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This invention relates to means for am 

plifying short electric waves, and more par 
ticularly to means suitable for amplifying 
alternating voltages and currents of frequen 

3 cies higher than those now generally used 
in radio communication. 

It is desirable that the frequency range 
availabie for communication purposes be ma 
terially extended. This is so especially be 

it cause of the approaching need for a greater 
number of radio speech channels in view of 
the threatened congestion in the communica 
tion spectrum. 
With the technique universally employed 

15 in the commercial field at the present time, 
engineers are confronted, in their efforts to 
produce very high frequencies for communi 
cation purposes-that is, to produce “ultra 
radio' frequencies for use in radio communi 

20 cation, with the requirement of inductances 
and capacities so small as to be impracticable. 
At frequencies as low as three megacycles 
per second (3 mc.), corresponding to a wave 
length of one hundred meters (100 m.), such 

25 small coils and condensers are required that 
stray inductances imposed by connecting 
wires and extraneous capacities between 
pieces of apparatus often present difficulties 
which are considerable. When a frequency 

30 of approximately 30 mc., corresponding to a 
wave length of approximately 10 m., is 
reached, the coils and the condensers required 
are miniatures of the apparatus used in com- . 
mercial radio practice, their inductances and 

35 capacities being but little greater than those 
of the necessary connecting wires. 

It is the object of applicant's invention to 
provide means suitable to commercial use for 
producing alternating voltages and currents 

40 of “ultra-radio' frequencies and of such am 
plitude as to be useful in the practice of radio 
communication. 
Applicant accomplishes his purpose by em 

ploying a three-electrode vacuum tube am 
45 plifier and applying methods new in the am 

plification of alternating voltages and cur 
rents to the solution of the problems of im 
pressing the high frequency alternating volt 
ages on the grid and of relaying the amplified al 

89 waves. 

In the vacuum tube amplifiers now in gen 
era use for amplifying alternating voltages 
and currents of “radio' frequencies, that is, 
frequencies lower than perhaps 30 mc., the 
grid and the filament of the tube are connect 
ed in a circuit, usually known as the “input 
circuit', having localized inductance fur 
nished by a coil and localized capacity fur 
Inished by a condenser, the grid and the fila 
ment being connected to the terminals of the 
condenser. Electromagnetic energy is ap 
plied to the circuit, and a resonant condi 
tion of the circuit is set up, in which condition 
the energy is periodically transformed from 
the magnetic to the electric state. This 
resonant condition is obtained by the ad 
justment of the localized capacity or the 
localized inductance or both. 
when the energy is wholly electric, or sub 
stantially so, the condenser is charged, and a 
relatively high voltage is impressed between 
the grid and the filament, this voltage con 
trolling the electron stream from the filament 
to the plate. The natural period of oscilla 
tion of the circuit depends upon the time re 
quired for the energy to change from the 
magnetic to the electric state in the coil and 
condenser. 

Instead of adopting the methods discussed 
above, applicant makes use of a “wave cir 
cuit', defined below, in which electromagnetic 
energy in the form of a wave travels in the 
space between two conductors and is reflected 
from the ends of a “rectangle'. The term 
“wave circuit”, as used by applicant, desig 
nates an extended circuit in which conductors 
are used to guide electric waves, or, in other 
words, a circuit the physical dimensions of 
which are appreciable in comparison with the 
ength of the waves. Such a circuit may also 
be considered as a circuit having distributed 
inductance and capacity, as distinguished 
from localized inductance and capacity. In 
the wave circuit, the natural period of oscilla 
tion depends on the length of the conductors 
as compared with the wavelength, or, in other 
words, as compared with the frequency of the 
alternations. Various distinctions between 
the “radio frequency amplifier” and appli 
cant’s “ultra-radio frequency amplifier' will 
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be more fully pointed out after a descrip 
tion has been given of one desirable embodi 
ment of this invention. 
The invention will be clearly understood 

from the following description of a desirable 
embodiment thereof. This description is to be 
read with reference to the accompanying 
drawing. Figure 1 of the drawing shows 
diagi'alamatically applicant's circuit, so ai'. 
F'anged that high frequency alternating volt 
ages are antified, and a considerable poi'- 
tion of the energy is radiated. Fig. 2 shows 
diagrammatically an arrangement of the cir 
cuit for amplifying the currents and commu 
nicating the output of the amplifier to 
succeeding circuit-of a radio receiving sys 
tem, for instance. Fig. 3 shows an arrange 
ment similar to that of Fig. 2, but involving a 
different method of coupling between the aim 
plifier and the succeeding circuit. 

In each of the three circuits shown. 
is the three-electrode vacuum tribe 4, with 
filament 5, plate 6, and grid . The input or 
grid-filament circuit is completed by the 
parallel guiding conductors 8 and 9, which 
may be closed at the end, is shown, or open. 
The input circuit is this substantially a 
tanglehaving at its right end the grid-fi 
ment capacity. The output or piate-filame 
circuit is completed by he guiding c 
to's () and 1. T CS i? 

the battery 13 provides 

the V - i. 

be battery 12 furni 
filament current, and 
the plate voltage. 
The alternating electromotive is 

communicated to the in it circuit, in the air 
li'awiing, f:'oia the 

- SOrig (); Cya (- 
tromotive force. It 
no limitation is placed on { 

is to 
: 

vention by the specific showing here inade, 
CY since it will be clear to those 

art that the waves to be amplif g 
up in the input circuit by any one of a st 
bei of well known imethods, the choice of 

most s?itable beig determined by 
particular tise to be air 
When a relatively shall alternating elee 

3'onotive force is applied to the input, cit'. 
in electromagnetic wave will ?lovy along 
(inductors 8 and 9, or, viewed somewhat 

made of the arapi 

ife'ently, will travel in the space beive 
conductors, with a velocity appr 

at of light. This ware will be reflecte: ; 
she end 5- of the “rectangle, travelists 
back at the same rate of speed to the other 
end, where it will be again reflected, and so 
on. Resonance is produced by the siliisi 
Inent of the length of the condictor's 8 and 9 
'elative to the frequency of the applied cloe 
ironotive force. Anywayo circuit will be 
Satisfactory which comprises condict Of 
suitable conductance and is so constructed or 
arranged that it may be readily adjusted as 
to for in and dinnahsions. Corrioto's 
shown in the drawing are cylindrical and of 

a K. M. 
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substantial diameter and are in two telesco 
ing sections, whereby length adjustment is 
readily made. The required length of the 
wave circuit relative to the frequency of the 
applied electromotive force will be generally 
discussed hereinafei'. 
When the energy is applied or reflected at 

the left end of the input circuit (witi refe!'. 
ence to the drawing) it is mainly magnetic. 
At an intern ediate point, between this end of 
the circuit. :) i? the victly the end. it is 
Both magnetic and electric. When the on 
ergy reaches the tube end of the circuit, it is 
Rainly electric, and it will be readily under 
stood by those skilled in the art that a rela 
tively large voltage will be impressed between 
the grid and the filament. As in the case of 
the vacuum tube amplifier rised for over 
gencies, the voltage impressed on the grid 
acts (in the electron stream between the fila 
inent and the plate, changing the plate cur 
rent in the output circuit. 
The output or plate circuit of the tube 4 is 

designed, like the input circuit, to guide the 
lectric waves, set up in this case by the 

ges in the voltage between the plate and 
ilainent, due to the grid voltage change. 
output circuit comprises the guiding 

condictors; 10 and 11, terminating at the 
left and in the plate and the filament, respec 
tively, and is formed in accordance with the 
disposition to be made of the output energy 
of the amolifier. If it is desired to radiate 
the energy directly into the ether, the guid 

conductors 10 and 11 are widely sepa 
ited and may be either open, as shown in 

Fig. 1. or closed. If, however, it is desired 
energy output to another to co!Ylimlinicate the 

circuit, for instance the circuit including a 
succeading amplifier tube or a detector tube 
in a receiving set, the guiding conductors are 
placed relat gether, and are, for tively close to 
'annale, coupled to the succeeding circuit 

directly, as shown in Fig. 2, or by the indi 
rect inductive method of Fig. 3. The con 
dictors 10 and 11 are preferably constructed 
and adjusted as are the input circuit conduc 
to's 8 and 9. 

in order to produce the condition of reso 
nance in a simple wave circuit is it approxi 
mately accurate to say that in the case of con 
dictoi's closed or open at both ends, the length 
(of the conducto;'s must be coal to one-half 
the length of the waves, aid in the case of 
conductors closed at, one end and open at the 
other, the length of the conductors must be 
equal to one-fourth the length of the waves. 
If, however, a wave circuit closed at both ends 
is terminated in a capacity, the length of the 
conductors which is red tired for resonance 
will be, in most cases, slightly greater. This 
condition oxists in the circuits shown in 
Fios. 2 and 3 of the drawing, since the wave 
circuits are terminated in either the grid 
filament capacity or the plate-filament ca 
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pacity of the tube. Again, if a wave circuit 
is closed at one end and terminated in a ca 
pacity, the length of the conductors will be 
slightly less than in the simple case, in most 
instances. If the tube capacity terminating 
the wave circuit is so large that the require 
ments for resonance, as stated above, would 
lead to a rectangle too short to be practicable 
for coupling, the rectangle should be length 
ened by one-half the wave length or any mul 
tiple thereof. In other words, the guiding 
conductors will now be so adjusted, in the 
case of conductors closed at both ends, as to 
make the length of the wave circuit approxi 
mately one-half the Wave length or equal to 
the wave length, or to one and one-half times 
the wave length, or to twice the wave length, 
etc. Likewise, in the case of conductors open 

20 

25 

at Only one end, the length of the conductors 
will be adjusted to make the wave circuit 
length approximately one-fourth of the wave 
length or equal to three-fourths of the wave 
length, or to one and one-fourth times the 
wave length, or to one and three-fourths 
times the Wave length, etc. 
membered that the tube capacity renders nec 

30 

essary circuit lengths somewhat different 
from those indicated above. 

It will help to clarify the description of 
applicant's amplifier to note the following 
distinctions between the “radio frequency 
amplifier” and the “ultra-radio frequency 
amplifier embodying the invention. In the 
case of the former, the impressed grid vol 

35 

45 

50 

55 

tages are derived from energy oscillating 
from the magnetic state to the electric state 
in a coil and a condenser. The natural period 
of oscillation is determined by the time re 
quired for the energy to change from the 
magnetic to the electric state in these ele 
ments, which, in turn, depends on their in 
ductance and capacity. The oscillations 
take place in a space very small in compari 
son with the length of the waves to be pro 
duced. In applicant's amplifier, the energy 
is in the form of an electro-magnetic wave 
guided along the conductors. In the input 
circuit, when the energy reaches the grid, it 
is electric and provides the necessary voltage 
for operating the tube. The natural period 
of oscillation is determined by the time re 
quired for a wave to travel the length of the 
“rectangle” and be reflected back. The oscil 
lations take place in a space appreciable 
when compared with the wave length. 
While applicant's invention has been de 

scribed in a specific embodiment for the pur 
pose of illustration, it is to be understood that 
it is capable of embodiment in other and dif 
ferent forms without a departure from the 
spirit and scope of the invention as defined 
in the appended claims. 
What is claimed is: 
1. A system for amplifying electric waves, 

comprising a vacuum tube having an anode, a 

It is to be re 

cathode, and a controlling electrode, an input 
circuit including said cathode and said con 
trolling electrode and having only distrib 
uted capacity and distributed inductance, 
and an output circuit including said cathode to 
and said anode and having only distributed 
capacity and distributed inductance. 

2. An amplifier of electric waves, compris 
ing a vacuum tube having an anode, a cath 
ode, and a controlling electrode, an input cir 
cuit including said cathode and said control 
ling electrode and having only distributed 
capacity and distributed inductance, an out 
put circuit including said cathode and said 
anode and having only distributed capacity 
and distributed inductance, means for im 
pressing electric waves on said input circuit, 
and means for communicating electric energy 
from said output circuit. - 

3. A system for amplifying electric waves, 
comprising a vacuum tube having an anode, a 
cathode, and a controlling electrode, an input 
circuit including said cathode and said con 
trolling electrode and having only distrib 
uted capacity and distributed inductance, 
and an output circuit including said cathode 
and said anode and having only distributed 
capacity and distributed inductance, said in 
put circuit and said output circuit being ad 
iustable as to form and dimensions. 

4. An amplifier of electric waves, compris 
ing a vacuum tube having an anode, a cath 
ode, and a controlling electrode; an input cir 
cuit including said cathode and said control 
ling electrode, and an output circuit includ 
ing said cathode and said anode, said circuits 
having only distributed capacity and distrib 
uted inductance and being adjustable as to 
form and dimensions: means for impressing 
electric waves on said input circuit; and 
means for communicating electric energy 
from said output circuit. - - - 

5. In a system for amplifying electric 
waves, including a vacuum tube having an 
anode, a cathode, and a controlling electrode, 
an input circuit including said cathode and 
said controlling electrode and having only 
distributed capacity and distributed induc 
tance. - 

6. In a system for amplifying electric 
waves, including a vacuum tube having an 
anode, a cathode, and a controlling electrode, 
an output circuit including said cathode and 
said anode and having only distributed capac 
ity and distributed inductance. 

7. In a system for amplifying electric 
waves, including a vacuum tube having an 
anode, a cathode, and a controlling electrode, 
an input circuit including said cathode and 
said controlling electrode and having only 
distributed capacity and distributed induc 
tance, said circuit being adjustable as to form 
and dimensions. - 

8. In a system for amplifying electric 
waves, including a vacuum tube having an 
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4. 

anode, a cathode, and a controlling electrode, 
an output circuit including said cathode and 
said anode and having only distributed ca 
pacity and distributed inductance, said cir 
cuit being adjustable as to form and di 
mensions. 

9. In a system for amplifying electric 
waves, a vacuum tube having an anode, a 
cathode, and a controlling electrode, an in 
put circuit including said cathode and said 
controlling electrode and having only dis 
tributed capacity and distributed induc 
tance, and an energy supplying circuit as 
sociated with said input circuit, said energy 
supplying circuit being associated with said 
vacuum tube only through said input circuit. 

10. A system for amplifying electric waves, 
comprising a vacuum tube having an anode, a 
cathode, and a controlling electrode, an input 
circuit including said cathode and said con 
trolling electrode and having only distrib 
uted capacity and distributed inductance, a 
utput circuit including said cathode and 

said anode and having only distributed ca 
pacity and distributed inductance, and an 
energy supplying circuit associated with said 
input circuit, said energy supplying circuit 
being associated with said vacuum tube only 
through said input circuit. 

11. An amplifier of electric waves, com 
prising a vacuum tube having an anode, a 
cathode, and a controlling electrode, an in 
put circuit including said cathode and said 
controlling electrode, an output circuit in 
cluding said cathode and said anode, means 
for impressing electric Waves on said input 
circuit, and means for communicating elec 
tric energy from said output circuit, said in 
put and said output circuits each having 
only distributed capacity and distributed in 
ductance in addition to any inductance or ca 
pacity which may be involved in the coupling 
between said circuits and the impressing 
means and the communicating means re 
spectively. 

12. An amplifier of electric waves, com 
prising a vacuum tube. having an anode, a 
cathode, and a controlling electrode; an in 
put circuit including said cathode and said 
controlling electrode; an output circuit in 
cluding said cathode and said anode; means 
for impressing electric waves on said input 
circuit; and means for communicating elec 
tric energy from said output circuit; said 
input and said output circuits being adjust 
able as to form and dimensions and having 
each only distributed capacity and distrib 
inted inductance in addition to any inductance 
or capacity which may be involved in the 
coupling between said circuits aid the in 
pressing means and the communicating 
means respectively. 

13. In a system for transmitting electric 
Waves, comprising a vacuum tube having an 
anode, a cathode, and a controlling electrode, 
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an input circuit including said cathode and 
said controlling electrode and having only 
distributed capacity and distributed induc 
tance, and an output circuit including said 
athode and said anode and having only dis 
tributed capacity and distributed inductance. 

14. In a system for transmitting electric 
waves including a vacuum tube having an 
anode, a cathode, and a controlling electrode, 
an input circuit including said cathode and 
said controlling electrode and having only 
distributed capacity and distributed induc 
tance. 

15. In a system for transmitting electric 
waves, including a vacuum tube having an 
anode, a cathode, and a controlling electrode. 
an output circuit including said cathode and 
said anode and having only distributed ca 
pacity and distributed inductance. 
In testimony whereof. I have signed my 

name to this specification this 29th day of 
April, 1926. 

GEORGE C. SOUTHWORTH. 
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