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TRIC MEDIUM

George C. Southworth, ' Rldgeﬁood, N. J., a’Ssigﬂor.
to American Telephone and Telegraph Com-
. pany, a corporation-of New York o

Application

~An object ' of my im'rentil'on is to 'provide 8 new

and improved system and method for the trans-

mission of electrical effects from one place 1o
another place at a distance therefrom by means
of electromagnetic waves in & restricted diglectric
medium or guide extending between the two
places. Another object of my invention is to pro-

vide for signsling along such a guide by means

" of such waves.  Other objects are to provide for
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 electric force for a type

05

the generation of high frequency electric cur-

rents in a suitable medium in a Jlocal circuit at
the transmitting end; to provide for the appli-

cation of the energy of such currents to generate
corresponding displacement currents to be trans-
mitted as waves along a guide of dielectric ma-

terial or medium; and to provide for translating
the energy of the displacement currents
receiving end into local circuit currents adapted
to produce corresponding effects in suitable re-
ceiving apparatus. Another object is to tran smit
electrical effects along a dielectric guide within
a sheath of conductive material. E

All these objects and various other objects and

advantages of my invention will become apparent

on consideration of & limited number of examples

which I have chosen for presentation in this speci-

fication. It will be understood that the following

disclosure relates principally to these particular
examples of the invention and certain scientific

principles involved in its practice, and that the

scope of the invention will be indicated in the

appended claims. _' | .
Referring to the drawings, Figure 1 is a diagram

showing a one-way dielectric wave guide with
receiving apparatus; Fig..
- 9 is a transverse section of such a wave guide, -
Figs. 3 and 4 show transverse sections of modified

associated sending and

forms-of wave guides; Fig. o is a curve. diagram
showing attenuation as a function of frequency

for various types of waves and for different sizes

of wave guides; Fig. 5a is a curve diagram show-
ing wave length as a function of frequency for
various types of waves; Figs. 6 and 6ac are dia-
grammatic longitudinal and transverse sections

showing the lines of electric and magnetic force
for a certain type of wave designated Eo; Figs. 7,
7a, 8, 8a, 9 and 9« correspond to Figs. 6 and 6a

but for other types of waves which are designated
Ho for Figs. 7 and 7a, E1
H; for Figs. 9 and 9a; Fig. 9b shows the lines of
H wave of higher order
than Hi; Fig. 10 is a section of a guide at the
sending end with an associated oscillation gen-
erator for sending

at the

accordance with the invention

for Figs. 8 and 8a, and

type Eo¢ waves in the guide;'.

December 9, 1933, Serial No. 701,711
73 Claims. (CL 178—44) -

Figs. 11 and 12 a.re.' reSpéctiVely-, transverse and
longitudinal sections at the sending end of a
guide for transmitting waves of type Ho; Fig. 13

" is a transverse section of a guide at the sending
end like Fig. 11 but with four quadrantal con- .

ductors instead of two semi-circular conductors

‘as in Fig. 11; Fig. 14 is a transyerse section at the

sending end showing electrodes for sending Ei
type waves; Figs. 15 and 16 are, respectively,
transverse and longitudinal sections at the send-
ing end of & guide with apparatus for sending

- type Hi waves; Figs. 17, 18 and 18a are, respec-
tively, longitudinal and two transverse sections

10

of ‘a guide showing apparatus interposed therein .

to convert waves from type E¢ to type Ho; Figs.
19 and 20 to 20e are, respectively, a longitudinal

section and a set of transverse sections of appa-

ratus to be put in or across a guide for the con-
version of type Eo waves to type E1 waves, Figs.

21 and 22 to 22e are, respectively, a longitudinal

section and a set of transverse sections of a guide

18

20

showing apparatus for converting type Eo waves

“into type Hi waves; Fig. 23 is a transverse section

showing apparatus for converting type Hi waves
into type Ho waves; Fig. 24 is a side elevation ol
a guide length for shifting the plane of polariza-

- tion of an asymmetric wave through a certain

angle: Fig. 25 is a diagram showing a guide and
associated transmitting and receiving apparatus

connected at points within the guide at optimum

distances from its ends; Fig. 26 is a diagram

25

30

showing one end of a guide like an end of Fig. 25

but with facility for adjusting the length of the
end portion and with a reflector across the end;

- Pig. 27 shows a guide end and associated oscilla-~

tion generator with means for selectively reen-
forcing the oscillation frequency; Fig. 28 is a dia-
eram. of frequency multiplying apparatus to be
used at the sending end of a guide; Fig. 29 1s 2

diagram showing a Ifrequency doubler at the

sending end of a guide; Fig. 30 is a diagram show-

ing an adjustable shutter for controlling the vol-
ume of transmission through a guide; Fig. 31 is

a, diagram of receiving end apparatus involving
the use of a concave mirror and adapted for re-

_ceiving type H: waves; Fig. 32 is a diagram of

receiving apparatus adapted for Eo waves; Fig. 33

35

40

45

is a diagram of receiving apparatus. employing

both a lens and a mirror for concentration of the
wave energy in the receiver; Fig. 34 1s & longitudi-

" nal section at the receiving end of the guide for

practicing demodulation by the use of non-linear
conductors: Fig. 35 is a transverse section corre-
sponding to Fig. 34; Fig. 36 is a longitudinal sec-
tional diagram of a guide showing an amplifier-

50
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| :1f.épéatef"interposed therein: Fig, 37 is a longitu-~ -

-
"l 1

dinal section showing a reflector elbow interposed

- In a guide; Fig. 37a is a Jongitudinal section show-

10

16

ing an adjustable reflector for sending waves from
a main guide into either of two alternative branch

- guides; Fig. 38 is a section showing an elbow using

refracting prisms; Fig, 39 is a section showing
an elbow with refracting material of varying di-
electric coefficient in its different parts; Fig. 39a
is a section showing how wave conversion may

‘be practiced by the use of reflectors in an elbow:

Fig. 40 is a, diagram of & system for simultaneous
opposite-way transmission using reflectors; Pig.

41 is a diagram of a system for opposite-way

transmission using polarized waves and suitably
adapted reflectors; Fig. 42 is a diagram of a trans-
mitting system sdapted to be adjusted at the

- sending end to discriminate with respect to dif-

20

ferent receivers; Fig. 43 is & diagram of a system
adapted to send on two channels with a receiver

- that can be selectively adjusted to receive on

25

30
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either channel; Figs. 44 and 45 are, respectively,
a longitudinal section and s diagonal section of
& guide adapted to separate the Eo and Ho com-

ponents of a composite wave; Figs. 46 and 47 are,

respectively, longitudinal and diagonal sections

of modified apparatus to effect such a separation:

Figs. 48 and 49 are diagrams to which reference

fraction of dielectric waves at a ‘boundary be-
tween two media of different dielectric coeffi-
clents; Fig. 50 is a curve diagram showing the
magnitudes of transmitted and reflected rays for
the two principal directions of polarity and at

various angles of incidence: this figure also has

& curve A showing the intensity at various angles

40

- be made by reliance on the critical angle of re-

45

of incidence of the reflected ray when the wave is
polarized so that its lines of electric - force" lie
parallel with the plane of incidence; Fig. 91 is
& diagram showing how a. separation of compo-
nents of a wave according to their polarity may

flection; and Fig. 52 is a diagram of 8 modified

arrangement as compared with Fig, 51.

. patent -a.pplication,.
- Serial No. 661,154, filed March 16, 1933, I have

As set forth in my U. S.

determined that under certain conditions elec-
tric

~distance along a dielectric guide consisting of a

of dielectric which may
- be bounded and enclosed

ductive material, and that such waves may be.

laterally bounded body |
by a sheath of con-

the guide.

| aDDllca.tion, of which the present application is

55
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- The generator G may, accordingly, be described
- more specifically as a combined generator and
modulator, and the current in its output circuit

5

in part a continuation, I have indicated how a

dielectric guide may be used for television trans-
mitting and for other purposes. . = =
A system for signaling along a dielectric guide

bo;ically."in this figure as by “boxes,” but in some

cases these may be broken apart into distinct ele- |
ments, or may be consolidated with others. In
- Fig. 1 high frequency electric currents are gener-
ated in the generator G and passed along the
or. pair 31 so that their electromotive
force is applied across the two points 32 and 33.

conductor

Signaling currents of lower frequency are gener-

ated in the signal sending apparatus S and ap-.
-plied through the conductor pair-30 to the gener-

ator G to modulate its high frequency output.

31 is a modulated high frequency current. . :

‘plane. !
~Torce arrive at the receiving end on the right of

~ etric resistance M.,
waves may be transmitted a - considerable

~ desired, the guide may |
‘section with its limiting wave length determined
by the longer dimension, as indicated in Fig. 4.
- The minor diameter of the ellipse or the shorter
side of the rectangle should not be too much

2,129,712

- The g"uide D is a'lont cylindridal t:opper shell

containing a suitable dielectric material which
may be air or practically empty space, the dielec-
tric coefficient in this case being approximately
unity. If a higher coefficient than unity is de-

sired, the shell D may be filled with a suitable
Substance such as camphor of coefficient about
10, or monochloro-benzene of coefficient about
9.4. The two conductors 31 are connected to the
diametrically opposite points 32 and 33 at the
end of this copper shell D. o

At the receiving end on the right, the conduc-
tors 31’ of a receiving circuit are connected to
the diametrically opposite points 32’ and 33’ of
the copper shell D. The two diameters 32-—33
and 32°-—33’ are parallel. This receiving circuit

31’ comprises the unilateral device or asymmetric

resistance M. In shunt to this is a signal indi-
cating device or receiver S’.
The output currents in the conductors 3{ from.
the- generator G must be of high enough fre-
quency so that the corresponding waves will be
transmitted in the dielectric within the guide D,
at the diameter chosen for its enveloping copper
shell. Although there is a conductive connec-
tion through the copper shell between the points
32 and 33 in Pig. 1, the alternations of the cur-

| - rent in the conductor 31 are so rapid that lines
will be made In explaining the reflection and re-

of electric force of substantial intensity extend

‘across directly in the dielectric between points
- adjacent to 32 and points adjacent to 33. These
lines of force are whipped off and radiated, partly

spreading out to the left and partly proceeding

-to the right in the dielectric medium within the

copper shell D, this medium being air (equivalent

lines of electric force of the wave transmitted
along the guide D from left to right lie in a plane
containing the axis of the guide and the two
points 32 and 33 and in planes parallel to that
- The waves consisting of such lines of

Fig. 1, and generate a corresponding electromo-
tive force across the terminals 32’ and 33’ of the
receiving circuit 31’ which comprises the asym-

! | Accordingly, the alternate
half waves of the conduction currents in these
conductors 81’ are shunted and integrated in
their effect in the signal receiving apparatus 8’

- which thereby manifests the signals that corre-

spond to the signals impressed from the appara-

~-tus S at the sending end.

~ The guide D having a circular cross section
of given diameter, there will he 8 certain critical

frequency such that only those waves having
- higher frequencies will be transmitted, If a
guide were to be employed having an elliptical
‘Cross section with its major diameter equal to

that of the guide D, this critical frequency would
be about the same. Therefore, if desired, a guide

area than the-guide D and yet will carry waves

up to as long a wave length. This 1s indicated
| Similarly, if

in a comparison of Pigs, 2 and 3.
be of rectangular cross

reduced, for that would cut down the power

too much. AR | . -
~ The attenuation values at various frequencies
‘and for several different diameters of the guide

1.

2(

3(

35

to empty space) in the case more particularly
‘assumed for the present exposition.. Thus, the

50

55

of elliptical cross section may be employed that |
- Will have less internal volume and legs. superficial

65

70
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~ have been COmputed and I have plotted some of

. the present, attention is directed to the curve

‘marked Hi. This shows the relation of attenua-
tion and frequency -in a five-inch: copper-shell
air-core guide for waves of the type heretofore

‘the two points 32 and |
by the curve Hi, waves having a frequency less
‘than about 1,400 megacycles per second will not-
‘be transmitted in the wave guide D, which, there-
fore, functions as a high-pass fllter in this re-

2,120,712

the results logarithmically in Fig. 5. Different

types 0f waves are represented in this figure, as
will be explained later in this specification. For .

considered, having their lines of electric force in

“and approximately parallel with a single plane

containing the axis of the ‘guide. More particu-

larly. in this case the plane referred to contains
33 in Fig. 1. As indicated ' _
% the planes

~ spect. The same curve Hi in Fig. 5 shows that

be about 10.5 decibels per mile.

for a frequency of 1,750 mc. the attenuation will
. | ~ If the frequency
is 2,000 mc. the attenuation will be about 8.2 adb.
per mile. An overall attenuation from the trans-

. mitting end to the receiving end may properly
 be as much as 40 db. Accordingly, within this

10

L5

air-core pipe 875 feet In

>0

0 .

~ the attenuation would have been decreased to less

limit of attenuation ‘the guide D may be about

"4 miles long for a frequency of 1,750 me., and
about 5 miles long for a frequency of 2,000 mec.

If the distance to which transmission is to be
effected is greater than 4 or 5 miles, one or more

‘repeaters may be interposed in the line. If it
is desired to transmit over a greater distance
between terminals

or between repeater stations,
the diameter of the guide can be increased, or

the frequency increased, or both. For example,

be about 2.7 db. per mile.

there are repeaters. ding 75 by 2.0 Wt
about 28 miles for the length of the streteh.

Tn a demonstration model of this system of

communication I used a guide consisting of an -
length and 5 inches In

diameter made from sheet copper  0.022 inch

“thick. I operated the system comprising this
- pipe at a frequency of about 1,600 mc., which

corresponds to a wave length in free space of
about 18.75 centimeters. The wave length while

propagated within the guide was ascertained by
~ reflection and development of standing waves
By measurement of such
standing  waves, the wave length- was found to
he about 28 cm., and the attenuation from the
transmitting end to the receiving end was about
o db. In this case I received speech of good vol-
ume and quality without any amplification at the

within the guide.

receiving end. According to my calculations,’if

the frequency had been increased ‘to 4,500 mc.,

- than 1 db.

65

*. currents flowing in the shell are limited to an ex-
 tremely thin layer on its interior. Consequently,
it is not necessary that the walls of the guide

70

75

The energy of the transmitted waves in such
a. guide may be regarded as residing principally
in the dielectric medium _within"_the'jguid_e_,- and
* only in small part in the conductor shell. The

~ should be made thick except to ‘a degree that will
~ provide the proper mechanical strength. Hence,
- the pipe may be

of the stretch be- that lines of electric

shown in Figs. 7 and 7a.-
3. Asymmetric electric,

“the different types of waves. Re | _
which has been mentioned heretofore, all- the
curves in this figure except the curve marked Hi1"

coated on the interior with a thin layer of copper  are for a 5-inch guide. It will be seen that for

. made of any relatively cheap
and rugged material such as iron or steel, and

be of insulating material with an inside coating

of metal. If the pipe is of iron or

_ | steel, then
after it has been constructed and laid, it may be

filled with a solution of copper sulphate, and this
may be left long enough to establish & copper

or silver. The pipe need not beof metal but may

coating on the inner wall of the pipe, then

ford the desired conductivity. Or, the -coating

may be applied to the pipe sections by electrodep-

osition. While it is desirable that the inside
conductive face of the shell shall be smooth and
continuous, especially in a direction parallel to

accasional slip joints to take up thermal ex-

‘pansion will not be objectionable, provided there
 is a considerable overlap between consecutive sec-

tions.

‘When of sheet
veniently be constructed in the field by provid-

" ing long strips of sheet copper of a width equal

‘approximately to the circumierence of the guide,
‘and in rolls for convenient transportation. This
sheet copper may be unrolled on the ground and

surrounded by a suitable die. As the die is moved
forward the sheet will be brought to cylindrical
pipe shape and the meeting edges will be beaded

and soldered: thus the pipe may be constructed .
_in situ by a continuous progressive process. -
 In the foregoing exposition In connection with

Fig. 1, I have assumed the type of electromagnetic

waves in which the lines of magnetic force lie

containing the lines of electric force,

'coppe'r;' the guide may con- S
20

"drawn off, and the inside copper coating will af-"

15.

25

50

along and approximately. parallel with a single

plane containing the axis.

if we assume the guide to be of diameter 8 inches only one of several that may he considered. Cer-
and the frequency to be 2,500 mec., then as shown .
by the curve Hy’ in Fig. 5, the attenuation will
Let us also assume in -
‘this case that an overall attenuation of 79 db.

'js permissible from end to end o1 _
- tween terminals or between repeater stations, if
Dividing 75 by 2.7 we geb . .
- ‘sent conduction

lines of electric force and
lines of magnetic force. It will be understood

surface, but in Figs. 6 to 9a, for the sake of clear-

to 92 may be named as follows:

L Symmetric electric, abbreviated Eo. | Here all
the components of the lines of electric force are

radial and/or longitudinal, and the lines of mag--

netic force are transverse circles centered on the
axis, as shown in Figs. 6 and ba. |

This type of wave.ls
| one _ 1ay De ¢ | ‘35
tain principal types of waves are shown in Figs. 6
‘and 6a to 9 and 9a, in which full lines represent
dotted lines represent

tha force in the dielectric core
" represent “displacement currents” but when they
are continued in the conductive shell they repre-~
currents. At the high fre-

quencies considered, both. electric and magnetic
lines in the shell will lie very close to 1ts inner.

45

ness, the shell has been shown thick and these
lines are spaced from its Inner surface. -
The different types of waves shown in Figs. 6

.50

- - - | 65
9. Symmetric magnetic, abbreviated Ho. Com-

pared with the Eo waves, the electric and mag-
netic lines are interchanged in the Ho waves, as

_'a-bbreviated E:. Here
the lines of electric force lie in a plane contain-
ing the axis and gpproximately in planes par-

“allel to that plane, and the lines of magnetic
force lie in planes transverse to the axis, as

shown in Figs. 8 and 8a.

- 4, Asymmetric magnetic, a,'bbr.evia.ted Hi,

Compared with the E: waves, the electric and

60

.65

nagnetic lines are interchanged in the H: waves,

as shown in Figs. 9 and 9a. |
~ The limiting values of the frequencies that will
be transmitted in a guide may be different for

Referring to Fig. 9,

70
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16

20

- passed by the guide and there will be a decrease

30

the 5-inch guide the cut-off frequency for asym-
metric magnetic waves (Hi) is about 1,400 me.,

for symmetric electric waves (o) about 1,800 me.,
and for symmetric magnetic' waves (Ho) and
asymmetric electric waves (B;) alike, it is about

3,000 me. Stated qualitatively, the longest waves
that can be passed in a guide of given diameter
are of the asymmetric magnetic type (Hi1), and
If symmetric magnetic waves (Ho) or asymmetric
electric waves (E:1) are employed, they must be

reduced in length to less than half.

The curve Hi’ in Fig. 5 s for the same type of

wave as the curve Hi, namely a wave of the asym-
metric magnetic type, but curve Hi’ is for a guide

of diameter 8 inches whereas Hj is for a guide
In-general, for any given
type of wave, increasing the diameter of the guide

of diameter 5 inches.

will have the effect shown by comparing curve
Hi" with curve Hi; that is, there will be an in-
crease in the limiting wave length that will be

of attenuation at a given frequency lying above
both critical frequencies. Another way of stating

- " the effect of increasing the diameter of the guide
20 .

is to say that it produces little or no change of

shape of the attenuation-frequency curve, and

that curve is displaced down and to the left, as
may be seen in the transition from Hp to H:’ in

Fig.5. - On the other hand, for a given frequency,
by decreasing the diameter of the guide, a critical

diameter will be reached at which transmission
through the guide will cease for that frequency.

The types of waves Eo, E1 and H: all have

minima of attenuation at certain frequencies, as
shown by the curves of Fig. 5. That is, from the

- critical frequency up to a certain frequency value,

<0
45

60

‘the attenuation decreases to a minimum, and then B
above that frequency value the attenuation in-

creases above that minimum value. But the type

of wave Ho is distinguished from the others in

that at all frequencies above the ‘critical fre-

quency the attenuation decreases as the fre-
quency increases. This advantage may be some-
what impaired by the necessity for a higher fre-
quency to get above the critical frequency in a

guide of given diameter. . -
The different types of waves involved in Fig, b
can be produced experimentally and identified by

the well-known practice of developing standing

waves by reflection. It was by such means that
I found a wave length of 28 cm. at 1,600 mec. as

- mentioned earlier in this specification in con-
- nection with my 875-foot 5-inch copper-shell air-

55

80

- Which is about the value for water. The wave

~lengths are expressed as ratios, compared with
the wave lengths in free space. I have measured
these wave lengths at various frequencies experi-

~ mentally and vlotted the values in Fig. 5a as

65

70

core guide. t 210
and the dielectric constant of the core of the

efficient of the core was taken at the value 81,

shown by the indicated points.

The circumference C of a metallic shell guide-
is rather simply related to the longest wave length
~Ac which may be propagated through it. - More
particularly, the two symmetric waves have a
~ relation which involves the first root and the first

- ‘maximum of the Bessel function of zero order

75

whereas the asymmetric waves have a relation

which similarly involves the first maximum and

conductor

In general knowing the dimensions .

- The Hi waves of Figs. 9 and 9z may be Eeﬁ_el"' 78

- 2,129,713 _ | _ .
- first root of the Bessel function of the first order.

For the symmetric electric wave the critical wave

length {s specified by Jo(C/Ae) =0. Thus occurs
‘Wwhen C/Ac=2.4. This means that at the critical
wave length the circumference of the guide must |

be 2.4 wave lengths. In a similar way we may

- show that for the symmetric magnetic wave the

circumference must be 3.83 wave lengths and for
the asymmetric magnetic and asymmetric elec-
tric waves it must be, respectively, 1.84 wave
lengths and 3.83 wave lengths. -

It will now be explained briefly how these vari-
ous types of waves may be generated. B

To generate the Eo waves of Flgs. 6 and 6a,

the apparatus of Fig. 10 may be employed. A

high frequency oscillation generator tube is placed

coaxially in the guide with its filament-cathode |

84 at the center surrounded by the grid 35. Out-

- slde this and closely adjacent within the shell D

Is the cylindrical plate-anode 38. The cathode
heating circuit comprises the conductors 34’, and

- the grid lead is 35’. The projecting electrode 37 is
- connected to the grid 3% and carries a telescopical-

ly adjustable extension 37’ which in t'rn carries
a transverse disk 371’°.

as to its size and its position on member 31, and

adjusting the latter on member 31, the proper
~coupling and degree of impedance match may be
- attained and the frequency and wave length can
be adjusted within a certain range. ‘The tube
- as a whole can be adjusted along the pipe D and

can be entirely withdrawn when desired,

- To generate the Ho waves of Figs. 7 and Ta,

the apparatus of Figs. 11 and 12 may be employed.

~ At or within the end of the guide D and lying in
& transverse plane is the figure 8-shaped con-
ductor frame that comprises the semicircular

parts 40 and the crossed diametral parts &1 and
42, The outer shell 43 of a concentric conductor

- System is connected with the front diametral
member 41 and the corresponding axial conduc--
tor 44 goes through a hole in the member 4/
~and is connected with the back diametral mem-. -

ber 42. 1If the shell 43 is positive and the axial
) 44 is negative, the currents in the
semi~circular member 40 will flow in multiple in

the same direction around the axis of the guide,
- &s shown by the arrows 45. Lines of electric force
‘will extend within the guide D from high potential

points of members 40 to low potential points
thereof, and at high frequencies these will whip
off and link together to form continuous detached

- circumferential lines of force as shown by the full
lines of Figs. 7 and 7a, and these will be propa-
- galed as waves through the guide. |
guide, the wave length may be computed as a
function of frequency for each- type of wave.
- These results are plotted in the continuous line
~curves of Fig. 5a, for which the guide diameter
was taken to be 10 inches and the dielectric co-

It may be desirable to have a greater ﬁumber of
circumferential elements than

it will branch to the four quadrantal elements 40’

~in multiple and flow in like direction in them .

around the axis of the guide, as indicated by the

- arrows 45’.

~ The E: waves of Plgs. 8 and 8a may be gen-

tached in closed loops and sent in waves along the

~ interior of the guide, these waves having the con-

figuration shown in Figs. 8 and 8a.

By adjusting this disk 37°’

(oL |

_ the two that are
~shown at 40 in Figs. 11 and 12. Four are shown

diagrammatically in Fig. 13. The supply cur-
- rent is applied across the points 43 and 44" and

~erated by means 6f the apparatus of Fig. 14.
- Looking into the open end of the guide D one
sees the two opposite electrodes 46, between which -
- the lines of electric force extend as shown. With
a high frequency electromotive force applied
through the conductors 47, these lines will be ‘de-

({i
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boring wall of the guide

30

40

45

50

- guide axis.
48 which have sliding

ated as has been shown in Fig. 1 by connecting
the terminals of the conductors 31 with the points
32 and 33 at the opposite ends of a diameter of the
A suitable connection of the generator G

guide.
with the guide walls is shown more in detall in

Figs. 15 and 16, The egenerator Gis mounted cen- .
so that it can be rotated about the

trally and _ |
Tt carries the fan-shaped conductors
contact engagement with

the stationary fan-shaped conductors 49, which

in turn are bent L-shape with the parts 50 spaced

slightly from the inner face of the guide wall.
Thus the circuit of the generator G is completed
through two condensers -in each of which one
plate is 50 and the opposite plate is. the neigh-
D: and thus the output
circuit of the generator G is blocked to direct
currents, but passes high frequency. alternating
currents. - By rotating the generator G about
the guide axis
tors 48—~49 may be varied and thereby a proper
impedance match may be attained. |

Of the various types of waves that may be sent

along a dielectric guide, there are many that may
be regarded as being higher orders of those shown

' 9a. Fig. 9b compared with Fig. 9a

in Figs. 6 to
illustrates this statement. In Fig. 9 the lines

of electric force are shown for second order asym-
metric magnetic waves as compared with such

waves of first order in Fig. 9a. .
Waves of one type may be converted to an-
other type. Fromn any one to another of the four

types of Figs. 6 to 9a, there are twelve possible
cases. Any conversion will be reversible in an
obvious mannesi. Of the twelve possible cases, siX
are reverses of the other six. A few illustrative ex-

amples will be shown. - |

From Eo to Ho—The apparatus shown in Figs.
17 and 18 is interposed in the guide. This con-
sists of an axial conductor 951 of limited length
terminated at one end by two opposite radial
arms %52 ecach prolonged in & circumferential

part 53 extending about half way around the
suide and ccnnected at its end 54 with the guide

wall. The Xe waves coming from the left will
first have their radial lines of electric force tied
between the axial conductor 51 and the wall of

the guide D. Then these will be deflected by the

extensions 52—53 and radiated on to the right
in the form of Ho waves. The sleve of radial wires

~ B4’ blocks any remnant of the Eo waves and passes

55

60

65

15

only the Ho waves. -

~ From Eo to E1.—The apparatus shown in Figs.
19 and 20 to 20e is interposed In the guide. Be-
ginning at 59
guide shell D is bevelled to a kidney-shaped con-
ductor at 56. There is a conductive core 51

that is coaxial with the shell'D at Its complete
part on the left, but as this core extends it is

bent off at 57’, and is also made kidney-shaped
<o that at 58 it is opposite the part 56 and is of
similar shape. The cylinder D in addition to
merging into the conductor 56 also expends as
a cone into a complete shell

ing from the left have their respective ends tied

to the shell D and the core §1; then they are re-.
shaped between the parts 56 and 58 and sent to
1t may be advantageous

the right as E1 waves.
to fill out the contour of the shell D around the

elements 55—56 and 57—58 with insulating ma-.

terial in place of & metal as shown.

rrom Eo to Hi—Apparatus a

axial conductive core begins at 99 and €X- .

- At 65 these parts .
and are separated at the sides by the narrow gaps -

the effective width of the conduc-

 which the chord parts 154 are

rected alike

output side. | | . - .
A1l the foregoing examples of procedure in con-

anid continuing at 5%’ the metallic

at the right. The
radial lines of electric force of the Eo waves com-

dapted for _this
‘conversion is shown in Figs. 21 and 22 to 22e. An

tends to the righf and at .the- same place t'h"e'_'. 5-She11

" of the guide D is cut on an easy bevel as at 60. .
right the core 99 becomes

Proceeding to the the b
trough-like as at 62 and the bevel 60 is carried to
the point 63 where

half the shell D is cut away.

Here at 64 the edge of the trough 62 _bEginsj-tb‘-ﬂll - '

cut-away part of the-shell’ D,
fill out the cylindrical contour

the place of the

65, and just beyond to the right these gaps end
and the normal complete cylindrical form of the
guide D is restored. The gap in the wall
guide D may
material as at 6. The radial lines of electric
force of the Ho waves coming from the left tie at

' their ends to the ‘core 59 and shell D and as they

progress they are drawn out and reshaped and
detached at the right as Hi waves. R

From Ho to Ei1—Let the Ho waves be received
on a figure 8 conductive frame like 40—41—A42
of Fig. 11 and carried as conduction currents in a
short stretch of the concentric conductor system
4344 of that figure. Let the outer conductor 43
be split and opened and carried to one side of the
guide axis while the axial conductor 44 is carried
to the opposite side, and let these modified con-
ductors 43 and 44 be connected respectively with
the conductors 41 of Fig. 14. Accordingly,
waves will be thrown off from the electrodes 46 of

" Pig. 14 and the conversion will have been fully

effected. o o |
" wrom H: to Ho—The lines of electric force of

the Hi waves.are received on the conductors
shown in Fig. 23 which lie in a plane transverse
to the axis of the guide. These Hi lines, acting
on the chord parts i54 of
senerate series-assisting electromotive forces in
the circumferential parts 152 and 153, between
connected. Also,
these currents in the parts 152 and i53 are di-
around the guide axis. From these
circumferential segments such as 152 and 153 the

Jines of force are detached and radiated on along
‘the guide core, linking together in the form of

the desired Ho waves. A sieve of radial wires like

that at 54’ in Fig. 18a may be placed on the out-

10

be filled with a wall of insulating |

16

20

25 -

E1

30

35

the conductors shown,

40

put side of the conductor system of Fig. 23 to .

H; waves that might

verting from one type of wave to another are of

block any component corresponding to the input
tend to get through to the

50

course illustrated diagrammatically in the draw-

ings. without attention to the proper proportional

dimensions, especially radial
made such as properly . to

dimensions. These
dimensions, will be . |
match impedances all along the

For asymmetric electric waves or for asym-

metric magnetic waves it may be desirable to

make aneular shift of the plane of polarization.

This may be accomplished by interposing a guide
section such as shown in

_ Fig. 24. In the gulde
wall there are two opposite helical slots 154.
These are given a quarter turn and their effect on

the advancing waves is to rotate their plane of
polarization by ninety degrees.

Referring to Fig. 1 and the asymmetric ‘mag-

L]

netic waves employed in this connection, the os-
cillator used to generate them, as represented at

_ length of the
‘guide section in which the conversion takes place.

55

60

65

70

G, may be of a conventional type such as that of

" Barkhausen and Kurz (Physikalische Zeitschrift,
vol. 21, pages 1 to 6, year 1920), or of Pierret
- (Comptes Rendus, vol. 186, pages |
vear 1928). These same oscillators may be used

1,601 to 1,603,

({3



' advantageously for the generation of o_the__'r types

of waves. |

-

the oscillator within.the guide as in Fig. 25, in-

~stead of at its end as in Pig. 1. Referring to Fig,

‘25, the generator G is located within the guide D

10

15

may be better in this
across the end.

at a distance d from its open end, where d is of
the proper length to make the reflected wave co-

Incide in phase with the direct wave for trans-
‘mission to the right.

Theoretically, with an
open-ended guide, this distance should be an

~ even multiple of a quarter wave length, but in
practice an adjustment somewhat different from-

this may give the best effect. Accordingly, the
end of the guide may be made-in the form of a

telescoping sleeve as in' PFig. 26 which may be

adjusted lengthwise to give the most advanta-

geous effect. Or the generator may be mounted

to slide in and out along the axis of the guide as
shown in Fig. 10. There will be some radiatich
of energy from the open end of the guide and it
; respect to have a reflector

In Fig. 26 the end of the guide;is closed by a

reflector consisting of a metallic diaphragm of

conductive rods lying in a transverse plane and
parallel to the directicn of the lines of electric
force. This is for waves of type E; or type Hi. In

case of such use of a reflector, the theoretical dis-.

tance d from the oscillator to the end of the guide
will be an odd multiple of a quarter wave length,

but the precise value may be a little different and

~this may be obtained by longitudinal adjustment.
~The conductors by which the power currents

- by reflection, the conductors may enter and leave o
- the guide at nodes of voltage for any type of

45

50

ample, and by which signaling currents are im-

pressed, should pass along lines of equal electric

potential, that is, perpendicularly to the lines of

L

‘are fed to the generator G as in Fig. 25 for ex-

electric force, which therefore may be along the

lines of magnetic force. When there are stand-
ing waves set up within the end of the guide, as

wave,

guide at the sending end may be intimately as-
sociated with the oscillation generator so as to
determine its output frequency. The plate-grid
circuit of the generating tube G has its terminals
connected with the two hemi-cylinders 68 which
are spaced apart along the slots 61 and also

In Fig. 271 Show how the part rjf the dieler:tric '

=

- spaced as at 68 from the shell of the guide D.

- At 69 a partially reflecting barrier is put across
- the guide D. 'This is adjusted along the guide D

55

the intervening space. a
‘waves between 69 and 70 will reenforce the oscil-

So that the distance from the end 70 is optimum

for establishing a system of standing waves in

This system of standing

lating frequency of the generator G, but since

- tial barrier 69 may be a screen of wires lying in

@5

reflection at 69 is only partial, continuous waves
will be radiated across from left to right of 69
and ftransmitted along the guide D. The par-

the direction of the lines of electric force and

spaced from each other enough to let consider-

‘able wave energy through between them. Or, it
may be an iris, or a central disk of metal with

70

an open space around its edge. Or, the space be-

-

tween 69 and T0 may be filled with g medium of -

- different dielectric coeflicient from .that at the

‘right of 69, so that there will be a discontinuity

S

at 69 and partial reflection there. Any such par-

tial reflection at 69 may serve for other types of

waves' besides the asymmetric magnetic. waves

- of placing the generator

2,129,712

(H1) 's'uch _a's"would be sent ﬁvlth. the Qenérator

_ - -~ shown connected as at the left of Fig. 27.
‘There may be certain advantages in placing

Instead ‘of generating the desired high fre-
quency currents directly at the transmitting end,
currents of lower frequency may be generated

and stepped up in frequency by frequency multi- -

bliers to get the high frequencies desired for
‘transmission.. ‘This procedure is indicated by the
- diagram of Fig. 28. The oscillation generator 11
-+ 8t 1,700 me. delivers its output to the distorter or

‘harmonic generator 72 which may be an asym-
metric resistance or other non-linear device.
The concentric conductor system 13 connects on
its output side with the input end of the guide
filter 74. I have already explained in connec-

tion with Fig. 5 how a wave guide will pass only

those currents of frequency above a certain crit-

1cal frequency.. 'This guide filter 74 Is designed
with a critical frequency slightly below 6,800 mec.,
S0 it passes only the fourth harmonic, which is of
this frequency. This 6,800 me. component goes to
the modulator 15. The signal current source 17
has its output applied to modulate the carrier of
1,750 me. frequency in the oscillation modulator
16, from. which the carrier and one side band go
to the modulator 75. The guide 18 is designed
to have its critical frequency slightly below 8,550
mc. Therefore the various modulation products
from modulator 15 that are below 8,950 me. are
blocked from entering the guide 18 and it passes
only that frequency. | |

A=
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A simple approximated frequency doubler is

shown in Fig. 29, Here Irequencies of 1,700 me.
and 1,750 me. from oscillators' 16 and 1l are gp-
plied in modulator 75, the former carrying with

1t the side band corresponding to the signal cur-
The critical frequency of guide -

rent source 711.

18 is a little below 3,450 mec., hence lower fre.
quency modulation products from modulator 15
are -blocked and this 3,450 mec. frequency is
Passed. S . PR

Referring to Fig. 30, this shows a device for
volume control of the energy transmitted in the
form of asymmetric electric or magnetic waves
along a metal sheathed dielectric guide. When
the lines of -electric force are transverse to the
parallel wires 79, then no substantial electromo-
tive forces are set up along those wires, and no
CNnergy goes into them, and the parallel wires are
practically transparent to the waves. But, let
the frame 80 carrying these wires 79 be given a
quarter turn by means of the handle 81 project-

ing through;the slot 82, and the wires 79 now
‘become parallel with the lines of electric force

and reflect or absorb the energy from them. and

- the device acts as a shutter to cut off- the trans.

mission along the pipe. At intermediate angles
the device has an intermediate effect, and by

- adjustment to the proper angle the volume of
- ‘the waves transmitted ean

_ be controlled as de-
sired. For greater accuracy, the wires 19 may not

be exactly parallel, but may take the directions
of the lines of electric force as shown in Fig. 8a
or Fig. 9a. I -

- It will be readily understood that, to a con-
siderable extent, the brinciples involved in the
apparatus and methods employed at the sending

end and described heretofore are applicable at

the receiving end.

As shown in Fig. 25, there is an advantagé in

Dblacing the receiver 83 at the proper distance d’

from its end of the guide, similar to the advantage
d from its

end. The box within the guide in
Fig. 26 has

been_ considered to represent a gen-

G at the proper distance

39
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waves act on the slabs 100 inseries, and connect-

erator, b\it it may represent a receiver equally

- well.

10
15
20

25

30 at
~ ’ing,a generator will supply high frequency power
currents through the conductors 43 and 44, to be

Instead of the plahe _'reﬂectol‘:" shown in Fig. 26,
a concave focusing reflector may be employed as

shown in Fig. 31. We assume that this is at the
" receiving end of the guide D and the waves are

of the type Hi, with their lines of electric force

perpendicular to the plane of the paper. The .

focus of the concave reflector 84 is on the axis
85 of the coil 86, and the tuned circuit 86—81

~ comprises this coil 86 and the condenser 87. In

shunt to this circuit is the asymmetric resistance
88 which is also comprised in the low frequency
recelving circuit 89 comprising the signal trans-
lating apparatus 90. - ° e
To receive the type Eo waves, two coils 91
oppositely wound in series may

shown in Fig. 32. The lines of electric force of

the Eo waves are radial and the effect of oppo-
site lines in the-circuit of coils 91 will be addi- _
~ plified variation of the radial lines of electric
" force between the plate 185 and cathode 107;

tive. By including the condenser 92 in circuit

with coils 91 the circuit is tuned to the proper

frequency. The shunt asymmetric resistance 93

and the low frequency circuit 84 and the signal |
indicating device 85 are all included in combina-
* tion in the usual way. o

" The apparatus of Figs. 11 and 12 has been

“discussed as for use at the sending end for type

Ho waves, but it may be employed equally well
at the receiving end for such waves. For send-

. radiated into the dielectric, but for receiving,

' 85

these conductors will take the high frequency
‘currents from the dielectric and deliver them to

g detector.

" shown in Fig. 33. This may

sented diagrammatically by a “box.”

- Another assembly of apparatus for receiving is
be compared with

MMeg. 31. In Fig. 33 the waves are refracted by

‘the paraffin lens 96 to a focus at 97 and reflected

by the spherical segment mirror 98 having its

center at 971. A receiving circuit at 91 is repre-

| If the

waves are of type Hi, this receiver at 97 may be
as shown in Fig, 31. | . |

Here at 98, and wherever reflectors are em-

ployed, they need.not necessarily be made of

 solid ‘metal, but a mesh of crossed wires of good

conductivity may be used. Or, closely spaced

wires all in the direction of the lines of electric
force may be used lying side by side to approxi-
mate the proper mirror surface.

" may be made of dielectric material, but ordinarily

65

this will not be so effective as a reflector made of
metal. o o T -

Lenses ‘such as contemplatéd in caﬁﬁection

with Fig. 33 may be of any suitable ‘material
having a substantial dielectric coefficient and
‘such that when the material is used between the
plates of a condenser it will give low loss. Corre-.
sponding to this.low-loss property it will have the

property of being transparent to the electric
waves instead of opaque to them, and will serve

 suitably foralens. - .
“Receiving may be accomplished by demodula- -
‘tion in a conductor or conductors of non-linear

 resistance, as shown in Figs. 34 and 35. The

material of the siabs 100 is of this character. It

‘may be of thyrite; which is finely divided car-

70 borundum mixed with clay and baked. Since it

gives a non-linear relation of voltage and elec-

*tromotive force, it acts as.a demodulator, and the

75

demodulation output current will flow in the cir-
cuit 101 which comprises the receiver 102 and the
slabs {00 in multiple. By letting the‘-'receiy_ed_.

be employed as

The reflector

7

ing them in the receiving circuit in multiple, a
proper impedance match may be attained.

A one-way repeater or amplifier is shown dia-

erammatically .in Fig. 36, adapted for type Eo

" waves.. Such waves approaching from the left,

their lines of ‘electric force extending radially be-

come tied at their inner ends to the axial con-
“ductor 103 and at their outer ends to the metallic

shell D. The three elements of a three-electrode
vacuum tube amplifier are connected as shown.

10

The axial conductor 103 ends in the projecting

erid 104 of cylindrical contour. Within this grid
{04 is a plate 105 carried on the end of another
axial conductor 106 in alignment with 103. Sur-

~ rounding the grid 104 is a filament cathode 101
lying in a coaxial cylindrical surface and extend-.
ing zigzag around it.  The radial lines of force -

sweep along from the left and act across the grid
{04 and cathode 107 andeffect a correspondingam-

these are detached and proceed as electric waves
to the right. By proper adjustment of the rela-

tive sizes of the plate and the grid, a degree of

impedance match may be attained, and further

15

20

25

facility to this end is afforded by a suitable longi-

tudinal adjustment of the disks (08 and (09 along
cores 103 and 106 and by suitable adjustment of
the sizes of these disks. Such disks may also be

designed and - adjusted to produce a desired
‘amount of regenerative action. Neutralization

30

of capacity feed-back may be effected by tapping ]

the output energy at (10 and feeding it back

through the phase adjuster {H to the grid core

103 on the input side.

" While the waves within the hollow Cylindrical

guide may be made to follow easy curves in the

o5

gulde axis, sharp bends or elbows should be .

“avoided unless they are speclally equipped in
 some such way as will now be described. Refer-
ring to Fig. 37, this shows a guide ‘having two.

parts 112 and [13 with their respective axes inter-

secting at an angle. The parts associated with

this changeé of direction may be called an elbow.
This elbow has a plane reflector |14 with its face

. set perpendicular to the bisector of the angle of
the axes of the two parts 1{2 and 113 of the

guide. The waves coming from the left in the
guide part 112 are reflected - and proceed to the
right in the guide part 113. Bends at any desired

‘angle can be made in the same way as indicated

in Fig. .37. It may be desirable to make a sharp

 change of direction by means of several eacy
_changes in tandem, each like that in Fig. 37. Af
“such a reflection as in Fig. 37, the phase of the
“electric force will be reversed ‘as appears on "
comparing arrows {15 and 116, but there will be

" no distortion of the wave front. The space be-
tween the two boundaries f17.and 118 may be

filled with a material of high enough dielectric
coefficient so that the phenomenon of total inter-
nal reflection will occur-at the face (14,

D’ and D'’ as may be desired. -~ = -
‘Another way to effect a change of direction
along the guide is by means of one or more re-
fracting prisms arranged as shown in Fig. 38.
Supposing that the material of the prisms is

 paraffin having a dielectric constant of 2.13, and

therefore an index of refraction of 1.46, a suit-
able design will be to have four tandem prisms

40
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" In Fig. 37a I have shown a pivoted reflector
155 adapted by adjustment to deflect incoming

_ et 66
waves in-guide D to either of two branch guides

70

_. __as' ShOWﬁ in Fig .33, each with a'n &C]J.t e _3:118'18. of 75
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- perpendicular to the plane of reflector 127 and .
with its wires all parallel to the intersection of

70

N 73

-.plane of the paper..

8'.

44.3 degrees where it rests -a.gaii:lst the

outer

curve of the inside face of the wall of the guide D.

- Another device for changing the direction of

the guide is an elbow such as shown in Fig, .

39, filled with dielectric material of varying di-
electric coefficient, that is, along any transverse

line in the plane of the axes, the coefficient’ in-
creases toward the center of the circle to which

those axes are tangents. If the diameter of the
guide is d, and »n is the index of refraction of the

dielectric material within the elbow along the

circle of greatest curvature and having the ra-
dius 7, and if the dielectric coefficient is unity
along the circle of least curvature and having the
radius 74-d, then the dimensions and the index 7

are related according to the equation

Conversion from one type of wave to another
may be effected by reflection or refraction of

- parts of the wave as sugeested in Fig. 3%a. An

advancing symmetric electric wave in the guide
D has one half of the wave front reflected by the
reflector {711, the other half by the reflector 172,
making a shorter path for the first half from the
part of the guide at D to the part at D’. If the
wave length is such that this difference is a half
wave length, then the outgoing wave will have a
diametral component which may be purified by
the use of a screen (713 with its wires across the
direction of that component. - |

The systems described heretofore have been
‘adapted for one-way communication. Duplex or
simultaneous opposite-way communication may

be effected by a system constructed according to
the diagram of Fig. 40. 'The waves from the

transmitter 119 on the left are turned in greater
Ppart by the refiector 120 into and along the guide
D as shown by the arrows. Receiver 126 is tuned -

to a different frequency from transmitter 119 and

therefore any waves that may be diffracted.

across the edge of reflector 120 will be of no ef-
fect. On the right the waves are divided both
ways by the reflectors 122 and 123. The receiver

124 on the right is tuned to the frequency of

these waves, and the corresponding signal effects

are produced accordingly. From the foregoing it
will be seen how transmission is effected simulta-
neously from the transmitter 125 on the right to

the receiver 126 on the left. | |

Another system of two-way communication,
this time with the same frequency both ways,
makes use of polarized asymmetric magnetic

waves (Hi1) as shown in Fig, 41. 'The waves from |

the transmitter 19 are polarized so that their

- Hlnes of electric force lie in and parallel with the
| - The reflector 127 consists of -
wires all Iying in a plane perpendicular to the

blane of the paper and all parallel to the plane of
the paper. Accordingly, this reflector 127 turns
these waves from the transmitter 119 and they

are transmitted along the guide in the direction
indicated by the arrows. - o

. At the receiving end on the right, thesé'waﬁ.?es

‘are likewise reflected by the reflector 128 and go
into the receiver 124, At the sending end on the

o left there is another reflector 129 with its plane | | -
- X ane . grees therefrom, the reflector 140 reflects the set

of waves from 185 and by-passes the set from
136, -Thus, a person at the receiver 139 can se-
lectively intercept either set of signals he chooses, -

the two reflector planes. Accordingly, the waves

- from the transmitter (19 pass freely through
- that part of the reflector 129 which lies above
and to the right of the reflector 121, as viewed
in Fig. 41. Similarly, at the receiving end on the
right, these waves pass freely through the guard .

passes through these reflectors.

from 35 or 136, = - o
. The reflectors described in connection with
~ Figs. 41, 42 and 43 are all adapted for the asym- _
- metric electric and magnetic waves having the 75
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reflector 130’ and the part of the reflector 130
that lies below and to the left of the refiector
{28, Waves from the transmitter #19 are kept
out of: the receiver 126 by the reflector 127 and
also by the guard reflector 121", . 2

 The transmission in the opposite direction will

readily be understood from the explanation that
has been given above. The waves from the trans-
mitter 125 are polarized so that their lines of

‘electric force are perpendicular to the plane of

the paper. Hence, they pass freely through the
reflectors 128 and 127 and 127’ but are reflected

by the reflectors 130 and 129.

If greater discrimination is req'uired than af-

forded by this scheme, it may be had by tuning

the transmitter and receiver for transmission one

opposite way. N A
The principle of the reflectors employed in-the
System of Fig. 41 may be utilized for selective

transmission along two signaling channels, both
in the same direction, as

Here the transmitter 130 is rotatable through an

way to a different frequency from that for the

illustrated in Fig. 42.

10

16

20

angle of 90 degrees about the axis of the guide.

At one extreme, with the lines of electric force
perpendicular to the plane of the. paper, the

26

waves will be reflected by the three reflectors 131,

~ These reflectors, made of parallel wires, are rath-
~ €T open so that they do not intercept all the en-

ergy, but some of it passes on through the first

and second reflectors to the third of the series.
Thus,

None of the energy of these signals
branches 134, for the reason that

their respective reflectors 133 . consist of wires
lying in directions at right angles to the. electric

lines of force, and, therefore, the wave energy
From the foregoing it will readily be understood
that by adjusting the transmitter 130 so it will be

; right angles to each
other. Thus, the signals from the transmitter
135 are carried by waves in which the lines of

¢electric force are perpendicular to the plane of
the paper, and, accordingly,
at 137 into and along the guide D. The signals
from

these are reflected

the transmitter 136 are carried by waves

30

from the sender 130 signals may be sent to

~the three branches 132 associated with the re-
flectors 131.

36
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having the lines of electric force parallel with the

blane of the paper, and these are reflected at 138

- Into and along the guide D. 'The end of the guide

D carrying the receiver 139 is rotatable through

‘an angle of 90 degrees around the axis of the

guide. This receiver carries with it an inclined

reflector 140 and at the extreme of adjustment

shown in Fig. 43, it reflects the set of waves from

65

transmitter 136 and by-passes the set from trans-

‘mitter 135, but at the other adjustment, 90 de-

70



 circle on it represents an Ho

25

30

netic waves, the reflector

centric, as shown in

freely the waves of the

2,129,712
- wave when the polarization is such that the lines

lines of electric force in and approximately par-
allel with a plane containing the axis. A suitable
reflector for such waves will consist of wires ly-
ing in or parallel to this plane. When signaling

-

is done by means of symmetric electric waves, &

be made to have radial
Figs. 44 and 45, the

reflector may properly
wires. Thus, as shown in

reflector 148 will lie in a plane at 45 degrees to

the axis of the main guide D, the section made
by this plane will be an ellipse, and the reflecior
will consist of radial wires arranged as shown
in Fig. 45. - - '-
In the case when the waves are symmetric mag-
will lie in the same
plane as described for Figs. 44 and 45 but this
time its wires will not be radial, but will be con-
Figs. 46 and 47. Each re-
Aector of Figs. 44 to 47 will reflect the type of
waves for which it is adapted, but will by-pass
_ other type. In Figs. 44
and 46, an arrow with a
sents an Eo component, and an arrow with a little
. component. If the
waves coming from the left in Figs. 44 and 46
are composite Eo and Ho types, then in Fig. 44
the B, component will be deflected 90 degrees and
the Ho component will pass freely to the right,
but in Fig. 46 the Ho component will be deflected
and the Eo. component will be passed directly. If
waves of these two types Eo and Ho were sent re-

spectively from transmitters 19 and {25 of Fig.

41 and its reflectors were correspondingly re-
placed by reflectors of the types shown in Figs.

- 44 to 47, we should have an operative two-way

35
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" gecond medium of different
in general the incident wave will be spiit into two
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 equal, as indicated at a1 and Q2.
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system. | |
Another system for separating superposed sig-
nal waves according to their polarity will be de-

seribed in connection with Figs. 48 to 52. When

an electric wave in a certain medium is incident.

‘upon s surface separating that medium from &

dielectric coefilcient,

parts, one of which will be transmitted into the
second medium with a

the initial medium.
in Figs. 48 and 49.. In Fig. 48 the wave having

the direction of arrow 149 in air or iree Space of
dielectric coefficient unity, encounters the surface

of & mass of paraffin indicated by the shading

and having the dielectric coeficient 2.13. Since
the index of refraction is the square root of the

dielectric coefficient, so in this case the index of

refraction of the paraffin is 1.46. Part of the in-
cident ray 149 will be reflected as the ray (56,
making the angles of incidence and reflection

will be transmitied as r&y 151 at an angle as and
subject to the law that 1.46/1=sin ai/sin @s.
When the transmission i initially in the denser

medium, paraffin in the case supposed, it will be

os shown in Fig. 49, with the law that
| 1,46/1=Sin as/sin ai.

The foregoing discussion relates to the direc-
tions taken by the reflected and refracted rays,
as determined by the direction of the incident
ray. The intensities of these different rays are
indicated comparatively in Fig. 50 which dis-
criminates according to the poldrization of the
incident waves. This figure
curves, each giving the intensity of a transmitted
or reflected component wave as a certain per-
centage of the intensity of the incident compo-
nent wave. The curve T, is for the transmitted

little cross on it repre-

larity such that

certain degree of refrac-

tion while the other part will be reflected within.
These cases are illustrated

eritical angle, which

Another part

- by the dots at
- gncoming component having its lines of electric
the plane of incidence

shows four full-line

of electric force are parallel to the plane -of
incidence, that is, the plane containing the inci-
dent ray and a normal to the boundary of the
two media; Tt is for volarization at right angles
to the foregoing; Rp is for the reflected wave
when the polarization is the same as for Tp, and
Rt is for the reflected wave when the polariza-
tion is the same as for Te. |
Tt will be seen that when
cident ray is at zero degrees, that is,
incident ray

the angle of the in-
when the

angle increases from Zere to about 1 degree, the

refiected energy rises from zero to about

is perpendicular to the ‘plane sepa-
rating the two media, all the energy goes into the
transmitted waves and none is reflected. As the

Tedl 19 per
cent, and, correspondingly, the transmitted en-

oy |

10

15

ergy falls from 100 per cent to about 81 per c ont

As the angle goes on increasing from about 1
decree to 90 degrees, the tranismitted energy of
both polarities decreases faster and faster from
81 per cent till at 90 degrees it is zero.

Also, during this increase of the angle from 1

degree to 90 degrees, the energy of the reflected

wave of polarity such that the electric vector is

transverse to the plane-of incidence increases

faster and faster from 19 per cent to 100 per cent,

as indicated by the curve Re. _
As the angle of incidence increases from about

‘1 degree the energy of the reflected wave of po-
electric force are

the lines of
parallel to the plane of incidence decreases as
indicated by the curve Rp, and at about 56 de-
grees the magnitude of this reflected wave he-
comes zero. This angle which is here about 56
degrees (call it ¢ In general) is related to the
index of refraction which is here about 1.46 (call
it 7 in general) by the equation tan ¢=1. Going
on from 56 qegrees to 90 degrees, the energy of
the reflected wave of this polarity increases rap-
idly, and faster and faster, from zero to 100 per
cent., '
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35

10

The ratic of the ordina,tes'of the curves Rﬁ and

R« has been expressed in decibels and plotted in
the dotted line curve A of Fig. 50. This shows
that as the angle of incidence is varied, a parafiin
reflector gives high directional selectivity to ex-
tinguish the component of a reflected wave hav-
ing its lines of electric force parallel with the
plane of incidence.
the selective devices shown in Fies. 51 and 52. In
Fig. 51 a composite wave is considered to be ad-
vancing from left to right as indicated at 142, Iv
<trikes the face of the parafiin prism 14( at the
is about 56 degrees in Fig.
having its lines of electric
force verpendicular to the plane of incidence,
that is, perpendicular to the plane of the paper,
is partly transmitted and partly reflected as shown
by the ordinates of the curves T; and Rt at 96
degrees in Fig. 50. 'This component is represented
142, 143 and 144 in Fig. 51.. The

50. 'The component

force inend parallel to
is partly transmited .as indicated by the ordinate

of the curve Tp at 56 degrees in Pig. 50. This

component is represented by the short transverse
arrows at 142 and 143 in Fig. 51. At this angle,
none of this component is reflected, and accord-
ingly no arrows appear at 144, If two transmit-
ters such as shown at the left of Fig. 43 are con-
nected at the left of Fig. 51, then the waves there-
from will be as shown ab. 142 in Fig. b1 and the
component from only one of the two transmitters
will be received in the branch guide as at (44 In

This property 1s utilized in

45
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- other forms of guided wave propagation. Com-.
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wave train (43, with the edges of this prism 145
parallel to the plane of the paper, the other com-

ponent represented by the transverse arrows at

{43 will be sifted out by reflection, just as the
component represented by the dots was sifted out
at 144, |

In the modification shown in Fig. 52 the prism
141" corresponding to 141 in Fig. 51 has been
bevelled off at 146 at the proper angle to give total
Internal reflection, so that the beam 143’ proceeds
parallel with the beam 144, instead of diverging
widely as does {43 compared with 144 in Fig. b1,

The system of Fig. 51 or Pig. 52 may be used for
volume control, If the transmitter {47 at the left
In Fig. 52 sends only waves whose lines of electric
force are parallel with the plane of incidence,
that is, parallel with the plane of the paper, then
the intensity of the wave represented at 144 will
be nil. If the transmitter (471 is turned through
a certain angle about the axis of the associated

guide, the intensity will vary as a function of

this angle increasing from zero to about 36 per
cent of the full intensity of the incident wave as
shown by the curves Rp and Rt in Fig. 50. Thus
an adjustable volume control wiil be accomplished
in the branch guide carrying the wave train 144.

The ' propagation of waves along dielectric
guides, as disclosed in this application and in my

copending application, supra, appears to be sui
generis in the realm of electromagnetic wave

transmission and readily distinguishable from

parison of dielectric guide systems with other SyS-
tems for guiding electromagnetic waves may serve
to emphasize some of the distinguishing features.
In some cases the nature of the structure along
which the waves are guided is itself the salient
feature of differentiation: in other cases the guid-
Ing structures may be identical and the nature,
characteristics and behavior of the guided  elec-
tromagnetic waves must be looked to. In most
cases, both the guiding structure and the waves
will be seen to be essentially different. -

Thus, dielectric guide systems may be contrast-
ed with ordinary conduction current systems uti-
lizing as the guiding structure a pair of metallic
wires, shielded or unshielded or a pair of coaxial
conductors. Considering first the nature of the
gulding structure, it will be apparent that no
structure fails in the category of conduction cur-

rent systems that does not. provide two or more-

conducting members suitable for the go-and-re-
turn flow of conduction current. There can be no

s confusion therefore between conduction current

systems on the one hand and such typical die-
lectric guides, on the other hand, as consist wholly
of dielectric material or of dielectric material with
a single metallic core or of a single metallic pipe

containing only a dielectric medium. A dielectric

guide, however, may comprise a plurality of me-
tallic conductors, and where it comprises, for ex-
ample, both a metallic sheath and a metallic core,
the structure is essentially the same as that of a
coaxial pair, and if the one system is to be Qdis-
tinguished from the
1stics, ete. of the waves guided along-the structure
must be examined. )

In the ordinary coaxial conductor transmission

system, as in all conduction current systems, the
go-and-return flow of conduction currents is an
essential and significant feature. In g dielectric
guide system such current flow may be absent or
there may be conduction current in only one
conductor of the guide, e. g., in a metallic sheath.

PL LY

other the nature, character-
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Fig. 51. By putting another prism 145 across the

In the conduction current system again there is
no component of either the electric or magnetic

-

fleld that lies in the direction of wave propaga-

tion, excepting, of course, to take account. of the

tralling of the wave front in the vicinity of im-

- perfect conductors, this trailing representing a -
- flow of energy into the conductors equal to the
energy loss occurring therein. In all of the di-
‘electrically-guided waves herein disclosed, on the

contrary, either the electric field or the magnetic
field has a substantial component in the direc-

tion -of wave propagation, entirely independent .

of energy loss in metallic elements, this longi-
tudinal component, in all of ‘them too, being
evident in a longitudinal flow of magnetic cur-
rent or of displacement current through fairly
well defined regions within the dielectric medium.

In other respects, too, the dielectrically guided
waves herein disclosed differ radically from the
waves assoclated with ordinary conductor Sys-
tems. The velocity at which they are propagated
along the guide, and therefore the wave-length

‘within the guide, depends in a marked degree on

& transverse dimension of the guide. The diam-
eter is the significant dimension in the case of a
simple cylindrical guide. This characteristic is
In strong contrast with ordinary conductor sys-
tems, where the velocity and wave-length are

substantially independent of the transverse
dimensions.

et
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Another striking characteristic of the waves .

herein described is the existence of a cut-off fre-
quency separating a high frequency range of
easy transmission from a lower frequency range
of zero or negligible transmission. The fre-
quency at which this cut-off occurs depends on a
number of factors, such as the field pattern of
the wave, the dielectric constant of the medium,
and a transverse dimension of the guiding struc-
ture. Regardless of the factors involved, how-
ever, it is true that for any particular guide and
type of dielectrically guided wave herein dis-

closed this anamolous behavior of the attenua-:

tion-frequency characteristic may be observed.

klectromagnetic waves of optical frequencies
have been propagated within quartz rods and
within polished tubes, but this involves a manner
of transmission entirely distinct from that of a
dielectric guide system. There are myriads of
independent waves, each arising from an atom
within an incandescent source, and all are in
random frequency and phase relation. Each
wave progresses along optical paths and is con-
fined, not guided, within the dielectric medium
by repeated internal reflection from the dielectric
or metallic surfaces. Such waves have none of

- the important characteristics, hereinbefore de-
- scribed, that are generally attributable to di-

electrically guided waves.

From the foregoing comparisons 1t is evident
that the novel waves described in this application
are essentially different from any waves hereto-

- fore known and used, as different in fact as radio

waves - and ordinary conduction currents differ
from each other. It may well be, however, that

the specific forms of waves. herein disclosed are

only representative of a broader class of waves,

~ the limits or boundaries of which are vet to be

accurately fixed, and it is impossible at this time
to predict what feature or features of the several
herein discussed might be found to be the com-
mon link between them all. The ferm “dielec-

trically guided” as used in the appended claims,
therefore, is intended to embrace the various

- novel waves so denominated in this specification

35

40

46

o
Gt

60

70

75



* section bounded by a metallic pipe extending

wave guide extending

2,129,713

- waves bropa,gatéd through the pipe and means

and such other waves as may fairly be found
equivalent thereto. -

By ‘“‘dielectric guide”
wave-guiding structure
clectrically guided waves. All such guides ap-
peal to be characterized in that they comprise &
dielectric medium having an enclosing boundary
defining a discontinuity in electrical properties.

1 claim: I |

1. In combination, a wave guide comprising a
metallic pipe, means for establishing within said

is to be understood any

‘pipe progressive electromagnetic waves of a char-

acter such that they subsist substantially only at
frequencies above & critical frequency related to
the physical constants of said guide, and means

for utilizing said waves so established.

2. In combination, a wave cguide consisting es-

sentially of a metallic pipe, a high frequency
electric generator and means associated there-

with for establishing within said pipe correspond-

ing electromagnetic waves that progress through
said pipe with the wave energy largely confined
therein, and means at some other point along sald
guide for withdrawing in substantial proportion
the transmitted wave enNergy there available.

‘3. A system forthe guided transmission of elec-
trical energy comprising a metallic pipe contain-
ing a substantially gasecus dielectric medium and
means for launching in said pipe for transmis-
sion therethrough

quencies exceeding a9, critical frequency dependent
on a transverse dimension of said pipe.

4. A system for the transmission of electrical
energy,from one place to another comprising &
between the two places;
said guide comprising
a substantially gaseous dielectric medium, means

at the one place for imparting said energy to the
guide in the form of dielectrically guided waves
adapted for propagation through the interior of

said pipe and means at the other place for witii-
drawing in substantial pmportinn the wave en-

‘ergy so transmitted.

5. The method of com'mumc'ating electrical ef-

fects from one place to another which comprises

providing a dielectric medium of restricted cross-

~from one to the other of said places, generating

()

70

in said medium at one of said places electromag-
netic waves of a character such that they are
propagated through said pipe to the other place

with a velocity exceeding that of light in said

medium, and receiving said waves 50 propagated
at said other place. - |

6. The method of signaling over a wave guide
consisting essentially of a metallic pipe which

comprises establishing progressive electromag-

netic waves in the interior of said pipe, modulat-

ing said waves with signal intelligence to be sent,
after transmission

and demodulating them

through said guide for the reception of the cor-
responding signal intelligence. -

7. A system for.the iransmission of intelligence
from one place to another comprising a wave

guide extending between the two Dplaces, said

guide comprising & metallic pipe enclosing & sub-

stantially gaseous dielectric medium, means at

" the one place for generating high frequency elec-
' tromagnetic waves and applying them to said

pipe for dielectrically guided propagation through

" ' the interior thereof, and means for modulating

75

said waves with signals to be transmitted, and at

the other place, means for receiving the said .

capable of sustaining di-

electromagnetic waves of such
character that they are propagated only at fre-

a metallic pipe containing

. said guide.

tallic pipe enveloping

for deriving the said signals therefrom. -
8. A system n accordance with claim 7 includ-
ing metallic means enclosing said generating and

- receiving means, respectively, and shielding them

except from communication with the interior of
said pipe. - |

‘9. In combination, a wave guide comprising &
metallic pipe and means for ecenerating in said
pipe and propagating therethrough electromag-
netic waves characterized in that the lines of
electric force extend transversely through said
pipe from one portion of the inner surface of the
pipe to another. ) | |

10. In combination, & wayve cuide comprising &
metallic pipe enclosing & dielectric medium,
means for transmitting through said medium
high frequency electromagnetic waves in which
at least one of the two component fields, electric
or magnetic, has one intensity component paral-
lel with the axis of the guide and another in-
tensity component transverse to the axis of the
cuide and in an axial plane, and means remote
from said transmitting means for deriving at
least a substantial portion of the energy trans-

" mitted by said waves.

11. In combination, a wave guide and mesns
for generating and propagating therethrough
electromagnetic waves characterized in that the

lines of electric force form closed loops lying in
planes orthogonal to the axis of the guide..

" 12. A combination in accordance with claim 11
in which said waves are further characterized in

that said closed loops are coaxial with the guide.

13. In combination, & cylindrical wave guide
and means for generating therein and propagat-
ing therethrough electromagnetic waves the elec-
tric field of which is circular and

14. In an ultra-high frequency electrical {rans-
missior system, a wave guide comprising a ime-
| a dielectric medium, and
means for launching in said pipe for progressive
transmission therethrough dielectrically guided
waves of a type having a substantial longitudinal
component of magnetic intensity.

15. A system in accordance with claim 14 In
which said dielectric medium is essentially gas-
eous. |

'16. A system in accordance with claim 14 char-

acterized in that said dielectrically guided waves

are of symretric magnetic type.

17. A system in accordance with claim 14 char-
acterized in that said dielectrically cuided waves
are of asymmetric magnetic type. |

18. In a wave guide system, & metallic pipe, &

conductive circuit the conductors of which ex-
tend into the space within said pipe, and means

for generating lines of force in said space with
their ends on said conductors and for alternating
the current in said conductive circuit at a fre-
quency so high that the lines of force are de-
tached and propagated as guided waves within
the said pipe. ) B [

19. In combination, a wave guide comprising
a metallic pipe, an electrode comprising a short
length of conductor extending along the axis of
said pipe, and means for establishing an alternat-
ing difference of potential between said con-

ductor and pipe at a frequency so high that pro-

gressive dielectrically guided waves are generated
within said guide. | |

20. A combination in accordance with claim 19
comprising in addition a metallic body mounted
near one end of said conductor and partially

v
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~means at the one place to

said waves to said

Place, means for receiving the

12

closing the space hetween said conductor and
pipe. o

21. 1In a signaling system, a wave guide com-
prising a metallic pipe containing only a dielectric
medium, an electrode comprising an elongated
conductor disposed axially within said pipe, and
& high frequency translating device so related
operatively with said electrode as to be in energy
transfer relation with electromagnetic waves
within said guide, said waves having a magnetic
fleld that is substantially concentric with said
pipe and an electric field that comprises a sub-
stantial axial component,. |

22. In combination, a wave

gulide comprising

~a metallic pipe containing only a'\dielectric me-

dium, a metallic plate disposed transversely with-
in sald pipe with the edges therecf spaced from
the wall of said pipe, and a generator of high fre-
quency waves connected to establish a corre-
sponding difference of potential between the
edges of said plate and the wall of said pipe.
23. A combination in accordance with claim 22

In which said pipe is tubular and said plate is a

disc concentric with said pipe.

24. In combination, a wave guide comprising a
metallic pipe enclosing a gaseous dielectric me-
dium, and means adapted for energy transfer
relation with electromagnetic waves of symmetric
electric type in said guide comprising pair of
concentric electrodes disposed in axial alignment
with said guide and separated from-each other
to sustain a substantially radial electric field be-
tween them.

29. A wave guide consisting of a dielectric core
and a cylindrical metal shell surrounding said
core, and in combination therewith, means to
generate in said core progressive electromagnetic
waves of field pattern and length suitable for
propagation therein with low attenuation, the
length of said waves being comparable with the
diameter of said shell. | -

26. In combination, a hollow metallic wave
guide, means to generate high frequency electric
currents, and means to feed their energy into
sald guide for propagation as polarized electro-
magnetic waves having their lines of force with-
in the guide, the flow of energy being substantial-
ly in the one direction of propagation.

27, A system for transmitting effects electri-
cally from one place to another comprising a
metallic pipe extending between the two places,
generate high fre-
quency electromagnetic waves in the space within
sald pipe for propagation therethrough, and
means at the other place for receiving such
waves, said waves being of such character that
they are transmitted through said pipe with mod-
erate attenuation only at frequencies above 2
cut-off frequency dependent on a ftransverse di-
mension of said pipe. |

28. A system for signaling from one place to
another comprising a wave guide exXtending be-
tween the two places, said guide comprising a
metallic pipe containing only a dielectric medium,
means at the one place to generate high frequen-
cy electromagnetic waves, means for applying
| pipe for dielectrically guided
propagation therethrough and means for im-
pressing signals on said waves, and at the ‘other

gated through said pipe and for deriving "the
signals therefrom. - |
29. In combination, means for generating a
high frequency electric conduction current,
means for modulating said current with a band

sald waves propaz.._. 38. Means to

2,129,712

of currents of great absolute frequency range
and small percentage Irequency range, a metal-
lic pipe guide, and means to generate displace-
ment current waves within one end of said guide
corresponding to- the modulated high frequency
conduction current, the lines of electric force of
sald waves terminating, if at all, at the periph-
ery of said guide. . _

30. In combination, a set of metallic con-
ductors, means to generate high frequency con-
duction currents therein, a wave guide consisting
essentially of a metallic pipe, and a coupling be-
tween said conductors and sald guide to convert
the energy of the currents in sald conductors into
the form of dielectrically guided displacement
current waves in the said guide.

31. In combination, a wave

electromagnetic waves in
pipe, said waves being of such nature that there
1S a certain frequency separating the operative
Irequency range from a lower frequency range
of Zero or negligible transmission, receiving ap-
paratus comprising a metallic conductor circuit
and a coupling between said guide and said cir-
cuit adapted to receive the energy of the waves
in the guide and convert such energy into the
form of conduction currents in said circuit.
32.-In combination, a wave guide adapted to
carry electromagnetic waves within it, said guide
comprising a metallic pipe containing only a di-

electric medium, a metallic conduction circuit ag-

soclated with said guide at a point along its
length and adapted to carry conduction current
waves, and a coupling between said guide and
circuit for the transfer of wave energy from the
one to the other.

33. A combination in accordance with claim 32
in which the waves within the guide are charac-
terized by the flow of electric displacement cur-—

rent in longitudinal paths in said dielectric me-
dium.

ot

I(

guide comprising .
a metallic pipe, means to- send high frequency
the space within said -
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34. A combination in accordance with claim 32

In which the waves within the guide have gz
stantial longitudinal component
tensity. |

39. In combination, a conductive circuit, a

sub-~
of magnetic in-

wave guide consisting essentially of a metallic

pipe containing only a dielectric medium, and an
Impedance matching coupling be‘ween said con-
ductive circuit and said guide for high frequency
electromagnetic waves. |

36. In combination, a conductaor pair and g
wave guide comprising a metallic pipe, said con-

ductor pair being operativeiy associated with one

end of said guide and shaped and spaced to match
the impedance of said conductor pair and of said
guide, said guide carrying high frequency electro-
magnetic waves of such nature that the velocity

of propagation is functionally related to a trans-

verse dimension of said guide.

37. The method of generatving electric waves
having radial lines of force for propagation in a
wave guide with a metallic shell, which consists
In establishing radial lines of force between the
shell and an electrode on its axis, and alternating
the polarity of these lines at a, frequency so high
that they are detached and propagated as waves
within the shell.
generate electromagnetic waves
of the type having radial lines of electric force
for propagation within a wave guide comprising a,
metallic pipe,’eomprising an oscillation generator
having one of its two output terminals connected
to the wall of the guide and the other such termi-
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nal in the form of a rod projecting from the gen-
erator along the axis of the guide. -

39! In combination, a wave guide consisting of
a dielectric core and a metallic cylindrical shell
surrounding said core, & central electrode. ad-
jacent to one end of said core, a peripheral elec-

trode conductively
ing end of the metallic shell and a conductive

circuit to said electrodes for energizing them at &

frequency sufficiently high to produce progressive
waves within said guide.

. . l
40. In combination, a wave guide comprising &

metallic pipe, an oscillation generator at the
sending end having one of its two outpgt termi-
nals connected to the wall of the guide, and a
telescopic member lying In the axis of the guide

and serving as the other terminal of said gen-

erator, said generator being adapted to operate at
a frequency above the cut-off frequency of said

guide. *

- 41, The method of generating electric waves
having their lines of electric force in coaxial cir-
within a wave guide, which

cles for propagation

consists in establishing conduction currents in

‘like phase around the axis of the guide, and al-

ternating them so rapidly that their lines of
force are detached and linked in coaxial circles
for propagation along the guide. | o

- 42. In a signaling system, & Wave guide com-
nrising metallic means defining the lateral boun-
dary thereof and a dielectric medium within said
boundary, said guide carrying signal-modulated
dielectrically guided waves of symmetric mag-

netic type, a signal circuit and means for estab-

lishing an energy transfer relation between said
waves and said circuit comprising means for sus-

taining high frequency conduction currents in.

substantially like phase around the axis of said

~guide. |
43. In combination with a wave guide, mearns

for generating therein electromagnetic waves of
the type having their lines of electric force in
cogxial loops, said means comprising a substan-

tially figure 8 conductor structure lying across

for applying to said struc-
frequency so high that
waves of said type are produced in said guide.
44, In combination with a wave guide com-
prising a dielectric medium enclosed by a surface
defining an abrupt discontinuity in electromag-

the guide, and means

petic properties, means for generating in said

suide waves of the type having their lines of elec-
tric force in coaxial circles, which consists  of
conductors having segments lying circumferen-
tially and connected to be energized so that the
current flow in all the segements is in like phase

in the same direction around the axis of the guide.

45. Tn a wave guide comprising a metallic pipe
carrying symimetric magnetic waves in its inte-
rior, a terminal structure for said guide compris-
ing a plurality of substantially arcuate conduc-
tors disposed within and concentric with said
pipe, and a high frequency translating device
connected to said conductors In such manner as
to be in energy transfer relation with said sym-

- metric magnetic waves.

46. The method of generating asymmetric

maenetic’ waves for propagation within a wave

- guide comprising 2. metallic pipe which consists

70
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in generating a high frequency alternating elec-
tromotive force across diametrically opposite
electrodes associated with said guide whereby the

corresponding lines of electric: force become de-

tached and propagated within the guide.
47. Tn combination, a wave guide comprising a

connected to the correspond-

‘of the guide.

‘being principally

agated therethrough. ;é

- erator being |
 frequency exceeding the cut-off frequency of said

. 18

metallic pipe containing only a dielectric me-

dium, a pair of conductors in substantial align-

ment with each other disposed within said pipe

and transversely to the length thereof, and a high
frequency translating device connected in energy
transfer relation with said pair of conductors,
said pair of conductors being adapted for energy
interchange with electromagnetic waves within
said pipe. - . B ;

48. In combination, a wave guide comprising a
metallic pipe for the. transmission of high Ire-
quency waves in the space enclosed thereby, an
oscillation generator, and a circuit connecting
said generator to diametrically opposite ]

49 In combination, a wave guide comprising

';'a tubular metallic pipe containing only a dielec-
~ tric medium, a pair of radial wires disposed with~

in said pipe and ending at diametrically opposite
points thereof, and a souice of high frequency
waves connected to the adjacent ends of said
wires, whereby progressive electromagnetic waves
may be established within said guide. .,

50. In a signaling system, a wave guide having
a metallic lateral boundary and a substantially
gaseous dielectric medium enclosed thereby, said
ouide carrying signal-modulated electromagnetic
waves of asymmetric magnetic by '
circuit and means for establishing an energy

“transfer relation between said waves and ‘said
conductor disposed within -

circuit comprising a

said metallic boundary in substantial alignment

with the transverse electric field of said waves.
51. In a system comprising a metallic pipe

guide, the method which comprises establishing
q flow of high frequency alternating current from

" one side of said guide to the other, said current
conduction current. and the

frequency being so. high that asymmetric mag-
netic waves are generated in said guide and prop-

""59 In combination, a wave guide ¢ mprising

a metallic pipe, an oscillation generator lying on

the axis of the guide, and opposite fan-shaped

conductors connected to and spreading irom said

generator to the walls of the guide, said gen-
of a kind adapted to operate at a

guide. | .
53, In combination, a wave guide comprising

a metallic pipe, an oscillation generator lying on
the axis of the guide and opposite fan-shaped
conductors spreading from said generator to the
walls of the guide, said fan-shaped

being angularly adjustable to match the im-

‘pedance of the generator to the impedance of the

guide. . |

54. In combination, a guide for electromag-
netic waves of high frequency consisting essen-
tially of a metallic pipe and an enclosed dielec-
tric medium, and a translating device within the
guide near its end connected.at points of widely

‘different potential in the system of said waves
- within the guide, the

| length of the guide be-
tween said end and the points of connection of
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said translating device being such that the direct -

 waves and the waves reflected from said end are

in phase at the said points of connection.
55. In combination, a dielectric guide consist-
ing essentially of & metallic pipe, a translating

- device within th_e ouide connected to diametrical-

75
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in energy transfer

having radial lines of

prising a metallic
ting therethrough

56. In combination, a dielectric guide the only

essential metallic element of which 1s a laterally
-enclosing element, a translating device
the guide and a reflector at the end of the guide,

the distance of the reflector from the translating
device being such as to bring the direct and re-

Hected waves in phase at the translating device.

57. In combination, a wave guide comprising
a metallic pipe and carrying within it progressive
electromagnetic waves of & character such that
propagation takes place substantially only at fre-
quencies above a critical frequency related to a
transverse dimension of the guide, means for re-

llecting waves within sald pipe, and means in

Iront of said reflector and in energy transfer re-

lation with said progressive waves o
In accordance with claim

208. The invention
57 in which said reflecting means and said means

the energy transfer is substantialls_r maximum.
99. In combination, a wave guide consisting
essentially of a metallic pipe, means for estab-
lishing progressive electromagnetic waves in the
interior of said pipe, means within said pipe for
reflecting said waves and means near said re-
flecting means for withdrawing wave energy from

the two last-mentioned means being
spaced an

drawal of wave energy.

60. The combination in accordance with claim
29 in which said means for withdrawing wave en-
€rgy comprises a receiver spaced approximately
an odd number of quarter wave-lengths from
said reflecting means. |

61. In combination, a wave guide consisting es-
sentially of a metallic: pipe, means including a
terminal structure within saig Pipe for launching

high frequency electromagnetic waves therein,
and means for limiting said waves to progression

In one direction only through said guide.

62. A combination in accordance with claim
61 in which saig limiting means comprises
a reflecting barrier across said pipe.

63. In combination, g wave guide comprising a
metallic pipe containing only g dielectric medium,
and means for launching progressive electromag-
netic waves in said pipe comprising a high fre-
quency generator, a terminal
thereby and laterally enclosed by a metallic shield
continuous with said pipe and a metallic reflector
Spaced roughly an odd number of quarter wave-
lengths from said terminal structure so that the
waves produced at said terminal structure are
efficiently directed into sald guide. |

64. In a wave guide consisting of a metallic
pipe carrying within it electric waves of the type
electric force, a receiver
comprising two coils on opposite sides of the guide
axis and with their axes transverse thereto, said
Ccolls being oppositely wound in series, a. condenser

coils to make a tuned circuit,
and a non-linear resistance device in shunt to
sald condenser, |

65. A wave guide consisting essentially of g

metallic pipe having a change of direction along
its length, and means to

transmission of electric
to correspond to the change in the direction of

change the direction of
waves within the guide

the guide itself without substantial loss of energy

and without substantial distortion, said waves
having a length comparable with the transverse

dimensions of said guide. |
66. In a system Including a wave guide com-

pipe and means for transmit-
:electroma.gnetic waves of -a

within

relation are so spaced that

- System and of the metallic pipe

optimum distance apart for the with-

structure energized

3,139,713 _ _.
- character such that there is a cut-off frequency

defining the lower limit of the wave propagation
range, means to change the direction of the guide

comprising a reflector having its face perpendicy-

lar to the angle bisector
of the guide having the
sald waves having & length comparable with the
transverse dimensions of said guide.

67. In combination, a wave guide comprising
& metal pipe, a metal electrode centered on the
guide axis at one end, and a high frequency al-

of the axes of the parts

| ternating current generator having one of its two

output terminals connected to said electrode and
the other such terminal connected to the guide
shell near said electrode.

- 68. In combination, a concentric conductor sys-
tem, a wave guide consisting essentially of a me-
tallic pipe, two electrodes at the end of said

- guide connected respectively with the two con-

ductors of the said concentric conductor system,
the dimensions of the said concentrie conductor

guide and the
design of the said two electrodes

there is impedance match between the said con-
centric conductor system and the said guide,
69. In a wave guide comprising a metallic pipe
carrying within it electromagnetic waves of the
type having radial lines of electric force and a
cut-off frequency related to the transverse di-
mensions of said pipe, a receiver comprising a
coil placed eccentrically in relation to the cross-

section of the guide, and a receiving cirenit com-
prising said coil.

70. In a system comprising a metallic pipe and

means for producing therein guided electromag-
netic waves of g character such that there is a

cut-off frequency defining the lower limit of the

useful frequency range, a receiver of said waves
comprising a circuit including at least one loop
of conductor disposed within said guide so that
it i1s linked by the magnetic field of said waves,
and means for detecting the corresponding volt-

age induced in said circuit.

71. Ina signaling system, a wave guide consist-
ing essentially of a metallic pipe, means for pro-
ducing signal-modulated progressive electromag-
netic waves within said pipe, and a receiver of
said waves comprising a conducting coil the turns
of which are linked with the magnetic lines of
force in said waves, and a detector connected to
sald coil for deriving the signals from said waves.

72. In combination in a signaling system, a
wave guide comprising a metallic pipe containing
only a gaseous dielectric medium and respective
terminals for sending and receiving over said
guide signal-modulated electromagnetic waves of
& character such that propagation occurs sub-
stantially only above a critical frequency deter-
mined by a transverse dimension of said pipe,
one of said terminals comprising a metallic cir-
cuit that is linked with the magnetic field of said
waves within the guide. R

73. As a means for

communicating electrical
effects from one place

exclusively to one other

place or to a limited number of other places, an 6

extended body of dielectric extending from the

one place to the other place or places and bound-
ed laterally by a metallically conductive enclo-
sure, and means for generating therein at the
one place electromagnetic waves of frequency
sufficiently high that they are dielectrically guid-
ed therein to the other place or places, and to
such place or places only.
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