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To all whom it may COnCern:

Be it known that I, REGINALD A. FESSEN-
DEN, a citizen of.the Umted States, residing
at Alleﬂ'heny, in the county of Allegheny and
State of Pennsylvama, have. invented or dis-

covered certain new and useful Improvements

in Conductors for Wireless Teloﬂ'ra,phv of

which improvements the following is a speci-

- fication.
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It is generally believed that conductors of
a oonmdomble length are necessary for the
efficient production Lof electromagnetic waves.
By the term “‘ electromagnetic waves” as used

‘herein is meant waves of a wWave 1onn*th long

in comparison with the wave length of what
are commonly called ¢ heat—wavos ” or ““ radi-
ant heat.”. . By ‘“grounded conductor” is
meant a conduotor ﬂ'rounded either directly
or through a oapamty, an inductance, or a re-
mstanoe, so that the current in the oonduotor
flows from the conductor to ground, and vice
versa, when oleotromaﬂ*nemo wavos are gen-
erated. The terms *° tuned” and ¢ 1osonant”
are used herein as one including the other.

Such impression is, however, erroneous, as I
have discovered that by generating the waves
in a medium whose pormoab1l1ty to electro-
magnetic wavesorspecificinductive capacity,
or both are greater than that of air short
conduotors may be used for the purpose of

- propagating and receiving electromagnetic
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WaVves.
increased, the same general effects' are pro-

- duoed——as for exa,mple where the conductor

is immersed in water so pure 48 to be non-
conducting, in alcohol, or othér substances
having large specific mduotlvo capacity the

per 1odlol13y is decreased compared with that

of the same conductor in air, and radiation is
increased tho1eby, giving tho effeot of long
conductor.

In the accompanying drawings, f01 ming
part of this specification, qure 1 is a sec-
tional elevation of my improved conductor
for wireless telegraphy. Fig. 2 is a sectional
view of the same.
tional elevations illustrating modifications of
the conductor, and Fig. 6 is a plan view of
the form as shown in Fig. o.

In the practiceof my invention I preferably |

omploy at the sendmﬂ'-ota,mon a conduector 1, | while the permeability of the iron might bo-

=

Where one of the constants only IS

Figs. 3, 4, and 5 are sec-

] |

—

.ha,vi_ng ) 1a,_rge_ oapaoity and_low._sol;f-ki'nduer

tion. The capacity can be regulated by in-
creasing the surface or area of the conductor
and the self-induction by turns or coils in the

“wire connecting the conductor to the gener-
ator, which may be an induction apparatus

or an alternating generator. A medium 2,
consisting of wire or lamina formed of mag-
nevic material, as iron or-nickel, 18 arranged
adjacent to the conductor on the side facing
the direction of the receiving-station. The
wires forming the medium are arranged in
coils turns,m folds, as shown. Good results

‘have been obtained by the employment of

No. 40 B. & S. insulated wires. It is.pre-
ferred that the wire, especially when formed
of nickel,should be wound and maintained un-
der tonswn 'The coils, turns, or folds, which

‘may be arranged mdlsommmately, as shown
in Figs.1and 3, or may be arranged to form a

sin ﬂ*le layer, asin Fig. 5, are spaced a distance

| apmt less than the dmmeter of the wire and

preferably a distance apprommately equal to
one-fourth () thediameter of the wireand are
insulated from each other. The insulation
of the coils, turns, or folds can be conven-
iently effected by filling the spaces or sur-
rounding wire with an insulating material

preferably of high specific inductive capac-

ity, such as india-rubber, water, alecohol, par-
affin, &ec.. The medinm may entlroly sur-
round the conductor, as shown in Kig. 1, or
be arranged only on the side facing tho re-
celvin n'-st&tlon as shown in Figs. 5 and 0.
the eouduotor be surrounded by a medium
having the coils, turns, or loops spaood a dis-
tance apalt equal or _approximately equal to

one-fourth (3) the diameter of the wire and

embedded in rubber of specific inductive ca-
pacity four, the virtual specific inductive ca-
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pacity of the medium will be approximately -

sixteen times that of air, because the pres-

ence of the oonduotmw—wwe will reduce the

distance through Wthh the electrostatic lines

have to pass to one-fourth the length and in

that one-fourth the lines pass through g Me-

dium having four times the $pecific induc-

tive o&paoity‘ of air, and hence we will have
sixteen times the number of lines that we
would have if the medium were not. there,
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chosen so high that virtual permeability of

‘the medium Wlll be apprommately nine hun-

dred (900) times that of air. The time period
T of natural oscillatory electromagnetic
waves generated by a conductor depends upon
the square root of the capacity and the square
root of the inductance of the conductor—i. e.,

T =2 ma/ CL. The capacity of a condue-

tor depends, among other things, upon the |

specific inductive capacity of the medium
surrounding it and varies directly as this spe-
cific 1nduetwe capacity. The inductance of
a conductor depends, among other things, on
the permeability of the medium surrounding
it and varies directly as this permeability.

Thus it follows that since the period T of the

waves formed in the medium described will
be &/ 16 X 900 = 120 times as great as the pe-

riod of waves formed by the same conductor
Now the velocity of electromagnetic
waves in a medium is V =4/ J; 4, where & is
the dielectric constant or specific inductive
capacity and uis the permeability of the me-

in air.

dium; but as I have made & equal sixteen
times th&t of air and u equal nine hundred

‘times that of air, it follows that the velocity
of the travel of waves in this medium will be |

1 1

V = «/1(;, % 900 = 120 of that in air; but in |

any wave propagation the velocity equals
V = n A, where n equals the frequency and A

~equals the wave length. . Hence, as I have de-
creased the velocity to one one- hundred and-

twentieth of its value in air and have also de-

creased the frequency so that one one-hun-
dred-and-twentieth of the value it wounld have |

if the medium I have described were not
vV n

‘used—. e., 120 = 120 A—it follows tha,t the

length of the waves in the medium will be the

‘same as the length of wave generated by the

same conductor when surrounded by air.
Now it is a well-known principle in optics

‘that if a wave emerges from a denser medium

. to one less dense the length of such wave is
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also in electroOptics.

increased in proportion to the ratio of the
speeds of the wave in the two media. Soitis
Hence as the waves
pass from the medium in which its speed is
one one-hundred-and-twentieth of its speed
in air the wave length increases one hundred
and twenty times. Hence a conductor one
foot in length surrounded by and generating

- waves throuﬂ'h such a medium w1ll generate

6o

waves of the samé length in air as the waves
generated from a conductor one hundred an
twenty feet long in air. By suitably propor-
tioning the capacity of the conduetor, which
may be vertical or horizontal or of any de-
sired form, in the manner stated or in any

‘other sunitable manner the amount of en-

ergy radiated may be increased as desired.
If instead. of rubber another insulating mate-
rla,l or mixture of insulating materlal should

#086,739

be used having, for example, a speci

ductive capacity with the same distance be-
tween the lines as before would be approxi-
mately four multlphed by sixty-four, and
hence the waves in the medium would now

be 4/256 X 900=960 times the length which
the same conductor would produce in air.
Similarly if the iron wire were of a poorer
grade magnetically or were less permeable to
magnetic foreces of a high frequency its vir-

tual permeability might be only one hundred,

and if the same insulating material as in the
last case were used the wave length would be

A/100% 256=160 times the wave length pro-
duced by the same econductor in air. It will
thus be seen that if a conductor in air hav-

ic.induc-
tive capacitysixty-four,the virtual specificin-
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ing a certain self-inductance and capacity be _

surrounded by such a medium its self-induct-
ance and capacity, or both, are increased.
Since the wave length generated by the con-

product of these two factors, it will be seen
that the wave length from a given conductor
can be increased by surrounding it by such a

‘medium. Also since the energy when the

conductor is charged varies for a given vol-

‘tage directly with the capacity by increasing
| the capacity the energy available for radia-

tion has been increased; and, further, with

‘a given capacity the energy radiated depends
‘upon the proportion which the wave length

bears to the height of the conductor. Hence

| merely increasing the capacity of a conduec-

tor surrounded by air by increasing its sur-
face without altering its height does not in-
crease the radiation to the same extent as
does increasing ifs capacity by increasing its
height. In the present case, however, it is

possible to increase the capacity of the con-

ductor without altering its height and yet

‘without altering the relation between the-

wave length and the medium and the height

of the conductor—-m other words, to obta,m
the same effect as is produced in air by rais-

ing the height of the conductor.

In the practice .of my invention, except
where it is desired for special pu rposes, to ob-
tain as long wave lengths as possible it is
preferred t0 use a medium having large spe-
cific inductive capacity and small permea-
bility. |

For some purposes—e. ¢., where it is de-

sired that the waves should have a high ef-
ficiency in one direction or on one side of

the conductor—the medium may be arranged

on the side of the conductor facing the 0011113
toward which the waves are to be prmupally

effective, as shown in Figs. 5 and 6. An in-
cremental effectiveness may be produced by
the employment of a reflecting-plate 3, which

1S formed of mietal arranged on the mde of

the conductor opposite that facing the direc-
tion in which the waves are to travel The

employment of a reflector for the purpose of
coneentmtmﬂ' and projecting the waves is
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|

pr&otically possible-only with short condue-
The -dimensions, shape, and position
of the reflector will be vamod in aocordanoe
with the conditions under which it is used.
In general it is desirable to arrange the re-
ﬁoctm so as to form a portion of tho outm
wall of the medium.

When using an induction appmatlls for
charging and dlscharmnﬂ‘ the conductor, one

end of the latter is oonneetod to a knob 4.
forming one side of the spark-gap, while the

other knob 18 connected to ground. When
using a dynamo or other source of alternat-
ing current, one terminal of the generator is j
connected +0 the conductor and the oppomte

terminal to ground.
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It is profo1 red that  the electromagnetic
waves travel along or near the surface of the

earth and that tho generation of the waves
should oceur closely adjacent to the surface

of the earth, thereby. increasing their effi
ciency. To thls end the conduotor 12, whloh
may be a wire, as shown, or may be in the

form of a cylinder, as shown in Kig. 1, or a

plate or sheet, as shown in Kigs. 5 and 6, 1S
arranged horlzontally, or aopmmm&telv S0,
as shown in Fig. 3; but this construction

forms no part of tho subject-matter herein..
One of the sparking-knobs is connected to

the conduetor 1%, preferably at a point mid-
way of its length, asshown. Self-inductance
coils 5 may bo mtolposod between the con-
ductor and knob to change the natural oscil-
lation period of the sybtom T'he other spark-
ing-knob is connected to a cone 6, formed of
meta,l or other conducting matemal and ar-
ranged below the eonduotol This cone may
be arranﬂ‘od on a table or other support and
eonneetod to ground and may rest directly
on the ground In order to increase the ef-

ficieney of the conductor as regards the dis-

tance of travel of the waves, a medium 2—

such, for example, as that heretofore de--

scribed—isinterposed between the conductor
and cone.

efficient.

This medium may be made an-
nular and extend entirely around the cone or:
may extend only partially around the cone.
on that side where the waves should be most.
The waves as they pass through

3

olectroma,ﬂ'nomo waves of different peuod1c1- -

ties from the same conductor as the periodic-

ity of a wave is dependent upon the permea-

bility and specificinduetive capacity, or both,
of the medium in which it is generated. As,

for example, if the medium 2 be arranged in
such relation to the conductor that the waves
from a portion of the surface of the conduec-
tor pass through the medium, while the waves
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from other portions of the surface are gen- -
erated and pass directly through the air, the

two sets of waves will have different perio-

dicities. Insuch cases the portion of the con-
ductor outside of the medium is so construct-

3a

ed—u. ., increased in heightor capacity—that.

the waves generated therefrom will have the
same, or approximately the same, effective

travel as the waves passmrr through the me-

digm.

eff

‘mediate of its ends.

The 0'61]61&131011 of waves of different peri-
odlemes from the same conducfor may be
fected by changing the capacity of the con-
ductor at any dosu-ed point or points inter-
T'his may be effected by

90-

enlarging the conductor at the desired por- ;_
tion. or portmns as by a swell integral with

the walls of the.conduector or by a band or
‘bands 7.of oonduetmw material surrounding

the conductor and in motalhc contact thoro—
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with. 'Thislatter construction affords means

for a,dJ usting the capacity by addmg Or_ re-

‘moving bands or changing the position there-

of alonn* the conduector.

would: ﬂ'onorate two or more series of waves

Such a conductor -

100

of dlfferent periodicities, the periodicity of

one series of waves being dependent upon the
length ‘and configuration of the conduetor

and the. pGI'I()lelW or porlodloltles of the

‘other series upon the bands or enlargements.

thereby avoiding the expense involved in the
erection and ma,mtona,noo of high masts.

This form of conductor thus onables me to
obtain long waves from a short conductor,

It

:has, however, another propolty, in that not
;-_only is the wave length the same as that from
‘a long wire, but also the amount of energy

. potontla,l asfrom ahigh wire. Inotherwords,
‘it is characteristic of this improvement that

the medium impinge on the surface of tho

cone and are deflected down onto and alon g.

the surface of the earth.

all the functions or desirable results incident
to the employment of a long high conductor
.| ean be attained by a relatlvely short low con--
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radiated is the same for a given difference of

115

As shown in Fig. 4, a second conduetm in- | ductor and with the additional and many ad-

stead of an “olecm ical image,” as it mwht | vantages peculiar to this conductor—e. g., it

be termed; can be employed. In such case

two S1m11a1 conductors 1 are eonnootod to op-

posite poles of the generating a,ppa,ra,tus and
when an 1nduetlon apparatus. is used the |
spark-gap is formed between the.conductors,

the knobs 4 being connected to adjacent onds.
It is preferred that thoﬂ'.

of the conductors

conductors be surrounded. either entlrely or
partially, as her otofmo doscmbed by a me-'
dium 2. S

The employment of a- modlum in tho man-
ner described permits of the generation of

|
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‘assists me in obtaining a construction which

forms one of the objects of the invention em-
bodied in application Serial No. 62 301, filed

Ma,y 29, 1901.
The rooowmfr-otatlons ma,y ha,vo a conduc-

125

tor similar to that described, or plain condue-

tors tuned to receive the sevora,l series of
| waves may be omployod at the receiving- sta-

tion,

It has been suggosted in wir oloss—toloﬂ"r&phy'

work to employ apparatus in which the spark-

130

ing terminals have beon immersed in aliquid




insulator of greater speelf ¢ inductive ca-

pacity than air; but this was done for the
purpose of obtammg a more abrupt spark,

“and not forthe purpose of obtaining a greater

I0

length of wave fromagiven conductor More-
over, as employed, while it would serve the
purpose for which it was intended—. e., bet-
ter insulation of the terminals and more ab-

rupt spark—it would not when used as de-

scribed produce the effeet aimed. at in the

_present application.
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I claim herein as my 1nvent_10n-——-'
1. A conductor for radiating electromag-

‘netic waves, in combination with a medium

having an electrical constant on which the
wave length depends of a value greater than
that of air arranged in smtable relatmn to
the conductor.

2. A conductor for radla,tmn' electromag-
netic waves havingin comblnatlon theremth
a medinum havmcr an electrical constant on
which the wave 1ength depends of a value
oreater than that of air,arranged around the
conductor substanmally as set forth.

3. A couduetor for radiating electromag-

consisting of lamina of insulated magnetic

material arranged in suitable Operative rela- |

tion to the conductor, Substanblally as 3613
forth. |

-4, A conductor for radlablng electromag-
‘netic waves in combination with a medium
consisting of lamina or wire of magnetic ma-
terial and a material of higher specific in-

ductive capacity than that of air, filling the

spaces between the lamina of eonductmﬂ' ma-
terial, substantially as set forth.

5. A conductor for radiating electromag-
netic waves in combination with a medium
having an electrical constant on which the
wave length depends of a value greater than
that of air and means for causing an incre-
mental effectivenessin a given direction, sub-
stantially as set forth.

6. A conductor for radiating elecbroman'-
netic waves in combination w1t11 a medmm
having an.electrical constant on which the

“wave length depends of a value greater than
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that of air and a reflector whereby the waves
oenerated by the conductor may be concen-
tra,ted and projected in a ﬂ'wen direction, sub-
stantially as set forth.

7. A conductor for radlabmﬂ' elecbromaﬂ'-
netic wavesin combination Wlth means where-
by a different periodicity is imparted to the
waves generated from different portions of the
conductor,and a medium having an electrical
constant on which the wave length depends
of a value greater than that of air arranged

in suitabler elatwn to the conductor, substan- |

tially as set forth.
S. A conductor for radla,bmﬂ' electwmag-

neticwavesin combination Wlbh a plece of con-

ducting material arranged on the conductor,

on which the wave leno'th depends of avalue
oreater than'that of air arranged in suitable
relatlon to the conduetor substantm,lly as set
forth.
{ 9. A conductor for wireless telegraphy in
combination with a movable piece of conduct-
ing material arranged on the conductor, sub-
stantially as set forth |

10. A conductor for radiating electromag-
netic waves, surrounded by a medium in
which the wave length of electromagnetic ra-
diation is less than the wave length of the
same radiation 1n air, substantlally as set
forth. -

11. A conductor for radiating electromag-
netic waves, in combination with a movable
| piece of conducting material so arranged and
| proportioned that the system will simultane-
ously radiate waves of different periodicities
of approximately the same energy, substan-
tially as set forth.

- 12. A conductor for radiating electromaﬂ'-
netic waves, having a subqta,ntlally uniform
capacity over a large portion of its length and
a piece of conducting material connected to
| such portion, whereby waves of different pe-

riodicities but of approximately the same en-

ergy may be radiated, substantially as set
forth.

| 13. The combmatlon of a vertically - ar-

ranged-conductor for wireless telegraphy and

I a medlum substantially as described arranged

| in operative relation to the conduetor, sub-
| stantially as set forth. |

14. -The combination of a conductor for ra-

dlatlnn' electromagnetic waves connected to
g

ground and a medium having an electrical

constant on which the wave length depends

| of a value greater than that of air arranged
in operatlve relation to the conductor sub-—
stantially as set forth.

15. A grounded conductor for ra,dla,t1ng
electromagnetic waves in combination with &
medium having an electrical constant on
which the wave length depends, of a value
greater than that of air, arranged in suitable
relatmn to the conductor.

16. A grounded conductor for ereless te-
legraphy, having in combination therewith a
medium having an electrical constant on
' which the wave length depends, of a value
oreater than that of air, arranged around the
conductor, substantially as set forth.

17,
legraphy, having in combination therewith a
medium consisting of lamina - of insulated
magnetic material arranged in suitable opera-
_twe relation to the eonducbor substantially
as set forth. -

18. A grounded conductor for wireless te-
_leﬂ*raphy, in combination with means where-
by a different periodicity is imparted to the
waves generated from different portions of the

conductor, and a medium having electrical

A grounded conductor for wireless te-
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- of a value greater than that of alr, auanfred' ]

1n suitable relation to the eonductm Substan—
tially as set forth.

- . 19. A grounded conductm for w1reles& te-
5 1eo*ra,phy,1n combination with a movable piece

of conducting material arranged on the con-

ductor, substantmlly as set forth
20. A combination of a vertically-arranged

erounded conductor for radla,tmn' electromaﬂ'- _

netic waves, and a medium substantially as 1o
described "arranged in operative relation to

1 the conduetor, substantially as set forth.

In tesmmony whereof 1 hfwe hereunto set
my hand.

REGINALD A FLSSENDEN
Witnesses: |

W. B. FEARIT\TG

S. C. GRAY. -
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