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Patented May 8, 1945 2,375,223 
UNITED STATES PATENT oFFICE 

2,375,223 
DIELECTRC GUIDE SIGNALING 

William W. Hansen and Russell H. Varian, Stan 
ford University, Calif., assignors to The Board 
of Trustees of The Leland Stanford Junior Uni 
versity, Stanford University, Calif., a corpora 
tion of California, 

Application August 24, 1939, Serial No. 29,652 
(CI. 78-44) 30 Cairns. 

This invention relates, generally, to ultra high 
frequency signaling employing the propagation 
of electromagnetic waves through dielectric 
guides, and the invention has reference, more 
particularly, to novel means for and methods of 
launching, receiving and amplifying electromag 
netic energy in dielectric guides. 
Apparatus heretofore used for launching and 

relaying electromagnetic energy in dielectric 
guides is incapable of transmitting signals si 
multaneously in both directions in the guide un 
less the signals are of different frequencies or 
are polarized differently. Inasmuch as the use 
of different frequencies for transmission in oppo 
site directions doubles the width of the wave 
band required over that necessitated by the use 
of but a single frequency, and as transmission 
of polarized Waves involves practical difficulties, 
these systems are not entirely satisfactory in 
use. Also, considerable difficulty is involved 
When using these prior systems in endeavoring 
to reduce feed-back so as to prevent self-oscil 
lation of the relaying amplifiers. 
The principal object of the present invention 

is to provide novel apparatus and method for 
simultaneousy transmitting ultra high frequency 
signals of the Same wave band in both directions 
in a dielectric guide Without interference be 
tween such signals thereby substantially doubling 
the channel capacity of the guide, the apparatus 
also being suitable for the use of differing fre 
quencies for transmission in opposite directions 
in the guide, if desired. 
Another object of the presenti invention is to 

provide, in combination With a dielectric guide, a 
relay amplifier means for amplifying signals 
traversing the dielectric guide, the said amplifier 
means having novel receiving means designed to 
greatly reduce feed-back, the attenuation of the 
guide also serving for greatly reducing objection 
able feed-back and hence self-oscillations in the 
guide, thereby enabling greater amplification of 
the signal at each relay amplifier means and 
greatly reducing the number of Such amplifier 
82S. 

A further object of the present invention lies 
in the provision of novel equipment for launch 
ing electromagnetic Waves in a dielectric guide 
for traversing the guide in one direction only 
from any desired point along the guide, whether 
near or remote from the ends thereof, the said 
System of this invention operating independently 
of the mode of motion of the waves in the guide. 
Another object of the present invention lies in 

the provision of novel equipment for relaying 
waves along transmission lines and utilizing the 
inherent, attenuation of Such lines between Suc 
cessive relay points forpreventing undesired feed 
back and improving stabilization of the System. 
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parent from the specification, taken in connec 
tion with the accompanying drawings wherein 
the invention is embodied in concrete form. 

In the drawings, 
Fig. 1 is a schematic sectional view of a dielec 

tric guide equipped with the novel apparatus of 
the present invention, adapted for receiving a 
signal traversing the guide in one direction, am 
plifying the signal and reradiating the same for 
continuance along the guide in the same direc 
tion. The apparatus also shows means for re 
ceiving, amplifying and reradiating signals for 
transmission through the guide in the opposite 
direction. . 

Fig. 2 is a vertical part sectional view of an 
arrangement adapted for amplifying signals 
propagated in a dielectric guide in order to com 
pensate for energy losses occurring in the guide, 
the Said arrangement including means formatch 
ing the impedance of the amplifiermeans to that; 
of the guide and for automatically maintaining 
control of the signal intensity in the guide. 

Fig. 3 is an enlarged vertical sectional view of 
a portion of the apparatus of Fig. 1 and illus 
trates the amplifier for relaying a signal in a di 
electric guide, together With directional discrimi 
nating means for receiving the signal to be re 
layed. 

Fig. 4 shows transmitting and receiving means 
adapted for use with the equipment of the pre 
cedingfigures. 

FigS. 5 to 7 are eXplanatory diagrams. 
Similar characters of reference are used in all 

of the above figures to indicate corresponding 
partS. 
As used in the present specification, the term 

“dielectric guideº means a System of material 
boundaries capable of guiding Waves. Such sys 
tems are also known as “wave guides.' By the 
term “transmission line” is meant any high fre 
quency energy conductive System including Wava 
guides, coaXial transmission lines, or other trans 
miSSion circuitS. 

Referring now to Fig. 1, the reference numeral 
I designates a dielectric guide of the type already 
known in the art, the same being suitable for 
transmission of electromagnetic energy of ultra 
high frequencies. In this figure, a block diagram, 
designated as a whole by reference numeral 3, is 
shown of the equipment employed forpicking up 
a Signal traversing the guide in a given direction, 
amplifying the signal and then reradiating the 
same for continued transmission along the guide. 
This relaying apparatus must embody directional 
discriminating means for receiving the signalto 
be relayed and forreradiating the signalafter it 
has been amplified. Such relaying devices musC 
not be responsive to signals coming from a di 
rection opposite to its direction of sensitivity and 

Other objects and advantages will become ap- 60 hence will not cause interference with signals 



2 
traversing the guide in the reverse direction. A 
Similarº relaying device 4 With opposite direc 
tional characteristics may be employed in the 
guide as. shown for relaying signals in the oppo 
site direction. Preferably a series of the relay 
ing devices, such as 3 and 4, are equally spaced 
from one another along the guide i throughout 
the length of the same, alternate relaying devices 
amplifying signals traveling in the same direc 
tion. 

In this figure, the reference numerals 2 and 
2” designate receiving means, which may be of any 
suitable type Such as dipole antennae, loops, or 
apertures in the guide Wall. A. phase shifter, des 
ignated 10, is supplied from the antenna. 2, while 
an amplitude adjuster If is supplied from the 
antenna, 2'. The outputs of thephase shifter and 
amplitude adjusterare combined at 8 and fed to 
a radio ultra high frequency amplifier 50, the 
output of Which is Supplied through a second 
phase shifter 2 and amplitude adjuster f3 to re 
radiating antennae 5 and 5'. 
The receiving means, i.e., antennae 2 and 2”, 

are preferably located about one-quarter Wave 
length apart within the guide , thatis, are spaced 
a distance apart Such that the waves received by 
antenna 2 and 2 are substantially 90° apart in 
phase due to the time consumed by the Wave in 
travelling this distance. The phase shifter 10 is 
adjusted by turning itS control knob 10' So that 
the electromagnetic WaveS delivered therefrom to 
the junction point 8 are in phase at 8 With the 
Waves delivered to this point 8 from the ampli 
tude adjuster il When the received electromag 
netic Waves are traveling from left to right in 
guide . Thus, though the antenna, 2' is dis 
placed one-quarter Wave length from 2, the out 
put of the amplitude adjuster at junction point l'8 
is in phase With the signal received from the 
phase shifter i 0. Thus, the outputs of 10 and il 
combine additively at l'8 for supplying the ultra 
high frequency amplifier 50. However, should a 
signal be received by antenna means 2' and 2 
coming from the reverse direction, that is, moving 
from right to left in Fig. 1, then, in that case the 
electromagnetic Waves received at 2 Will be 90° 
displaced later than those received at 2', and 
since the phase shifter f0 and the connections 
shown act to retard the phase of the output of 
2 90º more, the output of thephase shifter 0 at 
junction point i8 Will be directly Out ofphase With 
that supplied from the amplitude adjuster di at 
point A8. Thus, the signals at 8 Will tend to 
canceleach other. If the amplitude of these sig 
nals is made identical by adjusting the knobiº 
of the amplitude adjuster, the effect of the signal 
coming from the right at the junction point 18 
Will bezerc due to the cancelling of the opposite 
signals fron 10 and f. Thus, if the receiving 
means 2 and 2' are approximately one-quarter 
Wave length apart in the guide, their combined 
sensitivity in one direction, i.e., for signals mov 
ing from the left toward the right, Will be sub 
stantially a maximum, Whereas for signals moV 
ing in the opposite direction the combined signa 
Will be zero. It is not essential that these receiver 
meansbe exactly one-quarter Wave length apart, 
assome departure from this value Will not appre 
ciably affect the sensitivity of the system. Since 
it is necessary that the sensitivity of the appa 
ratus to signals traversing the guide in the reverse 
direction should be as near zero as possible, the 
receiving means are Set up, in practice, 8S 63 
one-quarter wave length apart as convenient, or 
some odd multiplethereof. The final elimination 
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2,875,228 
of the sensitivity in the Wrong direction Is ob 
tained by fine addustment of the phase shifter 
knob l0' and the amplitude adjuster onob º. 
Phase shifter 2 acts to retard thephase of the 

waves emitted from antenna 5 90° in phase posi 
tion relative to the waves emitted from antenna 
5' so that by the time the waves from 5° have 
reached the transmitting means 5, the combined 
Waves are in phase for transmission along the 
tube toward the right. The antenna means Sand 
5', on the other hand, are subtractive in thelr 

2 5 

30 

-0 

action so far as transmission to the left is con 
cerned. Thus, radiation from antenna 5, upon 
reaching antenna 5', Will be displaced 90° coun 
ter-clockWise from that which Would be received 
at 5' were thephase shifternot used, but since the 
phase shifter retards the phase by 90°, the net 
result is to establish an 180° out of phase condi 
tion between the signal emitted at 5 and that 
received at 5' from 5, so that these two signals 
cancel Out and hence do not traverse the tube 
toward the left, i.e., in the Wrong direction. 
The relaying apparatus 4 serves for receiving 

Signals traveling from right toward the left in 
guide f, which signalsmay have thesame carrier 
frequency as those relayed by apparatus S and 
moving in the reverse direction or, if desired, 
these oppositely traveling signals may have dif 
ferent carrier frequencies. In the operation of 
apparatus 4, the phase shifter 8 is adiusted to 
retard the signal from 6 approximately 90° so 
that the signal delivered therefrom at point Sº 
is in phase with the signal supplied from the 
amplitude adjuster 9 provided the signal carry 
ing Waves are moving from right to left in guide 
f. Signals movingin the reverse direction cancel 
at f8' in the manner previously described. Out 
put phase shifter 0 retards the amplified signal 
So that the Waves emitted from antenna are 90º 
lagging those emitted from ', whereby these 

i Waves are additive at while Waves moving from 
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7 to 7'are subtractive and cancelatº. 
Actually the discriminating sensitivity of re 

ceiving means 2, 2'or 6, 6' against signals going in 
the Wrong direction need not be very great where 
using the apparatus of this invention, assuming 
that the consecutive pieces of Irelaying apparatus 
3, 4, etc. are mutually spaced a suitable distance 
apart, inasmuch as the attenuation of the line 
acts to greatly reduce feed-back. Thus, assum 
ing that receiving means 2, 2' or 6, 6º possess 
amplitude sensitivity in the Wrong direction of 
one thousandth of that which they possess in the 
right direction, then in that case the relatively 
minute Wrong signal picked up by 2, 2' or 6, 6', as 
the case maybe, will be amplified and sentalong 
the guide in the opposite direction to its original 
direction of motion. However, even as amplifiedi 
the Wrong signalis relatively Weakin comparison 
With the amplified normal signai moving in that 
direction, So that this incorrect signalis substan 
tially entirely attenuated by the time the same 
reaches the next relaying equipment, so that in 
use relatively high amplification maybe employed 
by this relay equipment without interference. 
Thus, for example, the small feed-back from 2, 

2' is attenuated by the line between 3 and 4, and 
since 6, 6' receive this feed-back in the Wrong 
direction, Only an extremelysmall portion of this 
attenuated feed-back signal is amplified by 50º 
and the same is sent out by 7, 7' and further 
attenuated by the line and must be received by 2, 
2' in the Wrong direction, so that in effet rela 
tively large amplification may be used at 50, 50º 
without appreciable feed-back taking place. of 



2,875,223 
course, this is not true of relay devices of the 
prior art wherein the line is terminated at each 
relay means So that relays acting in both direc 
tions must be located at each relay station, there 
by losing the benefit of line attenuation of the 
feed-back. 

If We assume that the feed-back from 7, 7' is 
but one-thousandth of the output of , 7' and 
that 6', 6 picks up but one-thousandth of this 
feed-back, then the attenuation between the out 
put and input of a relay is one-millionth, so that 
it is possible to amplify the signal in 5' and 50 up 
to one million Without self-oscillation taking 
place. Also, assunning that the signal from 7, l' 
is attenuated in the line between and 3 to one 
thousandth of its value at , 7', then since 2, 2' 
receive this signal in the Wrong direction, the 
attenuation is increased to one-millionth of the 
signal emitted at 7, 7', then amplified by 50, fur 
ther attenuated by the line between 5',5 and 6', 6 
to one-thousandth of the amplified Version, and 
since 6', 6 receive this signal in the Wrong di 
rection, the attenulation is also increased to One 
millionth of that emitted at 5', 5, thereby also 
permitting amplification in 50' and 50 of up to 
a milion. Hence, it Will be Seen that large an 
plifications can be used Without serious feedback 
taking place so that the equipment 3, 4, etc.. may 
be spaced relatively great distances apart in use. 
thereby greatly reducing the cost of the present 
equipment as compared With equipment hereto 
fore USed. M 

Fig. 3 illustrates in detail a typical relay ap 
paratus Such as the relay apparatus 3 shoWn in 
block diagram in Fig. 1. 
Fig. 3 the receiving and radiating means are 

It will be noted that in : 
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shown as dipoles, although othar types of receiv-- 
ing and radiating elements may be used. s7ch 
as loops. The phase shifter i connected to the 
receiving element 2 is illustrated as a concen 
tric line which is adjustable as to length. One 
concentric line portion i 4 extends through an 
opening i 5 provided in the guide i and has the 
dipole 2 connected with its upper end. whereas 
the lower part of this concentric line portion A 
is provided with a female socket for receiving 
one end of the remaining concentric line portion 
i ', which latter is adapted to be adjustably tele 
scoped into the socket of portion I 4 by means ?f 
the Knob O' fixed upon a Screw 6that is thrºad 
ed into a bracket i6' fixed on the guide i Thus, 
by turning knob O' so as to lessen the distance 
between dipole 2 and dipole 2”, thereby reducinº 
thephase difference between these dipoles Within 
the guide , the concentric line connecting dip?ile 
2 to loop i 7 within hollow resonator 27 is length 
ened so that rapid change in phase of the out 
puts of the two dipoles as supplied to the resona 
tor 2 7 is effected by adjusting the Knob l' of 
the phase shifter. The phase shifter 2 asso 
ciated With transmitter dipole 5 is similary Con 
structed and connects 5 with the loop 9 con 
tained within the resonator 29. 
The amplitude adjuster il comprisºs a loop 

2 that is contained within the resonator 27 and 
is adjustable by turning the knob l', thereby 
turning the amplitude adjuster loop 24 and alter 
ing the number of magnetic lines of aternatinº: 
current flux resonant in the hollow resorator ? 
that are enclosed by the loop, thereby Varying 
the intensity of the signal that is set up in 27 
by a given signal passing along guide i from left 
to right. Loops 7 and 24 Within resonator 27 
correspond to the point l'8 of Fig. 1. It Will be 
noted that the knob l' is attached to a porton 
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3 
of a concentric line, which portion is socketed in 
an upper portion 20 that extends through the 
guide and carries the dipole 2' at its upper end. 
Suitable Seals 2 and 22, as of vitreous mai, Crial, 
are provided forsealing the resonator 2 off from 
the concentric lines leading to dipoles 2 and 2'. 
The amplitude adjuster i 3 is similar to il and 

Would appear to require no further description. 
The loop 23, associated with amplitude adjuster 
3, is contained within hollow resonator 29 so 
that by turning knob 3', suitable adjustment is 
proVided of the intensity of the Waves emitted 
from dipole 5' relative to those emitted from 
dipole 5. 
The amplifier 50 shown in Fig. 3 is of the type 

disclosed in application Serial No. 201898, filed 
April 14, 1938, now Patent No. 2,280,824, issued 
April 28, 1942, of which the present applicants 
are the jnventors. This amplifier comprises a 
plurality of aligned interconnected dielectric reS 
onators 27, 28 and 29 that are evacuated Within 
a vitreous insulating cup 49 at one end of the 
amplifier is provided a cathode 3 that is Sur 
rounded by the focusing shield 34, said cathode 
being indirectly heated by a heater coil 3 that 
is supplied from the battery 32. The electrons 
released by the cathode 3 are drawn in a colum 
rtar stream by the strongly positive grid 33. which 
grid is held positive with respect to the cathode 
bv the battery 25. Note that the positive side of 
the battery 25 is grounded, Which is also true rf 
the casing of amplifier 50, to which casing the 
grid 33 is connected. L'hus the electron Stream 
is drawn through grid 33 and then nasse S 
through subsequent; pairs of grids 35, 35' 37.3' 
and 39, 39' constiti iting grirs of the hollow res 
nnators 27, 28 and 29 respectively. After Teaving 
grid 39' the electron stream nasses through ad 
ditional grids and 2 to the plate 43. 
The waves fraveling along guide i from left 

to right; are picked Up by receiving means 2 and 
2' andare deliVerer into the reSonator 2 in in 
phase relation. This received energy serves to 
excite this resOnator in S11c mode tbat an altAr 
nating electric field is e stablished between grirs 
35 anri R5' the saidi electric field Serving to alter 
natelv imparti pnsitive and negative accelerations 
to Successive electrons of the Stream naSSing 
therebetWeen, fherebv causing the electrons of 
the stroam to traverse the Space betWeen reSOna 
tor 2 and the next reSonator 28 With cvclicav 
varying velocities. The faster electrons which 
passed through the electric fiel?i later than the 
precedjing electrons. Will tend to cvertake the lat 
ter in the interspace between resonator 27 and 
resonator 28, so that by the time the electron 
stream has arrived at grid 37, the stream will 
have a slight periodic variation in electron densitv7 
at the frequency of the field between grids 35 
and 35'. 

If the resonator 28 is properly tuned, Which is 
accomplished by the tuning means 4 of the type 
disclosed in application Serial No. 268,898, filed 
April 20, 1939, now Patent No. 2,259,690, issued 
October 21, 1941, of which the presenti applicants 
and J. R. Woodyard are the inventors, an alter 
nating electric field Will be established between 
grids 37 and 37', which is much stronger than 
that existing between gridS 35 and 35', With the 
resut that the Successive electronS Will receive 
nuch larger variations in velocity than that pre 
viously possessed, thereby effecting still greater 
bunching and corresponding increaSe in variation 
in electron density during passage through the 
space between resonators 28 and 29. Similarly. 



4 
the entrance of the stream of variable electron 
density into resonator 29 establishes a strong 
alternating electric field between grids 39 and 39º 
which acts to.retard the electrons so that they do 
work upon this field and thereby maintain the 
alternating electromagnetic field within resona 
tor 29, the energy of which is pickedup byloops 
i 9 and 23 and reradiated along the guide by 
transmitting means 5' and 5. . 
The grid 4, being at the potential of the posi 

tive side of battery 25, aids in maintaining the 
stream in columnar form, whereas the inclined 
grid 42 is preferably maintained at a potential 
near that of the cathode. This is accomplished 
by use of potentiometer 38 and battery 38' con 
nected to the cathode lead 40. With the grid 

2,375,223 
for highly efficient performance through the 
matching of the guide impedance to that of the 
amplifler. In this figure the guide 54 carrying 
waves in the direction shown by the arrow, is 
provided With a gate structure consisting of an 
apertured plate 55, the aperture 56 thereof being 
adapted to register with an inlet, opening 57 pro 

i vided in the resonator58. Athumb screw 59 op 

5 

42 at this potentia, most of the electronsare re 
flected back and to oneside and only the speeded 
up electrons will pass through this grid. Thus. 
as the change in velocity increases, more and more 
of the faster electrons will reach the plate 43 be 
yond grid 42, while fewer of the slower electrons 
Will reach this plate. The current therefore 
reaching the plate 43 increases as the amplitude 
of oscillations in the device increases, sothat the 
device as a whole serves as a cascade amplifier 
and detector. 
The detected signal on the plate 43 is more 

negative the stronger the oscillationsbecome. 
Looked at in another way, as the current through 
the plate circuit increases, thedrop acrossa re 
sistori 45 in the plate circuit increases, thereby: 
lowering the potential at the plate, which is 
shown connected through a biasing battery: 46 
and lead 47 to a grid 48 positioned in front of 
emitter 30. Thus the potential of grid 48 is cor 

: respondingly lowered, effectinga decrease in the 
current passing through the device due to the re 
pellent action of the grid 48 on the electron 
stream. Thus, since the plate 43 becomes more 
negative as the signal intensity increases, the 
grid 48 acts as an automatic volume control serv 
ing to cut down the current; in the deVice and 
thereby the gain When the amplitude of oscilla 
tion increases. 
As disclosed in Patent No. 2,259,690, the tuning 

devices 44 supplied to each resonator consists of 
vitreous envelopes 5i that extend into the resona 
tors and prevent the admission of air thereinto. 
Metal plugs 52 are longitudinally adjustable in 5 
the envelopes 5 f by means of nuts' 53 shown, 
thereby operating to adjust the frequency of the 
resonators as desired. The position in which the 
envelopes 5 and metal pugs project into the 
resonators has an important bearing on the tun 
ing. If the plug 52 is positioned in a part of the 
resonant cavity containing essentially electric 
field, the same by its presence serves to increase 
the capacity of the circuit so that the resonant 
frequency Will be decreased, Whereas if this plug 
52 is inserted in a region containing mostly mag 
netic field, the same reduces the total volume of 
magnetic field since the plug contains no field, 
whereby the inductance will be decreased and the 
frequency will be increased. It is therefore pos 
sible to find an intermediate point where the 
mere presence of the plug Will not affect the fre 
quency. As illustrated in Fig. 3, the piugs are 
located Where the magnetic field is strong. As 
the plugs aremoved in and out, controlled changes 
in the resonant frequency of the resonators is 
obtained, thereby allowing the various resonant 
chambers 27 to 29 to be tuned to the incoming 
signal. 
The relay device illustrated in Fig. 2 is adapted 

20 

posing a spring 60 is adapted to adjust the plate 
55 vertically, as shown in Fig. 2, to thereby vary 
the portion of the area of aperture 56 that reg 
isters with opening 57. Thus, by adjusting. 59, 
the impedance if the guide 5 may be matched 
to the input impedance of the resonator 58 to 
obtain the best operating conditions. Similarly, 
the output resonator 6 is provided with an open 
ing 57', the effective area of Which is varied by 
adjusting the valve i plate: 55' through turning 
of the knob 59', whereby the impedance of the 

i exit guide 62 ismatched with that of the internal 
, impedance of the amplifier. Theremaining con 
nections of the structure shown in Fig. 2 are sim 

i ilarto those shown in Fig. 3 and Would appear 
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to require no further description, - - , 
The specific structures of Figs. 2 and 3 are 

shown and claimed in copending: divisional ap 
plication Serial No. 513,002. 

Fig. 4 illustrates a typical manner of supplying 
the guides of Figs. 1 to 3 with the signals travers 
ing the same. Thus, in Fig. 4, a suitable trans 
mitter 63 is provided, shown as including an oscil 
lator, a modulator and an amplifler, the output 
of the amplifier being supplied through thephase 
shifter 64 and amplitude adjuster 65, as in Fig. 1, 
to the transmitting antenna means provided in 
the guide 66. The transmitter, of course, may be 
located at any point along the guide or atan 

i end thereof. The, receiver, Which may also be 
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located at any desired point along the guide or 
at the end thereof, has the amplitude adjuster 
65' and the phase shifter 64' together with Suit 
able receiving antenna means, as in Fig. 1, the 
output of which is fed to the receiver 67 proper. 
The input to the receiver is shown as passing into 
a mixer supplied with heterodyning frequency 
from an oscillator, the output being fed to an 
amplifier and thence to a detector which con 
nects With suitable ear phones 68 orother au 
dible or indicating device. Of course it will be 
Understoodthat the functions of the mixer, am 
plifier and detector may be performed by a single 
tube or by a plurality of tubes. Atregular inter 
vals between the transmitter and receiver there 
will be provided, of course, the relay devices showm 
in Figs. 1 to3. 
The diagrams of Figs. 5 to 7 show various ways . 

in which the apparatus of the present invention 
may be used in relaying signals along a wave 
guide. These diagrams illustrate the broad 
method by which signals. may be transmitted 
in both directions in the line and amplified along 
the Way Without causing interference between 
the signals transmitted. The important feature 
of this method is the adaptability of the Same to 
luse the attenuation of the transmission line as 
an important part of the attenuation required to 
prevent Self-OScillation in the line through feed 
back. 
Thus, in Fig. 5 the guide 85, shown schemat 

ically as a line, is provided with direction dis 
criminating apparatus such as that shown in 
Fig. 1, which discriminates against, i.e., does 
noti passany feedback of signal Amoving toward 
the left, and passes signal B. In a branch 
parallel circuit thereis provided direction sensi 



2,875,228 
tive apparatus such as shown in Fig. 1, Which 
discriminates against i.e., does not pass signal B 

º but passes signal A, and associated With this 
apparatus is an amplifier of signal A. This am 
plifier does not amplify signal B since the lat 
ter is blocked by the directional discriminator in 
the branch current. 

In Fig. 6, frequency discriminating means is 
provided in the guide 86 Which discriminates, for 
example, against A but passes B. This fre 
quency discriminating means may be of known 
prior types, such as an ordinary telephone line 
filter, ormay be of the type shown in Southworth 
Patent #2,106,768. In this figure a parallel 
branch circuit is shown, including frequency dis 
criminating means blocking signal Band passing 
signal A, and an amplifier is included for am 
plifying the signal Athat passes the discriminat 
ing meanS. 

It is to be understood that the structures of 
Figs. 5 and 6 need not be confined to dielectric 
guides, inasmuch as systems using Wires or con 
centric lines could also employthis apparatus. 
In Fig. 7 the guide 67 is shown provided With 

a polarization discriminating means in the guide, 
which discriminates against signal A, for eXam 
ple, but passes B. This structure may be of the 
type such as that shown in the Southworth 
Patent #2,153,728. Here also a branch circuitis 
provided, having a polarization discriminating 
means that serves to block B but passes A to the 
amplifier shown, which of course acts to amplify 
the signal A for retransmission along guide 8. 
At the next relay station similar apparatus is 
used for amplifying the signal of B. 
As many changes could be made in the above 

construction and many apparently Widely dif 
ferent embodiments of this invention could be 
made without departing from the Scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompanying 
drawings shall be interpreted as illustrative and 
not in a limiting SenSe. 
What is claimed is: 
1. In signaling apparatus, a dielectric Wave 

guide for conveying electromagnetic Wave sig 
nals, a relay apparatus for amplifying the Wave 
signals, and energy interchanging means linking 
the wave signals in the guide and connected With 
said relay apparatus, Said energy interchanging 
means being responsive to the direction of tra Vel 
of the wave signals along the guide for coupling 
said relay apparatus to said Wave guide, Saidi 
energy interchanging means comprising a plu 
rality of separate interconnected Spaced means 
for receiving energy from the guide and inter 
connected spaced means for retransferring 
energy to the guide after amplification by said 
relay apparatus. 

2. A signaling system comprising a Wave guide 
for conveying electromagnetic Wave signals in 
opposite directions therealong, a relay appara 
tus for amplifying said Wave signals travelling 
in one direction along said guide While passing 
said wave signals travelling in the other direction 
along said guide, means responsive to the direc 
tion of travel of said wave signals in Said one 
direction along said guide for coupling Said relay 
apparatus to said Wave guide, and neanS l'eSOOIl 
sive to the output of said relay means for propa 
gating wave signals along Said Wave guide in 
said one direction. 

3. A signaling system as in claim 2 Wherein 
said direction responsive means comprises a plu 
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S 
rality of inter-connected energy receiving means 
Spaced along said circuit. 

4. A Signaling System as in claim 2 Wherein 
Said - direction responsive means comprises a 
plurality of inter-connected energy receiving 
means Spaced along Said circuit, one of Said re 
ceiving means including phaSe shifting means. 

5. A signaling System aS in claim 2 Wherein 
Said direction responsive means comprises a 
pair of energy receiving means Spaced along said 
Circuit and a phase Shifting deVice connected to 
One of said receiving means for making the 
pnase of the output thereof equivalent to the 
phase of the other of said receiving means. 

6. A signaling System as in claim 2 Wherein 
Said propagating means comprises a plurality of 
interconnected energy coupling means Spaced 
a Long Said circuit. 

7. Relay apparatus for dielectric guides, com 
prising discriminating receiving means con 
nected With a dielectric guide, Said discriminating 
receiving means acting to Selectively receive a 
Signal traVerSing the Same in accordance With the 
direction of travel of the signal therein, an am 
plifier fed from said receiving means for amplify 
ing Said Signal, and directional radiating means 
connected With Said guide and said amplifier for 
radiating the amplified signal for continued pas 
Sage along the guide in its initial direction. 

8. Relay apparatus for signal transmitting di 
electric guides, comprising a dielectric guide, dis 
Criminating receiving means connected with said 
dielectric guide for extracting signal energy from 
Said guide, said discriminating receiving means 
acting to Selectively receive a signal traversing 
Said guide in accordance With the direction of 
travel of the signal therein, and directional 
radiating means COnnected With said guide at 
a point longitudinally Spaced from said connec 
tion to Said receiving means for radiating said 
received Signal for continued passage along said 
guide in its initial direction. 

9. In a transmission circuit having signals 
traversing the same in both directions, means 
reSpOnsive to the direction of travel of signals 
along the circuit for selectively receiving one of 
Said Signals moving along the circuit in one di 
rection, an amplifier connected to said receiving 
means for amplifying said signal to the exclusion 
of the other signal traversing the circuit in the 
reverse direction, and directional transmitting 
means for transmitting the amplified signal back 
to Said transmission circuit for further trans 
mission therealong in said one direction only and 
With but little feed-back therefrom to said re 
cenVing means, Said receiving and transmitting 
means Operating Without interfering with the 
passage of Said other signal along said trans 
1ission circuit. 

10. In a transmission circuit having signals 
traversing said circuit in botn directions, the 
combination including means responsive to the 
direction of travel of signals along said circuit 
for Selectively receiving one of said signals mov 
ing along Said circuit in one direction to the ex 
clusion of other signals traversing said circuit in 
the reverse direction, and separate directional 
transmitting means connected with said receiv 
ling means and Spaced along said circuit from 
said receiving means for transmitting said re 
ceived Signal back to said transmission circuit 
for further transmission therealong in said one 
direction only, and With but little feedback there 
from to said receiving means, said receiving and 
transmitting means operating without inter 
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ferring with the passage of said other signals 
along said transmission circuit in said reverse 
direction. 

11. In combination, a dielectric guide naving 
two differently polarized electromagnetic Wave 5 
signals moving in opposite directions therein, re 
peater means connected with said guide, said 
repeater means comprising polarization sensitive 
means interposed in said guide acting to block 
the first of said signals traveling in one direction 
while passing the second signal traveling in the 
reverse direction and a section of dielectric guide 
connected in shunt with a portion of Said guide 
and bridging said blocking means, Said shunt 
guide section having polarization sensitive means 
acting to block the second of Said signals So that 
the latter passes through Said repeater means 
Without amplification, Said bridging section 
polarization sensitive means Serving to pass the 
first signal, and an amplifier in Said shunt guide 
section for amplifying said first signa for fur 
ther transmission along Said guide. 

12. In combination, a transmission-line having 
tWo differently polarized electromagnetic Wave 
signals moving in opposite directions therein, 
repeater means connected With Said line, said 
repeater means comprising polarization-sensi 
tive means interposed in said line acting to block 
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one of Said Signals traveling in One direction . 
While passing the other of Said signals traVelling 
in the reverse direction, and a circuit connected 
in shunt with a portion of Said line and bridging 
said blocking means, said shunt circuit haVing 
polarization-sensitive means acting to block the 
other of Said - signals and Serving to pass said 
one signal for further transmission along saidi 
line. 

13. In a signaling system, a transmitting cir 
cuit for transmitting signals in opposite direc 
tions, repeaters disposed at intervals along said. 
circuit, said repeaters comprising discriminating 
signal selective means and amplifier means, said 
discriminating Signal Selective neans comprising 
energy interchanging means responsive to the 
direction of travel of the signals 2,long the cir 
cuit, the discriminating signal Selective means 
of the repeaters being So designed that only 
alternate repeaters amplify signals traversing 
said circuit in one direction, While the remaining 
repeaters amplify Signas traVersing said circuit 
in the opopsite direction, Whereby feed-back is 
reduced by the attenuation of the circuit between 
repeaters, thereby enabling amplifieri means of 
relatively large gain to be used. 

14. In a signaling System, the combination 
including a transmission circuit for simultane 
ously transmitting signals in opposite directions, 
repeaters disposed at intervals along said circuit, 
said repeaters comprising discriminating signal 
selective means and amplifier means, Said dis 
criminating signal-Selective means comprising 
energy interchanging means responsive Substan 
tially only to signals traVeling in one direction 
along saidi circuit, the discriminating signal 
selective means of said repeaters being so de 
signed that only alternate repeaters amplify 
signals traversing Said circuit in One direction 
While the remaining repeaters amplify Only 
signals traversing said circuit in the opposite 
direction, saidi repeaters being Spaced by dis 
tances offering appreciable attenuation, Where 
by feedback is reduced by the attenuation of 
said circuit between consecutive repeaters. 

15. In a signaling System, a dielectric guide, 
means for producing high frequency oscillations, 
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means for modulating said oscillations Within 
telligence to be transmitted along saidi guide, and 
directional transmission means connected with 
said first and second named means and with said 
guide at a point remote from the ends thereof 
for radiating the modulated high frequency 
oscillations in one direction only along said 
guide,said directional transmitting means com 
prising emitters So spaced along said guide that 
their outputs are additive going in Said one di 
rection along the guide While their Outputs are 
Subtractive and cancel in the reverse direction. 

16. A signaling System as defined in claim. 15, 
comprising directionally responsive receiving 
means located in Saidi guide ata point remote 
from the ends thereof for receiving signas 
traversing said guide in Said one direction only, 
and amplifying and detecting means connected 
to said receiving means for amplifying and de 
tecting received oscillations traversing Said guide 
in said one direction. 

17. In a signaling system, a dielectric guide, a 
source of high frequency oscillations, and direc 
tional transmitting means for radiating Said 
oscillations in one direction Only alOng Said guide, 
said directional tranSmifting means comprising 
a pair of emitters longitudinally Spaced alOng 
said guide, and means for Supplying electro 
magnetic energy from said source to the respec 
tive emitters in predetermined relative phase 
displacement, said phase displacement being so 
correlated With Said emitter Spacing that the 
outputs of said emitters are additive in Said one 
direction along said guide and Subtractive in the 
reverse direction. 

18. A signaling system as in claim 17, further 
comprising a pair of similarly Spaced direction 
ally responsive receiving means located in Said 
guide for receiving signals traversing Said guide 
in said one direction only, and utilization means 
connected to Said receiving means for utilizing 
said received oscillations traversing Said guide in 
Said one direction. 

19. In 3, signaling System, a dielectric guide, 
means for generating high frequency oscillations, 
tWo radiating means mutually spaced from One 
another Withir Said guide, neans electrically 
connecting said generating means to both of said 
radiating means, Said connecting means includ 
ing means for maintaining a definite phase 
difference between the respective oscillations of 
the individual radiating means, said connecting 
means also including means formaintaining the 
radiation field output of one radiating means 
substantially equal to that of the other. 

20. A signaling System comprising a hollow 
guided electromagnetic Wave transmission cir 
cuit, a source of high frequency oscillations, a 
pair of coupling means within said circuit for 
coupling high frequency energy to said circuit 
and mutually spaced from one another along 
Said. circuit, and means connecting said source 
to both of Said coupling means, said connecting 
means including neans for maintaining a def 
inite phase difference and a definite amplitude 
relation between the respective oscillations of the 
individual coupling means. 

21. A signaling System comprisinga hollow 
guided electromagnetic energy transmission cir 
cuit, a Source of high frequency oscillations, a 
pair of coupling means within said circuit for 
coupling high frequency energy to said circuit 
and mutually spaced from one another along 
Said circuit, means connecting said source to 
both of Said coupling means, said connecting 
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means including means formaintaining a pre 
determined phase difference between the reSpec 
tave oscilations of saud Individua coupling means, 
sald phase difference being so related to the 
spacing of said coupling means that WaveS 
projected along said circuit in one direction by 
said two couping means are in phase coinci 
dence at eacn point of Said circuit, WnereaS 
waves projected along said circuit in the oppo 
ste direction by said two coupling means all'è 
in phase opposition. 

22. In a signaling system employing a dielec 
tric guide, two electromagnetic energy extracting 
means spaced apart in said guide, a high fre 
quency amplifier, means connecting Said tWo 
energy extracting means to said amplifer, Said 
connecting means cooperating With Said tWo 
energy extracting means to deliver the signals 
received thereby to said amplifier in phaSe Oppo 
sition when the electromagnetic Waves produclng 
tne signais received by said two energy extracting 
neans are traversing the guide in one direction, 
said signals being delivered to Said amplifier in 
substantially the same phase When the electro 
magnetic waves producing the signals received 
by the two energy extracting means are traverS 
ing the guide in the reverse direction. 

23. A signaling system as defined in claim. 22, 
wherein amplitude adjusting means is provided 
formaking the signal outputs of Said tWo energy 
extracting means equal at the input to Said 
amplifier. 

24. A signaling system comprising a holloW 
guided electromagnetic energy circuit, two elec 
tromagnetic energy extracting means Spaced 
apart along and Within said circuit, an electro 
magnetic energy utilization device, and means 
connecting said two energy extracting means to 
said utilization device, said connecting means 
cooperating with said two energy extracting 
means to deliver the signals received thereby to 
said utilization device in phase opposition When 
the electromagnetic waves producing said signals 
are traversing said circuit in one direction, Said 
signals being delivered to said utilization deVice 
in substantially the sane phase When the electro 
magnetic waves producing said signals are trav 
ersing said circuit in the opposite direction. 

25. A signaling System as defined in claim 24, 
furtner comprising amplitude adjustiug means 
for making equal the amplitudes of the signals 
delivered to said utilization device by said tWo 
energy eXtracting means. 

26. The method of relaying signals in opposite 
directions along a dielectric guide, comprising 
amplifying the signal traversing the guide in 
one direction substantially Without feed-back at 
a point along the guide While passing the Signal 
moving in the opposite direction Without appre 
ciable amplification at that particular point, am 
plifying the signal moving in the opposite direc 
tion along the guide at a second point remote 
from the first point Substantially Without feed 
back at such second point while passing the 
signal moving in Said one direction Without ap 
preciable amplification at the second point, and 
utilizing the Spacing of the points of amplifica 
tion to attenuate feed-back signals amplified at 
both points of amplification, thereby increasing 
stability. 

27. A system for relaying signals moving in 
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opposite directions along a dielectric guide, com 
prusung means for amplifying the Signal tl'averS 
ung said guude in one direction. Suostantially 
without feedback at predetermined pont along 
saia guide, wnlie passing the Signal traverSing 
saici guae in the opposite direction Without 2p 
preciaole amplification at said point, and means 
tor amplilylmg tue slgnal moving in Said oppo 
ste al rection at a second point of Sald guide 
spacea from said first point and Substantaily 
without feedback, while passing the signal mov 
ung un said one direction Without appreclabe 
auplication at Said Second point, Wheleby tne 
portuon of said guide between said two points 
serves o atenuate undesired feedback signals 
amplied at each of Said points, Whereby tne 
stabilly of the system may be increased. 

zo. l'ne method of relaying high frequency 
electromagnetic Signals in oppoSlte directions 
adong a transmission circuit, comprising the 
steps of amplifying a signal traversing Said cir 
cult in one direction t a predetermalned pont 
a Ong Said circuit While paSSing the Signal traV 
erSling Said circuit in the Opposite direction 
Without appreciable amplification at Said point, 
amplifying the signal moving in said opposite di 
rection along Said circuit at a Second point of 
said circuit remote from Said first point While 
passing the signal moving in said one direction 
Without appreciable amplification at Said Second 
point, and utilizing the Spacing of said points 
to attenuate feedback signals amplified at both 
said points, Whereby the stability of Said system 
may be increaSed. 

29. The method of relaying high frequency 
electromagnetic signals in Opposite directions 
along a transmission circuit, comprising the 
steps of amplifying a signal traversing Said cir 
cult in one direction at a predetermined point 
along said circuit While paSSing the Signal traV 
ersing Said circuit in the opposite direction 
Without appreciable amplification at Said point, 
and amplifying the signal moving in the oppo 
site direction along Said circuit at a Second point, 
of said circuit separated from said first point by 
a distance providing appreciable attenuation 
while passing the signal moving in said one di 
rection without appreciable amplification at 
said second point, Whereby the spacing of Said 
two points attenuates feedback signals amplified 
at both said points, and the stability of Said sys 
tem is thereby increased. 

30. A system for relaying high frequency elec 
tromagnetic signals in opposite directions along 
a transmission circuit, comprising means for 
amplifying the signal traversing said circuit in 
one directionata predetermined point, along Said 
circuit While passing the signal moving in the 
opposite direction at Said point Without appre 
ciabie amplification, means located at a second 
point Spaced along said circuit from Said first 
point for amplifying the signal moving in said 
opposite direction and for passing the signal 
moving in said one direction without appreciable 
amplification at Said second point, Whereby the 
portion of said circuit between said two points 
serves to attenuate undesired feedback signals 
amplified at each of Said points, Whereby the 
stability of said system may be increased. 
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