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The present invention relates to systems and
methods of communication, and more partic-
ularly to the generation, transmission and re-
ception in radio.

An object of the invention is to provide a new
and improved system and method for the mod-
ulation and demodulation of radio waves.

A further object is to provide a novel system
and method for mechanically modulating radio
waves.’

Another object Is to provide a new and im-
proved' system and method for modulating re-
flected radio waves.

Other and further objects will be explained
hereinafter-and will be particularly pointed out
in the appended claims.

The invention will now be more fully explained
in conmection with the accompanying drawings,
im which Pig. 1 is a diagrammatic view of cir-
cuits and apparatus illustrating the transmis-
sfon and reception of waves modulated plezoelec-
trically in accordance with the present inven-
tion; Fig. 2 is a similar diagram illustrating mag-
netostrictive modulation; Fig. 3 is a similar di-
agram {llustrating modulation effected with the
ald of*a tuning fork; Fig. 4 is a similar diagram
{llustrating modulation produced with the aid of
a resonating air column; Pig. 5 i5s a similar di-
agram illustrating the modulation of a reflected
radio wave; and Fig. 6 is a similar diagram il-
lustrating the modulation of high-frequency
waves.

Referring first to Fig. 1, the two elements of a
linear dipole antenna are shown at 2 and 4. The

antennsa 2-—4 ig of the type that emits radio’

waves into space in response to electrical excita-
tior by radio-frequency energy drawn by the
antenna from a radio-frequency-energy-gener-

ating electric system prior to the emissiorr of

the-radio-frequency energy as radio waves. An-
tennas of this' type need not take the specific
form of a diplole, but may have other forms in-
cluding, for example, the single elements of Figs.
2 and 3. The particular antenna 2—4 is shown
oriented vertically to emit a bundle of rays of
radio waves inr widely separated directions, being
ommi-directional' in the horizontal plane and di-
rectional in the vertical plane, there being no
end-on radiation. A radio-frequency generator
8 may constitute the radio-frequency-energy-
generating- electric system or source of radio-
frequency ‘energy connected to the antenna 2—4
by a transmission line in order that the antenna
mey- become enabled to draw radio-frequency
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energy from the electric system, thereby to pro-
duce radio waves, emitting the radio waves into
space as above described.

A mechanically vibratory member comprising,
for example, a piezoclectric crystal 8, is shown
mounted with its conducting electrode elements
10 and 12 spaced from, but close to, the adjacent
ends of the dipole elements 2 and 4 to which
they are therefore electromagnetically coupled.
Dielectric or insulating members {4 and (8 are
shown spacing the crystal electrode members 0
and 12 from the adjacent ends of the respective
antenna elements 2 and 4. The crystal 8 may
be vibrated by connecting its electrodes t8 and
i2 to a source of vibrational energy such as a
beat-frequency or a signal audio oscillator 8.

. The vibrations thus produced in the plezoelectric
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crystal 8 will be transmitted through the elec-
trodes [0 and 12 and the insulating elements [4
and. 16 to the dipole elements 2 and 4 in a direc-
tion at an angle to all the directions in which
radio waves are emitted and at right angles to the
horizontal radio-wave fleld pattern. This re-
sults in varying the dimensiong of the dipole an-
tenna elements at frequencles dependent upon
the frequency of the vibrations of the piezoelec-
trie crystal 8. As the erystal 8 vibrates, more-
over, the spacing and coupling between. the: elec-
trodes 10 -and 12 and the respective dipole ele-
ments 2 and 4 are periodically varied in response
to the vibration of the crystal 8. These dimen~
slonal varfations in the physical, and hence in
the effective electrical dimensions or impedance
of the antenna;, have been found to produce cor-
responding variations in the radio-frequency-en-
ergy drawn from the generating electrie sys-
tem 6, thereby to effect modulation of. the elge-
tromagnetic radio waves emitted by the an-
tenna 2—4.

The; modulated electric waves will be received
at & receiving statlon in any desired way; as by
means of a similar dipole the two elements of

which are shown: at. 20 and 22, adapted to: be

excited by and to support the radio waves re-
ceived from the transmitting station. The re-
celved waves may be demodulated: by: a: demod-
ulator 24 of any suitable and well-known. form,
to-make- evident the signal in a loud-speaker 26.

The-modulation-confrolling piezo-electrie: orys-
tal § need not-necessarily be disposed; as shown,
between the adjcent ends of the'dipole elements
T and 4. It may be positioned- at any desired
predetermined portion of either one of the ele-
ments 2 and & The radio waves produced by
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that one element only would, of course, then be-
come modulated. The degree of the modulation
will depend upon the position of the plezo-elec-
tric crystal with respect to the dipole element 2
or 4. It was found, for the case of a hollow
half-wave dipole, that the best results were ob-
tained with the crystal at either end of the corre-
sponding dipole element, but in all cases the be-
fore-described modulation effects were discerni-
ble, the mechanical vibration of the high-fre-
quency-current-supporting elements producing
current alternations therein of the same perio-
dizity as the mechanical vibrations.

The dimensional variations of the antenna may
be produced by other means than by vibrating
with a piezoelectric crystal. According, for ex-
ample, to the modification of Fig. 2, an antenna
28, shown excited or fed through a transformer
30 from the generator G, i3 constituted of mag-
netostrictive material. It is shown enclosed in
magnetostrictive windings 32 and 34 of a mag-
netostrictive oscillator of the Plerce type, the
vacuum tube of which is shown at 36. The length
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and other dimensions of the antenna 28, there-

‘fore, are varied during the generation of the ra-
dio waves, In order to modulate the waves.

- As illustrated in Fig. 3, the dimensions of the
‘antenna 38, excited to produce radio waves as in
Flg. 2, may be varled by means of a tuning rork
40 to effect the modulation of the radio waves.
The dimensions of the antenna 38 are varied as
.the conducting tuning fork element, coupled
thereto, vibrates towards and away from the end
‘of the antenna 38. The tuning fork may be re-
placed by a vibrating bell or other mechanically
‘vibrating member, including a diaphragm.

According to the modification shown in Fig.
‘4, the antenna, 42, excited to produce radio waves
from a generator 48, is constituted of the outer
surface of the tone arm of a talking machine the
needle 44 of which is shown riding over a record

46. The sound resonating in the tone arm 42
‘will effect the vibration of the tone arm, thus
‘modulating the radio waves.

The present inyvention is also adapted for use '

"In directive antenn. arrays comprising interact-
‘Ing antenna elements, such as, for example, those
llustrated in /7igs. 5 and 6. The radio waves pro-
duced by a driven dipole 50, 52, Fig. 5, as it draws
radio-frequency energy from a generator 54 may
excite and thus be reflected by a parasitic an-
“tenna element 56, as it intercepts at least part
of the radio waves emitted by the dipole an-
-tenna 60—52 and re-radiates the waves. The
-dimensions of the element 58 may be varied
-in any desired way, as by means of a piezo-
-electric crystal 58, excited from an audio os-
cillator 80. The radio waves recelved and
re-radiated by the parasitic element 56 will
"be found to have become modulated as a result
of the length and other dimensional variations
"of the element §6. A similar linear director par-
asitic antenna 62, excited by and supporting ra-
dio-frequency radiation from the driven elements
.50, 52 may also be subjected to similar dimen-
slonal variations, as by means of a crystal 59, to
_mmodulate the forward radiation of the driven ele-
ments b0, 62, and to reenforce the modulation
.0f the reflection off the reflector element 56.

- Fig. 6 illustrates the dimensional variation of
a dipole the elements of which are shown at 81,
63, excited electromagnetically by a generator 18
from which it draws radio-frequency energy to
-emit the energy as radio waves, and of a parasitic
reflecting element 88, by means of cryatals 61
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and 69, respecti.ly. The crystals 67 and 69 are
synclironously excited by an audio-oscillator 7t
to modulate the electromagnetic radiastion re-
flected in a directional beam into space by - par-
abolic reflector 713.

The invention may be applied to other uses
also. The production of a supersonically modu-
lated radio wave may, for example, prove to be
useful for conveying hidden information.

Further modifications will occur to persons
skilled in the art and all such are considered to
fall within the spirit and scope of the invention
as defined in the appended claims.

What is claimed is:

1, An electromagnetic system having, in com-
bination, an antenna, means for exciting the an-
tenna to produce electromagnetic waves, and
means for varying the length of the antenna to
modulate the waves,
© .2, An electromagnetic system having, in com-
bination, an antenna, means for exciting the an-
tenna to produce electromagnetic waves, and
plezo-electric means for mechanically varying the
length of the antenna to modulate the waves,

3. An electromagnetic system having, in com-
bination, an antenna, means for exciting the an-
tenna to produce electromagnetic waves, and
magnetostrictive means for mechanically vary-
ing the length of the antenna to modulate the
waves. o

4. An electromagnetic system having, in com-
bination, an antenna having conducting outer and
inner surfaces, means for exciting the outer sur-
face of the antenna to produce electromagnetic
waves, and means for mechanically resonating
the antenna to modulate the waves.

5. An electromagnetic system having, in com-
bination, an antenna, means for exciting the an-
tenna electrically to produce electromagnetic
waves, and means for varying a dimension of the
antenna at an audio frequency to mcdulate the
waves.

6. An electromagnetic system having, in com-
bination, an antenna, means for exciting the an-
tenng electrically to produce electromagnetic
waves, and means for varying a dimension of the

.antenna at supersonic frequency to modulate the

waves.

7. A method of modulating electromagnetic
waves produced from an electromagnetic-wave
emitter of the type that draws electromagnetic
energy from an electromagnetic-energy-generat-
ing electric system prior to the production from
the electromagnetic energy of electromagnetic
waves, that comprises varying a dimension of the
emitter during the production of the electromag-
netic waves and reflecting the modulated waves.

8. A method of modulating the radio waves
emitted by an electromagnetic-wave antenng in
widely separated directions in response to elec-
trical excitation by the electromagnetic energy
drawn by the antenna from an electromagnetic-
energy-generating electric system prior to the
emission of the electromagnetic energy as electro-
magnetic waves, that comprises mechanically
vibrating the antenna during the emission of the
waves.

9. A method of modulating the radio waves
emitted by a radlo-wave antenna In a predeter-
mined direction in response to electrical excita-
tion by radio-frequency energy drawn by the an-
tenna from a radlo-frequency-energy-generating
electric system prior to the emission of the radio-
frequency energy as radio waves, that comprises
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mechanically vibrating the: antenna. at: an'angle
tothe said: direction,

10. A method of modulating: the radio’ waves
emitted by a radio-wave antenna:in. s predeter-
mimed: direction: in: response to- e)actrical: excita--
tion by radio-frequency-energy drawn.by:the an~
tenng: from a:radio-frequency-energysgenerating
electrie system. prior to:the emissioniof the radio~
frequeney energy a8 radio waves; that comprises
mechanteally: vibrating - the antenna. at.right
angles-to the said:direction.

, 11. A radio transmitter having, in. combina-

tion; an' antenna of the: type- that emits: radio
waves into space in response: to:electrical excita~
tlon- by radio-frequency energy drawn: by the
anterma from a radio-frequensy-energy-generat-
ing’ electric' systeur prior to the: emission of the
radio-frequency energy as: radio: waves;: an' elec-
tries system- for gemerating' radio-frequency: en-
ergy; means electrically' connecting: the -antenna
to the electric system-in order that:the antenns
may draw radlo-frequency: energy from-the-elec-
trie:system, thereby to cause the:antenns to.emit
radio waves into space, and means: for varying:a
dimension of the‘antenna during the emission. of
the radio- waves by the-antenna, thereby to:-effact
modulation of the radlo waves emitted by the
antenna.

12; A radio- transmitter having; in combina-
tion, an antenna of the- type that emits radio
waves into space in response to electrical: excita-
tion by radio-frequency energy drawn-by-the an-
tenna from a radio-frequency-energy-generating
clectrie system prior-to-the emission of the radio-
frequency energy as radio-waves, an electric sys-
tem for generating radio-frequency energy,
means electrically connecting the antenna to the
electric system in order that the- antenna may
draw' radio-frequency energy from the- electric
system, thereby to cause the antenna to emit radio
waves into space, a mechanically vibratory- mem-
ber, means for mechanically connecting the an-
tenna to the mechanically vibratory' member to
vary & dimension of the -antenna mechanically in
response to the mechanical vibrations of the
mechanically vibratory - member, thereby to effect
modulation of the radio waves emitted'by the an-
tenna.

13. In a radio transmitter having an-antenna
of the type that emits radio: waves into space in
response to electrical excitation by radio-fre-
quency energy drawn by the antenna from a
radio-frequency-energy-generating electrie: sys-
tem prior to the emission of the radio-frequency
energy as radio waves, a method of the character
described that comprises feeding radio-frequency
energy from the electric systenr in order that the
antenna may draw radio-frequency energy from
the electric system, thereby to cause the antenna
to emit-radio waves into space, and' varying a di-
mensfon of the antenna during the emission of
the radio waves by the antenna in order-to effect
modulation of the radio waves emitted- by  the
antenna.

14, An electromagnetic system having; in com-
bination, an electromagnetic-wave-reflector for
reflecting a bundle of rays of electromagnetic
waves, a mechanically vibratory member, means
for vibrating the mechanically vibratory member,
and means mechanlically connecting-the refiector
to the mechanically vibratory member to trans-
mit the mechanical vibrations from the mechan-
ically vibratory member to and within the re-
flector, thereby to effect modulation of the re-
flected waves.
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15, In a radio transmitter having an antennsa.
of the type that emits:radio:waves into space in
response to electrical excitation by radio-fre-
quency energy drawn- by: the: antenna ftomr a

8 radio-frequency-energy-generating electric sys-
tem prior to the emission of the radio-frequency
energy as radio waves, a method of the character
described that comprises feeding radio-frequency
energy from the electric system in order that the

16 antenna may draw radio-frequency energy from
the electric system, thereby to emit radio waves
into space, and varying the length of the antenna
during the-emission of the radio waves by the an-
tenna in order to effect modulation of' the radio

18 waves emitted by the antenna.

16. In a radio transmitter having an antenns
of the type that emits radio waves into space in
rezponse to electrical- excitation by radio-fre-
quency energy drawn by the antenna fromr a

20 radlo-frequency-energy-generating -electric sys-

tem prior te the emission of the radio-frequency
energy as radio waves, a method of the character
described that comprises feeding radio-frequency
energy from the electric system in order that the
antenna may draw radio-frequency energy from
the electric system, thereby to emit radio waves
into space, producing a signal, and varying =a
dimension of the antenna in accordance with the
signal during the emission of the radio waves by
the antenna in order to effect the signal modula~
tion of the rad o waves emitted by the antenna.
17. In aradio transmitter having.an antenna.of
the type that emits radio waves into space in re-
a8 sponse to electrical excitation by radio-frequency.
enery drawn by the antenna from a radio-fre-
quency-energy-generating electrie system prior to
the emission of the radio-frequency- energy as
radio waves-and piezoelectric means, a method of

40 the character described that comprises feeding
radio-frequency energy from the electric system
In order that the antenna may draw radio-fre-
quency energy from the eleotric system, thereby
to emit radio waves into space, and varying a

45 dimension of the antenna under the control. af

_ the piezoelectric means during the emission of
the radio waves by the antenna in order to pro-
duce - corresponding variations in the energy
drawn from the electric system by the antenna,

50 thereby to effect modulation of the emitted radio
waves.

18. In a radio transmitter having an antenna
of the type that emits radio- waves: into' space
in response to electrical excitation by radio-fre-

56 quency energy drawn by the antenna from a
radio-frequency-energy-generating electric sys-
tem prior to the emission of the radio-frequency
energy as radio waves: and magnetostrictive
means, & method of the character described that

60 comprises feeding radio-frequency energy from
the electric system.in order that the antenna may
draw radio-frequency energy from the electric
system, thereby to emit radio waves into space,
and varying a dimension of the antenna under

65 the control of the magnetostrictive means during
the emission of the radio waves by the antenna in
order to produce corresponding variations in the
energy drawn from the electric system by the
antenna, thereby to effect modulation of the

70 emitted radio waves.

19. In a radlo system having an antenna that
receives radio waves from space, & method of the
character described that comprises .exeiting the
anterna to receive radio-waves, and varying the

76 length of the antenna-during:the-reception: of the
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radio waves by the antenna in order to effect
modulation of the received radio waves.

20. In a radio system having an antenna of the
type that emits radio waves into space in response
to electrical excitation by radio-frequency energy
drawn by the antenna from g radio-frequency-
energy-generating electric system prior to the
emission of the radio-frequency energy as radio
waves, & method of the character described that
comprises exciting the antenna to emit radio
waves, and varying the effective impedance of
the antenna during the emission of the radio
waves by the antenna in order to effect modula-
tion of the emitted radio waves.

21. In a radio transmitter having a driven an-
tenna and a parasitic antenna, the driven an-
tenna being of the type that emits radio waves
into space in response to electrical excitation by
radio-frequency energy drawn by the driven
antenna from a radio-frequency-energy-generat-
ing electric system, a method of the character de-
scribed that comprises feeding radio-frequency
energy from the electric system in order that the
driven antenna may draw radio-frequency energy
from the electric system, thereby to emit radio
waves into space, positioning the parasitic an-
tenna to intercept and re-radiate at least part of
the radic waves emitted by the driven antenna
and varying a dimension of the parasitic antenna
during the re-radiation of the radio waves by the
rarasitic antenna in order to effect modulation
of the radio waves.

22. In a radio transmitter having an antenna
and a conducting element spaced from but close
to one end of the antenna to which if is elzctro-
magnetically coupled, the antenna being of the
type that emits radio waves into space in re-
sponse to electrical excitation by radio-frequency
energy drawn by the antenna from a radio-fre-
quency-energy-generating electric system prior
to the emission of the radio-frequency energy as
radio waves, a method of the character deseribzd
that comprises feeding radio-frequency energy
from the electric system in order that the an-
tenna may draw radio-frequency energy from the
electric system, thereby to emit radio waves into
space, and varying the spacing and hence the de-
gree of eclectromagnetic coupling between the
conducting element and the said one end of the
antenna during the emission of the radio waves
by the antenna in order to effect modulation of
the radio waves emitted by the antenna.

23. In a radio transmitter having an antenna
and a conducting element electromagnetically
coupled to a predetermined portion of the an-
tenna, the antenna being of the type that emits
radio waves into space in response to electrical
excitation by radio-frequency energy drawn by
the antenna from a radlo-frequency-energy-gen-
erating electric system prior to the emission of the
radio-frequency energy as radio waves, a method
of the character described that comprises feed-
ing radio-frequency energy from the electric sys-
tem in order that the antenna may draw radio-
frequency energy from the electric system, there-
by to emit radio waves into space, producing a sig-
nal, and varying the degree of electromagnetic
coupling between the conducting element and the
sald predetermined portion of the antenns in ac-
cordance with the signal during the emission of
the radio waves by the antenna in order to effcct
signal modulation of the radio waves emitted by
the antenna. '

24. A radio transmitter having, in combination,
an electric system for generating radio-frequency
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energy,. an antenna electrically connected to the
electric system in order that the antenna may
draw radio-frequency energy therefrom to emit
radio waves, and means for varying the length
of the antenna during the emission of the radio
waves to modulate the radio waves.

25. A radio system having, in combination, a
generator of radio-frequency energy, a dipole ele-
ment excited by the generator to emit radio
waves, and means for varying a dimension of the
dipole element during the emission of the radio
waves to modulate the radio waves.

26. A radlo system having, in combination, an
antenna of the type that may produce radio waves
in space in response to electrical excitation by
radio-frequency energy drawn by the antenna
from a radio-frequency-energy-generating elec-
tric system prior to the production of the radio-
frequency energy as radio waves, means for pro-
ducing a signal, and means responsive to the
signal-producing means for varying a dimension
of the antenna in accordance with the signal dur-
ing the production of the radio waves to signal
modulate the radio waves.

27. A radio system having, in combination, an
electric system for generating radio-frequency
energy, an antenna of the type that emits radio
waves into space in response to electrical excita-
tion by radio-frequency energy drawn by the an-
tenna from the radio-frequency-energy-generat-
ing electric system, means for enabling the an-
tenna to draw radio-frequency energy from the
electric system In order to emit radio waves into
space, means for modulating the radio waves
prior to their emission, a parasitic antenna posi-
tioned to intercept and re-radiate at least part
of the emitted modulated radio waves, and means
for varying a dimension of the parasitic antenna
during the re-radiation of the radio waves, there-
by further to modulate the re-radiated radio
waves.

28. A radio system having, in combinsation, a
linear antenna, means for exciting the antenns
with radio-frequency energy, a conducting ele-
ment spaced from but close to a predetermined
portion near an end of the antenna to which it
is electromagnetically coupled, and means for
varying the spacing and hence the degree of elec-
tromagnetic coupling between the conducting ele-
ment and the said predetermined portion of the
antenna during the exciting of the antenns in
order to effect modulation of the radio frequency
energy.

29. A radio transmitter having, in combination,
a source of radio-frequency energy, an antenna
excited from the source to draw radio-frequency
energy therefrom in order to emit radlo waves,
and means for vibrating the antenna mechani-
cally during the emission of the radio waves to
cause the antenna to effect modulation of the
emitted radio waves as an inherent response to its
mechanical vibrations.

30. In a transmitter having an antenna for
emitting a bundle of rays of radio waves, each
ray along a predetermined direction, a method of
modulating the radio waves that comprises vary-
ing a dimension of the antenna during the emis-
sion of the radio waves to vary a property of the
radio waves, and retaining for each ray its pre-
determined direction.

31. A radio transmitter having, in combination,
a source of radlo-frequency energy, an omni-di-
rectional antenna excited frocm the source to emit
radio waves in all directions, and a vibratory
member to which the antenna is mechanically
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connected, vibrations of the member being adapt-
ed to modulate the radio waves.

32. A radlo system having, in combination, a
parasitic antenna for intercepting and re-radiat-
ing radlo waves, a conducting element electro-
magnetically coupled to & predetermined por-
tion of the antenna, means for producing a sig-
nal, and means controlled by the signal-produc-
ing means for varying the degree of electromag-
netie coupling hetween the conducting element
and the parasitic antenna in accordance with
the signal to signal modulate the re-radiated
radio waves.

33. A radio system having, in combination, a
linear parasitic antenna element for intercepting
and re-radiating radio waves, means for produc-
ing a signal, and means controlled by the signal-
producing means for varying the length of the
parasitic element in accordance with.the signal
to signal modulate the re-radiated radio waves.

34. In a radio system, a conducting element
adapted to be disposed in an electromagnetic
fleld in which there {s an electromagnetic wave
and of sufficlent dimensions to permit of continu-
ous electromagnetic interaction with the electro-
magnetic wave, and means for varying a dimen-
sion of the conducting element in accordance with
a signal during the electromagnetic interaction
with the electromagnetic weve in order to signal-
modulate the electromagnetic wave.
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35. An electric system having, in combination,
& conducting element adapted continuously to
support high-frequency current, and means for
varying a dimension of the conducting element
by subjecting it to mechanical vibrations to pro-
duce alternations of the supported current in
the conducting element of the same periodicity
as the mechanical vibrations.

ROBERT H. RINES.
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