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Our invention relates to electron multipliers,v 
and particularly to the use of electron multiplier . 
repeaters in combination with telephone lines. 
Among the objects of-our invention are: To a 

provide high gain multipliers for telephonetrans 
mission lines; to provide telephone repeaters 
which do not require frequentservicing; to provide 
repeaters that'may be installed in cables ‘without ‘ 
special requirements as to accessibility for fre-‘ 
quent servicing; to provide repeaters whichlare 
operable upon currents which, may be trans 
mitted through the signal carrying line; to pro 
vide repeaters independent of periodically spaced 
local battery circuits; to provide repeaters op 
erable with signals attenuated ,to a point far be 
low that'at which ordinary thermionic'ampli 
?ers become inoperable; to provide means for, 
amplifying telephonic currents,‘ of stable and - _ _ 

- cause of the low signal intensity, which prevents long lived characteristics; to provide apparatus 
for the successive ampli?cation of attenuated 
currents along long lines wherein the degree of 
ampli?cation may be controlled within wide lim 
its; to provide a telephone repeater system where 
in the signal-‘to-noise ratio is higher than is 
vpossible with thermionic tube type repeaters. 
Our invention possesses numerous other ob 

jects and features of advantage, some of which, 
- together with the foregoing, will be set forth in 
the following description of speci?c ‘apparatus 
embodying and utilizing our novel method. It 
is therefore to be understood that our method is 

L applicable to other apparatus, and that \we -_do 
‘ not limit ourselves, in any way, to-the apparatus 

40 

60 

-of the present application, as we may adopt vari 
ous other apparatus embodiments, utilizing the 
method,’ within the scope ,of the appended claims. 

Brie?y. as to apparatus, our invention com 
prises a new type of electron multiplier where 
in_ the initial signal impulse controls an electron 
stream having a narrow range of component elec 
tron velocities, constructed to require no servic 
ing during its normal life, and so arranged as 
to ?t within the cable sheath or housing of the 
line. -It is peculiarly adapted to use with toll 
telephone lines, and is susceptible to the trans 
mission of numbers of signals simultaneously by 
the use of principlesqwell known in the art. 

In- the drawing: ‘ . 

Figure 1 is a schematic diagram partially in 
' section‘, of'our invention used ‘as a one-way r_e-_ 
peater, on‘ a two-wire line. , 

Figure 2 is a schematic, partial cross-sectional‘ 
view of a preferred form of our repeater tube, 
taken along the line 2-2 of Figure 1.- c 
Figure 3 is-.a circuit diagram showing our 

invention schematically applied to two-way com-r 
munication on a two-wire circuit. 

Long-line telephone communication has been 
handicapped since its inception by the rapid 
attenuation of voice currents therein, which is so 

, coming signal. 

(01. 179-171) 
rapid that for practical working conditions the 
limit of actual line length is approximately thirty 
miles, andbeyond that point signal ampli?cation 
must be provided. The earlier methods involve 
"such apparatus as a series of mechanical ampli 
_?ers with the power supplied by local vbatteries . 
connected to successive line sections. 

' The development'of thermionictube ampli?ers ‘ 

provided the’ next big step forward, permitting . 
high successive ampli?cation with relatively 
slight distortion. Vacuum’ tube ampli?ers, how 
ever; ‘are expensive, and much auxiliary equip 
ment is necessary to maintain stability. 

_ Battery equipment must be maintained at fre 
quent intervals along the lines, and frequent ad 
justment and replacement of tubes is'necessary. 
Itis not possible to distribute the repeating units 
at intervals much greater than thirty miles be 

the tubes from functioning. ' _ ' 

The present invention represents a radical step 
forwardfrom the ordinary vacuum tube ampli 
?er. The heart of the device is a modi?cation of 
the electron multiplier which has been described 

' in various forms in the prior Farnsworth Patent 
_ No. 1,969,399, issued August 7, 1934, entitled 
“Electron multiplier”, and in the Farnsworth ap 
plications: Ser, Nos. 692,585, Electron multiply-7 
ing device, now Patent No. 2,071,515, issued Feb 
ruary 23, 1937; 706,965, Method of electron multi 

-, plication; 10,604, Means and method for inter 
rupting electron multiplication. 
The'theory ofelectron multipliers, wherein re 

peated electron impacts generate secondary elec 
trons, has- been gone into in detail in these appli 
cations and issued patents, and need not be re 
peated. The tremendous gains possible with 
such electron multipliers, and the low noise-sig 
nal ratio, have greatly increased the length of line. 
which may be utilized without intermediate re 
peaters, and atv the same time decreased the 
necessity for frequent local battery stations. 
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In Figure l of the drawing, an electron muiti- ' 
plier is shown within .an envelope I connected to 
a pair of lines 2 and 4.through which an in 
coming signal is received. A load impedance 
comprising a capacitance 5 andan inductance 
6 is connected across lines 2 and it through which 
an incoming signal is received. "The midpoint 
‘I between capacitance and inductanceis con 
nected by a lead 4|. tothe housing 9, which acts 
as a shield and .mechanical support for an elec 
tron gun within it, and in addition controls the 
gun output in accord with the strength of an in'-' ’ 

Housing 9 is‘shown as rectangu-v ' 
lar, but might be of any other convenient shape, 

"Insulating supports l0, positioned within. the 
housing 9, support the gun assembly case ll. 
Within gun assembly case _II and at one end 
thereof is supported a'cathode l2, here shown as. 
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2 
a ?lament. This cathode may be 01' the heater 
type, if desired, or might be made of photosensi 
tive or- radioactive material, as the emission 
necessary is extemely low. , 
The gun assembly case II is transversely di 

vided midway or its length by a diaphragm l4, 
having therein a small aperture i5 offset from 
the cathode l2. In the chamber formedby the 
diaphragm and the end of the gun not contain 
ing the cathode, a de?ecting plate or control 
electrode I5 is positioned, having a lead H ex 
tending therefrom to the outside or envelope I. 
An aperture 19 is disposed through the end of 
gun ii opposite that adjacent the cathode l2. 
This aperture is is axially alined with aperture 
i5, both of' them being equally displaced from 
said cathode. An aperture 20 in registry with 
aperture is and formed through case 9, and ap 
erture 2! formed through an anode member 22, 
provide access to the multiplying chamber, com- ' 
prising two parallel plate anodes 22 and 24, hav 
ing their surfaces coated with discrete particles 
of secondarily emissive material, and having their 
body structure formed of material having a high ' 
electrical resistance. Between and parallel to 
said anodes is a herring-bone lattice or grid 25 01 
low_ resistance wire supported by two rods 25 
and 21 of high resistance material, having the 
apices of the V-formed wires pointing toward the 
gun end of the envelope I. At the opposite end 
of the envelope, a square rim 29 is formed in 
tegralwithand normal to rods 25 and 21. Across 
this frame is stretched a lattice-work 30 of par 
allel conducting wires. A collecting plate 3| is 
supported parallel to grid 30, and in registry 
therewith, whereby electrons passing there 
through may be collected. Plate 8| is con 
nected to line 32, and through a resistance 34 to 
the lattice 30. 
Assume a signal current to have been im-_ 

pressed upon line 2 at a considerable distance 
from multiplier I. By the time it has traveled 
over line 2 and arrived at the multiplier, it will 
have become attenuated to a considerable degree. 
The return circuit‘ through the grounded line 4 is 
reached through condenser 5 and inductance 5. 
and also through an impedance 35 connecting 
line 2 to ground through a condenser 38. The 
next segment of line 32, is connected through a 
corresponding impedance 31 and condenser 38 to 
ground. 
The current ?owing in line 2 is composed of a 

direct current component utilized to energize the 
multipliers and an audio-frequency voice, com 
ponent, plus additional signal frequencies it part 
of a phantom circuit or used for telegraph serv 
ice. Impedance 35 prevents the audio-frequency 
current from passing, and any slight amount that 
does go through is grounded through con 
denser 38. : 
The direct current component. however, is per 

mitted to pass through impedance: 35 and 31, 
and to thereby reed current to successive operat 
ing units. The signal current impressed across 
lines 2 and 4 is passed by condenser 5 and im 
pedance 6, and the potential drop across said im 
pedance is utilized to bias the housing Sand 
thereby control the number of electrons per 
mitted to pass through aperture 20. The po 
tential drop across a resistor 39 is utilized to heat 
cathode 12. It is not necessary to use a large 
current, since it is desired to use only a few elec 
trons to start the multiplier operating. 
In order, however, to secure a maximum re 

sponse to the incoming signal, it is desirable to 

use an electron stream having a velocity band 
within the range of the potential or the impressed 
signal. This is obtained by proper construction 
of the gun. When electrons are emitted by the 
cathode l2, they have a wide range of velocities. 
A certain number oi electrons of random veloci 
ties will go through aperture I5. Since aperture 
I9 is alined with aperture l5 but not with cath 

-ode l2, it is not likely that many of the electrons 
passing through the aperture I5 will pass through 
aperture l9. Ii, however, a positive charge is 
imposed-on control electrode l6, by connecting 
it to the low potential end of anode plates, the 
slowest electrons may be de?ected so much that 
they will be collected upon said control electrode, 
or upon the end of the gun chamber. The fastest 
electrons will be de?ected only a small amount, 
and will be collected upon the gun sides and end. 
A certain number of electrons, having intermedi 
ate velocities, will be de?ected just enough to 
cause them to pass through the aperture I9. 
After emerging from aperture is the stream must 
pass through-a control aperture 20, the potential 
of which is controlled by the incoming signal 
through lead 4i. Since‘the electrons passing 
through aperture l9 have been rigorously selected 
on the basis of velocity, they may be fully con 
trolled by the charge on the aperture 20, and the 
result is a perfectly modulated electron stream 
?owing through the anode aperture 2| into the 
multiplying chamber. At this point the stream 
of electrons comes under, the accelerating in 
?uence oi the potential existing on the herring 
bone lattice 25. Due to the wide spacing of the 
lattice wires, while a few electrons will be col 
lected, the majority will pass through and reach 
the opposite anode plate 24, where the impact will 
release secondary electrons which will, in turn, 
be attracted toward the lattice 25 and pass 
therethrough, striking anode 22, and repeating 
the process. 
however, the impacts occur nearer the collecting 
plate 3|, due to the potential relations between 
anodes 22 and 24 and lattice 25. 
The direct current potential on lines 2 and 32 

is tapped and lead to the collecting plate 3i, 
and thence through a resistance 34to the lattice 
30 with its rim 29. _A potential difference is there 
by set up between the collecting plate 3| and the 

'- shield 3|]. Although little current ?ows, due to 
the high resistance of the rods 26 and 21, a large 
potential drop is produced along their length. 
At a point along the rods where a potential drop 

Each time the process is repeated,‘ 
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of, say one hundred volts from frame 29 has - 
occurred, a connection 42 is made to the end of 
anode plate 24 and from said plate 24 to anode 
22 through a lead 44 and similarly, a‘lead 45 is 
connected from the‘ low potential end of rods-'25 
and 21 to a point on anodesv 22 and 24, about one 
hundred volts from the low potential end of said 
anodes. The result is a constant potential diilfer 
ence of about one hundred volts between the 
lattice grid 25 and the anodes 22 and 24 at op 
posite points; ' 

If the electrons passing through aperture 2| 
were to pass straight across the tube under the 
in?uence of the accelerating potential on lattice 
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' 25, they would not strike the opposite anode with ‘ 
su?icient force to cause the emission of second- " 
ary electrons, since the accelerating potential is 
equally effective in decelerating as soon as the 
electron has passed through the lattice, and by 
hypothesis the initial electron velocity was very 
small. Due, however, to the shape ofthe lattice, 
the‘ potential distribution in the electrostatic ?eld 
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within the space is such that the electrons are 
de?ected slightly to the right in Figure 1 of the 
drawing, and consequently arrive at a point along 
anode 24 having a higher potential than that of 
the anode 22 which it had just left. This di?Eer-‘ 

. ence in potential supplies an additional accelerat 
i-ng ‘force toward anode 24, and so overcomes the 
deceleration of ‘the lattice 25 and causes the elec 
trons to‘ strike with a velocity su?icient to knock 
out secondaries at a ratio greater than unity. 

This process is repeated with a continuing drift‘ 
toward the collecting plate, the number of elec 
trons increasing by the next higher power of the 
emission ratio with each anode collision. 5 Upon 
reaching the high. potential end of the anode 
plates, the electron stream is attracted to the 
collecting plate through the screen 30. The con 
centration of electrons thus built up on the col-‘ 
lecting plate 3| acts as a potential source to drive 
current through the next section of line 32. - 
In Figure 3 we have shown our invention ap-- 

plied to two-way service on a two-wire telephone 
line 2, 4, over which a signal is received. The im 
ped‘ance of lines 2 and 4 is matched by a balancing 
network 50 connected to lines 2 and 4 through 
the windings of a hybrid transformer 5|. . _ 
The hybrid coils of transformer 5| are center 

tapped at points 52 and 54, from which leads are 
carried to the primary of an input transformer 
55, the secondary of which is connected to one 
of our multiplier tubes 56. The output side. of 
this tube 56 is fed through the primary windings 
of a hybrid coil 51. which feeds the output onto 
lines 59 and B0. The signal current traveling in 
the opposite direction is fed into the repeater on - 
lines 59 and 60, which are terminated by a balanc 
ing network 58,- and from center taps BI and 62 
on hybrid coils 5'! is-led to an input transformer 
64, which inductively impresses the signal on the‘ 
multiplier tube 65. The ‘output of this tube, in 
turn, is fed into the primary of the hybrid coils 
5i, and so impressed on lines 2 and 4. 
Potential‘supply is secured from the lines by 

connecting a low .pass ?lter 66 between the bal 
ancing networks 50 and 51.. By proper propor-v 
tioning of the ?lter unit, the impedance match 
ing of the networks 50 and 51 ‘against lines 
2, d and 59, 50, respectively, is undisturbed in the 
audible range, while direct current is passed 
from one line section to the next. Lines 2 and 
59 form the ‘positive, and lines 4 and ?ll the nega 
tive, sides of the supply. _ - _ 

The positive line is connected through a lead 
67 and the primaries of the hybrid coils 5i and 
51 tothe collecting anodes 3|. A‘lower positive 
potential is placed on the screens 30 by connect 
ing lead 61 to said screens through resistors 34. 
From screens 30 and the‘asso'ciated framework 
leads d2 make connection to the plates 22 and 24, 
as explained in connection with Figure 1, and-the " 
low-potential ends of the plates 22 and 24 are con- ' 
nected to supply the required positive potential 
on de?ecting plate l9 of the gun. . 

Resistors 69 provide a potential drop between 
the' de?ecting plate [9 and cathode l2, and the 
return to the current supply lines is accomplished 
through current limiting resistors 16 and a lead 
Til. . ' . ‘ 

This type of current multiplier has certain ad 
vantages arising from the use of a small velocity 
range of electrons in the electron gun whichris 
the outgrpwth of a study of the voltage response 
characteristic curve -of electron emission. The 
number of electrons having a velocity within a 

, 3 

particular narrow range is a very small percent 
age of the total emitted with random velocities. 
' The de?ection of the electrons having velocities 
higher than that corresponding to the de?ecting 
voltage is small. However, if the controlling or 
signal voltage is on the same order as the electron 
velocity, as for example, one microvolt signal 
potential controlling a segregated band of elec 
trons having velocities corresponding to those im 
parted by an accelerating potential of one micro 
volt, full control will be secured. _ > 
The control of this segregated velocity band 

makes possible anampli?er operation entirely in 
dependent of the strength of the impressed sig 
nal. Since the degree of ampli?cation is thus 
independent of the signal strength, by proper 
proportioning of the multiplier units, they may 
be adjusted to. operate on varying potentials 
along the line, and to amplify signals of any de 
sired strength. The location of the repeater 
multiplier units is thus entirely independentv of 
the various factors which,‘require certain posi 
tions for the e?icient operation of_'conventional 
types. - 

It should, be pointed out that there are a large 
number‘ of ways‘ in which, battery current may 
be supplied to the'multiplier units. It may be 
carried by the lines themselves, ormay be car-. 
ried by auxiliary feeder cables. It is possible 

_ that with cable construction the metallic cable 
Local bat- ' covering might be used as a feeder. 

te'ry supply at intervals could be used, or high 
potentials at infrequent stations. It is an ad 
vantage of our invention that the potential sup 
ply may be secured in so many di?erent ways, 
without in the least decreasing the e?iciency of 
operation. ' ‘ 

It is also to be understood that our invention 
is equally applicable to four-wire circuits, and to 
the operation with phantom, band pass, or other 
circuit arrangements whereby a number of mes 
sages or signals may be sent simultaneously 
along wired lines, or for carrier frequencies with 
appropriate circuits. ‘ 

The essential feature is the use of the electron 
multiplier with wired lines for transmitting sig 
nals or other messages, it there being practically 
independent-of the length of the lines with which 
it is used and the degree of- attenuation of the 
signal which it is desired to amplify, since the 
velocity range of the emitted electrons in the 
multiplier need be no greater than that which 
maybe controlled by a signal current of a few 
electrons. ‘ , 

Summarizing: our invention provides‘ a means 
of utilizing electron'multiplication with wired 
lines for the transmission of signals, which is so 
constructed that it may be built into cable lines 
with the cables, and is practically independent 
of'servicing requirements. There is no critical 
length oflines over which the repeater will fail 
to function, and they are therefore independent 
of speci?c location. . - 

Our multiplier, by its design, has an output 
current limited only by the heat dissipating abil 
ity of the tube, and not by the. strength of the 

I signal to be ampli?ed.‘ We have found that by 
this system a great, economy of operation is ob 
tained, and our ampli?er will operate under con 
ditions wherein the conventional‘ type could not 
because the signal currents are below the thres 
hold or minimum value. , ' , ~ 

We claim: 1 
1. A method of operating electron multipliers 

which comprises producing electrons having ran 
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4 
dom velocities, segregating those electrons hav 
ing velocities corresponding to the signal poten 
tials to be ampli?ed, modulating the number of 
said segregated electrons by said signal poten 
tials, admitting said modulated number of elec 
trons to a multiplying chamber having second 

~farily emissive opposed surfaces and a perforate 
electrode therebetween, causing said admitted 
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electrons to impact the walls of the said mul 
tiplying chamber,~ whereby an increased number 
of electrons may be produced by said impact at 
tracting said electrons toward said perforate 
electrode, permitting the greater part of the at 
tracted electrons to pass therethrough and pro 
duce further secondaries, causing such secondary 
electrons to drift along the multiplying cham 
ber, collecting said electrons after a desired de 
gree of multiplication has been obtained, and 
utilizing said collected electrons to produce an 
output current. 

2. A method of operating electron multipliers 
which comprises producing electrons having ran 
dom velocities; segregating those electrons hav 
ing velocities corresponding to the signal poten 
tials to be ampli?ed, modulating the number of 
said segregated electrons by said signal poten 
tials, admitting said modulated number of elec 
trons to a multiplying chamber having second 
arily emissive opposed surfaces and a perforate 
electrode therebetween, setting up a potential 
gradient along said multiplying chamber, setting 
up a potential gradient upon said perforate elec 
trode whereby electrons may be attracted toward 
said electrode, permitting the majority of said 
electrons to pass therethrough and impinge upon 
the opposite walls of the said multiplying cham 
ber, whereby successive electron multiplications 
may ‘occur, accelerating said electrons along the _ 
potential gradient, whereby said successive elec 
tron multiplications may occur at points of suc 
cessively higher potential, collecting said mul 
tiplied number of electrons,- and utilizing said 
collected electrons to produce an output current. 

3. A method of operating electron multipliers 
which comprises producing electrons having ran 
dom velocities, segregating those electrons hav 
ing velocities corresponding to the signal poten 
tial to be ampli?ed, modulating the number of 
said segregated electrons by said signal poten 
tials, admitting said modulated number of elec 
trons to a multiplying chamber having second 
arily emissive opposed surfaces and a perforate 
member therebetween, setting up a potential 
gradient along said multiplying chamber, setting 
up a potential gradient upon said perforate mem 
ber, accelerating the admitted electrons across 
and along the multiplying chamber, whereby suc 
cessive impacts occur at points of successively 
higher potential, collecting said multiplied num 
ber of electrons to produce an output- current. 

51. A method of operating electron multipliersv 
which comprises producing electrons having ran 
dom velocities, segregating those electrons hav 
ing velocities corresponding to the signal poten 
tials to be ampli?ed, modulating the number of 
said segregated electrons by said signal poten 
tials, admitting said modulated number of elec 
trons to a multiplying chamber having second 
arily emissive opposed surfaces and a perforate 
electrode therebetween, setting up a potential 
gradient along said multiplying chamber, setting 
up a potential gradient along said perforate elec 
trode, attracting said admitted electrons toward 
said perforate electrode, permitting the greater 
portion of said electrons topass therethroughrat 

2,143,146 
tracting said electrons onto the opposed second 
arily emissive surface, whereby an increased 
number of electrons is released, de?ecting said 
electrons by said potential gradient, whereby 
successive impacts will occur at points having 
successively higher potentials,collecting said mul 
tiplied number of electrons, and utilizing ‘said 
collected electrons to produce an output current. 

5. A method of operating electron multipliers 
which comprises producing electrons having ran 
dom velocities, separating out those of said elec 
trons having velocities within a desired range 
de?nitely related to the order of magnitude of 
a signal current to be ampli?ed, introducing a 

’ number, modulated by the signal to be ampli?ed, 
of said electrons to a multiplying chamber, multi 
plying said admitted electrons to a desired value, 
collecting said multiplied quantity of electrons, 
utilizing said collected electrons to produce an 
output current, and a perforated element central 
thereof, setting up a potential gradient along 
said chamber increasing away from the point of 
admission of said segregated electrons, setting up 
a potential gradient along said perforate element, 
whereby said admitted electrons will be attracted 
toward said perforate element, permitting the 
major portion of such attracted electrons to pass 
therethrough, to produce secondaries by impact 
ing said multiplying chamber walls; attracting 
said electrons toward the points of higher poten 
tial within said multiplying chamber, whereby 
successive impacts will. occur at points of suc 
cessively higher potential, collecting said elec 
trons after a desired degree of ampli?cation has 
been obtained, and utilizing said collected elec- _. 
trons to produce an output current. - 

6. A method of operating electron multiplier 
which comprises generating electrons, segregat 
ing those of said generated electrons having ve 

’ locities, within a desired range, introducing a 
number, modulated in proportion to the ampli— 
tude of a signal to be ampli?ed, into a multiplying 
chamber having- opposed secondarily emissive 
walls and a centrally located apertured element, 
setting up a potentialgradient on said multiply 
ing chamber, setting up a potential gradient cen 
trally of said chamber having a higher potential 
at each point than that on the corresponding 
points of said multiplying chamber, attracting 
said admitted electrons toward said centrally lo 
cated apertured member, permitting the major 
portion of said electrons to pass therethrough 
and impact upon said secondarily emissive sur 
face, whereby secondary electrons will be pro 
duced. 

7. A method of operating electron multipliers 
which comprises generating a group of electrons 
of random velocities, separating those electrons 
having velocities within a desired range, admit 
ting a number, proportioned to the amplitude of 
the signal to be ampli?ed, of the electrons of said 
desired velocity range to a multiplying chamber 
having opposed secondarily emissive walls, creat 
ing a potential gradient longitudinally of said 
multiplying chamber, setting up a higher poten 

chamber, whereby said admitted electrons are 
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de?ected toward the higher potential regions of " 
said, multiplying chamber, simultaneously utiliz 
ing said'electrons to produce secondary electrons, 
and collecting said electrons, and utilizing said 
collected electrons to produce an output current. 

rnmo 'r. FARNSWORTH. 
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tial gradient intermediate of said multiplying ‘ v 


