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5 Claims. 

A principal object of our invention is to pro 
vide new and improved apparatus and a corre 
sponding method for the effective reception of 
electromagnetic wave signals, especially when 
such signals have been transmitted to the Space 
of their reception along a dielectric guide. An 
other object of our invention is to combine one 
or more sensitive receiving elements with a di 
electric guide in such relation to the lines of 
force of received waves therein, that the energy 
of the received signals shall be applied in an ef 
fective manner. Another object of our invention 
is to modify the receiving end of a dielectric guide 
appropriately for the combination therewith of 
sensitive receiving elements. All these objects 
and other objects and advantages of Our inven 
tion will become apparent on consideration of a, 
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limited number of examples of the invention 
which we have chosen for presentation in this 
specification. It will be understood that the foll 
lowing disclosure relates principally to these par 
ticular embodiments of tine invention and that 
the scope of the invention will be indicated in 
the appended claims. 

Referring to the drawings, Figures i, 3, 5 and 
7 are diagrammatic longitudinal Sections of a 
dielectric guide showing the lines of force of re 
spective different wave types therein; Figs. 2, 4, 
6 and 8 are corresponding cross-sections; Fig. 9 
is a cross-section of a dielectric guide showing 
crystal detectors adapted especially for waves of 
asymmetric magnetic and certain other types; 
Fig. 10 shows crystal detectors adapted for the 
reception of symmetric magnetic Waves; Fig. li. 
shows another arrangement for receiving asym 
metric magnetic waves; Fig. 12 shows a receiving 
crystal associated externally with the receiving 
end of a dielectric guide; Fig. 13 shows crystals 
in multiple for the reception of symmetric elec 
tric waves; Fig. 4 is a longitudinal Section show 
ing a modification with facility for adjustment; 
Fig. 15 shows a crystal associated with a dipole 
receiver in a dielectric guide; Fig. 16 is a longi 
tudinal section showing a modification of Fig. 
15; Fig. 17 shows an alternative disposition of 
the crystals for the same type of Wave as Com 
pared with Fig. 15; Fig. 18 shows a combination 
of the principles involved in Figs. 15 and 17; Fig. 
19 shows a plurality of crystals in series adapt 
ed for receiving Symmetric magnetic Waves; Fig. 
20 shows a crystal associated with a section of 
a coaxial conductor system tuned With respect 
to a dielectric guide so as to produce optimum 
received signals; Fig. 21 shows a modification in 
which thermoelectric junctions take the place of 

1935, Serial No. 44,640 

(C1. 18-44) 
the crystal or crystals in Fig. 11; Fig. 22 is a 
longitudinal section of a dielectric guide at its 
receiving end, with an adjustable piston for a 
purpose which will be explained; Fig. 22a ShoWS 
a modification as compared with Fig. 22; Fig. 23 
shows an impedance matching chamber termi 
nation at the receiving end; Fig. 24 shows such 
a chamber with a beating oscillator; Fig. 25 
shows a suitable oscillator for use in this con 
nection; Fig. 26 is a cross-section showing the 
use of rectifiers for two-way rectification. Fig. 
27 is a longitudinal Section of a dielectric guide 
at its receiving end showing the use of a beating 
Osciliator; and Fig. 28 is a perspective view of 
a dielectric guide at its receiving end showing a 
beating Oscillator in combination. With a Lecher 
Wire System. 

For the purpose of transmitting electromag 
netic Waves from one place to another place, a 
dielectric guide may be provided comprising a 
body of dielectric extending from the one place 
to the other place and bounded laterally by a 
dielectric discontinuity. A dielectric guide may 
take various forms, for example, a cylindrical 
body of air or empty space bounded by a metallic 
sheath. In Figs. 1 to 8, cylindrical sheaths are 
shown in longitudinal and transverse section 
with the sheath wall thickness greatly exagger 
ated to facilitate the diagrammatic representa 
tion. 
Of the various types of dielectrically guided 

Waves which may be propagated in a dielectric 
guide, the present disclosure has relation more 
especially to certain of the simpler types which 
may be named and symbolized as follows: They 
are Symmetric if they have symmetry on all sides 
around the axis, but they are asymmetric if the 
lines of force lie in great part parallel with a 
Single plane containing the axis. Also, the waves 
are electric if they have a substantial component 
of electric force in the direction of propogation, 
but they are magnetic if they have a substantial 
component of magnetic force in that direction. 
In FigS. 1 to 8, continuous lines represent lines 
of electric force and dotted lines represent lines 
of magnetic force. Accordingly, symmetric elec 
tric Waves (Eo) are represented in Figs. 1 and 2, 
Symmetric magnetic waves (Ho) in Figs. 3 and 4, 
asymmetric electric waves (E1) in Figs. 5 and 6, 
and asymmetric magnetic waves (H1) in Figs. 7 
and 8. 

For the purposes of this specification it is to be 
understood that “dielectrically guided waves' 
comprehends any waves that may be propagated 
along a dielectric guide as hereinbefore defined 
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and that are characterized in One or more of the 
following respects: the velocity of propagation, 
and, therefore, the wave-length, is a function of 
the transverse dimensions of the gulde; propa 

5 gation along a given dielectric guide is possible 
only above a critical frequency; and current flow 
in at least one longitudinal path is confined to the 
dielectric medium comprising the guide, or, in 
other words, the presence of a pair of conductors 

0 for the 'go and return' flow of current is not es 
Sential. 
ASSunning that Waves of one of the types shown 

in Figs. 1 to 8 are to be transmitted over a di 
electric guide, the present disclosure has to do 

ls more particularly with obtaining optimum re 
sponse from such waves for a given incident sig 
nal at the receiving end. It will be obvious in 
many cases that the configuration and relation 
of parts at the receiving end will be similarly ad 

20 evantageous at the transmitting end upon the sub 
stitution of wave generators for wave energy re 
ceivers. 

In the disclosures that follow, a suitable wave 
frequency that may be held in view by way of ex 

25 ample will be of the order of 2,000 megacycles 
per Second, corresponding to a wave length in 
free space of about 15 centimeters. For such a 
wave length the diameter of the wave guide 
when it has an air core may advantageously be 

30 about 5 inches. The devices described herein are 
applicable by Suitable scale modifications to 
higher and lower frequencies than that men 
tioned. In nearly all of the arrangements here 
in disclosed the receiver or detector elements are 

is connected in circuits with the coupling leads ly 
ing along the lines of force of the electric field 
of the received waves. In most of the receivers 
disclosed herein the received electric wave en 
ergy is applied directly in this way, instead of 
being applied to develop electromotive forces in 
conductive circuits and thereby convey the elec 
tromagnetic forces along the conductors to the 
detector or receiver elements at a greater or less 
distance. 

4s. Crystal detectors or receivers are examples of a 
number of well-known materials and devices 
which respond non-linearly to impressed volt 
ages; that is, with varying applied voltage the 
resulting current increments are not proportional 

so to the voltage increments. Such devices have 
the useful property of modulating or demodul 
lating the various frequencies that have been im 
pressed upon them; they may either produce sev 
eral harmonics of any one frequency that is im 

55 pressed, or in the more general case, they may 
produce demodulation products corresponding to 
the sums and the differences of all the various 
frequencies that are present. When an intelli, 
gence bearing band of relatively low frequencies 
is combined with a higher frequency carrar to 
form a side band, the process is known as modiu 
lation. When the components of such a combi 
nation are reproduced therefrom, the process is 
known as demodulation or detection. As is well 
known, these two processes are not essentially 
different. Thus it is that many of the devices 
herein described are applicable substantially alike 
for modulation or demodulation, that is, for 

70 transmitters as well as for receivers. 
As examples of crystals possessing the non 

linear property that has been mentioned, there 
are galena, silicon, iron-pyrites, carborundum, as 
well as copper oxide plates; also, gases at certain 

is pressures have similar properties, and two-elec 

trode and three-electrode vacuum tubes may 
have such properties. 
For the detection of asymmetric magnetic 

waves, several crystals may be connected in series 
along a diametral line as between the two points 5 
a and b of Fig. 9. A choke coil is introduced 
at 5 so that there will be no high frequency 
Counterelectromotive force in the lead from the 
inner point at a. The conductor is continued 
from the point a along the diameter in the form 10 
of a probe or pick-up 52. The high frequency 
electric forces impressed along the line ab are 
rectified, but prevented from entering the output 
circuit directly. Only the rectified and inte 
grated current effect goes to the output circuit, lis 
The length of the pick-up 52 may be adjusted for 
the maximum amount or any lesser desired 
amount of energy absorption. 
The waves transmitted along the guide and re 

ceived as in the apparatus of Fig. 9 may have no 
been modulated with speech, television signals or 
other forms of intelligence which are reproduced 
by demodulation in the output circuit. 
By proper adjustment of the pick-up length 52, 

the System of Fig. 9 may be made applicable for as 
receiving either symmetric electric or asymmetric 
electric waves as well as for asymmetric magnetic 
WaWes. 

By disposing the crystals along a transverse 
arc centered on the axis as shown in Fig. 10, the so System may be adapted for receiving symmetric 
magnetic waves in which the lines of force are 
circles about the axis. The pick-up projecting 
at 52 may be adjusted to get the optimun im 
pedance matching effect. 

Instead of ending the diametrally disposed as 
Sembly in an interior pick-up as at 52 in Fig. 9, 
the conductor can be carried the whole length of 
the diameter as in Fig. 11. Here the plates 
Seves as one plate of a condenser, its other plate 40 
being the metallic shell of the guide, so that the 
diametral conductor is effectively connected 
across the guide for high frequencies, but is con 
nected at only one end for the low frequency out 
put demodulation currents. In Fig.11 the de- 45 
tector or detectors may be placed at any point 
along the length of the diametral conductor, the 
most advantageous position being determined ex 
perimentally. One or several detectors in series 
may be employed. O 
Another plan is, as in Fig. 12, to have a pick 

up 52 projecting into the guide tlurough a little 
hole in its side, with the crystal connected ex 
ternally between this pick-up and the metal shell 
of the guide. This external circuit is shielded SS 
by the cylindrical cover cap S. To reduce the 
variable reaction of the crystal due to its imped 
ance variation with amplitude change, the pick 
up probe 52 may be isolated by connecting the 
Crystal through a short section of two-wire line, 
the two wires 54 and 55 being of suitable length i. 
If this length is made equal to a quarter wave 
length, then looking from the detector, one sees 
a comparatively low impedance; therefore the BS 
variation of the higher crystal detector imped 
ance will develop at the probe 52 a greatly dimin 
ished impedance variation. This scheme of con 
nection is applicable with other types of detectors 
and with other types of waves. To meet practi- to 
cal Operating conditions, the length from the 
crystal to the side wall of the guide in Fig. 12 may 
be varied somewhat from the quarter wave length 
value in accordance with experimental determi 
nation. The systems of Figs. 9 and 12 can be is 
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used either for detecting or measuring the inten 
sity of the symmetric electric wave. 
A plurality of detector units may be mounted 

radially as shown in Fig. 13, with one or more 
crystal detectors in each spoke of the radial 
structure. Here the elements are connected to 
gether at the center and the output is brought 
out through a radio frequency choke coil as 
shown. An alternative procedure is shown in 
Fig. 14. Here the radial elements are connected 
at their inner ends to a conductive ring 56 which 
is adjacent to, but insulated from, the end of the 
coaxial inner conductor pipe 58. The annular 
piston 59 is adjustable longitudinally. The in 
ner cylinder 58 and the outer shell of the dielec 
tric guide form a coaxial conductor system ex 

' tending to the left from the array of radially 
disposed Crystals. The radii may have the prop 
er ratio to give impedance match between the di 
electric guide and the coaxial conductor system. 
Symmetric electric waves incoming from the 
right are converted into coaxial conductor cur 
rent Waves which go on to the annular piston 59 
and are reflected back therefron toward the 
Crystals. The adjustment of the piston 59 is 
made to bring the direct and reflected waves in 
the most advantageous phase relation at the 
Crystals. 

Referring to Figs. 5 and 6, one sees that the 
electric forces in the midpart of a vertical diam 
eter may be opposed to those near its ends. Only 
the forces along the intermediate part of the 
diameter will be impressed upon the dipole 
shown in Fig. 15. The lengths of the pick-ups. 
52 may be adjusted within limits and if they need 
to be made longer, they may be bent over, with 
the extended parts parallel to the axis as shown 
in Fig. 16. This will be understood by reference 
to Figs. 5 and 6. Fig. 15 is adapted for the re 
ception of waves of either of the types asym 
metric electric or asymmetric magnetic. Fig. 16 
is adapted for the reception of asymmetric elec 
tric Waves. 
As shown in Fig. 17, the crystals may be ex 

posed to the received forces near the ends of 
the diameter, and if the pick-ups 52 need to be 
extended, this can be accomplished by bending 
them parallel to the axis in like manner as shown 
in Fig. 16. 

Fig. 18 combines the principles of Figs. 15 and 
17, connecting the three detectors in parallel. 
Similarly, other detectors may be disposed at ad 
vantageous places in the entire field of electric 
force and connected all in paralle. 

For the detection of a Symmetric magnetic 
wave, the detector units may be disposed in Series 
as shown in Fig. 19. One or more of these lines 
of detector units may be employed and the Out 
puts may be connected in Series or parallel to the 
external circuit according as the best impedance 
match is secured. 

Referring to Fig. 20, the detector shown is in 
terposed in the axial conductor 6 of the coaxial 
conductor system whose outer conductor is the 
shell of the dielectric guide. The length of the 
axial conductor is made adjustable by means of 
the telescopic cap 6 at its right-hand end. The 
diameters of the inner and outer conductors of 
the coaxial conductor System are chosen at a 
suitable ratio to afford impedance match with 
the cylindrical dielectric guide at the right. A 
movable annular piston 59 is provided at the left 
by which a suitable standing wave system may 
be set up on the coaxial conductor System, and 
a proper impedance match may be established. 

3 
Referring to Fig. 21, this shows a sequence of 

thermoelectric junctions lying along a diameter 
of a wave guide. The metals of One kind are des 
ignated Bi and those of the other kind are desig 
nated Stb. The thermoelectric effects are gener 
ated in greater intensity at the Smaller junctions 
between the diverse metals. The whole assembly 
lies along a line of force of a received asymmetric 
magnetic wave; the thermoelectric currents de 
veloped in the composite diametral conductor are 
effective as signal indications in the Output cir 
cuit. Somewhat similarly, various substitutions 
of thermoelectric couples may be made for the 
crystals of the foregoing figures. 
To adjust and perhaps intensify the effect of 

the received waves upon the detector, they may 
be reflected, as by the piston 65 in Fig. 22. The 
gap 66 may be adjusted in width to Secure the 
optimum degree of coupling. Between the gap 
66 and the piston 65, properly adjusted, a system 
of standing waves will be set up. Then the de 
tector may be adjusted along the length of the 
guide to bring it to the place of most effective 
intensity in the standing wave system. Thus if 
the detector is of low impedance it may go at or 
near a voltage node, but if it is of high impedance 
it may go at or near a voltage loop. In the modi 
fication shown in Fig. 22a, there is an iris at 

which is made adjustable, to control the ad 
mission of wave energy to the chamber between it 
and the piston. 
A system for the more effective development 

and localization of standing Waves at the receiv 
ing end is shown in Fig. 23. The pistons P1 and P2 
are adjusted so that the distance a between them 
is approximately a half wave length or an inte 
gral multiple of half wave lengths. By shifting 
the pistons alike the intermediate standing Wave 
is displaced until its amplituide is such at the 
place E of connection to the incoming wave 
guide that there is an impedance match and no 
reflection of wave energy back into the guide. 
The detector is then shifted to its optimum place 
as explained above for the detector of Fig. 22. 
But the reaction of the detector may be enough 
to require a little further readjustment of the 
pistons P1 and P2 to get an impedance match. 

Beating Oscillators for use in multiple detection 
reception may be associated with wave guides, for 
example, in the manner shown in the system of 
Fig. 24. The beating oscillator frequency f2 is 
set in relation to the received frequency f1 so 
fl-fa or fa-fi is equal to a suitable intermediate 
frequency. Although it is preferable for the two 
frequencies fi and fa to be of the same type of 
wave, this is not essential. The beating Oscillator 
may take the same form as the signal generator 
or be of the Barkhausen, magnetron, or the nega 
tive grid type. One form of the latter is illus 
trated (for asymmetric magnetic waves) in Fig. 
25. The position of the triode along the diam 
eter should preferably be adjustable, since experi 
ence indicates maximum output at a particular 
position. To facilitate this adjustment the slid 
ing tube scheme of Fig. 25 is Suggested. The 
arrangement of Fig. 25 has given good results 
as an Oscillator. 
By varying the tube position and/or the operat 

ing parameters the circuit of Fig. 25 may be ad 
justed just below Oscillation and Operated as a 
regenerative detector. In an analggOS manner 
Barkhausen and magnetron oscillators may be 
adjusted to oscillate feebly or just below the 
threshold of oscillation and act regeneratively. 
The superregenerative receiver has the sim 
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plicity and high gain of the regenerative receiver 
without the critical adjustments usually asso 
ciated with the latter. To the oscillating detector 
circuit a second oscillator adds a quenching fre 
quency. This is usually at a lower frequency 
and during a portion of its cycle the detector is in 
an Oscillating condition and the signal builds up 
to a large value. Before the overload limit is 
reached, the quenching frequency voltage re 
verses in phase and the building up of the sig 
nal is definitely limited. The quenching fre 
quency may be due to another oscillator cir 
cuit associated with the same tube or it may 
employ a separate tube and a separate circuit, 
The system of Fig. 25 may be used as a super 
regenerative receiver. 

Largely for simplification of the disclosure, 
one-way rectifiers have been shown in many of 
the figures that have been discussed heretofore. 
In numerolls cases two-way rectification may be 
practiced, as for example, in the reception of 
asymmetric magnetic waves by means of the ap 
paratus of Fig. 26. The lines of force of the 
received asymmetric magnetic waves are vertical, 
as viewed in the cross-section shown in Fig. 26. 
Two flat metal plates 72, overlapping one another 
at 73, are placed in a diametral, equipotential 
plane. At the sides they project, without metallic 
contact, through the longitudinal slots 1. The 
plates 2 also carry flanges 74 in capacity rela 
tion to the metal sheath of the wave guide. 
Four copper oxide rectifiers 75, 76, 77 and 78, 
each in itself a one-way rectifier, are disposed and 
Connected as shown in the drawings. The circuits 
of the high frequency electromotive forces on the 
individual rectifiers are completed through the 
capacities 74 and the metal sheath of the guide. 
The circuit 79 for the lower frequency rectified 
currents is indicated by the little arrows. During 
One half-period, when the lines of electric force of 
the incoming wave are directed down, the sig 
nal current gets its electromotive force at 75 and 
77; On the other half wave when the lines of 
electric force are directed up, the signal current 
gets its electromotive force at 76 and 78. 
In the system of Fig. 27 the piston 8 is ad 

justed within the receiving end of the dielectric 
guide 80 so that in the resultant standing wave 
system the probe 82 will be at the proper place of 
intensity for optimum operation. The probe 82 
connects through the crystal detector 83 to the 
wall of the housing 84 which is electrically con 
nected with the shell of the guide 80. A beating 
oscillator 87 is connected as shown, with a probe 
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88 projecting into the chamber within the hous 
ing 84. The signal indicator 85 is connected 
across the crystal detector 83 through a choke coil 
86. The received current waves through the di 
electric guide 80 and the output of the beating 
Oscillator 87 are superposed in the detector 83 
according to well-known principles so as to get 
a signal indication in the device 85. 

In the system of Fig. 28 the piston 8 f is ad 
justed along the receiving end of the dielectric 
guide 80 to bring the standing wave system at a 
place of proper intensity on the two aligning 

2,148,159 
diametra wires . These two wire conductors 

are bent aside at their meeting ends and con 
nected respectively to the two conductors of the 
Lecher wire system 90, which extends across 
through holes 9 in the wall of the dielectric guide 
sheath 80. It will readily be seen that the elec 
tromotive forces of received waves are applied 
through the conductors 9 to the Lecher wire sys 
ten 90. The two condenser bridges 92 and 9 are 
adjusted along the Lecher wire system 90 to set up 
a standing wave system thereon. Then the 
crystal detector 94 is adjustably bridged on the 
Lecher wire system to get the optimum effect 
therein and a beating Oscillator 95 is also bridged 
across, as shown. The signal indicator 9 takes 
of the rectified current due to the received sig 
nal current and the superposed beating oscillator 
current in the Crystal detector 94. 
We can: 
1. In combination, a cylindrical metal-sheathed 

dielectric guide for asymmetric electric waves, 
three sensitive one-way detecting elements in 
series along a diameter of the guide, the ex 
treme elements being oppositely directed to the 
intermediate element, and a signal indicating 
circuit comprising said elements in parallel and 
directed alike therein. 

2. In combination, a wave guide comprising a 
metallic pipe, means for transmitting signal 
modulated dielectrically guided waves there 
through and a receiver for said waves comprising 
a plurality of rectifying devices disposed at dif 
ferent places in the path of said waves and a re 
ceiving circuit common to a plurality of said de 
vices for carrying the rectified currents derived 
therefron. 

3. In combination, a wave guide comprising a 
metallic pipe carrying signal-modulated dielec 
trically guided waves of asymmetric electric type, 
two rectifying devices disposed within said pipe 
at separated points near the periphery thereof, 
and means connecting said devices together to a 
common signal output circuit. 

4. In combination, a wave guide comprising a 
metallic pipe and means for transmitting signal 
modulated dielectrically guided waves there 
through, a multiplicity of detectors disposed in 
the path of said waves at a receiving point, and 
means connecting said detectors to a common 
signal output circuit, said connecting means hav 
ing relatively high impedance at the frequency 
of said signal-modulated waves. 

5. In combination, a wave guide comprising a 
metallic pipe carrying signal-modulated dielec 
trically guided waves therein, and a receiver for 
said waves comprising several asymmetrically 
Conducting devices disposed within said guide 
at separate points in substantially the same trans 
verse plane, said devices being differently oriented 
with each in substantial alignment with the 
incident electric field of said waves, an output 
circuit, and means connecting said devices in 
electrically aiding relation to said output circuit. 

GEORGE C. SOUTHWORTH. 
ARCHE P. KNG. 
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