 
potential such as the direct current generator 
45 the positive terminal of which is connected 
to the anodes 26 which are earthed as indicat 
ed at 46, the secondary windings of said sec 
to the three-phase output current circuit the 
phase conductors of which are indicated at 
47. The grids 27 of the valves are supplied 
with alternating electromotive force from the 
alternator 43 by way of a transformer 48 the 
secondary phase windings of which are con 
nected to the respective grids. The mean 
voltage of the grids may be adjusted by reg 
ulating the potential of the star-point of said 
secondary winding by means of a battery 49 
connected between the star point and the 
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negative terminal of the direct current gener 
ator 45. Alternatively the necessary grid 
biasing voltage may be obtained by connect 
ing the aforesaid star point through a high 
resistance either to earth or to the negative 
terminal of the generator 45, such resistance 
being preferably variable so that it may be 
adjusted as the insulating resistance of the 
transformer 48 varies. It may for example 
be adjusted by means of an automatic relay 
operated by the mean voltage at the star point. 

It will be noticed that to produce a given 
output the voltage applied to the grids when 
operated as above described will require to 
be many times that which is necessary in 
valves as usually employed. If the voltage 
amplification factor of the valves is V then the 
grid voltage must be V-1 times the ampli 
tude necessary in a valve as operated accord 

- 20 ing to the usual method. In order to reduce. 
the grid voltage necessary each grid may be 
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connected to its filament and the electromo 
tive force to operate the devices may be pro 
duced therein by means of a transformer as 
will be hereinafter described. In the ar 
rangement above described the valves must 
operate substantially at the mid-points of 
their characteristics and the operation is 
therefore not efficient. 
In the arrangement shown in Fig. 10 for 

the generation of three-phase current, three 
groups of two valves coupled back to back 
are employed, that is to say, one group per 
phase. Thus the twin valves 50 and 51 op 
erate alternatively and supply the current 
of one phase to the output circuit 47. The 
anodes 26 of the valves 50 and 51 are coupled 
together and to the anodes cf the other valves 
and are connected by means of a conductor 
52 to earth, as indicated. The grid potentials 
are derived from the local three-phase alter 
nator 53 which supplies the primary windings 
54 of three transformers each having two sec 
ondary windings 55 and 56. The secondary 
winding 55 is connected at one end to the grid 
27 and at the other end to the filament pref 
erably as shown, through the mid-point of 
the secondary winding of the corresponding 
filament heating transformer 60. Any other 
connection to the filament may be employed 
which ensures that the average grid voltage 
is independent of the filament voltage. The 
secondary winding 56 of the transformer 54 
is similarly connected to the valve 51. 
The output current from the valve 50 and 

51 flows alternatively in the two half wind 
ings 61 and 62 of a transformer 63 in the sec 
ondary winding 64 of which is produced the 
alternating current. By means of the six 
valves, the three-transformers 54, the six 
transformers 60, and the three. transformers 
63, three-phase power is supplied to the out 
put circuit 47. As in the other arrangements 
herein described it may be arranged that the 
filament heating current is 90° out of phase 
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with the space current in the valves and for 
this purpose a common generator may be em 
ployed for supplying the grid potentials and 
also the filament current, The filament cur 
rent is supplied through a three-phase trans 
former 65 the secondary winding of which is 
connected to the filaments and the primary 
winding of which is energized by the gener 
ator 53. Considering for example the pair 
of valves 50 and 51, they are supplied with 
grid potential derived from the phase wind 
ing 53 of the generator 53 the filament cur 
rent being derived from the leg 65 of the 
secondary winding of the transformer which 
is delta connected and therefore since the al 
ternator is star wound the electromotive force 
induced in the phase winding 53 will be 90° 
out of phase with the current flowing in the 
winding 65. If the load on the valve gener 
ator is mainly resistive the space current will 
be substantially 90° out of phase with the fila 
ment heating current. . . 

It will be understood that the invention is 
not limited to the arrangements specifically 
herein described and illustrated which are 
given by way of example only. It will be 
further understood that the invention in its 
application to systems of generating alter 
nating current may be operated in combina 
tion with a device employing other methods 
of controlling or periodically interrupting 
the space current. For example a valve of the 
type employing a substantially pure electron 
discharge in which the space current is con 
trolled by the magnetic field produced by the 
current flowing in a control element may be 
employed instead of an electron discharge de 
vice of the type illustrated, in which the cur 
rent in the device is controlled by the poten 
tial of a control element. . 
I claim as my invention:- 
1. An electrical system for generating poly 

phase alternating currents having in combina 
tion, a plurality of vacuum electric tube de 
vices the space current in each of which may 
be controlled by a control electrode, a source 
of direct current, an output circuit and means 
for supplying space current controlling elec 
tromotive forces to said control eiectrodes, 
characterized by the fact that the anodes of 
the tube devices are connected directly to 
earth and the output circuit and the source of 
direct current are connected in series, one 
terminal of the source being connected to the 
cathodes 6f the tube devices and the other 
terminal to earth. r 

2. An electrical system for generating poly 
phase current as claimed in claim 1 wherein 
space current controlling electromotive forces 
are supplied from the secondary winding of 
a polyphase transformer and a source of bias 
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ing electromotive force connected to the neu 
tral point of said transformer. 

3. An electrical system as claimed in claim 
1, in which the space current controlling elec 30 
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tromotive forces are supplied from the sec- lations, and means whereby the anode of said 
ondary winding of a polyphase transformer, 
the neutral point of which is connected to a 
source of biasing electromotive force com 
prising a resistance connected to a convenient 
point of the system for the purpose set forth. 

4. In an electrical system, a plurality of 
vacuum-tube devices, water-cooled electrodes, 
at least one in each of said devices, said water 
cooled electrodes being directly and imme 
diately connected to earth, whereby they are 
maintained at earth potential, said system in 
cluding means for producing other potentials 
at other portions of the system. 
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5. In a polyphase electrical system, a plu 
rality of vacuum-tube devices, at least one 
in each phase of the system, an anode in each 
vacuum-tube device, means directly and im 
mediately connecting all said anodes together 
and to earth, whereby they are maintained 
at earth potential, a source of polyphase po 
tential, means energized from said source for 
producing alternating potential-differences 
between the filaments and grids of the respec 
tive devices, the said potential difference be 
ing supplied from different phases of said 
source in the devices in the respective differ 
ent phases of the system. 

6. An oscillation-generation system com 
prising a thermionic device having a cathode, 
an anode and a control electrode, means for 
supplying the anode of said device with posi 
tive potential, and means whereby the said 
anode is directly connected to ground. 

. . An oscillation-generation system com 
prising a plurality of thermionic devices each 
having a cathode, an anode and a control elec 
trode, a high-potential source, a direct con 
nection between the positive terminal of said 
source and the anodes of said devices, an in 
dividual connection from the negative ter 
minal of said source to each of the cathodes of 
said devices, each of said connections includ 
ing an output inductor, means for heating the 
cathodes of said devices from an alternating 
current source, means for energizing the grids 
of said devices from said source, and a direct 
connection from ground to the common con 
nection to said anodes. . 

8. In an electrical system, at least one ther 
mionic device having a cathode, an anode and 
a control electrode, means for applying a high 
positive potential to said anode with respect 
to said cathode, means for impressing appro 
priate potentials on said control electrode 
whereby the system will generate oscillations, 
and a direct connection between the anode and 
ground. 

9. In an electrical system, at least one ther 

device is maintained at ground potential. 
In testimony whereof I have hereunto sub 

scribed my name this 29th day of February, 
1924. 

ERNEST YEOMAN ROBINSON. 

mionic device having a cathode, an anode, 
and a control electrode, means for impressing 
a high positive potential on the anode of said 
device with respect to the cathode thereof, 
means for coupling the input and output cir 
cuits of said device for the generation of oscil 
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