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This invention relates to means for am-
ying short electric waves, and more par-
larty to means suitable for amplifying
rnating voltages and curvents of {frequen-
cies higher than those now generally used
in radio communication.

It is desirable that the frequency range
availahie for communication purpeses be ma-
terially extended. This is so especially be-
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
in the commercial fisld 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-
cation, with the requirement of inductances
and capacities so small as to be impracticable.
At frequencies as low as three megacycles
per second (3 mec.), corresponding to a wave
length of one hundred meters (100 m.), such
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5 small coils and condensers are required that

stray inductances imposed by connecting
wires and extraneous capacities between
pieces of apparatus often present difficnlties
which are considerable. 'When a frequency
of approximately 80 mec., 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
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
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-
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
waves. P S

“the magnetic to the electric state.
resonant condition is obtained by the ad-

In the vacuum tube amplifiers now in gen-
eral use Tor amplifying alternating voltages
and currents of “radio” frequencies, that is,
frequencies lower than perhaps 80 me.; 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-
nished by a condenser, the grid and the fila-
ment being connected to the terminals of the
condenser. Ilectromagnetic 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
This
justment of the localized capacity or the
localized inductance or both.” At the time
when the energy is wholly electric, or sub-
stantially so, the condenser is charged, and a
relatively high voltags is impressed between
the grid and the filament, this veitage con-
trolling theelectron stream from the filament
to the plate.. The natural period of oscilla-
tion of the circuit depends upown the time re-
quived Tor the energy to change {rom the
magnetic to the electric state in the coil and
condenser. g :

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 hetween 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 cenductors
are used to guide electric waves, or, in other
words, a circuit the physical dimensions of
which are appreciable in comparison with the
length 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
ag compared with the wave length, or, in other
words, as compared with the frequency of the
alternations. Various distinctiors 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 heen given of one desirable embodi-
ment of this invention.

The invention will be clearly understood
from the following deseription of a desirable
embodiment thereof. Thigdeseriptionisto be
read with reference to the accompanying
drawing. Figure 1 of the drawing shows
dingrammaticatly a wlicant’s circuit so ar-
ency alternating volt-

ranged that 'uah fre q
ages vo amplified, and » considerable por-
tion of the energy is radiated. Ifig. 2 shows

(lm(rx amma hmﬂlv an arrangement of the cir-
cuit for amp 111'\'1{}0 the curr e:"i s and eommi-
nie ﬁuw the oumut m“ the amplifier to the
suceeeding cireuit—of a ra d recelving sys-
tem fo* Jmtnl ce. Fig. 3 shows an arrange-
ment similar o that of B Fig, 2, but i 1111'01\'1“0 a
different methed of com)l‘ ng Uc’m recn the am-
plifier and ‘Hc Luc\\,odmo civeuit,

Tn each of the three circuits shown,
is the three- “!Q(,‘""\L(.‘ Tacuum (“‘h‘
filament 5, plate 7.
Omd filament mrcu** is complet

1‘31|Q1 017]r1]ﬁ()‘ CO‘]JU*"’\W' 3
H‘.‘ly be closed at
The input cireui
tangle having a
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tors 10 and 11
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cireuit 14, which J“O‘Uﬂm
trometive fore Tt is to he
no Hmitation iq placed on ¢

vention by the specific

ci:‘c it will be clear to t

art that the waves to he am

111 n fhe input eirvcuit by ““V one ¢ N
her of well knewn ¥ othor s, the r‘hmc of tha
me most suitable being determined v

tendar 1
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se to be made of the amplifier,
Iatn (n-,f m‘mll ‘uwl q‘m‘m e ee-

1
]Ul ave
TUS ‘"’l"e w1
rocu,.;

mee is Dl'o:lﬂﬁcﬂ b‘ e adjust-
fenoth of the Ommvcto;q 8 ond 9
:'eiutlec to ihe ,«,1(3qu\acy of the applied clec-
tromotive force. Any wave civeni ¥

satisfactory whie h comprises con
suitable conductance and i g0 cor natr )
ary anp_ﬂrl that 1t may be readily '1c7]uqted as
form and

§ (L\"wa“m(\ﬂq Tn o
shown in the d

conduetors
rawing are cylindrical and of
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substantial diameter and are in two telescop-
ing sections, \\heroby length adjustment is
10‘!4 ily made. The 1‘°qancd length of the
ave circuit velative to the f frequency of the
m)hoﬂ electromotive force will be generally
d srussed hereinafter.

VWhen the energy is applied or reflected at
the left end of the input civenit (with refer-
ence to the drawing) it is mainlyv magnetic,
At an intermediate point between this end of
the cirenit and the vacuum tube end, it is
both magnetic and clectric.  When the en-
m‘nv reaches the tube end of the cireuit, it is

mnly ele (-t"m., and it will be readily under-
stoed by those skilled in the art that o rela-
U\*elv 1"“;1” voltage will be improssed between
the grid and the filoment.  Asin the case of
the veeuum tube am plifier used for Jower
guencies, the veltage Impressed en the arid
acts gn 1} he o‘f‘('{z'm S‘,U"’ am b"‘rv'("zn the fﬂfl—

S

in «J.‘." output civenit.

The ontput or plate circuit of the tube 4 is
ned, like the input circuit, to guide the
waves, set up in this case by the
the mltfzg between the rhte and

me
rent

mne: *t due to the grid voltage change.
put cireuit comprises the nm(hnﬂ
onductors 10 and 11, trrnﬁlmtmg at the
Ieft and in the plate a adl the filament, respec-

tively, and is fm“nm in accordance with the
d*‘*pw” tion to be made of the output energy

of the ‘un*)nfier If it is desired to radiate
the energy directly into the ether, the guid-
i’szg onductors 10 and 11 are widely sepa-
rated and may be either open, as shown in
- Fig. 1. or closed. TIf, however, it is desired

to communicate the energy output to another
civewit, for instance the cn‘om‘r neluding a
succeading amplifier tube or a detector tube
in o receiving set, fhﬂ guiding condnctors are
placed relat uvelv clese together, and are, for
e"‘mml conpled to the ~n(’ce“dlnr>' mrcmt
directly, as shown in Fig. 2, or by the indi-
vact inductive method of Fig. 8." The con-
ductors 10 and 11 are preferably constructed
and adjusted as ave the input cirenit condue-
tors § and 9.

“Tn ovder to produce the condition of reso-
nance in a simple wave cireuit is it approxi-
mn‘tely accurate to say that in the caze of con-
dictors closed ov open ot both ends, the length
of the conductors must be equal to one-half
the lenoth of the waves, and in the case of
conductors closed ‘1\, one end and open at the
other, the lenoth of the conduct bors must he
equal to one- fourth the length of the waves.
If, however, 2 wave eireuit closed at both ends
is terminated in a capacity, the length of the
conductors which is required for resonance
will be, in most cases, shghtly greater. This
condition oxists in the circuits shown in
Figs. 2 and 3 of the drawing, since the wave
civenits 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 ene-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,
ete. Likewise, in the case of conductors open
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, ete.
membered that the tube capacity renders nec-
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-
tages are derived from energy oscillating
from the magnetic state to the electric state
in a coil and a condenser. The natural period
of osciliation 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-
seribed in a specific embodiment for the pur-
pose of illustration, it is to be understood that
1t 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 cireuit including said cathode
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, & 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 circnit 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
frem 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-
Justable 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. R

5. In a system for amplifying electric
waves, including a vacuum tube having an
anode, a cathode, and a controlling electrode,
an-input circiit 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

3 .
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anode, a cathode, and a centrolling electrode,
an out put circuit including said cathode and
sald anode and having O‘llV distributed ca-
DRCltV and distributed inductance, said cir-
cuit being adjustable as to form and di-
mensions.
9. In a system for amplifying electric
w'woqq a vacuum tube having an anode, a
athode, and a controlling clcctrode, an in-
nut cireuit including said cathode and said
controlling electrode and having only dis-
tributed mpqmt v and distributed induc-
tance, and an energy suppl} ing circuit as-
sceiated with said input circuit,  said energy
supplying civeuit being associated with said
vacuum tube only throuorh said input cireuit.
10. A system for 1mph f Vln" electricwaves,
comprising a vacuum tube having an anode, a
cathode, and a contr olling electrode, an input
cirenit including said cathode and said con-
trolling electrode and having only distrib-
uted capacity and distributed inductance, an
output 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
threugh said input circuit.
11. An amplifier of electric waves, com-
msmg a vacuum tube having an anode, a
cathode, and a controlling e]ectrode, an in-
put cirenit including said cathode and said
controlhng elcctrod& an output eircuit in-
cloding 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 vacnum tube having an anode, a
cathode, and a controlling electrode an in-
put ecirenit including sai id cathode and said
controlling electrode; an output circuit in-
cluding said cathode and said anode; means
for impressing electric waves on said input
(‘11'cmi, and means for communicating elec-

ric energy from said output cncult said
mput and said output circuits belng 1d3ust—
able 2s to form and dimensions and having
each only distributed capacity and distrib-
uted induetance in addition to any inductance
or capacity which may be invelved in Hm
coupling between said circuits and the in
pressing means and the commumcatl <;
means respectively.

13. In a system for transmitting electric
waves, comprising a vacuum tube having an
anode, a cathode, and a controlling electrode,

1,796,486

an input circuit including said cathode and
said controlling electrode and having only
distributed capamty 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 h’LVlIlO’ an
anode, a cmhode, and a controlling electr ode,
an input circuit including said cathode and
said controlling electrede and having only
distributed capacity and distributed indue-
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
S‘lld anode and having only distributed ca-

sacity and distributed mductance.

In testimony whereof, I have signed my
mune to this spemﬁcatlon this 29th day of
April, 1926.

GEORGE C. SOUTHWORTH.
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