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To all whom it may concern:

Be it known that I, Sewars Caror, a citi-
zen of the United States, and a resident of
Brookline, in the county of Norfolk and
State of Massachusetts, have invented a
new and useful Improvement in Electro-

- magnetic-Wave-Receiving Systems, of which
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the following is a specification.

My invention relates to electromagnetic-
wave receiving-systems and more especially
to an-apparatus for controlling the oscilla-
tory phenomena in such systems of the ra-
dio-frequency amplifier type.

The general object of my invention is to
provide an electromagnetic-wave receiving-
system of the-radio-frequency-amplifier type
in which- the plate and grid circuits of a
three-electrode vacuum tube are not ex-
teriorly coupled or interlinked but are, in
fact, shielded from each other, being coupled
or interlinked only by the capacity between
the plate and the grid, and are not provided

with means supplementing the electrostatic

coupling of the vacuum tube to facilitate the
transfer of energy from the plate to the grid
circuit or to increase the effect upon the grid
of the high frequency pulsations in the plate
cireuit. . ‘
Tn the electromagnetic-wave receiving-
systems of the regenerative-detector type
“now in general use, various methods have
heen employed for controlling the creation
of local oscillations, for example, the method
of so varying the coupling between the plate

5 and grid circuits that the system is just on

the verge of creating such local oscillations,
this being the condition in which the system
is most sensitive to feeble electrical oscilla-
tions. -

Such method of so controlling the crea-
‘tion of local oscillations is open to the ob-
jection that any variation in the coupling
between the plate and grid circuits varies
the natural period of the oscillatory receiv-

5 ing-circuit, thereby necessitating the retun-

ing of such circuit for feeble electrical oscil-
lations or weak signals every time the
coupling between the plate and grid circuits
is varied. . :

When a tuned radio-frequency amplifier
consisting of two parallel-branch circuits
each having an inductance in one branch
and a condenser in the other and connected,
respectively, between the grid and the nega-
tive end of the filament, and between the
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plate and filament, is so adjusted that said
two circuits are approximately in tune,
strong local oscillations will be created if
the product of inductance by capacity of the
first, or grid, circuit slightly exceeds the
product of inductance by capacity of the
second, or plate, circuit. Such oscillations
are detrimental because they are much too
strong for advantageous reception of sig-
nals, especially weak signals,- and various
means have heretofore been employed to
suppress them, such for example as a biasing
potential put on the grid or a relatively
large artificial resistance introduced into the
circuits. \ ’

Such means for suppressing the local os-
cillations are open to various objections in-
cluding the unnecessary complication of the
system, the difficulty of maintaining such

system in permanent adjustment, and dimin--

ished sensitiveness.
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When a tuned radio-frequency amplifier is .

adjusted to create strong local oscillations in

.the manner aforesaid, I have discovered that

if a vernier adjustment of either of the
tuning elements in the plate circuit be made
so that a relatively large movement of its

adjusting handle makes only a very small

change in the tuning of said plate circuit,
said local oscillations may be gradually re-
duced in amplitude until they finally cease,
provided, however, that such adjustment is
made so as to increase the value of either of
the tuning elements in the plate circuit, and
thereby increase the natural period of said
circuit from that at which the strongest os-
cillations are created. When the oscillations
have been suppressed by such increase in
the natural period of the oscillatory plate-
circuit, the system is most sensitive to feeble
electrical oscillations or weak signals.

If means are provided for simultaneously
adjusting both of said circuits by one motion
to approximate resonance to any frequency
within their tuning range, the vernier tun-
ing element may be very small, and the ad-
justment aforesaid may be made without
disturbing the tuning of the grid circuit,
and in this manner the tuning of the system
and the control of the oscillatory phenomena
are rendered substantially independent,
thereby greatly facilitating the adjustment

of a system of thig type for receiving feeble:

electrical oscillations or weak signals.
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Tt is therefore an object of my invention 110
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to provide a method of and means for con-
trolling the creation of local oscillations
without varying the natural period of the
oscillatory recelving circuit, thereby render-
ing unnecessary the retuning of such circuit
for feeble electrical oscillations of a given
frequency, and without having recourse to
the use of biasing potentials or artificial re-
sistances.

Another object of my invention is to pro-
vide means for adjusting an electromagnetic-
wave receiving-system to selectively receive
feeble electrical oscillations or weak signals
by two mutually independent motions only,
one motion serving simultaneously to attune
the oscillatory circuits approximately to the
frequency of the oscillations to be received
and the other motion sérving to so adjust
the system that it is just on the verge of

‘creating local oscillations, this, as aforesaid,

being the condition in which the system is
most sensitive to feeble electrical oscillations
or weak signals. :

A further object of my invention is to
provide a unitary means whereby one of the
tuning elements, for example, the condenser,
of each of said oscillatory circuits may be
simultaneously varied, and,
whereby the inductance of one of said oscil-
latory circuits may also be varied at the same
time,

A further object of my invention is to
provide a micrometer tuning element, for
example, a vernier condenser, associated

5 with one of the tuning elements of one of

the oscillatory receiving circuits or two such
micrometer tuning elements, associated, re-

- spectively, with one of the tuning elements

of each of the oscillatory receiving circuits,
whereby the natural period of such oscilla-
tory circuit or circuits may be very slightly

varied without altering the main tuning ele-.

ment or elements thereof.

Inasmuch as the theory underlying the re-
generative amplification obtained by my in-
vention is complex and obscure and any ex-
planation thereof would at best be merely
tentative. I deem it unnecessary herein to

- enter into a detailed statement of the prob-
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able nature of such action, but believe it to
be substantially as follows: The control of
the oscillatory phenomena is transferred
from the detector circuit to the circuit of the
radio-frequency amplifier, in which circuit
the control of the oscillatory phenomena,
i. e., the property of the system to create in-
ternal oscillations, is attained, not by vary-
ing the external coupling of the plate and
‘grid circuits of the audion, but by suppress-
ing this coupling and by adjusting the bal-
ance between the positive resistance of the
eircuits through which the local oscillations
take place and which may be varied within

" wide limits by a slight adjustment of the

capacity or inductance of said circuits when

preferably,
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the latter are nearly resonant to the fre- .

quency of such oscillations, and the nega-
tive resistance of the audion which may be
varied with the temperature of the filament
and which is, in effect, an internal electro-
motive force in a direction tending to mag-
nify any change in the value of the current
ﬁo&ing in the electron stream within the
tube. :

With the foregoing objects in view my
invention comprises an electromagnetic-
wave receiving-system employing two par-
allel-branch circuits, each having an induc-
tance in one branch and a condenser in the
other, one of said inductances acting as a

coil antenna, a three-electrode vacuum tube-
interposed between said parallel-branch cir-

cuits, an oscillation detector, which may be

"a vacuum tube, crystal, etc., associated. with

the second parallel-branch circuit, a signal-
indicating device associated with said oseil-
lation detector, and a vernier tuning element
‘associated with one of the tuning elements
of one of said parallel-branch circuits, pref-
erably the second of said parallel-branch cir-
cuits, or two such vernier tuning elements
associated, respectively, with one of the tun-
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ing elements of each of said parallel-branch .

circuits, whereby the natural, period of one

“or both of said circuits may be very slightly

varied without altering the adjustment of
the main tuning elements thereof, such ver-

nier tuning element being a condenser, in

which case it is connected in parallel with

the condenser in one of said parallel-branch -

circuits, preferably the second parallel-
branch circuit, or if two are employed, they
are connected, respectively, in parallel with

the condensers of each of said parallel-

branch circuits. :
My invention comprises also a unitary
means, such as a rotatable rod, whereby one
of the tuning elements, for example, a con-
denser, of each of said parallel-branch cir-

cuits’ may be simultaneously varied, and

whereby at the same time the other tuning
element, such as the inductance, of one of
the parallel-branch circuits, preferably the
second, may be varied. .

My invention further comprises.a tuned
radio frequency amplifier having its vacuum
tube and the oscillatory circuits which are
connected to its in-put and out-put circuits,
respectively, so constructed and arranged

that between the maximum and minimum .

adjustment of a vernier tuning element as-
sociated with one of the tuning elements of
one of said oscillatory circuits local oscilla-
tions will be created and suppressed where-

by the system will be put in the most sensi-.

tive condition for receiving feeble electrical
oscillations without altering the natural pe-
riod of the receiving oscillatory circuit con-
nected to the grid of said vacuum tube.
My invention further comprises an appa-
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ratus for cdntrdlling the dscillatory phénoﬁl-
ena in an electromagnetic-wave receiving-

“system of the radio-frequency amplifier type

by varying the natural period of one of the
two oscillatory circuits connected respec-

tively to the-grid and plate of a three-elec-

trode vacuum tube, for example, incredsing
such natural peried in the plate circuit until

‘the local oscillations are suppressed without

altering the natural pericd of the receiving

oscillatory circuit, thereby placing the sys-

- tem in the condition in which it is most
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_sensitive to feeble electrical oscillations.

In
using said apparatus, preferably one motion
serves simultaneously to attune the two os-
cillatory circuits approximately.to the fre-
quency of the waves the energy of which

is to be received, whereupon the natural

period of the plate oscillatory ‘circuit may

e slightly reduced by an independent mo-

tion until local oscillations are generated,
and then such natural period is shghtly in-
creased by 2 reversal of the last mentioned
motion without altering that of the other os-
cillatory circuit until such oscillations are

suppressed, thereby attaining the sensitive -
condition aforesaid; or, the system may be

so adjusted that local oscillations will be cre-
ated at the time the two. oscillatory circuits
are brought approximately intp tune with
the signal wave by a single motion on the
part of the operator, in which case the local
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plate P,. Preferably the inductance L, is
a coil aerial consisting of a coil having rela-
‘tively large area with its turns switably
spaced apart to reduce its resistance, and the
condenser C, is a variable air condenser,
preferably of the rotary-plate type, serving
to vary the natural period of the oscillatory
circuit L;, C,, and thereby attune said cireunit
to the frequency of the oscillations to be .-
received. 75

The out-put circuit of the amplifier
audion A, is connected to the parallel-
branch- having the inductance L, in one
branch and the condenser C, in the other,
said inductance being shown in the present
instance as a variometer and said condenser
as a variable-air-condenser which, prefer-
ably, is of the rotary-plate tvpe.

As indicated in the drawings, the in-put
circuit of the detector audion A, having the
filament ¥,, grid G,, and plate P, is con-
‘nected.to the second parallel-branch circuit
L, C,, the grid circuit of said audion being
provided with the usual condenser C, and
the usual leak resistance R, being connected
between the grid and filament; but it will be
understood of course that an oscillation de-
tector of any other type, such as a crystal
detector, may be suitably. connected with
said second parallel-branch circuit.

It will be obviéus that. instead of con-
necting a detector, such as the tube A,, to -

70

80

85

20

oscillations will be suppressed as before by- the second parallel-branch circuit I, C,, 2

slightly increasing the natural period of the

_ plate oscillatory circuit without altering
that of the other and the aforesaid sensitive-
~condition aitained. -

The drawing which aécompanieé. ‘and

forms 2 part of this specification represents

' conventionally and for illustrative purposes

only an arrangement of cireuits and appa-
ratus embodying my-invention, and where-
by my method may be realized in practice;

but it will be understocd that various modi-

fications may be made both in the apparatus
and circuit arrangements therein shown
without departing from my invention as de-

fined by the a%pende& claims and -also that

roader than mere apparatus

my method- is
by a muiltipiicity of

and may be practiced
electrical means. - -
In the drawings=—. o
: The figure is & diagram of an electromag-
netic-wave receiving-system of the radio-
frequency amplifier type-embodying my in-
ventiom. ~ - - T
. In the particular drawing selected for
mors fully disclosing the principie of my in-

-vention and which is to be understood as
- illustrative rather than restrictive, a paral--

lel-branch circuit having an inductance Ii;

.in one branch and -a condenser C, in the
‘other is connected te the in-put circuit of

the three-electrode vacuum tube or audion
A, having the filament ¥y, grid @;, dnd

second amplifying tube may be connected .
thereto and a parallel-branch circuit con- 100
nected to the out-put circuit thereof, to pro-
duce a two-stage radio-frequency amplifier,
‘and that the system may. be further dupli-
cated to produce a three-stage radio-fre-
quency amplifier or other multi-stage radio- 105.
frequency amplifier, each parallel-branch
circuit being provided with ohe of the ver-
nier’ tuning elements hereinafter described;

and that, in such case, a detector will be -
associated with the parallel-branch circunit 110
~which is the most remote from the amplifier
tube; and that any suitable audio-frequency
amplifier of the single or multi-stage type
may be associated with-such detector.

' In the present instance, a signal-indi- 115
cating device. T of any suitable type, such
as a high-resistance telephone, is associated.
with- the oscillation detector A, by connect-.
ing it fo the out-put circuit of said detector,
said. signal-indicating device being shunted ‘120
by the usual condenser C,. ~ :

The battery ‘B is connected through the
-variable resistances or -potentiometers R.,
R,, to the filaments F,; I,, and the out-put
circuits of the tubes include the usual bat 125
teries B,, ‘B,, respectively.

It is desirable to provide a unitary means
for . ‘simultaneously varying the mnatural

eriods of the parailel-branch circuits L, C,,

2 Cyy-and while it will be obvious to those 130



gkilled in the art that various means may be
employed for this purpose, I prefer, as in-
dicated in dotted lines, to mount the rotary
glates of the condensers, C,, C,, on the shaft

‘rotatable by the knob K. The movable
element of the variometer I, may be so ar-
ranged for relative movement with respect to-

-the stationary element thereof that the in--
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ductance of said variometer may be varied.
simultaneously with ~the variation in the
capacity of the condensers C,, C,. . As indi-
cated in dotted lines, the said movable ele-
ment of the variometer L, is mounted on
the shaft S, although it will readily occur
to those skilled in the art that a multiplicity
of means may be employed for varying the
inductance of the circuit L, C,, simnltane-

" ously with the variation of the capacity of
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the condensers C,, C,. : :
Preferably the maximum inductance of
the variometer L., or such other inductance
element as may be employed in lieu thereof, is
much larger than the inductance of the coil
L,, and the movable element thereof is so
arranged on the shaft S that the inductance

1,845,040

condenser C,, a vernier or micrometer in-
ductance may be connected in series with
the inductance element L,.. ‘

When the plates of the condenser C, have .

been given the correct shape by the method
above pointed out or by any other suitable
method, local oscillations may be created in
the receiving system for any position of the
shaft S, or, in other’ words, for ‘any fre-
quency to which it is attuned, by slightly de-
creasing the capacity of the vernier conden-

ser C’,, and such oscillations may be checked.

by slightly increasing the capacity of said

“vernier condenser. :

A receiving systém constructed in accord-
ance with my invention is so highly selective
when used in the manner above set forth
that a very small movement of the shaft S
will quickly detune it,” It is therefore ad-

7

visable to employ a vernier tuning element 8
associated with one of the tuning elements -

of thée parallel-branch circuits L, C,.
the present instance, such vernier tuning ele-
ment is represented as a vernier condenser
C’, connected in parallel with the condenser

of said variometer is a miximum at such po-< ‘C,, although it will readily be understood
without - further explanation or illustration -

sition of the shaft as causes the condenser C,
to have its'maximum capacity. :

The rotary plates of thée condenser C, are
so shaped that for any given position of the

- shaft S the product of the inductance of the
~circuit L, G,, by the. capacity thereof is

35

equal to the preduct of the inductance of

‘the ¢ircuit L, C, by the capacity thereof.

The sh%pe of the’rotary plates of the con-
denser C, may be determined approximately

_from the.calibration curve of the variometer

40

I., and the final adjustment of such shape

* - may be determined by the fact that the sys-

tem will oscillate only when the two circuits

- L, C, and' L, G, are approximately in tune,

the presence of oscillations being detectable

- by a milliammeter M in the out-put circuit of

. the tube A,. The plates of the condenser C,

preferably are made slightly too large at
first and then are pared down to exact shape
so that a slight movement of the vernier con-
denser C’, from its half-value position in the

. direction of a decreased capacity causes os-

cillations to start. - - )
_ Associated with one of the tuning ele-

~ - ments of orie or both of the parallel-branch

circuits is a vernier tuning element, and in”

- the present instance:I have sliown vernier
- condénsers C/,, C’,, connected, 1
- in parallel with the condengers (¢

épectively,
1 Cpy of

said circuits, although as heremmafter pointed

* out the condenser C’, is not absolutely essen-

60

-tial. The vernier condenser C’, may have a

maximum capacity of about one-tenth of the

- maximum capacity of the condemser C,.

’ 65-

‘Without further description or illustration
it -will be readily apparent to these skilled
in the art that in lieu of said vernier con-.
denser C’, connected in parallel with the

that in lieu of such vernier condenser a
vernier or micrometer inductance may be
connected in series with the inductance L.

It is not, however, absolutely essential to
employ a vernier tuning element in connec-

In

tion with the circuit I, C, to make delicate -

adjustments in the period of said cireuit, for,
as will be readily apparent to those skilled in
the art, the movable plates of the condenser

(C, may be actuated by a reduction-gear

driving-handle for rotating the shaft S
throiigh a very small arc to make the final
adjustment. v B :

Generally speaking, the changes in the
natural periods of the parallel-branch cir-
enits L, .C,, L, C,, effected by the vernier

tuning elements is of the order of one-half-

of one per cent. .
It is highly desirable to shield the plate

’

and grid circuits of the vacuum tube A, -

from each other, so that there shall be no
exterior coupling between said circuits, and

if two such vacuum tubes are employed their

plate and grid circuits should be similarly
shielded. In the present instance the means

employed for this purpose are represented -

diagrammatically as the metsllic compart-
ments 1, 2, 8, 4, which enclose respectively
the condensers of the first parallel-branch
circuit, the tube A, and its associated ap-
paratus, the second parallel-branch circuit
and the tube A, and its associated apparatus,
although obviously various other arrange-
ments may be employed for this sﬁurlpose.'

If some suitable, means for so shielding
the elements of the system is not employed,
and there is any exterior coupling. between

_ the grid and plate circuits of the tube or of



1,545,940

either of the tubes, if two are employed,
effective control of the oscillatory phe-
nomena as above set forth becomes impaired,
the oscillations having a tendency to start
and stop suddenly so that the system either
will not oscillate at all or else will oscillate
so.strongly that its sensitiveness te feeble
electrical oscillations is reduced.

I have determined experimentally that
when the circuits of the system are attuned
in the manner above set forth and the re-
lations above specified between the several
elements are obtained, a very considerable
amplification is effected and without the use
of a receiving antenna relatively feeble elec-
tromagnetic signal-waves transmitted over
long distances may readily be received.

Having thus described an illustrative em-
bodiment of my invention and electrical
means whereby my method may be prac-
ticed, without however, limiting the same
thereto, what I claim and desire to secure
by Letters Patent is:—

1.  An electromagnetic-wave receiving-sys-
tem comprising in combination a parallel-
branch circuit having an inductance in one
branch and a condenser in the other, a three-
electrode vacuum tube having its in-put cir-
cuit connected to said parallel-branch cir-
cuit, a second parallel-branch circuit having
an inductance 1n one branch and a condenser
in the other, means connecting the out-put
circuit of said vacuum tube to said second
parallel-branch circuit, means for simul-
taneously adjusting both of said circuits by
one motion to approximate resonance to any
frequency within their tuning range, and a
vernier tuning element associdted with one
of the tuning elements of one of said paral-
lel-branch circuits for controlling the gener-
ation and suppression of local oscillations in

the system without altering the natural pe--

riod of the other of said parallel-branch cir-
cuits whereby the tuning of the system and
the control of the oscillatory phenomena are
substantially independent. S

2. An electromagnetic-wave receiving-sys-
tem comprising in combination a parallel-
branch circuit %aving). an inductance in one
branch and a condenser in the other, a three-

electrode vacuum tube having its in-put cir-
cuit connected to said parallel-branch cir-
cuit, a second parallel-branch circuit having
an inductance in one branch and a condenser
in the other, means connecting the out-put
circuit of said vacuum tube to said second
parallel-branch circuit, means for simul-
taneously adjusting both of said circuits by
one motion to approximate resonance to any
frequency within their tuning range, and a

60

vernier tuning element asociated with one

of the tuning elements of said second paral-
lel-branch circuit for controlling the gener-
ation and suppression of local oscillations
in the system without altering the natural
period of the first mentioned parallel-

‘branch circuit whereby the tuning of the

system and the control of the oscillatory
phenomena are substantially independent.

3. An electromagnetic-wave receiving-sys-
tem comprising in combination a parallel-
branch circuit having an inductance in one
branch and a condenser in the other, a three-
electrode vacuum tube having its in-put cir-
cuit connected to said parallel-branch cir-
cuit, a second parallel-branch circuit having
an inductance in one branch and a condenser
in the other, means connecting the out-
put circuit of said vacuum tube to said sec-
ond parallel-branch circuit, movable means
for mechanically connecting a tuning ele-
ment of one of said parallel-branch circuits
with a tuning element of the other of said
parallel-branch circuits, said tuning ele-
ments being so constructed and arranged
that for any given position of said movable
means both parallel-branch circuits are at-
tuned to substantially the same frequency,
and means for slightly varying the natural
period of one of said parallel-branch cir-
cuits without altering that of the other of
said parallel-branch circuits whereby the os-
cillatory phenomena of said parallel-branch
circuits may be controlled independently of
the position of said movable means. o

In testimony whereof, I have hereunto
subscribed my name this 23d day of May,
1922, oo

SEWALL CABOT.
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