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4 Claims.

An object of my inven'tioii is to provide a. new

and improved system for generating and radiat-
“Another object is
to accomplish the radiation of such waves with.

ing electromagnetic waves..

substantial energy. My invention may be prac-

ticed advantageously for the effective generation

and radiation of waves of comparatwely short
length.
providing an effective radlatmg oscillator of a
length considerably greater than a half wave

leneth. This oscillator may comprise adjacent
oscillators lapping past each other and each
shorter than the overall length of the composite
The foregoing statement of objects
and advantages of my invention has been made

oscillator.

with reference to radiation or transmission of

. enerey, but it is well known that in general any

mal
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good radiator of energy is an equally good ab-
sorber of energy. Any system will have the same
absorption spectrum as its radiation spectrum.

Accordingly, it will be understood that structures-

to operate as composite radiators embodying my
present invention will be readily apphcable to
cperate as receivers. For convenience I shall

make the following description prmmpally for
All the foregoing and other features,

objects and advantages of my invention will be-

radiators.

come apparent in connection with the follow-
ing disclosure of a few exampiles of practice ac-

cording to the invention which I have chosen for .

presentation in this specification. It will be un-
derstood that the following description relates
principally to these particular embodiments of
the invention, and that the scope of the inven-
tion will be indicated in the appended claims.
Referring to the dr&wmgs Figure 1 is a dlEL-
ocrammatic elevation of an ‘oscillator and assom-
ated circuits adapted for the practlce of my in-
vention; Fig., 2 is a diagrammatic elevation of
a single component tuned oscillator; Fig, 3 is g
set of diagrams showing wave shapes for currents

and electromotive forces in simple oscillators of

various lengths compared to the wave length for
which they are tuned alike; Fig. 4 Is an en-

larced diagrammatic elevation of a section of
ihe oscillator of Fig. 1 showing conduction and

displacement currents; Figs. 5 and & are dia-~

erams showing desirable wave shapes for cur-

rent and electromotive: force in an oscﬂlator

Fig. 7 is a diagram showing current wave shapes -
in a component oscillator whose length iIs one

wave length: Big, 8 is & corresponchng diagram
for electromotive forces:; Pig. 9 is a diagram
showing current wave shape in a component 0s-
cillator whose length is two wave lengths, Fig.

In one aspect this invention involves

(CL 250—33)

10 is a correspondlng dlagram for electromotwen-..

forces: in Fig. 11 the diggram of Fig. 7 has been

extended. to several adjacent and consecutive

component oscillators; in Fig. 12 the diagram of
Fig. 8 has been similarly extended; Fig. 13 is &

diagrammatic axial or longitudinal section of
an oscillator built accord,mg to the principle of
my invention; Fig. 14 is a diagram 111ustra,t1ng_.. o

- how the various component oscillators may be
marked off from each other by impedance con-

nections instead of by physical discontinuities;

Fig. 15 is a diagram in which the representation
is changed. somewhat from that of Fig. 1; Figs.
16 and 17 are diagrams showing radiated wave |
shapes corresponding respectlvely to parts o)y
‘and (1) of Fig. 3; Fig. 18 is a diagram. showing
the power from the central part of a well-known

15

type of oscillator as a. function of its Iength and
Flg 19 is a similar diagram with comparison of -

radiator made according to my invention.
An embodiment of my invention is shown dia-

grammadtically in Fig. 1.

lator 2f in one row or the oscillator 22 in the

“other row. Each such oscillator con51sts of a
length of stra,lght conductor with a coil 23 in-

terposed at its middle, and each oscillator in one

~_row laps half-way past each of two consecutive
oscillators of the other row. At the ends, top
‘and bottom, the half-length conductors 21’ and
The dis-

tance between these two capacity area,s is con-

22’ are terminated by capacity areas.

20

Side by side are two
rows of component oscillators, such as the oscil-

o -_

30

siderably greater than the half wave length in

free space to Wthh each component oscllla,tor:

is tuned. o
The principles 1nv01ved in the compos:.te oS-

cillator of Fig. 1 and the mode of its operation

will be developed in the discussion whlch follows |
in connection with Figs. 2 to 12. |

A single simple oscillator is shdwn m Flg 2,

40
g straight length of conductor wire with a2 tuning’ -

coil interposed at its middle and an associated |

| mductwely related circuit 24 by which alternat--

ing current energy may be fed into the oscillator.
Assuming that various lengths are given to the

oscillator of Fig. 2 but that in each case the tun-

ing coil is adjusted so that the wave length in

free space will be the same, diagrams are shown
in Pig. 3 for the current wave shapes and the |

50

electromotwe force wave shapes.

45

In each of these dlagrams the contmuous line

values, and the dotted line shows the electromo-
tlve force wave shape of mammum values.
of course, the maxima of one. c.urve do not oceur

curve shows the current wave shape of maximum

But,
08
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at the same instant of time as for the other
curve, but are 90° apart in phase. 'The current
is at or near zero when the electromotive forces
are at or near their maximum. The dotted lines
may also be regarded as representing conditions
of static charge when the current is at or near
zero, as well as representing electromotive forces.

The third part of the diagram of Fig. 3, for
an oscillator of length equal to a half wave length

in free space, shows a simple readily understood

current wave form and electromotive force wave

form. Making the oscillator a little longer, as.

in the fourth part of the diagram, that is, five-
eighths of a wave length instead of one-half of
a wave length, it is necessary to interpose a sub-

stantial amount of tuning coil inductance at the
middle point to preserve the same wave length

in free space. There will be a sharp potential
drop across this inductance coil which is repre-
sented by the part of the dotted line extending
at a right angle to the length of the oscillator.

- Starting with the tuned linear oscillator of the

first part of Fig. 3, whose effective length is a
quarter wave length, and increasing this length
by one-eighth wave length at each step, but keep-
ing the wave length in space the same by means
of the adjustable tuning coil at the middle of
the oscillator, we proceed from left to- right
through all the parts of Fig. 3, and at the extreme
right we have the case of an oscillator whose
length is full two wave lengths. In a,ll these parts
of Fig. 3 we assume the same maximum terminal
difference of potential, that is, the ordinates at
the ends of the dotted line curves, for example
at 25, are all equal in absolute magnitude.

From the first part of Fig. 3 at a quarter wave
length to the third part at one-half wave length,
the intensity of the radiation in the equatorial
plane of the oscillator will increase very rapidly.
Going on, the intensity decreases until it becomes
practically nil in the seventh part of the figure.
Going on, it waxes and wanes as before. There
is & maximum at each length of the oscillator that
is an odd multiple of a half wave length and a
null value at each length that is equa,l {0 an even
number of half wave lengths.

Certain considerations leading to the present
invention will now be mentloned mth reference
to Figs. 16 to 16.

The maximum possible rsdlstlve power per
unit of length of a straight conductor is given by
the expression 40x2li2/\2 watts, in which 7 is the
length of the conductor, )\ is the wave length of
the radiation in free space, and ¢ is the current

-amplitude throughout the conductor expressed

in amperes. We see therefore that for a given
current amplitude and wave length, this maxi-
mum possible radiative power per unit of length
of the conductor is proportlona,l to the length of
the conductor. But the condition of the fore-
going expresslon is only true, and the maximum
possible radiative power of a given linear osecil-
lator is therefore only attainable when the am-
plitude ¢ of the current is censtant throughout
the length of the conductor.

Furtnermore an ordinary Iinear conducior ex-
ecuting oscllle,tlens whose wave length A is small
compared to twice the length of the linear con-
ductor, has a current amplitude distribution
which is far from uniform throughout the length
of the conductor. Under these circumstances the
current amplitude is distributed along the con-
ductor in loops with intervening nodes as illus-
trated by the full line curves of (1) to (15), Fig, 3
of the drawings. | -
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Again, the radiation from each ventral segment
of current amplitude in such a relatively long
linear oscillator throws off a separate train - of
waves which pursues its own individual course
different from that radiated from any other

ventral segment of current amplitude in the os~

cillator.

This is illustrated by Figs. 16 and 17.

The arrows indicate the direction of motion of

the different trains of radiation from the severa.l_
- ventral segment of current araplitude.

It is to be noted that in Fig. 17, where I=X,
there i1s no radiation in the equatorial plane of

the oscillator ab, while in I'ig. 16, where

=

10

the radiation in the equatorial plane of the os-

cillator ab is due solely to the centra,l ventral
segment of current amplitude.
Ordinarily the radiation, other than tha,t in

the equatemal plane 1s Worse - thsn useless as

as well as mterfermg with the dlrectwe char-
acteristics of dlrectlve reeewers and radm com-
passes.

_la,yer and causes mterference Wlth the dlrect rays? '

From sll thls We see that other thmgs belng' |

equal, the maximum possible useful power of ra-

diation per unit of length of a linear oscillator,
without capacity  areas snd tuned by a coil at

its centre to the period of the waves, is attained
when =%\ (or more exactly I=0. 476}0 under

which circumstances the tuning mdueta,nce is
zero and the current amplitude dlstrlbutmn is

that illustrated in Fig. 3, part (3).

The component of . this current amphtude
which is constant threughout the Iength of the
conductor 1S |

lﬁ_llh::_

times.the maximum amplltude i, SO tha,t the fore-
going espressmn in watts becomes

1 60]12/2\2_7; 76 212/)\_'

Wa.tts . - =
For a given msmmum current a,mphtude 7 and
wave length A, any increase or decresse of the
Iength ! of the oscﬂlator from |

. rrr———

(approxzmate) dlmlmshes the pewer ra,dlated
per unit length of the escﬂla,tor from the central
part of the oscillator (Wh.lch is all the radiation
that is cemmonly useful in practice). When the
length of the oscillator is I=\ (or more exactly
0.97 Gh) the power radiated from the central part

of the 030111&1301' per umt of length of the oscil-

Iator is zero. 'This is case (7) of Fig. 3 and the
case of Fig. 17. | |
When -

. _3 :
I-—- 2}x.
(or more exactly 1.476\) the power radla.ted from
the central part of the 0se111ater per umt of
length of the oscillator is. again a maximum,
which however is shghtly sma,uer than one- third
that resehed when |

This power rad_la,ted from the central part ef

34)
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the oscillator per unit of length of the osclllator
reaches subsidiary maxnna for -

(approximately), When P is any odd mteger and,

reaches zero minimum for
.

2

when g is any even integer. | .
The fluctuations of the radiation from the cen-

tral part of the oscillator per unit of length of
the oscillator, and for given i and A, as I is in-

creased from zero to 4\ is illustrated in Fig. 18.

- Tn view of the foregoing condition in respect
of the radiative power of linear oscillators, 1

have undertaken the task to devise means where-

by the radiative power per unit of length of
linear oscillators for given maximum current

amplitude and wave length may be made to in-
crease continuously with increase of the length
of the oscillator, even when the length of such
oscillator exceeds the cr1t1ca1 value L

(more exactly 0 476?»)

If this radiative power is to be made propor-'

tional to the length of the oscillator as illus-
trated in the right line (1) of Fig. 19, it is clear-

1y necessary to cause the effective current ampli-
tude, for points in space outside the oscillator
system, to be constant throughout the length

of the oscillator.
It is not possible to make the total current

amplitude in this oscillator constant throughout

the oscillator for this would involve infinite phase

speed. So I employ 2 compound oscillator in

which the oscillations of the individual parts or
component oscillators consist of nodes and loops

but in which, so far as the field of force ex-
ternal to the compound or resultant oscillator is -
concerned, the effective current amplitude in the

compound oscillator W111 be censtent throughout

its length.
The curve (2) of Fig. 19 represents the pewer

radiated per unit length of conductor from the

central portion of an ordinary linear oscillator,
and is the same as the curve of Fig. 18 but to

o, smaller scale of ordinates and a longer-scale
of abscissas. It is given to illustrate the gain

possible to be effected through the use of- the .

compound oscillator,
The waxing and waning descmbed heretofere

of the radiation in the equatorial plane of the
linear oscillator of Fig. 3 when its length is in-

creased may be identified with the development
of standing waves, the length of each such
standing wave being approximately a half wave
leneth in free space. When these standing waves

have 3 node at the center point of the oscillator

there will be no radiation in its-equatorial plane,

but when they have a loop at that point the in-

tensity of the radiation is a maximum. At a
considerable distance from the oscillator repre-

sented by part (1) of Fig. 3, assume a certain

plane surface of definite area lying transverse to
the equatorial plane, and transverse to the di-
rection of propagation in that plane. Let the
power or the rate of flow of energy across this
area be unity. Next let the length of the oscil-
lator be increased so that the radiation is a

maximum, that is, so that the length of the

oscillator is a half wave length or three halves

 cillator as a whole.

Then it can readily be shown

3

times & wave length, or any odd mumber of half -
- wave lengths.

tha,t the power or energy. ﬂow threugh tha,t" .

same area will be 6.8 units.

The effective length of a linear oscrlla,ter for'-
‘short wave lengths, that is, its length - for the
purpose of cemparlson with the wave length in
free space, is very nearly the same as the physi--

cal length; the two lengths are connected by the N

equation 7’=I-}-A/41.5, where I’ is the effective

10

length, 1 is the physzcal length and :\ is the wave_ o

length..- - . .
For intensity of radiation it is evident that |

the oscillator of the third part of Fig. 3 is no o SR
15

less adva,nta,geeus than the longer oscillators in
the parts of the figure to the:- right. But if we

could have an oscillator of the same length as
the oseillator in the extreme right-hand part
of this fisure, and have the same electromotive
 forces at its ends (as at 25') with the electro-
- motive force distribution as shown by the dotted -

20

line in Fig. 5, and with the current wave shape =
shown in Fig. 5, then we would get far greater

intensity of - radiation; indeed, the intensity

and eleventh parts of Fig. 3, or somewhat more

‘than 108 when the intensity for the first part

- of Flg 3 is ‘taken as the unit.

were to put capacity areas at the ends of this - -
30

oscillator, as shown in Pig. 6, and have the same

extreme electromotive ferces at the ends (as

-Further, if we

would be sixteen times greater than for the third 25

at 25’7y, then we might he,ve g, current of near-

ly the same magnitude all a,long the length of

the oscillator, as shown by the full Iine curve

51 in Fig. 6, and in this case, if the maximum
amphtude of the current were the same as in

- Fig. b, the intensity of radiation would be abeut

26 times that of the third and eleventh pa,rts

of Fig. 3, or about 170 times the 1nten51ty in the.

ﬁrst part of Fig. 3.

40

The oscillator of Fig. 1 is constructed and de-

'sagned to be operated so that it will attain the

advantages mentioned for Fig. 6. - In other words,

Fig. 1 discloses an oscillator whose total effective

.c.urrent a,mphtude will not be broken up into a

succession of loops of successively opposite sense,

45

each a half wave length long, as in the right- -
hand part of Fig. 3, for example, but will at any

-moment be of at least approximately the same

censtant strength throughout the entire length of

the oscillator, even though this oscillator is sev-~
eral tlmes the length of a, wave length in free

space

- The oscillator of Flg 1 is bmlt up ef equal -'
linear oscillators end io end staggered along two

pa,rallel axes a8 already described in connection
withy that ﬁgure Thus, when -executing free

50

oscillations the two lines of oscillators have the

_oppertumty to form two sets of loops of potential

and current amplitude which neutralize the ef-

fects of each other in the medium directly sur-

rounding the oscillator, leaving only & component

60

" of current whose amplitude is substantially con-

stant throughout the length of the composite os- - '

This creates an external

field of radiation due to the resultant overall po= -
tential amplitude, so that there is a substantially
constant cylmdrmal distribution of electric force

around the axis of the oscﬂlator in 1ts inter-'f | N
o 70

mediate portmn
In Fig. 7 I have shown one eomponent escﬂlator

of the system of Fig. 1, assuming in this case that

each component has a length equal to the wave
length in free space. The continuous line curve
represents the current wave shape in thls SImple

w5




10

N §

ot

component oscillator..
ite oscillator I want a. wave shape such as rep-
resented by the dotted line 26. But in the com-

plete composite oscillator there are two rows of

component oscillators, so I will assume that only

half the desired current represented by the line
26 is to be attributed to the oscillator shown in

Fig. 7. This gives the line 271. This being one
component of the current represented by the full
line curve 28, the other component is readily seen
to be represented by the dotted line curve 29. |
As indicated by the dotted line in Fig. 6 the

electromotive force is expected to gmde_umfcrmly

from one end to the other of the complete com~

posite oscillator. The actual electromotive force
wave shape in a single component oscillator will
be as shown by the full line curve 30.in Fig. 8,
and its. components are. rea.dle seemn te be given
by 31 and. 22.

- The component oscillators of Flg 1 may have--

other lengths than a wave length in free space,
as was assumed in connection with Figs. 7 and 8.
Figs. 9 and 10 are corresponding diagrams for the
case in which each component oscillator has. &
length equal to two wave lengths in free space.

Whereas Pig. 7 deals with a single component
oscillator, Fig. 11 shows a plurality of such oscil-
lators in a short section of length of the complete
oscillator of Fig. 1. For the sake of clearness,
the oscillators have been thrown out.of alignment,
as indicated by the horizontal dotted: lines. each
with an arrow head showing the direction of
displacement. With the explanation that has
been given heretofore, the significance-of Flg 11
will be apparent at once.

Similarly, Fig. 12 shows the electrcmctwe forces
for several associated oscillators as compared with
Fig. 8, which is for a smgle component csclllatcr
alone.

In Fig. 11 the total current in-the complete com-
posite oscillator is represented in two parts, half
in the line 33 and half in lines 34 and 39, and. in
Fig. 12- the electromotive force is represented by
lines of equal slope as at 42 and 43.

Referring to Fig, 11, consider the,t pa.rt of the
complete oscillator lying between the points a2
and bi1. It will be seen that the a,lterna,tmg com-
ponents represented by the dotted curves 37T and
38 tend to neutralize each other forpoints outside
the immediate vicinity of the two-conductors. with-
in this stretch, and the same is true for- the al-
ternating components of the current amphtudes
of the corresponding parts of all Juxtapcsed com-
ponent oscillators. But the straight line com-
ponents 33 and 39 add to give a stralght line
resultant corresponding to the strmght line 51 of

Fig. 6. Also, in Fig. 12 we see that the com-

ponents represented by the curves 40. and 41
neutralize and the components represented by. 42
and 43 coincide to give us the cverell dlstrzbutlcn
of- electromotive force.

The two simple oscillators 24 and 22 cf Fig. 1
are represented by the like reference numerals in

Fig. 4. Here the dotted lines represent lmes of

current flow. Within each unit oscillator 2.1: or
22 the current flow is conductive, as. for exemple
at 20. But in the air gap between. the members
214 end 22 the current is a “d1spla,cement current”,
as represented at {8 in Fig. 4. Thus, although
the conduction current in any one.oscillator unit
such as 21 or 22 is an oscillatory -current entirely

within that unit, the combined conduction cur-

rents and: displacement currents of the complete

oscillator as a. whole give a uniform current along
the-length of the complete oscillator as.a-whole,

In the complete compos-

2,026,712

though: . ef course th.ls current varies cychcally in
time,

each other in the manner indicated in Fig. 1, they

may be built as shown in Fig. 13, where the lower |
part of each simple oscillator is a cylinder 44
closed above and open helow, and the upper part
is an axial rod 45 extending into the open cylin-
drical part of the next ccneecutlve cscﬂlator.

above.

Instead of Iappmg the eumple osclllatcrs past "

-t

- 10
- Instead of sepa,re,tmg the oscillators end tc end |
by air gaps, they may be eﬁectwely separated by

interposed impedances, such as the coils 46 in-

Fig. 14. In this figure the unit oseillators are the

parts extending frcm ccﬂ tc cc:l as fcr exe,mple:

from 46 to 41.

There is- no partlcular need tc have the hnea.r |

oscﬂle,tcrs Jie in two parallel rows, as. in Flgs 1
and. 14. In Fig. 13 they lie along a single row, and

the arrangement of Pig. I may be looked upon as ¢

diagrammastic and equivalent to.the arrangement

shown in Fig. 15. The more essential feature is
that.in a linear sequence of linear oscillators each
extending lengthwise along the general direction
of the sequence as a whole, each oscillator laps
a substantial distance, ‘preferably half-way, past
the two adjacent oscillators in the sequence.

The elementary theory of the. Steady state of
the. forced current and pctentlal oscillations in

a. compound- linear conductor of the type that
has been disclosed in Figs. 1, 13, 14 and: 15, may

be made to rest on the fcllcwmg assumptmns |
for the sake of simplicity. It may -be assumed
that the dlsszlpa,twe resmta,nce of each component

oscillator is concentrated at the middle point of

1ts length, that the component oscillators are all

Wi
W |

equal, that the . oscillations are maintained by

equal impressed electromotive forces at the mid-
dle point of each oscillator, and that the radia-
tion resistance of the complete compound oscil-
lator may be assigned in equal portiens to the

- varicus component oscillators and form part of

the dissipative resistance that is assumed to- be

- lumped at the mlddle pclnts of the- ccmpcnent

oscillators.

Cn the fcregcmg aseumptmns which a.re ebvi-
ously valid for the sake of simplifying the math—
ematics, the mathematical theory of the distri-
bution of currents and electromotive fcrces can
be worked out and the- results. afford a check on

the theory and may be relied upon to some X~

tent for guidance in. ccnstructmg and. cperatmg
the system such as: shown in Fig. 1., -
The complete compound osclllatcl acts 111 one
aspect like a balanced metallic. mrcult end._ in
another aspect like- g single conductor. In the
first aspect of a balanced metallic- circuit, the
current and potential amplitudes in this circuit
are indicated by the dotted curves such as 37
and: 38;in Fig. 11 and_ 49- and 41 in Fig. 12, . In
the other aspect of
rent. amplitude is. mdlca.ted by adding the ordi-
nates.of the dotted:-lines 33:and 39 in Fig. 11; and

the potential: amplitude is given by a line hevmg |

double the steepness of the- III’IES 42 and 43 in
BFig. 12.

- The- qﬁantlty of energy that can be radlated_

. single conductor, the cur-

40

o

55

60

60

at a certain shcrt wave length from a single

cscllle,tcr alone is small. Though the quantity
of energy might be mcreased by increasing the
size of the oscillator and ma,kmg the wave length
longer, this may not be what is desired. - When
it is desired. fo make. the- oscillator larger and
thereby increase; the: radiated energy but keep

70

a.short wave length then my system as: ﬂlustrated 75
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diagrammatically in Fig. 1 may be employed.

This acts like a long oscillator in respect to quan-~

tity of energy radiated but keeps the short wave

length established in connectlon W1th each com-~

ponent oscillator. |
What is claimed is:

1. In combination, a ser1es of equal hnea,r 0S-

cillators arranged lengthwise and consecutively

along a common line, each oscillator being tuned

to the same comparatively short wave length, each

oscillator lapping half-way past both consecu-

tively adjacent oscilators in series, capacity areas
connected to the end oscillators of the series, re-
spective energy transmitting circuits connected
with the oscillators, and phase adjusters in said

circuits to keep said osci]lators in the same phase.. .
2. A radiator for electromagnetic waves con-

sisting of a series of linear oscillators each lap-
ping substantially half way on the consecutively
adjacent oscillators of the series, each oscillator
having a winding at its middle point, an induc-
tively related energy transmitting winding at each

stich place, respective circuits comprising these'

last mentioned windings, a central device to which

sisting of a series of linear oscillators each lap-

ping substantially half way on the consecutively 5
adjacent oscillators of the series, the end oscil- -
lators of the series have capacity areas, each'os- -
cillator having a winding at its middle point, an "
induetively related energy transmitting winding
at each such place, respective circuits comprising 10

these last mentioned windings, a central device
to which all these circuits are connected, and
phase adJustlng means in these respectwe 011'-
cuits.

4, A rachator for electromagnetlc waves con- 15
sistmg of a series of consecutively overlapping .=
-oscillators, each oscillator having a coil at its

middle point and an inductively related coil
adapted for energy transmission, these 05011-'

lators lying in staggered relation in two rows side 20’
by side, and impedances between the consecu-
~ tively adjacent ends of the oscillators in. ea.ch

Yow to separate them electrically. .
| - JOHN STONE STON‘E

~all these circuits are connected, and phase ad--
Jjusting means in these respective circuits. -
- 3. A radiator for electromagnetic waves con- -
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