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To all whom it may concern: _
Be it kniown that I, Lxr pe Forgst, a citi-

zen' of the United States, and a resident of
New Yorl, in the county ‘of New York and’
‘State-of New York, have invented a new and.

useful Tmprovemeit in High - Frequency
Electrical-Oscillation Generators, of which

~. the following is a specification.
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My ihvention relates to high frequency

electrical oscillation generators and more
particularly’ to generators of undamped or

+practically continuous electrical oscillations

of substantially constant amplitude. Here-
tofore such undamped or practically con-
tinirous electrical oscillations have been de-
veloped by the well known singing-arc or
oscillating-arc circuit which consists of an
oscillation circuit having capacity and in-
ductance and a pair. of separated arc elec-
trodes, all serially connected and provided
with a source of unidirectional electromotive

force conmected to said electrodes through-

" conductors of high ohmic' or inductive re-
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sistance. A cireuit of this type is subject’
to certain défects due to the irregularities in

the burning of the are which produce corre-
spoiding variations in the oscillatipns gen-

-erated therein and svhich sometimes result

in the sudden extinguishment of the arc and
n the stoppage of said oscillations.

The object of the present invention is to .

provide a cireuit for developing undamped

high-frequency electrical oscillations which:

shall not - require- an’ oscillating arc and
which therefore shall be regular and con-
stant in operation. This object may be ac-
complished by substituting for the arc-elec-
tredes of ‘the prior art a properly conduct-
ing heat-resisting medium, such as a con-
ductor of the second class, preferably of
short length, of relatively low resistance,

-and of considerable current carrying capac-

ity. For this purpose a variety of sub-
stances mayv be employed, such as oxids of
the " zivconium  group,—azis

~—zirconia,; glucina,
yttria, thoria, ete., conunonly called the rare
carths, 1 non-conductor such as pipe-clay
or poreelain coated with such oxids, porous
substances” such as fire-clay impregnated
with siell oxids, asbestes or mineral wool
alone or 1mpregnated with one or more of
the rare earths, high resistance graphite, or

hard carbon filaments, such as incandescent’

Iamp filaments. These substances when cold

are either non-conductors or else are of too’

high a resistance to permit of the generation

of high frequency oscillations when ingerted

in-an oscillation cireuit.. For this reason
some means must be provided for heating
the substance and thereby reducing ity re:

sistance. While various heating means may

be employed, I prefer to make usé of the

-source of "electrical ecnergy, preferably a
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source of direct current, whicl - energizes -

‘the oscillation circuit for heating the con-
-ductor of the second class which I substi-

tute for the oscillating arc. '

One important feature of my invention
consists in the fact that my oscillation cir-
cuit is an electrically closed circuit, and in
fact, except for the condenser, is physically

 closed as distinguished from the oscillation
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circuits of the. prior art, which are not closed ~

but are bioken by a gap. between the arc-

‘electrodes. - An oscillation: cireuit compris-

ing -a condenser and an unbroken -circuit

“which may include an inductance connect-

ing the terminals of said condenser possesses

many advantages .over the oscillation cir- -

cuits in use today, in that thereby a wpiuch
greater constancy and continnity of eopera-
tion is secured.

- The drawings which accompany and form’

a part of the present specification illustrate
in diagram the application to-a space tele-
phone system of several arrangements of
apparatus and circuits whereby my inven-
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tioh has been realized in practice; but it is

to be understood that I have shown.in said
drawings only a few of the numerous em-
bodiments of my invention for the purpose
of explaining the principle thereof and that

“various modifications may be made both.in
‘the apparatus and in. the eircuit arrange-

ments without departing from- said prin-
ciple. : '

In the drawings Ifigure 1 represents a

space telephone svstem energized by one

«form of the oscillation ecireuit which con-

stitutes the subject matter of the present ap-
plication. Fig. 2 shows a modification of
the oscillation circuit having a non-conduc-
tor coated with a conductor of the second
class. Fig. 3 shows a further modification
in which the oscillation circuit is provided
with means for forcing a suitable gas or
vapor through a body of porous material
coated or impregnated with a conductor of
the second class. Figs: 4 and 5 represent
other modifications in which short lengths
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of hard carbon filaments are émployedias a |
_substitute for the oscillating arc.’ ~ -
-*" In the figures, V'is an elevated transmit-
ting conductor.” - e e
8. M is an oscillation transformer, of which
the primary and secondary respectively are
shownI, and I,. = y
.-K is a mi¢rophone transmitter.
E is an -earth connection.
.C.is\a condenser. -~ - - -
* @ 1s & generator, preferably of direct cur-"
rent.. : A L
L, L are inductive resistances.
- R:is a 'non-inductive resistance. .
15- " In Fig. 1+ A and B are fixed terminals 6f.
~ " copper, carbon or other suitable material,
and D is a finger; which may be of coppet,
secured to the collar B’ which may be moved
over the terminal B.by means of the insulat-
20 ing handle N. Frepresents a lump of one
‘of the rare earths, preferably thorium oxid
or-thoria, or asﬁestpa or 'nr’ﬁneral wool which
. ‘may be imprégnated with one of the rare
s o
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earths, - H'fepresents conventionally a casing-
25 inclosirig the substance F' so that the same
. ‘may be surrounded with an atmosphere of
hydrogen or a gas containing hydrogen.
~_The operation is as follows: The  finger-
D is brought in contact with the terminal.
30 A and slightly withdrawn so as to create an
- electric aré, When this arc.is pmaintained
In.a suitable atmosphere, the cjréuit C D’ D

A I, gives rise to practically continuous or
undamped electrical oscillations. The sub-

.85 stance F soon becomes heatéd to incandes-

- ‘cence and thereby becomes highly conduect-
ing. The result is that the current in the-
oscillation circuit is shunted from the elec-
trodes D and A and passes through the sub-
stance F' which is maintained in good con-

“tact’with the terminals A and B. The arc
.~ isnow extinguished and the circuit continues
~ _to develop high frequency electrical oscilla-

tions which are practically continuweus .or
45_undamped and which are much more regu-
lar in frequency and constant in amplitude
than those developed by the oscillating arc
circuit, These oscillations, béing of very
- high frequency, pass almost entirely over
- 50 the surface of the substance F on account
. of the well known phenomenon known as
- the skin-effect. It is preferable that the sub-
- stance I shown in Fig. 1 and the various

‘modifieations thereof shown in Figs. 2 to

5, inclusive, be so designed as to have a re-
~sistance varying between. the limits 30 to
50 ohms and to hsve a current carrying ca-
pacity of from two to five amperes. .

In Fig. 2, IV" represents a tube or rod of
pipe clay or porcelain or other suitable heat-
resisting non-conductor coated with one of.
the hereinbefore mentioned conductors of
the second class. The member F is secured
to the fixed terminal A’ of the oscillation
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circuit. which terminal may be copper. The |

‘.»,~9.7.'9".27'Z‘.’

finger J is hinged at j to'the movable ter-
minal J which is secured to the.guide J”
-and is adapted:to be moved therethroigh by
the insulating handle N. R

The operation is as follows: The finger J’

tween A’ and J’.. The circuit C J*. A’ 1,
gives rise to undamped high frequency elec-

trical oscillations; and as soon as the con-
.| ductor of the second class becomes heated
I-and its resistance is sufficiently reduced, the

arc is, extinguished automatically and the
osciliations pass along the surface of the
‘member F’. . '

70
is moved. along the member’ F” until it con- -
| tacts the terminal A’ and is_then slightly -

-/ withdrawn se as to start an electric arc be-
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In Fig. 3 the member F*’ is shown as a -

tube of porous material such as fire clay

coated or impregnated with -a conductor of -
‘85
1 A7 provided with an ‘inlet K’ through -

the second class and secured t¢ a reservoir

which a suitable gas may be forced wnder

high pressure.” This gas will escape throvigh

the pores.of the member F*/ and thus sar-
-round the arc which is created between J’
and A’’ +with the atmosphers required: for

90 .

the production of oscillations in the oscilia- o

tion circiit. After the arc has been ex-

tingnished and the oscillations take place
95

‘over the surface of the member F’’ in the

manner above outlined in connection with'

the member F’ of IMig. 2, this gas serves to -
surround the highly heated surface of the- .~

member F*’ and thereby assists in maintain-
ing the oscillations. By employing the ai-
rangement showin in Fig. 3 the :c‘!as.nl\‘ag
shown in Figs, 1 and 2 may b@\ehrﬁm ted.
The reserveir A"’ iay.be filled with ‘water,
in which case the heating of the member ¥’/
soon vaporizes the water and causes steam
~to ‘pass through the porous body I ’’, there-
by serving to maintain the oscillations in
the oscillation circuit, as' more filly ex-
plained by me in my Letters Patent No.
850917, dated Apr. 23, 1907. - . *
In Figs. 2 and 3 the members shiown at
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F’ and F’’ may consist of graphite which -
when heated by the arc has a sufficient sur-

face conductivity to permit of the creation
of high frequency oscillations in’ the oscilla-
tion cirenit and-which has a sufficiently high

i15

interpdl’ resistance to prevent the shunting

of the current from the
its interior porticns. S o

In Fig. 4 P represents a short length of
hard carbon filament such as an orginary
incandescent lamp filament, and. as showi, a

.number  of such filaments may be inclosed

within the evacuated tube O”and connected
with the condenser C and inductance I, by
the Jeading in wires P’. As shown in Fig.
5, a plurality of evacuated tubes O’ each
containing one filament P may be employed
in place of the multiple filament arrange-
mént shown in Fig. 4. : -

generator, G through-,
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“and substantially constant
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The operation of the arrangements shown
i Iigs. 4 and 5 is as follows: The filaments
P arve heated to incandescence by the -cur-
rent from the generator G, whereupon if
said filaments are of sufliciently short Tength
and adequate curtent carrying capacity, the
crenit C P I, will give rise to practieally
continuous or undampened high frequency
electrical oscillations of uniform frequency
aniplitude.

The well known rules for constructing
singing ave ov oscillation are cireuits shonld
be followed in the construction of the oscil-
lation cirenit deseribed herein. The oenera-
tor G is preferably a divect current genera-
tor capable of developing 220 volts, the im-
pedances T.. L are sufficiently high to resist

sudden changes of current and the capacity

C and inductance I, should be o designed
with respect to the resistance of {he oscilla-
tion circuit that the latter will he Lighty
oscillatory. '

The function of the transmitter K con-
nected in the antenna at a point having
practically zero potential with respect 1o
earth is to vary the oscillations developed by
the oscillation circuit in said antenna in ac-
cordance with the vibrations of the air ac.
companying artigulate speech, as more fully
explained by me in connection with Fig. 1
of my Letiers Patent No. 836,015 dated No-
vember 13, 19006, '

It will of course e understood -that the

oscillation civenit hereinafter claimed is not-
* lmited in its application to wireless teleph-

ony or to wireless telegraphy, but may be
employed wherever it is desired to create
undamped high frequency electrical oscilla-
tions of great uniformity and regularity.

T claim: ’ »

1. The combination with a source of clec-
fric
tion cirenit comprising a capacity, an indue-
tance and a non-conductor eonted with a

- eonductor of the second class, said coated

non-conductor being associated with a ¢ir-
cuit bridged across the terminals of the en-
ergy source and the capacity.

2. The combination with a source of elec-
trieal energy of a high frequency oscillation

cirenit comprising a capacity, an inductance -
and a non-conductor coated with s condue-

tor of the second class, said coated non-con-
ductor being associated with a  cireuit
bridged across the terminals of the energy
source and the capacity and means for heit-
ing the latter. :

3. The combination with a source of elec-
trical energy of a high frequency oscilla-
tion ¢ireuit comprising a capacity, an indue-
tance and a non-donductor coated with an
oxid of the zirconium group. said coated
nan-conductor being associated with a cip-
cult bridged across the terminals of the en-
ergy source and the capacity.

-

I energy of a high - frequency oscilla-,
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1. The combination with a souree of olec-
trieal energy of a high frequency oscillation

Ceirenit comprising a capacity, an inductance

and a non-conductor. coated with an oxid of
the zirconium group, said coated non-con-
ductor being “ascociated  with a  cirenit
bridged across the terminals of the energy
source and the eapacity and means for heat-
ing the latter. : :
2. The combination’ with a source of elec-
trical energy of a high frequency oscillation
elreuit comprising a capacity, an inductance
and a non-conductor coated with an oxid of
thovium, said coated non-conductor being as-
sociated with a cireuit bridged across the
terminals of the energy source and the ea-
pacity. '

6. The combination with a source of elec-
trieal cnergy of a Ligh frequency oscillation
cirenit comprising a capacity, an inductance
and a non-conductor coated with an oxid of
therinm, said coated non-conductor being
assoctuted with a cireuit bridged across the
terminals of the energy source and the ca-
pacity and means for heating the latter.

7. The combination with a source of elec-

trical energy of a high frequency oscillation
cirenit comprising a capacity, an inductance
and a conductor of the second class, and
means. for creating an electric are in juxta-
position to'said conductor,
8 The combination with a sonrce of elec-
trical energy of a high frequeney oscillation
cirenit containing a eapacity, an indunctance,
a- fixed terminal ‘and & movable terminal
forming a bridge across the terminals of
the energy source and the apacity, and a
conductor of the second class in contact with
said terminals. :

9.. The combination with a source of elec-
trical energy of a high frequency oscillation

~eirenit comprising a capacity, an inductance

and two terminals arranged in a ecireuit
bridging the termipals of the energy source
and the capuacity, a conductor of the second
class fuwranged hetween said terminals and
means whereby an electric arc may be cre-
ated between said terminals to heat said
conductor. ‘ ‘ .
10. The combinatien with a source of elec-
trical energy of a high-frequency oscillation
circuit comprising a capacity, an induectance
and a hollow porous non-conductor coated
with a conductor of the second class, said
coated non-conductor being associated with
a cirenit bridging the terminals of the en-
ergy source and the capacity; and means

for forcing a gas containing hydrogen

through said hollow non-conductor.

11. The combination with a source of elec-
trical energy of a high frequency oscillation
cireuit comprising a capacity, an inductance
and_a porous non-conductor coated with a
condiictor of the second class, said coated
non-conductor being associated with a cir-
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‘cuit bridging the terminals of the enérgy
source and, the capacity. - .
" 12. The combination with a source of elec-
trical energy of a high frequency oscillation
cireuit comprising a capacity, an inductance
and a porous- heat-resisting non-conductor
gith a conductor of the second class,
said coated non-conductor being associated
with a cireuit bridging the terminals of the
10 emergy source and the capacity, and means

for surrounding said conductor with an.
atmosphere containing hydrogen. N

- In ‘testimony whereof, I have hereunto
subscribed my name this 27 day of Jan.
1908. - .

- LEE DE FOREST.
. Witnesses:
‘ -Sapre MULLANE
" IsaBEL LiEvisoN.




