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This invention relates to radio communi-
cation. ' '

An object of the invention is to obviate the
necessity for using wire antenns or aerials
for the transmission or reception of signals,
messages or electrical energy through space.

Another object of the invention 1s to pro--

vide means and method for so projecting and
modulating a beam of light that it may be
utilized as a conductor of electricity.

The invention is of particular application
in radio communication in which a beam of
light is utilized as the aeral or antenns in
either transmission or reception, for conduct-
ing high or radio frequency electrical oscil-
lations. - ; ' ’

While it has been suggested (U. S. Patent
1,309,031) to utilize a beam of ionized air
or atmosphere as an aerial, the air being
ionized by the ultra violet rays of a pro-
jected beam of light, in the present invention
I do not depend for results on such an un-
stable ionized gaseous medium which is sub-
ject to every breeze and other atmospheric
disturbance, and which is electrically con-
ductively unstable or variable. o

It is my present theory (to which I do not
desire to be bound however) that by the ap-
paratus shown in the drawing, and by the
method hereinafter described, I am able to
effect such change in the characteristic of a
beam of light as to render the light itself
(as distinguished from ionized atmosphere)

conducting, or as T will call it modulated,

although there may be slight ionization of the
air itself in the neighbourhood of the pro-
jected beam. Any gaseous ionization if it
exists, due to my apparatus, does not appear
to be important. Throughout the following
specification and in the claimg I will there-
fore refer to the beam of light; as herein
modified as a “modulated beam of light”.
By “light” is meant, not only those rays that
affect the eye and. are visible, but also the
invisible rays including the infra red, and
those visible rays that are near the red end
of the spectrum and which have longer wave
lengths and are not photoelectric, that is, do
not cause appreciable ionization of the at-
mosphere like the ultra violet rays do.

I have discovered that, if the light ray or
beam has the required characteristics as re-
gards color and polarization, as hereinafter

explained, that is, is “modulated”, such beam
can be utilized as a conductor of electricity
or as an aerial for conducting electrical oscil-
lations which are projected or radiated into
space as electromagnetic waves, or as a re-
ceiver of such electro-mgnetic waves, like an
ordinary aerial. Nor is such conductivity de-
pendent upon the ionization of the atmosphere
through which the beam of light is projected.
For in actual experiments conducted with
the apparatus illustrated in the drawing ex-

cellent results were obtained when the ioniz-

ing ultra violet rays were screened out and
when the red or infra red in the ray pre-
dominated. ‘ T
In the present invention the light gener-
ated or projected or formed is passed through
a pair of flat plates of Iceland spar separated
by an air space, which arrangement assures a

practical operation of the apparatus and se-

curesoperativeresults. . Thepropertiesof Ice-
land spar are now well known. Its most char-
acteristic property is that it polarizes light.
Light is also polarized when an ordinary ray
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falls upon a reflecting surface arranged at an

angle or at the polarizing angle for maximum
polarization. Apparently my apparatus po-
larizes the light beam or ray, thereby modi-
fying the characteristics or properties of the

‘beam, making it conducting or modulating it.

Again it is to be understood that I do not
desire to be bound or limited by any theories
of polarization, the invention residing in the
apparatus and method herein illustrated and
hereinafter more fully described, such theory
being propounded merely to make the inven-
tiondclearer and easier to grasp and under-
stand. ' :
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" 'While I have obtained excellent results. .

with the spaced plates of Iceland spar which,
it is believed, cause the formation of the or-
dinary ray and extraordinary ray plane
polarized at right angles to each other, yet T
do not desire to be limited to the use of this
instrumentality for the purpose of “polar-

‘izing” the light ray and any equivalent opera-

tive instrumentality may be employed, such
for instance, as a “Nicol’s prism” or a- re-
lecting surface arranged at the polarizing
angle. - ' o

To reduce the cost of installing and main-
taining the towers or antenna as now used I
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‘utilize a beam of light having the character-
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istics above described to conduct and pro-
ject or radiate the electrical oscillations as
ether waves or to receive such waves, the os-
cillations being superimposed upon or di-
rected by the modulated beamn.

The problem involves the utilization of a
conducting medium which is not appreciably
affected by atmospheric conditions or by the
sun or other sources of light, the latter causing
the ionization of the air or atmosphere by
reason of their ultra violet rays, and which
may be reguiated to properly control the elec-
tric oscillations and maintain them.

To obtain the desirved results ny apparatus
(1) a source of
light, (2) a polavizer, as I call it and (3)
means, such as a metal scicen, for Imposing
and receiving the electrical osecillations upon
and from, respectively the polarized or mod-
ulated beam and forming a. terminal of a
local circuit connecting the beam thercto.

The source of light should be adjustable
to vary the intensity of the beam according

‘to conditions and to vary the length of the

beam and its capability for directing or car-
rying or radiating and receiving the elec-
trical oscillations.

The screen should be such as not to ob-
struct the beam and is adjustable with refer-
ence to the polarizer to vary its positions in
the beam and thereby vary the results ob-
tained, i. e. the distance to which radiation
takes place. .

Tt is a matter of everyday experience that
rays of light cross each other without inter-
ference, the rays however, will be absorbed
more or less in the atmosphere depending
upon the intensity of the source and upon the
nature of the light, that is, upon. its wave
length. T find from actual observation and
experiment that in the use ol my apparatus
the presence of other beams of light cloes not
influence my projected beam and the elec-
trical oscillations associated therewith.

The degree of modulation of the beam of
light or its effectiveness can be controlled
cither by adjusting the polarizer or the screen
or terminal, or both, or wave length, that 1is

_the color of the relative quantity of long
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waves (the waves near the red end or below
it) in the beam or any or all. TFor adiusting
the polarizer the plates are so mounted as to
be capable of movement towards and away
from each other. The adjustment must be
delicately controlled as the elfectiveness of
the beam, which is adjustable, will depend
on meteorological conditions, such as whether
it is day or night. The beam must be in-
culated " from the earth and surrounding
objects. . ' o
The actual source of light may be an ordi-
nary. electric bulb or a bulb of the concen-
trated filament type or an arc. In order to
oet the best results parabolic reflectors may
be employed to concentrate the rays and di-
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rect therh in the desired directions. The re-
flectors may be made of zinc or silver, as
guch materials will absorb no more than two
or three per cent of the rays, the remainder
being reflected. The infra red rays when
their use is desirable, may be increased to a
marked extent by adding barium chloride to
the arc electrodes.. At a temperature (at the
electrodes) of 8460° C., the energy output has
been caleulated to be between 15 and 20 kilo-
watts. g :

It is to be understood that two or more
beams may be utilized in a given installation
or system, for-instance on an airplane where
a second beam is used as a counterpoise.

With this apparatus radio communication.

in space either transmission or reception be-
tween stations wherever located, whether up
in the air, under the water, under the ground
or on the ground or water, is possible.
In the accompanying drawing I have 1l-

lustrated one embodiment of the-invention

in which
Figure 1 is a side elevation of the appa-
ratus.
Figure 2 is an end view, parts being omitted.
Figure 3 is a vertical sectional view, and
Figure 4 is a view of a Nicol’s prism. -
Apparatus embodying the present inven-
tion comprises a projector 1, which resembles
an ordinary searchlight, and consists of a cy-
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lindrical shell 2, closed at one end 3, and open

at the opposite end 4, from which the beam
of light is projected. - The shell 2 comprises
an outer part 2* of metal, lined with insula-
tion 2°, whereby the beam and electrical cir-

cuits ave thoroughly insulated from the

ground and suirounding objects. .

At the rear of the projector 1, is the source
of light 5, which in the embodiment disclosed
comprises two electrodes 6, arranged at right
angles to each other and forming a gap i
between them, across which the arc is formed,
causing light. The electrodes 6 are mounted
in the shell 2 as indicated at 8 and are pref-
erably adjustable relatively to each other to
vary or adjust the arc (by means not illus-
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trafed). The electrodes 6 may be made of

any suitable material, for instance, carbon
rods. Metal vanes 9 may be placed upon the
electrodes or upon their mountings to radiate
heat and for cooling purposes. Access may

‘be made to the interior of the shell 2 to adjust

or remove the electrodes 6 through a door 10,
having a window 11 therein. ‘
Behind the electrodes 6 within the projector

1, is placed a parabolic reflector 12, which-

comprises a central reflecting surface 12%, and
reflecting surfaces 12°, arranged around the
edges of the surface 12¢ which reflect and di-
rect the light from the arc forwardly through
opening 4 projecting it into space. The re-
flectors 12° are adjustably mounted in the end
3 of shell 2 (as indicated at 13) being mov-
able in and out by handles 14.
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Mounted within the projector 1 between the
source 5, of light, and the end 4 of the pro-
jector is a pair of transversely arranged paral-
lel plates 15, 15* of a light polarizing ma-
terial such as Iceland spar. These plates 15,
15 are spaced from each other forming an
air space 16 between them. For convenience
I will call the spaced plates 15, 152, a “polar-
izer”. In lieu of the plates 15, 15*, illus-

‘trated in Fig. 3, I may substitute a prism of

the character illustrated in Fig. 4 which is
an ordinary Nicol’s prism comprising a piece
of Iceland spar 17 cut on an inclined axis 17*
and cemented together by a thin film of Cana-
dian balsam. A Nicol’s prism polarizes light
but reflects the ordinary ray allowing the ex-
traordinary ray only to pass through, the
latter ray being plane polarized.

The plate 15* is preferably mounted in the
projector 1, for movement towards and away
from plate 15, while maintaining the paral-
lelism, varying the thickness of the air space
16, between them. The means for moving
plate 15* comprises racks 18 secured to op-

5 posite sides of the plate 15* and suitably

guided in guideways 19 in projector 1. The
racks 18-are actuated by pinions 20 which
may be manually rotated by the knobs 21 ex-
teriorly arranged upon opposite sides of the
projector 1. (The racks 18 may be actuated

by a single knob connected to the pinions 20,

if so desired.) The arrangement of racks
and pinions disclosed however, is a good one
for quickly and accurately adjusting the
plates 15, 15% relatively to each other and at

the same time for preventing the tilting or-

binding of the movable plate on the innper
sides of the projector 1.

One surface 22 of the plate 15* is coated
with a suitable material, such as a red vege-
table coloring material, which will screen
or cut off the ultra violet rays and prevent
their projection into space in the beam but
which will allow the longer waves near the
red end of the spectrum and the infra red
rays to pass through and form the beam.

In front of the polarizer 15,15 within the
projector 1 in the path of the beam is mount-
ed a transversely arranged terminal 23 form-
ing part of a local circuit including sliding
contacts 24 on the terminal 23 and projector
respectively (to allow their relative adjust-
ment while maintaining the circuit) and the

insulated binding post 25 on the outside of

the projector 1 connected to the contacts 24.
This Jocal circuit (which is not illustrated
in detail) may comprise any circuit and its
adjuncts which is adapted to form or does
form part of transmitter or receiver.

The terminal 28 is of such a character that
it does not obstruct the passage of the ray
or beam or shut it off materially. For this
purpose: where alternating current is used,
a metal screening or gauze 26 embedded in
glass 27 has been found satisfactory, the

3

glass allowing the light to pass through and
the screening allowing it also by reason of
its porous or perforate character, the ter-
minal having however a maximum amount of
surface in contact with the light beam, where-
by the electrical oscillations or alternating
current may be readily coniveyed from one
to the other, to and from binding post 25.

The glass forms a rigid support for the
terminal screen and thoroughly insulates it
from the projector and surrounding objects
but does not prevent the transfer of the oscil-
lations from and to the terminal to and from
the beam. : _

The terminal 23 is mounted parallel to the
plates 15, 15* and is adjustable towards and
away from such plates (while maintaining
the parallelism) to vary its position in the
beam. For this purpose a pair of racks 28
are secured to the frameworl? of the terminal
23 at the opposite sides and are suitably
guided in the ways 19 in the projector 1.
Pinions 80 engage the racks and are oper-

‘ated from the outside of the projector 1 by

the knobs 81, this actuating mechanism be-

ing similar to that for moving or adjusting

the plate 15 - It should be understood that
the terminal 23 may be located at any point
in the beam even beyond the end 4 of the
projector 1 and is only mounted in the pro-
jector- for convenience. . B o
The arc chamber 32 formed between the end
3 of the projector and plate 15 is provided
with openings 33 through the projector 1-to
allow a good circulation ‘of air, keeping the

«chamber 32 cool and preventing ionization

of the gases therein and for quickly diffusing

- such ionized gases.” In like manner the cham-
“ber 32 formed between the plate 15 and ter-

minal 23 is provided with openings 34 to keep
the air therein cool, to prevent its ionization
and to rapidly diffuse such ionized air.

The projector 1 is mounted for universal
movement upon a base 35, which is of insu-
lating material thoroughly insulating the ap-
paratus from ground. - For this purpose.the
projector is mounted upon trunions 36 upon

“a table 37, in turn rotatable on a vertical axis

38 upon base 35, whereby the projector may
be swung vertically and laterally respective-
ly. This mounting allows the beam forming
the aerial to be projected vertically, upwardly
in all directions at any inclination, horizon-
tally in all directions or downwardly at dif-

ferent angles in all directions according to the

requirements or to the location of the pro-
jector in space, whether below the surface
of the ground or water, up in the air, or on
the surface of the ground or water. '

The intensity of the beam and its length

can be adjusted by varying the amount -of

power (electrical) applied to. the arc elec.
trodes (means for doing this is not illustrated,
as such means are well known). “In any given
apparatus embodying this invention, I find
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not only the power
cillations but also the
arc can be materially reduced.

manner by the adjustment

4

that the distance to which or from which a
signal or message can be sent or received de-
pends upon the length and intensity of the
beam forming the aerial or antennw® as well
as upon -the energy (or amplitude) of the
electrical oscillations impressed upon the
beam from the local circuit when my appa-
ratus is being used as a transmitter or upon

the intensity of the received oscillations when

acting as a receiver. Ience it is possible to
adjust either the power applied to the arc 5,
or the power of the electrical oscillations be-
ing impressed upon the beam or the condition
of the beam (as regards modulation) or any
or all in order to transmit most economically.
When it is desired to transmit short distances
behind the.electrical os-
power applied to the

The adjustment of the polarizer, 1 find, en-
ables me to secure optimum conditions of the

beam for optimum transmission or reception

for each wave length used. In transmitting
or receiving it 1s preferable te tune the local
cireuit to the desired wave length in the usual
of the inductances
and capacities of the circuit and also to adjust
the polarizer (plates 15, 15%) and the position
of the terminal 23 until-the optimum or maxi-
mum signal is heard either in the local tele-
phones when the device is being used as a re-
ceiver, or as indicated by suitable transmit-
ting indicating devices or instruments, such
as a thermocouple or hotwire type ammster,
when used as a transmitter.

While I do not know the ultimate causes
of the results obtained by the adjustment of
the polarizer (the relative movement of the
plates 15, 15*) and I do not wish to be bound
by the theory of operation proposed, yet 1 be-
Lieve that the results obtained by such ad-
justment vary the degree or nature of the
polarization of the light ray or beam and the
amount of or character of modulation of the

ray which must be adjusted according to

meteorological con-
to sunlight and the
around -the

varying atmospheric or
ditions due, for instance,
resulting ionization of the- air

‘beam due to the sunlight. In other words this

adjustment enables the beam to efficiently
carry and radiate and receive electrical oscil-
lations of different wave lengths under dif-
ferent atmospheric conditions.

The adjustment of the terminal 23 along
the beam varies
beam and hence adjusts the beam for effective-
ly transmitting or receiving oscillations of
different wave lengths. Irrespective of the
ultimate reasons or theories of operation of
these adjustable devices, I find that by adjust-
ing either one or the other, or both of them
the apparatus may be adjusted to send or re-
ceive a maximum optimum signal observable
in the telephones or indicating or measuring
instraments. In other words the several de-

the effective length of the
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vices must be adjusted until optimum results
are obtained, as noted in the telephone ear
pieces or by such measuring or indicating in-
struments. ' ) T

Tn the use of the apparatus the beam of
light is generated or formed and directed in-
to space with the required intensity as above
explained. It is then passed through the
polarizing plates 15, 15° these plates being
adjustable as above described. Such a-beain
is electrically conductive, especially of radio
frequency oscillations, and such oscillations
are then impressed upon the beam or directed
along the path of the beam, either through
terminal 23 in transmitting or by the action

of the electromagnetic waves in space, when
receiving, which are transferred through the-

the terminal 28 to the receiver, the terminal
98 being adjustable. o

I claim:— ,

1. The hereindescribed method -which con-
sists in forming a beam of light, polarizing
said beam, projecting it into space, and con-
ducting electricity along said beam. '

9. The hereindescribed method which con-
sists in forming a ray of light in which the
waves at the infra red end of the spectrum
predominate, polarizing said ray and impos-
ing electrical ‘cscillations upon said ray.

3. Radio apparatus comprising means for
forming a light ray, a polarizer in the path
of the ray and a terminal arranged in the

‘path of the ray for connecting said ray in

‘an electric circuit.

4. Radio apparatus comprising means for
generating a light ray, spaced plates of light
polarizing material arranged in the path of
the ray, and a terminal arranged in the path
of the ray in front of said plates for connect-
ing said ray in an electric circuit, such termi-
nal being of a form which will allow of the
passage therethrough of the ray of light.

5. Radio apparatus comprising means for
generating light and projecting 1t as a beam,
a polarizer arranged in the path of said beam
and comprising relatively movable plates,
means for moving said plates towards and
away from each other and a “circult com-
prising a terminal arranged in the path of
said beam in front of said polarizer and mov-
able along said beam to position it at differ-
ent points, such “terminal being of a form
which will allow of the passage therethrough
of the beam of light.. o

6. Radio apparatus comprising an insu-
fated projector having an arc chamber and
means for ventilating it, spaced plates of dce-
land spar arranged in said projector trans-
versely of the projected beam of light, a
glass embedded metal “terminal -arranged
transversely of the ‘beam in front of said
plates and adapted to be connected to a cir-
cuit, such terminal'being of a form which will
allow of the passage therethrough of the beam

‘of light, and means for causing sald bewm
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to be of substantially one wave-length light. of said beam in front of said polarizer and 10
7. Radio apparatus comprising an insu- adapted to be connected in a cireuit, such ter-
lated projector having a source of light and minal being of a form which will allow of the

means for reflecting it forwardly in the form passage therethrough of the beam of light
5 of abeam, a polarizer in the path of the beam and means for adjusting said polarizer and

and comprising spaced plates of Iceland spar said terminal. '

one of which is treated to prevent the pro-  In testimony whereof I affix my signature.

jection of the ultra violet rays, a glass em-

bedded metal terminal arranged in the path ELMER M. RAVE.
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