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UNITED STATES PATEN E OFFICE. 
HAROLD DEFOREST ARNOLD, OF EAST ORANGE, NEWJERSEY, ASSIGNOR TO WESTERN 

ELECTRIC coveANY, OF NEW YORK, N.Y., A CORPORATION OF ILLINOIS. 

GASEOUS REPEATER IN CIRCUITS OF LOW IMPEDANCE, 
1,129,942. specification of Letters attent, Patented Mar. 2, 1925. 

Application filed May 28, 1914. Serial No. 841,568. 
To all whom it may concern: 
Be it known that I, HAROLD DE FOREST 

ARNOLD, a citizen of the United States re siding at East Orange, in the county of Es: 
sex and State of New Jersey, have invented 
certain new and useful Improvements in 
Gaseous Repeaters in Circuits of Low In 
pedance, of which the following is a full, 
clear, concise, and exact description. 
This invention, relates to the use of re 

... peaters generally, and of vacuum discharge 
repeaters more particularly, as amplifiers 
without transformers. 

5 
Still more particularly, it relates to the 

use of thermionic repeaters for securing am 
plification of current in circuits of low im: 
pedance. By a thermionic current is meant 
current discharge from a hot cathode. Ex 
amples of thermionic repeaters are the 
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DeForest audion disclosed in Patent No. 
879,532, dated February 18, and oth ers, the Won Leiben & Rieszrépeater dis 
closed in Patent No. 1038,910, dated Sep 
tember 17, 1912, etc. By vacuum discharge 
is meant current discharge between elec 
trodes in space from which nearly all at 
mosphere is exhausted. The expression vacu 
um discharge repeaters is intended to in 
clude repeaters of the thermionic types and 
also those in which current flows between 
electrodes in space maintained in a con 
ductive state by the arc or otherwise. The 
mercury arc repeater of an earlier applica 
tion of this applicant, Serial No. 709,445, 

35 filed July 13, 1912, is an example of the class 
of vacuum discharge repeaters but it is not 
of the thermionic type. 
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In many instances it is necessary or desir 
able, for securing the best results, to exclude 
transformers from the circuit. Such is the 
case, for example, in those circuits in which 
the frequency is so low that efficient trans 
formers are costly and difficult to design, as 
is the case in telegraph circuits in general 
and especially in submarine and wireless 
telegraph circuits. It is particularly desir 
able to exclude transformers from circuits 
in which an exact reproduction of wave 
form is necessary for legibility, as, for ex 

ample, in submarine cable circuits. It is 
also desirable to exclude transformers from 
circuits in which undistorted amplification 
must be secured over a wide range of fre 
quencies, as, for example, in the reproduc 
tion of speech and music. 

Heretofore it has been necessary to emi 
ploy transformers in circuit with the audion 
in order to secure efficient amplification of 
current by the audion, and this is especially 
true where the amplification is desired in 

the fact that the impedance of the input cir 
cuit of an efficiently operating audion is 
very high, at least 100,000 ohms and in gen 
eral as high as 10 megohms. Hence, in a 
circuit of low impedance, if no transformer 
is used, the larger part of the possible cur 
rent amplification by the audion is lost. For 
example, if the impedance of the input cir 
cuit of the audion is only 100,000 ohms and 
the input circuit of the audion be connected, 
without the use of transformers, in a line of 
1000 ohms impedance, at least 90% of the ...' 
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circuits of low impedance. This is due to 
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possible current, amplification is lost. More 
over, in the case of audions of the prior art, 
the impedance in the output circuit of the 
audion is always so great that a considerable 
additional loss of possible amplification 
must occur if the output, circuit of the 
audion is directly connected to a circuit of low impedance. 

It has been discovered that audions of the 
usual type may be so constructed that, with 
out the use of transformers, they will step 
up the input voltage of either direct current 
or alternating current of any frequency in 
one step to as much as 30 times its original 
value, or in two successive steps to as much 
as 500 times its original value. The volt 
age amplification, thus secured is entirely 
free from wave distortion whatever may be 
the initial frequency and wave form. This 
type of audion will, for convenience, be 
hereinafter referred to as the high-voltage 
output audion. . 
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It has furthermore been discovered that 

audions may be constructed which will step 
down the input voltage, for example, to one. 
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third of its original value. This last men 
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In the drawings, the audions 1 are of the 
tioned type of audion has a high current high-voltage output type and the audions 2 
and a low voltage output. Because of its 
low output impedance, such type of audion 
can be worked efficiently into a line of like 
impedance. This new type of audion will, 
for convenience, hereinafter be referred to 
as the high-current output audion. 
The structures which will provide the 

greatest degree of efficiency in the above men 
tioned different types of audions form the 
subject-matter of a copending application in 
my name, Ser. No. 841,567 filed of even date 
herewith. 

It has been discovered that a combination 
of one or more of the aforementioned high 
voltage output type of audions working into 
one of the high-current output type, will op 
erate, without transformers, from a line of 
low impedance, for example, 250 ohms, into 
a like line with a resultant current much 
greater, fifty or more times greater, than 
would flow in the second circuit if it were 
directly connected to the first circuit. The 
present invention is directed to such com 
bination of two different types of repeaters, 

A system designed to 
secure the same result and employing a 
large number of the high-voltage output 
type of audions connected in multiple and 
working into a common output circuit in 
lieu of a single audion of the high-current 
output type, forms the subject-matter of 
still another application for patent in my 
name, Ser. No. 841,569 filed of even date 
herewith. 
The present invention may be more 

readily understood by reference to the ac 
companying drawings in which 

Figure 1 is a view in perspective of any 
audion of the high-voltage output type; 
Fig. 2 is a similar fragmentary view of an 
audion of the high-current output type; 
Fig. 3 is a similar fragmentary view of the 
two different types of audions embodied in 
a unitary structure; Fig. 4 shows a circuit 
arrangement embodying this invention in 
which a plurality of audions of the high 
voltage type in tandem work into an audion 
of the low-voltage type; Fig.5 shows a simpli 
fied circuit arrangement giving the same re 
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sult as in Fig. 4; Fig.6 shows a still further 
modification more particularly applicable 
to telephone circuits; Fig. 7, shows a plu 
rality of audions of the high-voltage type in 
tandem working into a plurality of audions 
of the high current output type, each of the 
latter feeding into a separate output line; 
and Fig. 8 shows a circuit arrangement em 
bodying the invention in which the two dif 
Et types of audions are combined in one 
bulb. 

Like reference characters refer to like 
parts throughout the several views, 

are of the high-current output type. In the 
former type, the input electrode may be in 
the form of a grid, preferably made of very 
fine wire witl a fine mesh or the like, and 
the output alnode or plate 4 is placed at a 
considerable distance from the cathode 
which is preferably a filament 5, as shown. 
The filament need not present a large active 
area. The filament, grid and plate are as 
usual sealed in an evacuated bulb 6. In 
order to secure best results in this type of 
audion, the grid should be near the filament, 
the plate should be distant from the fila 
ment, and the grid should present a finely 
meshed or discontinuous surface between 
the filament and the plate. 
In the high-current output type of audion, 

the input electrode or grid 7 may be at any 
side of the filament and should have a coarse 
mesh or preferably consist merely of a short 
length of wire. The output electrode or 
plate 8 is placed as near to the filament 9 as 
is conveniently possible. The filament pref 
erably presents a large, active area. The 
filament, grid and plate are as usual sealed 
in an evacuated bulb 10. In order to secure 
the best results in this type of audion, the 
grid and plate should both be near the 
filament, the filament area should be large, 
and the grid should present the least pos 
sible obstruction between the filament and 
plate. 
As hereinbefore stated, the high-voltage 

output type of audion gives an amplification 
with low current and high voltage in its out 
put circuit; whereas the high-current out 
put type gives amplification with high cur 
rent and low voltage, and hence low imped 
ance, in its output circuit. 
In Fig. 4, two high-voltage output au 

dions 1, 1 connected in tandem are shown 
working into a high-current output audion 
2. The batteries 11 are preferably of such 
value as to make each of the grids 3, 3 and 
7 normally about five volts negative with re 
spect to its adjacent filament. The several 
filaments are heated by the respective bat 
teries 12. The output circuit of each audion 
includes its plate, a high resistance 14, a 
battery 13 and the filament of the audion. 
The resistance 14 should be, for example, 
100,000 ohms or more. The input circuit of 
the first audion of the group is directly con 
nected to the input line 15. The input volt 
age on the grid of the first audion 1 causes 
an increase in the voltage of the current 
flowing in the output circuit of said audion, 
thereby developing a voltage change on the 
grid of the next audion of the series, and so 
on. As a result of Such construction and ar 
rangement of these audions, the voltage in 
the input circuit of the second of the two 
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output and said other repeaters having a In witness whereof, I hereunto subscribe 
highlife E. of h my name this 25 day of May, A. D. 1914. 

7. The combination of two thermionic repeater structures connected in tandemand HAROLD DE FOREST ARNOLD. 
5 having a common inclosing bulb, the first of Witnesses: 

said structures having a high-voltage out- E. EDLER, 
put and the other a high-current output. K. L. STAHL. 


