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OF ST. CHARLES, ILLINOIS, A QOBPORA’I‘ION OF DELAWARE

CORPORATION,

ASSIGNOR TO MCILVAINE PATENT

RADIO RECEPTION AP?ABAWS

Application filed Ocfober y, 1527. Serial No. 224,608.

This invention relates to radio apparatus
and has for its object the provision of new, 1m-
proved, and simplified apparatus for the re-
ception of radio signals; the provision of ra-
dio reception apparatus which shall be op-
erative without external current or potential
supply; the provision of a tube type of radio
reception apparatus which shall be adapted
to detect and amplify signals merely under
the influence of heat; while further abjects
and advantages of the invention will become
apparent as the description proceeds. -

Tn the drawings I have
jeal embodiments of my invention, although it
will be understood that the same are intend-
ed to be merely illustrative and not limiting.
Fig. 1 is a vertical sectional view of an ap-
paratus containing my improvement; Fig. 2
3s a horizontal sectional view of the same cor-
responding to the line 2—2 of Fig. 1; Fig.
3 is a perspective view partly in section of
2 modified form of apparatus; Fig. 4 is a sec-
tional view through one of the tubes showing
the essential structure both of the detector,
the amplifier, and the potential tube; Fig.
5is a diagram of the connections of the device
shown in Fig. 1; and Fig. 6 is a diagram of
the contections of the device shown in Fig. 3.

The apparatus herein described depends
upon the use of tubes of the general type set
forth in my application Serial No. 209,281,
filed July 29,
‘ode consists of a layer of some substance
which readily emits electrons under the influ-
ence of radiant energy this material being
plated directly on the glass wall of the tube
which is itself suit-
the tube wall; the anode
is also, preferably, formed of a thin layer of
conductive material plated on glass; and the
tube is preferably made of a new and peculiar
shape which is specially adapted to the mode
of potential production herein described.

Tn its preferred form the tube comprises &
globe of glass as shown in Fig. 4 with a cylin-
drical side wall 1 reduced at one end to the
exhausting stem which is ultimately sealed
off leaving a point 2. Hermetically fastened
to the opposite end of the side wall is the
flange 4 of the flare which has a cylindrical

ably plated upon

shown certain phys- .

1927. In these tubes the cath- -

" zirconium,

walled hollow bedy 5 projecting into the
globe and spaced from and concentric with
the outer wall and extending nearly to the
closed end thereof. The flange is sealed to the
outer wall at 45 in the usual manner custom-
ary in making incandescent lamps, and the
two parts thus assembled define a chamber
which is everywhere annular except near the
point 2. In the preferred form of my in-
vention the inner surface of the wall 1 is
rendered conducting by the deposit thereon
of a layer 9 of a suitable substance, while the
adjacent surface of the body 5 is likewise
provided with the layer 8 of suitable conduct-
ing substance.  These layers may consist of
the same or different substances, and may
both be electronically emissive, or only one
of the same may be emissive under given con-
ditions. It is mecessary that some discon-
tinuitv be provided between the two surfaces
as indicated at the portion 46 of the globe.
Tn the case of a tube used merely for the pro-
duction of potential no intermediate element
or grid is employed. but in case of a tube
employed for detecting or amplifying sig-
nals a grid element 10 is interposed between
the layers 8 and 9 but out of contact with both
of the same. The three elements are con-
nected to terminal wires which lead down-
wardly through the seal 45.

For a set of the particular type herein
shown it is considered preferable to employ
tubes wherein the outer layer 9 constitutes the
cathode and the inner. layer 8 the anode. It
is possible to make both these layers of the
same electronically emissive metal and main-
fain a sufficient temperature different be-
tween the two to insure an adequate poten-
tial generation; it is preferable, however, in
most cases, to employ different substances for
the two walls which shall differ in their elec-
tronic emissivity even at the same tempera-.
ture so as to produce the desired operation.
The emitting material may consist of any
suitable substance for that purpose, for ex-
ample silver, thorium, potassium, sodium,
ceesium or any of the alkali earth
metals ; the anode may consist of any of these, -
or in addition any other conductive substance
either plated upon the body 5 or otherwise
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supported in facial relation with the layer
9, so that when the latter is sufficiently heated
a part of the electrons expelled therefrom
shall be able to cross the gap and electrify
the layer 8, whereupon the latter, ¢ither by
being ‘of a less emissive metal or by being
maintained at a lower temperature, can be-
come relieved of its charge only by current
flow through an external circuit.

As a convenient and very simple mode of
utilizing these tubes in the form of a radio
set, I have illustrated in Figs. 1 and 2 a rec-
tangular metal box comprising top 11, sides
12—12 and ends 13, 13 flanged at 14 for ap-
plication to a horizontal bottom plate 15 in
such wise that one end shall project there-
bevond. Supporting this bottom plate is a
block 16 formed with a plurality of vertical
recesses 17 provided with sockets 18 adapted
to receive the bases 19 with ‘which the tubes
are provided. The bottom plate 15 is formed
with apertures 20—90 registering with the re.
cess 17 to permit the tubes to rise into the body
of the box. The overhanging end of the box
is formed with an aperture 21 adapted to re-
ceive the chimney 92 of a kerosene lamp or
other suitable heat source, The opposite end
is here shown ag provided with a chimney 23
and damper 24,

In case it be desired to maintain a tem-
perature difference between the interior and
exterior of the tubes, such an expedient can
be employed as is illustrated in Fig. 1, where-
in a rod 26 of copper or other heat conductive
metal is located inside each of the bodies 5,
being connected to g heat dis-

5, its outer end
1 Many other expedients

sipating plate 27,
can be used,

Each of the tubes heretofore described as
employed in this set is provided with three
elements, the cathode 9, anode 8 and grid 10
heretofore described. With these can also
be used some plain potential tubes, if desired
for the purpose of increasing the Power of the
set, said tubes being here indicated at 28 and
made of smaller size than the first described
tubes and supported in the top 10 with their
exterior surfaces receiving the maximum heat
while their interiors

can be employed.

30 denotes an aerial or antenna inductively
coupled at 81 through a variable condenser
32 with a tube A of the type herein described.
This tube is here shown as coupled to form g

radio frequency amplifier, and its anode 8 ic
coupler 33

connected. through  an inductive
and variable condenser 34 to a second tube B
also serving as a radio amplifier, having its
anode 8 connected via inductive coupler 85
and variable condenser
here arranged as a detector. The anode 8 of
tube C is connected through an inductive cou-

36 to a third tube ¢ b

1,851,440

Pler 37 with a fourth tube D, here arranged
as an audio frequency ampliﬁ”er. The anode
8 of tube D is connected through the induc-
tive coupler 38 with g further tube E, also
acting as an audio frequency amplifier.” The
anode 8 of tube E is connected to the sound
producer 40,

Asa B battery I have shown g series F F
of the thermo-cells hereinbefore described,
connected together in series, The negative
lead 41 is connected to the cathode 9 of tubes
A, C, D, and E; the positive terminal 49 ig

the circuit at different points in any desired
manner. I have shown for illustrative pur-
poses a composite circuit which js obvious-
ly capable of many modifications, although
itself very snecessful.

many cases it is sufficient to uge the three

‘element fubes without potential devices of

any kind, in which case the parts can still fur-
ther be simplified as illustrated for example
in Fig. 3, wherein 50 denotes a rectangular
metal box provided with g plurality of tubes
of the type illustrated in Fig. 4 hereof, all
connected together according to _some Suit-

trated in Fig. 6,
ly by being subjected to action of g suitable
heat source. Inasmuch as each tube is itself
a source of potential, an external current can
be produced and governed without external
aid, sufficient for many purposes but obyi-
ously not so strong as one externally supple-
mented. Inasmuch as the reference charac-
ters of Fig. 6 are the same ag employed in Fig,
5 it is not believed necessarry to repeat the
deseription of the circuit, Of course it will
be understood that the electrical and mag-
netic couplings and the sound producer must
be designed with reference to the use in ques-
tion, namely a comparatively small poten-
tial and low resistance,

The apparatus can with small modifications
be adapted for use with a coal stove, wood
fire, steam radiator, or even intense sunlight,
and because of the many changes in detai]
which are possible I do not limit myself in
any wise except as recited in the annexed
claims.

Having

claim is: , ,

1. Radio reception apparatus comprising,
in combination, a plurality of evacuated tubes
each having an anode and cathode, said cath-
ode being of a materia] which will produce
a potential between said anode and cathode
by electronic expulsion when said cathode is
subjected to a source of heat, a source of heat
external to said tubes, control electrodes in
certain at least of said tubes, and connections
etween the various electrodes of said tubes,
said connections including capacities, indue-
tances and terminals Provisions,

thus described my invention what
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9. Radio reception dpparb,tus comprising,

in combination, a plurality of evacuated tubes
each having an anode and cathode, said cath-

ode being of a material which will produce
a potential between said anode and cathode
by electronic expulsion when said cathode is
subjected to a source of heat, a source of heat
external to said tubes, control electrodes in
certain of said tubes, the remaining tubes
being devoid of control electrodes, connec-
tions between the tubes which contain con-
trol electrodes for the detection and ainpli-

fication of radio signals, and connections be-
tween those tubes which do not contain con--

trol electrodes and the remaining tubes for
the production of potential. .

8. Radio reception apparatus comprising,
in combination, a plurality of evacuated tubes
each having an anode and cathode, said cath-
ode being of & material which will produce
a potential between said anode and cathode
by electronic expulsion when said cathode is
subjected to a source of heat, a source of heat
external to said tubes, and circuit connections
between the elements of said tubes.

4. Radio reception apparatus comprising,
in combination, a plurality of evacuated tubes
each having an anode and cathode, adapted
to produce a potential by electronic expulsion
when subjected to a source of heat, a metallic
box having apertures in its walls, means for
supporting said tubes with their cathode con-
taining parts inside the box and their anode
containing parts in communication with the
exterior of the box, and means for supplying
heat to the interior of said box.

5. Radio reception apparatus comprising,

. in combination, a plurality of evacuated tubes,
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5 communication, one with the

each comprising concentric glass walls defin-
ing an annuler chamber having the anode
and cathode plated on opposed inner surfaces,
& metallic box having apertures in its wall,

and means for supporting said tubes in said-

apertures with their inner and outer walls in
interior and the
other with the exterior of the box.

6. Radio reception apparatus comprising,

in combination, a plurality of evacuated tubes,
each comprising concentric glass walls defin-
ing an annular chamber having the anode and
cathode plated on opposed inner surfaces, a
metallic box having apertures in its wall,
means for heating the air inside said box,
and means for supporting said tubes in said
apertures with their cathode-carrying walls
in contact with the internal atmosphere and

' their anode-carrying walls opening outward-

€3

ly to the outer atmosphere, the cathode com-
prising material which emits electrons when

> heated.

7. Radio reception apparatus comprising,
in combination, a plurality of evacuated
tubes, each comprising concentric glass walls

_defining an annular chamber having the an-

ode and cathode plated on opposed inner sur-

faces, a metallic box having apertures in its:

wall, means for heating the air inside said
box, and means for supporting said tubes in
said apertures with their cathode-carrying
walls in contact with the internal atmosphere
and their anode-carrying walls opening out-

70

wardly to the outer atmosphere, the cathode -

comprising material which emits electrons
when heated, and means for abstracting heat
from the anode-carrying walls. =~

8. Radio reception apparatus comprising -

a supporting - device, and electron tubes
mounted therein having anodes and cath-
odes, each cathode coated with a substance
which is adapted to emit electrons when
heated and each anode facing the correspond-
ing cathode at a short distance, and means
for a%plylng external heat to said tubes. .

9. Radio reception apparatus comprising 2
support having sockets, a plurality oi elec-
tron tubes carried by said sockets, said tubes
having cathodes adapted to emit electrons
when heated, ancdes and control electrodes
also located in said tubes, a box adapted to
receive the cathode-containing part of said
%ubes, and means for heating the fluid in said

o%. , .

10. Radio reception apparatus comprising
a plurality of electronic tubes each contain-
ing anode, cathode, and control electrode,

80

€0

and other electronic tubes each containing an

anode and a2 cathode, circuit connections
whereby the first mentioned tubes are em-
ployed one as & detector and others as ampli-
fiers, circuit connections whereby the last
mentioned tubes are connected as batteries,
the cathodes of all of said tubes comprising
material which emits electrons when heated,
and means for heating all said tubes.

11. Radio reception apparatus comprising,
in combination, a plurality of evacuated

-tubes each having an anode and cathode

adapted to produce a potential by electronic
expulsion when subjected to a source of heat,
2 box having apertures in its walls, means
for supporting said tubes with their anode-
and cathode-containing parts in communica-
tion, one with the interior and the other with
the exterior of the box, and means for pro-
ducing a difference of temperature inside and
outside said box. o

12. Radio reception apparatus comprising,
in combination, a plurality of evacuated tubes
each having an anode and cathode adapted
to produce a potential by electronic expulsion
when subjected to a source of heat, a support
for said tubes, means for heating the cath-
ode-containing parts of said tubes, and means

for shielding against heating the anode-con-

taining parts thereof.

13. Radio reception apparatus comprising,
in combination, a plurality of evacuated
tubes, each comprising concentric glass walls
defining an annular chamber having the an-
ode and cathode plated on opposed inner sur-
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faces, and a metallic member having projec-
ti%rés adapted to enter the inner walls of said
tubes.

14. Radio reception apparatus comprising,
in combination, a plurality of evacuated
tubes, each comprising concentric glass walls
defining an annular chamber having the an-
ode and cathode plated on opposed inner sur-
faces, a box having apertures in its walls,
Ineans for supporting said tubes with their
inner walls presented to said apertures, and
a metallic conducting member in each inner
wall and projecting outside said box.

In testimony whereof I hereunto affix my

ORAN T. McILVAINE.



