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George O. Squier: Tree Antennas

General George O. Squier

Scientific American (July 14, 1919, p. 624 ) ~
"With TreesFor Ears'
A Wireless Sation Within the Reach of Everybody

With a pair of receivesto his ears, an amazed visitor to a certain radio station heard a high-
toned hum which changed to alow growl, then skied to the upper reaches of the musical
scaein afaint, very faint buzz, as if some microscopic mosquito had had his song made
audible. The operator rapidly rapidly turning the knobs on his couplers and condensers,
raised his hand: suddenly, through the changing radio signals which were clamoring for
attention together in the receivers came his voice; "There --- the loud, easily heard oneis
New Brunswick; the fainter, lower one is Nauen, in Germany".

If al this had taken place in the great Arlington station one would not have wondered, save
perhaps at the inability to tune out all radio but Nauen. But it was a little portable house
erected in thick woods near the edge of the District of Columbia and the signals were
received through an oak tree for an antenna.

It isnot a joke nor a scientific curiosity, this strange discovery of Gen. George O. Squire,
Chief Signal Officer, that trees --- al trees, of al kinds and al heights, growing anywhere --
- are nature's own wireless towers and antenna combined. The matter first came to his
attention in1904, through the use of trees as grounds for Army buzzer and telegraph and
telephone sets, which, in perfectly dry ground and in adry season, functioned poorly or not
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at all with ordinary grounds. Right then he began experiments with a view to seeing what
possihilities, if any, the tree had as an aerial. But in 1904 radiotelegraphy was far more
undeveloped than at present, and vacuum amplifying tubes were not thought of .

During the war the Signal Corps established a chain of special receiving stations in different
localities to copy and record enemy and allied radio messages. Some of those stations were
instructed to test the efficiency of growing trees as receiving antennae.

With the remarkably sensitive amplifiers now available, it was not only possible to receive
signals from all the principle European stations through atree, but it has developed beyond
atheory and to afact that atreeis as good as any man-made aerial, regardless of the size or
extent of the latter, and better in the respect that it brings to the operator's ears far less static
interference.

Thisisarather broad statement, yet there beyond the Capital of the nation stands a little
portable house, the oak tree, a small receiving set and a couple of enlisted men and an
officer on duty; and the curious may, with permission, hear for themselves that the signals
so received are neither faint not interrupted, but strong, full-toned dots and sashes even
when they come from far-off Nauen. Page after page is copied daily from the propaganda
material which Nauen sends out by the ream. Lyons, Poldhu, ships at sea, even the NC-4 on
her way, are heard plainly. Asfor New Brunswick or nearby Arlington --- they deafen the
listener if he is unwise enough to try to "take" them otherwise than with the phones lying on
the tables.

It will puzzle the amateur as it has puzzled the experts, how atree, which is certainly well
grounded, can also be an insulated aerial. The method of getting the disturbancesin
potential from treetop to instrument is so Ssmple as to be amost laughable. One climbs a
tree to two-thirds of its height, drives anail a couple of inchesinto the tree, hangs awire
therefrom, and attaches the wire to the recelving apparatus as if it were aregular lead-in
from alofty copper or aluminum aerial. Apparently some of the etheric disturbances passing
from treetop to ground through the tree are diverted through the wire --- and the thermionic
tube most efficiently doesthe rest.

It isinteresting to learn that the tree behaves very much like any other agerial; it receives
better in dry clear weather than in muggy, damp weather. It plucks messages from the ether
more clearly at night than in the day. It is affected very little by rain. It is affected not at all
by the presence of other trees; so far as has yet been ascertained it makes little difference
whether one drives his nail in atreein theforest or alonetree on the plain. Certainly it
makes no difference that amounts to anything whether the tree be just an ordinary tree or a
giant; it was a 60-foot oak over which the very awe-struck correspondent heard Nauen
telling awaiting world what good people the Germans really are. And to prove that it made
no particular difference what kind of tree was used the officer in charge switched to apine
tree, which received equally well.

A dead tree will not do, and atree not in leaf isnot so sensitive asone in full foliage. It
makes much difference where the nail is driven. General Squier calls the proper place the
optimum point, and experimentally it has been determined that two-thirds of the distance
from ground to top is the best place -- in a 60-foot tree, 40 feet from the ground.

One nail is sufficient, and it may be any kind of nail; but copper is preferred as not rusting.
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In practice, if atree station isto be at all permanent, several nails would be driven and
connected to the same wire, each additional nail up to 6 or 8 making the diverted current a
little stronger. But 40 nails apparently produce no clearer signals than half a dozen.

The tree may serve as areceiving station for several sets, either connected in series with the
same material or from separate terminals.

Some skeptics have expressed the belief that it was not the tree, but the wire leading to the
nail in the tree which was the real aerial. The absurdity of thinking a 40-foot wire could
receive the widely differing wave lengths which come through the tree station is obvious,
but to set any doubt at rest, the wire to the tree has been hung to the nail by means of an
insulator, when the signals immediately cease, only to come in as strong as ever just as soon
as the connection is again established.

Just what will the tree do as a transmitting station for radio telegraphic messages has not
been determined in the Signal Corps Experimental Laboratory. Asthosein charge express
it, "The fact has been demonstrated, but the matter is still in laboratory stage only. What
remains to be done now isto develop the best methods of using the demonstrated fact”.

But it has already been shown that the tree can be used in wireless telephony and for short
distances it has been shown that two-way telephonic communicationsis easily established
through trees with remarkably low values of transmitting antenna current.

If atree may be used to send wireless telephonic waves it seems not unreasonable to
suppose that it will do so as easily with the telegraphic waves. At present the Signal Corps
is at work on apparatus to test the possibilities of the tree as atransmitting station.

Just what this development of the art of radio telegraphy may mean has not yet been worked
out. It isthe history of most discoveries that their potentialities are hardly dreamed of when
they are first made --- for instance the telephone, the electromagnet, the vacuum tube
amplifier. But it seemsfairly obviousthat in war, at least, the tree receiving station opens up
great possibilities.

True enough there are few trees which remain intact under shell fire, and doubtless with this
possibility in mind the armies of the future (if there be such) will in action consider all trees
as dangerous enemy agerial stations. But there will always be trees behind the lines and not
al actions will be fought on bare ground. What would it have meant to the "lost battalion”
to have had atree wireless set along by which it could have heard that every effort was
being made to find and relieveit, or by which it might have sent back messages
supplementing that carried by the pigeon?

The greatest development, however, of the tree as the foundation for a receiving and
possibly asending station will come in peace uses. General Squier has written:

"In view of what has been accomplished in space telegraphy, it is difficult to predict to what
extent this means of communication may ultimately be developed. If, asindicated in these
experiments, the earth’'s surface is aready generoudy provided with efficient antennae,
which we have but to utilize for such communication, even over short distances, it isa
fascinating thought to dwell upon in connection with the future development of the
transmission of intelligence.
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"Since atranamitting station is a central point for electromagnetc waves sent out in all
directions over the surface of the earth, alarge class of information, such as meteorol ogical
reports, crop reports, and general news items of interest to all, may in time be sent from
central points, to be received in many places within the radius of influence of the signal
station, and this, too, by the smplest form of apparatus.”

The amateur wireless world will unquestionably take an intense interest in the tree radio
work. At present, while the government has lifted the ban upon amateur aerials, it has not
removed the structures against sending.

The aerid is aways the greatest problem for the amateur. Lack of both money and material
prevents him from erecting anything very large or of very great capacity. If any lad with a
receiving set and some thermionic tubes can hook to atree and take in any wavelength he
can tune to, will not tree radio vastly increase the devotees of this particular variety of
indoor sport? The matter is one of some importance, inasmuch as many valuable recruits to
the radio world have come from amateur ranks, and many a radio engineer had got hisfirst
taste for the fascinating art through a homemade tuning coil and detector, under the attic
roof. The greater the amateur wireless world, the quicker the development of the art asa
whole.

Explorers, discoverers, engineersin far places, the forest service, the woodsman, al have
use for the new development. Moreover the tree as an antenna offers unusual possibilities
for the investigation of atmospheric phenomena and for what may be called the physics of
botany (or the botany of physics) and perhaps is the road by which the unsolved puzzle of
growth may be studied.

Meanwhile, it is athought not without great power to move the sensitive imagination that
every tree, growing everywhere, is awireless tower and antenna and that, as General Squier
says, "It issignificant that atree, possessing utility and natural strength, architectural beauty
of design and endurance far superior to artificial structures prepared by man, should be able
yet further to minister to his needs".

British Patent Specification # 149,917
Improvementsin & Relating to Radio Communication Systems
George O. Squier

This invention relates to radio communication systems. More particularly, the invention
relates to radio transmission and reception through the use of living vegetable organisms
such as trees, plants, and the like.

As disclosed in the Specification of my prior Letters Patent No. 25,610 (1904), | have
discovered heretofore that tall trees and like growing vegetation possessed electrical
conductivity of a certain nature adapted for the reception of signaling electromagnetic
waves and capable of forming a part of an antenna or seria with the use of a direct earth
"ground" or equivalent point of connection with the tree, in the potential node region.
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| have recently discovered that living vegetable organisms generally are adapted for
transmission and reception of radio or high frequency oscillations, whether damped or
undamped, with the use of a suitable counterpoise. | have further discovered that such living
organisms are adapted for respectively transmitting or receiving a plurality of separate trains
of radio or high frequency oscillations simultaneoudly, in the communication of either or
both telephonic or telegraphic messages.

In such use of an antenna comprising living vegetable organism and a counterpoise, | have
discovered that optimum results are obtained upon arranging the point of connection of the
transmitting or the receiving set within a certain range of the tree, or other living vegetable
organism; for trees indigenous in the temperate zones, | have discovered that such optimum
point of connection isin aregion approximately two-thirds of the height of the tree above
the exposed surface of the earth.

In accordance with my invention for receiving radio trains of telephonic or telegraphic high
frequency oscillations, a plurality of receiving sets attuned respectively to any desired
frequency, may be connected by the same leading-in wire to the same tree, whereby such
tree serves as the common receiving antennafor the respective individual receiving sets,
and, smilarly, for transmitting radio trains of telephonic or telegraphic high frequency
oscillations, a plurality of transmitting sets respectively resonant to any desired frequency
may be connected by a common lead-in wire to the same tree serving as the common
antenna.

In the more preferred forms of my invention, | have devised suitable means for selective
directional reception of radio oscillations of any desired definite frequency, by the use of a
coil having the turns of its windings disposed in substantial parallelism and mounted to be
rotated in a horizontal plane, whereby the received oscillations are restricted to the direction
coincident with or parallel to aplane lying normal to any plane passing through any turn of
the windings of the coil.

The counterpoise comprises preferably a suitable extent of conductor in the form of one or
more lengths of wire disposed below the surface of the earth and suitable insulated
therefrom; it is desirable to arrange a number of individual counterpoises, each extending
rectilinearly in different directions to one another and to employ in directional selection the
particular counterpoise extending substantially in the selected direction.

Further features and objects of the invention will be more fully understood from the
following description and the accompanying drawings, in which:

Figure 1 isadiagrammatic vertical elevation of a preferred form of theinvention;
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/ Fig1

Figure 2 isadiagrammatic view of one preferred form of an arrangement of receiving sets,
embodying my invention; and
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Figure 3isadiagrammatic view of a preferred form of an arrangement of transmission sets

embodying my invention.
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Referring to Figure 1, the circuit designated 1 represents any approved form of resonant
receiving circuit comprising the variable condenser 2, and detector, rectifier or amplifier 3,
arranged with a telephone or any suitable recording device in the usual manner. Such
attuned receiving circuit 1 is suitably coupled through transformer windings or otherwise
with proper regulatable reactance with the tree or other living vegetable organism and in
Figure 11 have indicated the location 4 as representing the location of a metallic nail, or
equivaent, affixed to and extending within the body of such tree. | have discovered that
optimum results for any particular tree are dependent upon the physical contour of the space
occupied by the branches and leaves as well as the subterranean portions of the tree such as
the roots and that generally the optimum results are attained by affixing the nail 4 within the
region of the tree substantially two-thirds of the height of the tree above the surface of the
earth.

To such nail 4 is connected one end of the lead-in wire 5, preferably enclosed in suitable

insulation, and connected at its other end with the resonant circuit 6 comprising the
adjustable inductance coil 7 and the adjustable condenser 8. The lead 9 connects the circuit
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6 with the counterpoise 10, preferably comprising one or more metallic wires, 11, extending
substantially rectilinearly and electrically insulated from the earth 12 by means of suitable
insulation 13, as by enclosing such wire or wires 11 within a suitable insulating coating.
Such coating 13 extends preferably an appreciable distance above the surface 14 of the earth
12. In the use of my invention with living antennae, | have arranged the counterpoise 10-13
extending in the rectilinear direction substantially parallel to the plane passing through the
transmitting station, the receiving station and the center of the earth. It is advantageous to
arrange a plurality of individual counterpoises 10 radiating in different rectilinear directions,
with a suitable switching device for connecting the lead 9 with the particular counterpoise
parallel to or most closely parallel to the selected direction.

Such coil 7 is preferably a primary coil suitably spacially coupled with an adjustable
secondary coil 15 connected in the circuit comprising the variable condenser 2 and 3. In the
specific form of the invention shown in Figure 1, such secondary coil 15 is provided with
the lead wire 16 connected to the terminal 17 of the reversing switch 18 (shown
diagrammatically) the other end of the secondary coil 15 being connected by the cross wire
20 of the reversing switch 18. Such terminal 17 is connected by the cross wire 21 with the
terminal 24. The pivoted knife blades 25, 26, having the handle 27, are mounted in the usual
manner on the central terminals 28, 29. The coil 30 represents diagrammatically a coil
comprising a desired number of windings or successive turns of exposed or insulation
covered wire, each turn lying substantially in acommon vertical plane and the coil indicated
at 31 represents asimilar plurality of turns of windings mounted in substantially a common
vertical plane. One terminal of the coil 30 is connected with one of the central terminals of
the reversing switch 18, say terminal 28, and one terminal of the coil 31 is connected with
the other central terminal 29, of the reversing switch 18. The other terminal of the coil 30 is
connected by the wire 32 with the leads of the variable condenser 2 in shunt with the
detector or amplifier 3, while the other terminal of the coil 31 is connected by the wire 33 to
the opposite lead of the variable condenser 2 and the detector or amplifier 3.

Such set of coils 30, 31 are suitably mounted to be rotated horizontally, whereby all turns of
the coils 30, 31, a any given position lie substantially in a common vertical plane. Such
coils 30, 31 may be arranged on a common wooden or like insulating frame of cylindrical,
rectangular or other desired contour on cross section.

By virtue of such an arrangement, the primary and secondary circuits are respectively
directly exposed to and simultaneously electromagnetically acted upon by the incoming
oscillations, and by means of the reversing switch 18 the oscillations generated in the coil
30 may be neutralized or accumulated relatively to the oscillation generated in the coil 31 to
produce either the "barrage” or the "amplifying" effect.

By means of such "barrage” effect, the oscillations of any given wavelength directed in any
absolute direction are cut out from the detector or amplifying circuit and enable oscillations
of smilar or the same wave length received in any definite direction to be conducted to the
detector or amplifying circuit. By means of such accumulating effect of the coils 30, 31, and
the switch 18, the waves of any definite wavelength received in any definite absolute
direction are amplified and enable long distance reception at any wave length.

In practice, | have carried out the invention for reception by the use of either asingle
receiving set or a plurality of receiving sets. Such receiving set or sets may be arranged
either to receive damped high frequency oscillations or undamped high frequency
oscillations.
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In Figure 2 | haveillustrated diagrammatically one form of the application of the invention
for the ssmultaneous reception of a plurality of different trains of high frequency
oscillations.

The nail 4 isindicated aslocated in electrical connection with the tree 35 at an optimum
point 36, the lead-in wire 37 being connected at its upper end with the nail 4 and at its lower
end with the incoming connector bar 38. The connector 38 is provided with the individual
switches 39-40-41, etc., corresponding to the number of individual receiving sets. The
outgoing connector bar 42 is connected by the lead 43 with the counterpoise 10, preferably
constructed and arranged as set forth hereinabove.

In suitable relation with the incoming connector bar 38 and outgoing connector bar 42 and
the switches 39, 40, 41 are arranged the respective primary coils 44, 45, 46, etc.,
respectively coupled in any approved arrangement with the secondary coils 47, 48, 49.

The receiving set 50 is arranged for the reception of undamped waves and is shown of the
vacuum tube valve type. The terminals of the secondary 47 are suitably connected in the
input circuit including the filament cathode 51 of the vacuum valve 52 and the grid 53 and
comprises the variable condenser 54 in shunt with the secondary 47, the condenser 55 and
the grid leak resistance 56. The output circuit comprises the battery 58, the filament cathode
51, and the telephone receiver or other audible, or any visual indicator 57. The heating
circuit of the filament cathode includes the battery 60 and the variable resistance 61.

The receiving set 62 is shown of asimilar undamped oscillation receiving type and like
elements are designated by like reference numbers.

The receiving set 63 isindicated of the damped oscillation receiving type and comprises the
additional inductance turns 64 having one terminal connected to one terminal of the
filament cathode 51 and its other terminal connected to the variable condenser 65 in shunt
with the telephone receiver 57 and the storage battery 58. The remaining elements of the
receiving set 63 correspond to like elements of the receiving set 50 and are designated by
like reference numbers.

In Figure 2 | have shown the switch 39 in closed position with the primary inductance 44 of
the receiving set 50, the switch 40 in closed position with the primary inductance 45 of the
receiving set 63 and the switch 41 in open position with the primary inductance 46 of the
receiving set 62, and accordingly enabling the reception and detection of undamped
oscillations of the frequency to which the receiving set 50 is tuned and simultaneoudy the
reception and detection of damped oscillations of the frequency to which the receiving set
53 istuned.

Figure 3 shows one form of practical application of my invention for transmitting
simultaneously radio oscillations, either telephonic or telegraphic, either damped or
undamped, or both. The nail 4, lodged at an optimum point 36 in the tree 35, is connected
by the lead 70 to the connector bar 71, and the counterpoise 10 is connected by the lead 72
to the connector bar 73.

The transmitting sets 74, 75, etc., of the desired number, are suitably arranged for single or

multiple transmission, for which purpose the switches 76, 77, etc., are provided. The
transmitting sets 74, 75 are shown of any approved type, such as the oscillating vacuum
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tube type comprising the filament cathode 78, the grid 79 and anode 80, arranged in the
vacuum tube 81, suitably connected with the primary inductance 84, 85. The primary
inductances 84, 85 are suitably connected to the connector bar 73 and the connector bar 71
through the respective switches 76, 77. The battery or other source of electric current is
indicated at 86. The adjustable heating circuit of the cathode filament 79 is shown
comprising the battery 87 and the variable resistance 88.

In Figure 3, the switch 77 isin closed position thus placing the transmitting set 75 in
operative connection with the tree serving as the antenna. Upon closing the switch 76 the
transmitting set 74 is similarly placed in operative connection with the tree antenna 35.
Upon closure of both switches 76, 77 the tree serves as the antennafor the transmission of
simultaneous trains of oscillations emitted by the respective transmitting sets 74, 75,
modified by akey or telephone transmitter, or other suitable modulator, for the transmission
of telegraphic or telephonic messages as desired.

In the use of trees or other living vegetable organisms serving as the antenna or a art
thereof, | have discovered from tests that such tree possess impedance consisting of two
components, resistance and reactance, the latter being usually condensive, for oscillation
within the range of present day wavelengths. The tests also show that the apparent capacity
of atree serving as an antennais substantially proportional to the height of contact of the
lead wire connecting the transmission set with the tree.

The tests also show that the apparent resistance of atree serving as an antennais
appreciably greater than the resistance of the ordinary metallic antenna, and it is accordingly
desirable to modify the resistance or alter the design of the receivers, if it desired to increase
the effectiveness of the energy of the electromagnetic radiation impinging on the tree;
however, the ordinary receivers of present design may be used and are responsive to any
wave length of radiation employed in present day practice.

Whereas | have described my invention by reference to specific formsthereof, it will be
understood that many changes and modifications may be made without departing from the
spirit of the invention as defined by the appended claims.

Having now particularly described and ascertained the nature of my said invention and in
what manner the same isto be performed, | declare that what | clam is:

(2) In aradio communication system the combination with a living vegetable organism, of
radio transmission means including tuning elements and a counterpoise.

(2) In aradio communication system the combination with aliving vegetable organism of a
plurality or transmission sets respectively including tuning elements, a counterpoise and
means for connecting and disconnecting said transmission sets respectively into and out of
circuit with said living vegetable organism.

(3) In aradio communication system the combination with living vegetable organism, of a
plurality of radio receiving sets respectively including frequency tuning elements, a
counterpoise and means for connecting and disconnecting said receiving setsin or out of
circuit with said living vegetable organism.

(4) In aradio communication system the combination with a living vegetable organism, of
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an electrical conducting element located at a point approximately two-thirds of the height of
the tree above the exposed earth, a counterpoise, a plurality of radio transmitting or
receiving sets and common means connecting said sets with said electrical conducting
element.

(5) A radio communication system according to Claim 4, wherein the transmitting or
receiving sets are al'so connected with the counterpoise.

(6) In aradio communication system the combination of an antenna, oscillation frequency
selective receiving means and means for directionally selecting the received oscillations.

(7) A radio communication system according to Claim 6 in which the directional selective
means includes a counterpoise having a portion extending substantially parallel to the
direction of the received oscillations.

(8) A radio communication system according to Claim 6, in which the directional selective
means includes a coil having its winding arranged in substantial parallelism, and means for
rotating said coil.

(9) A radio communication system according to Claims 6 to 8, wherein aliving vegetable
organism serves as a portion of the antenna.

(20) In aradio communication system the combination of an antenna which may be
constituted by atree and responsive to aplurality of oscillations of definite frequencies and
an oscillation responsive circuit comprising elements for adjusting the same to adefinite
frequency, said circuit comprising a coil exposed electromagnetically directly to the
oscillations and atuned receiving set.

(11) A radio communication system according to Claim 10, wherein the circuit comprises a
plurality of similarly wound coils exposed electromagnetically directly to the oscillations
and a switch for connecting said coilsin seriesor in paralel.
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