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APPARATUS AND METHOD FOR RECEIVING 
ELECTROMAGNETO WAVE SIGNALS ON 
DELECTRIC GUDES 

George C. Southworth and Archie P. King, Red 
Bank, N. J., assignors to Bell Telephone lab 
oratories, Incorporated, New York, N.Y., a cor 
poration of New York 

Application October 12, 1935, Serial No. 44,641 
15 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 as they 
may be transmitted to the place of their recep 
tion over a dielectric guide. Another object of 
our invention is to provide for receiving such 
signals under such circumstances by means of 
gas or vacuum tubes advantageously combined 
with the receiving end of a dielectric guide. An 
other object of our invention is to place the input 
conductors for such tubes so that they will lie 
along the lines of force of the received waves, 
whereby the energy of such waves will be applied 
effectively for the reception of the signals trans 
mitted on them. All these objects and other ob 
jects and advantages of our invention will become 
apparent on consideration of a limited number of 
specific embodiments of the invention, which we 
have chosen for disclosure in the following speci 
fication. It will be understood that this dis 
closure relates principally to these particular ex 
amples of practice according to the invention and 
that the scope of the invention will be indicated 
in the appended claims. 

Referring to the drawings, Figures 1, 3, 5, and 
7 are diagrammatic longitudinal Sections of a di 

5) 

5 5 

electric guide showing the lines of force of respec 
tively different wave types therein; Figs. 2, 4, 6 
and 8 are respective corresponding cross-Sections; 
Fig. 9 is a diagrammatic cross-section of a dielec 
tric guide at its receiving end showing a cold 
cathode gas tube as the receiving element to 
gether with its associated circuit; Figs. 9a and 9t 
are modifications of Fig. 9; Fig. 10 is a diagram 
showing both sending and receiving ends of a di 
electric guide with a cold cathode gas tube prac 
tically filling the guide at the transmitting end 
for modulation and another such tube at the re 
ceiving end for detection; Fig. 11 is a diagram 
showing an inductive device for energizing the 
tubes of Fig. 10, thus dispensing with the plate 
electrodes of Fig. 10; Fig. 12 shows a tube such 
as the sending tube of Fig. 10 in a constricted 
part of the dielectric guide; Fig. 13 shows a hot 
cathode gas tube as the detecting element within 
a dielectric guide at its receiving end; Fig. 14 
shows a high vacuum hot cathode two-electrode 
tube as the receiving element in a dielectric guide; 
Fig. 15 shows a hot cathode two-electrode tube 
in a System adapted for receiving Waves of Syn 
metric type; Fig. 16 shows a three-electrode 
vacuum tube adapted for receiving asymmetric 
magnetic waves; Fig. 17 shows such a tubeforsym 
metric magnetic waves; Fig. 18 shows a multiple 

(C. 250-6) 
grid tube for receiving symmetric electric waves; 
Fig. 19 shows a three-electrode tube which may 
be adjusted for different uses; Fig. 20 shows a 
Suitable circuit system for a regenerative re 
ceiver; Fig. 21 shows proper associated circuits 
for a Barkhausen oscillator connected to function 
as an OScillating detector in a wave guide; Fig. 22 
shows similar connections for a magnetron oscil 
lator; Fig. 23 shows a three-electrode vacuum tube 
Oscillator with alternative connections so that it 
may be used either for receiving or transmitting; 
and Fig. 24 shows an impedance matching ter 
mination for a dielectric guide which incorporates 
One of the receiving elements disclosed in earlier 
figures of the drawings. 
For the purpose of transmitting electromagnetic 

Waves from one place to another place, a dielec 
tric guide may be provided consisting of 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 exaggerated to 
facilitate the diagrammatic representation. 

Certain types of Waves in such a dielectric guide 
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 propagation, 
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. 
ASSuming that waves of one of the types shown 

in FigS. 1 to 8 are to be transmitted over a dielec 
tric guide, the present disclosure has to do more 
particularly with obtaining optimum response 
from such waves for a given incident signal 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 advanta 
geous at the transmitting end upon the substitu 
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2 
tion of wave generators for wave energy receiv 
e.S. 

In the disclosures that follow, a suitable wave 
frequency that may be held in view by way of ex 
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 about 5 inches. 
The devices described herein are applicable by 
suitable scale modifications to higher and lower 
frequencies than that mentioned. In practically 
all of the arrangements herein disclosed the re 
ceiver or detector elements are connected in cir 
cuits with the coupling leads lying along the lines 
of force of the electric field of the received waves. 
In most of the receivers disclosed herein the re 
ceived electric wave energy is applied directly in 
this way, instead of being applied to develop elec 
tromotive forces in conductive circuits and there 
by convey the electromotive forces along the con 
ductors to the detector or receiver elements at a 
greater or less distance. 

Referring to Fig. 9, this shows a Cross-section 
of a metal-sheathed, air core dielectric guide at 
its receiving end, adapted for asymmetric mag 
netic waves. The diametral conductor f00 has a 
cold-cathode, two-electrode, gas tube of inter 
posed at the center. The plate 99 is in capacity 
relation to the guide wall, thus affording a con 
nection for the high frequency currents but not 
for the lower frequency signal currents. The as 
sociated circuit of the tube of is such that the 
batteries apply a considerable direct electromo 
tive force across the tube 0, thus maintaining 
it in a condition of ionization. The indicator at 
O2 is unaffected by this directionization current, 

being in the bridge member of a Wheatstone 
bridge, but the device foll is non-linear and any 
variation of the electromotive forces across its 
terminals caused by incoming waves will give an 
indication on 02. . 
In the modification of Fig. 9 that is illustrated 

in Fig. 9a, the high frequency pick-up conductors 
connected to the terminals of the axially-posi 
tioned discharge device extend along the diam 
eter but only part way across the guide. Parallel 
to the diametral plane orthagonal to the one con 
taining the pick-up conductors are brought out 
from the terminals of the discharge device and 
through openings in the sheath a pair of con 
ductors comprising the low frequency signaling 
circuit. The modification illustrated in Fig. 9b 
is similar to that shown in Fig. 9a, but the dis 
charge device is not coaxial with the guide and 
the pick-up conductors are arcuate. This modi 
fication bears obvious relation to the combination 
described with reference to Fig. 17. 
There are other non-linear or asymmetric ele 

ments that may be introduced instead of the two 
electrode cold cathode gas tube of of Fig. 9; for 
example, other types of tubes, as will be men 
tioned in the disclosures that follow. 
Gases may be non-linear by virtue of their con 

ductivity or their dielectric constant, or both. 
The practice has been known to utilize the former 
property for demonstrating the presence of elec 
tric waves in space. Fig. 10 shows how this 
property may be utilized both at the transmitting 
and reeciving ends in connection with the oper 
ation of a delectric guide. The high-frequency 
alternating current generator 08 is connected to 
diametrically opposite points at the proper dis 
tance from the closed end O4 of the metal 
sheathed air core guide 05, so that there will 

2,106,770 
be phase reenforcement of the direct and reflected 
waves at the generator. Accordingly, waves of 
asymmetric magnetic type are generated and 
propagated to the right along the guide O5. 

Signal modulations are impressed by means of 
the ionized gas tube fos which is made to fill 
practically the entire cross-section of the pipe 
guide. A state of ionization is maintained by the 
battery 07 connected with the plates fo8 within 
the tube O6. A television or voice signal or other 
signal is impressed through the circuit which is 
shown in inductive relation with the circuit of 
the battery for and the plates 08. Correspond 
ing to the variations of current in the signal in 
put circuit, the condition of the gas in the tube 
O8 is varied and the waves progressing to the 

right from the generator 03 are modulated ac 
cordingly. Ordinarily there will be propagated 
along the pipe guide 05 the carrier current of 
the normal frequency of the generator f03 and 
two side bands representing the modulation ef 
fects due to the comparatively low frequency sig 
nal Currents, which in themselves will not be 
transmitted along the guide. 
At the receiving end of the guide a similarly 

constructed gas vessel 06' is interposed. This 
has circuits very similar to those at the trans 
mitting end, the battery O' maintaining the gas 
in the tube 06 in a state of ionization. The 
high frequency demodulation currents, repre 
Senting the signal intelligence, such as voice sig 
nals or television signals, are taken off through 
the inductively related circuit shown in the draw 
ings. Due to the non-linear properties of the 
gas in the tube 06’ there will be produced in the 
output circuit a demodulation product signal cor 
responding to the signal impressed at the trans 
mitter. 
The tubes 06 and 06’ should preferably fall 

the Cross-section of the guide 05 and each should 
have a length two or three times the length of 
the waves that are transmitted in the guide. 
The optimum degree of ionization may be deter 
mined experimentally; it should be of the order 
of Oil ions per cubic centimeter. 
The parallel plates fo8 in Fig. 10 may present 

a discontinuity to the transmitted waves from 
the generator f03. To obviate this effect, it may 
be desirable to remove these plates entirely, which 
can be done in accordance with the modification 
indicated in Fig. 11. Here both the ionizing field 
current and the signal current are superposed 
in the conductive circuit fo9 and impressed in 
ductively from the surrounding coil C upon the 
body of gas within the vessel f6. The portion of 
the dielectric guide sheath 05' which lies within 
the coil to and around the tube 06 is made me 
tallically discontinuous, but with overlapping 
edges as indicated at ff. Accordingly, the com 
paratively low frequency currents in the circuit 
09 will not induce substantial currents in the 

shell 05'. At the receiving end the apparatus 
may be made the same as in Fig. 11, except that 
the element designated in Fig. 11 as “Source of 
television signals' will be an indicator of tele 
vision signals. " 
In the operation of the system of Fig. 10 as 

modified in accordance with Fig. 11 there will be 
impressed on the modulator a carrier current of 
about 5 megacycles together with a band of tele 
vision or other intelligence bearing signals ex 
tending from, say, 1 megacycle to 3 megacycles. 
After suitable amiplification the carrier and the 
two side bands are impressed as an electromag 
retic field on the body of gas within the tube Os 
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The 5 megacycle carrier is of such intensity as to 
maintain the desired degree of ionization when 
no signal is impressed. The Superimposed signal 
further varies the degree of ionization and there 
by produces on the passing Waves from generator 
03 side bands corresponding not only to the 

5 megacycle carrier, but also a plurality of tele 
vision bands. If the filter shown in Fig. 11 is 
interposed between the modulator and the am 
plifier, it removes the carrier and undesired side 
bands. The side band or side bands passed are 
effective in the coil ff0 upon the body of gas in 
the tube 06. w 
By a proper choice of pressure and degree of 

ionization, the gas in the tube 06 may be made 
highly absorptive of wave energy. As already 
mentioned, this makes it possible to use a rather 
extended vessel of gas at the receiving end of the 
Wave guide SO as to act simultaneously as a de 
modulator and a non-reflecting termination. 
When the conditions are not favorable for this 
type of termination, more effective operation may 
be had by combining the gaseous modulator or 
demodulator with reactive elements as shown in 
Fig. 24 which will be discussed farther along in 
this specification. 
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Referring to Fig. 12, the oscillator 03 corre 
sponds to the like designated oscillator of Fig. 10, 
but here the guide is tapered down to a smaller 
diameter and its Smaller part is occupied by the 
gas tube 2. The circuit connections are the 
same as in Fig. 10, but the principle of operation 
is somewhat different. The degree of ionization 
within the tube 2 is made to fluctuate in ac 
cordance With the Signal. For a dielectric guide 
of given dieletric constant and given diameter 
there is a critical frequency Such that waves of 
higher frequency are passed but Waves of lower 
frequency are blocked. The diameter at the con 
Stricted portion in Fig. 12 is such that Waves of 
the frequency of the generator 03 are blocked at 
low ionization within the tube fl2. But increas 
ing the ionization within the tube 2 changes the 
effective dielectric constant of the gas within 
that tube, and with dhe changed dielectric con 
stant the waves that were formerly blocked may 
now get through. The device is in effect a switch 
by which the passage of waves from the Oscillator 
03 is readily controlled. By suitable design, es 

pecially by relating the diameter of the con 
stricted part to the frequency of the generator f03 
so that operation is near the cut-off frequency, 
we may readily produce amplitude modulation of 
the passing Waves. 
From what has been said in connection with 

earlier figures, it will be obvious that with ref 
erence to Fig. 12 for the sending end, there may 
be a corresponding process of demodulation at the 
receiving end. 

Fig. 13 may be compared with Fig. 9, both being 
adapted for asymmetric magnetic waves. Fig. 13 
shows a hot cathode gas tube instead of a cold 
cathode gas tube. The associated circuit system 
is similar and the principle of operation is similar. 
A lower ionization potential is required in Fig. 13 
than in Fig. 9, and the impedance will be some 
what lower in Fig. 13 than in Fig. 9. 
Whereas Fig. 13 shows a hot cathode gas tube, 

Fig. 14 shows a hot Cathode high vacuum tube. 
The circuits of Fig. 14 are generally similar to 
those for Figs. 9 and 13. In both cases, asym 
metric magnetic waves may be received. The ex 
ternal resistance R of Fig. 14 may be introduced 
to make the characteristic of the device more 
nearly linear. The two-electrode tube of Fig. 14 

3 
may be adjusted along the diameter to the op 
timum position, by making the construction as 
shown in Figs, 16 and 19. In a particular case of 
Fig. 14 which worked successfully, the character 
istic volt-ampere relation for the tube was sub 
stantially in accordance with the equation 
I=6e:22, where W is the root-mean-square value 
of the impressed voltage, I is the corresponding 
current through the tube, and e is the base of 
the Napierian logarithmic system, this equation 
holding over a considerable range of frequencies. 

Fig. 15 shows a multiple anode tube with radial 
leads adapted for the reception of symmetric 
electric waves. The common cathode may be 
indirectly heated. 

Three-electrode vacuum tubes may be em 
ployed as detectors in accordance with the prin 
ciples of our invention. Fig.16 shows such a tube 
in a combination adapted for asymmetric mag 
netic waves. Here the cathode and grid lead 
wires lie along a diameter parallel to the lines of 
electric force of the received waves, All the tube 
conductors are disposed so that the tube can be 
adjusted along the diameter, by making the grid 
and cathode leads in the form of hollow con 
ductors and carrying the plate lead through the 
grid lead and the cathode heating lead through 
the cathode lead. The tubular cathode con 
ductor has sliding conductive connection with the 
guide shell on One side, and on the opposite side, 
the tubular grid conductor has sliding conduc 
tive connection with the plate C, which in turn 
has a high frequency capacity relation with the 
adjacent guide shell. Such a detector usually 
is most sensitive when adjusted to be near the 
wall of the wave guide. 

For the detection of symmetric magnetic Waves 
the three-electrode vacuum tube and its associ 
ated circuits may take the form shown in Fig. 
17. Here the grid lead lies along one of the circles 
of the lines of electric force, and the corre 
Sponding force is applied directly therefrom to 
the grid. 

For the detection or measurement of sym 
metric electric waves, one may use the specially 
constructed tube of Fig. 18. The cathode 5 is 
indirectly heated by the circuit f6-7, which 
Comprises high frequency choke coils in its radial 
conductors. The grid is in parts, each part con 
nected to the wave guide wall by a radial con 
ductor such as 8. The conductors ffs and the 
grid leads 6 and 7 and the anode lead 20 
pass through holes in the enveloping anode 9. 
The' signal indicating circuit is taken of across 
the anode lead 120, and one of the cathode 
leads 6. 

Fig. 19 shows a negative grid three-electrode 
vacuum tube which may be used at one adjust 
ment as a beating oscillator for beat receiving 
in connection with asymmetric magnetic waves. 
At another adjustment it may be used as a re 
generative or superregenerative receiver. It may 
be displaced along the diameter to the position of 
best operation. 

Fig. 20 shows another superregenerative re 
ceiver system. The quenching frequency is in 
troduced into the grid circuit by means of the 
transformer T1. The low frequency component 
is taken out from the plate circuit by means of 
the transformer Ta. 
The use of a Barkhausen oscillator as an os 

cillating detector in a wave guide is shown by 
Fig. 21. This also discloses a quick change 
Switch, permitting the apparatus to be used 
either as a transmitter or a receiver. As in the 
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negative grid oscillator, the quenching frequency 
is introduced into the grid circuit, and the low 
frequency output is obtained from the plate cir 
cuit. 
. In a similar manner the magnetron oscillator 
may serve either as a transmitter or as a super 
regenerative receiver. Both the quenching fre 
quency and the audio Output are in the anode cir 
cuit as shown in Fig. 22. 
The receivers of Figs. 20, 21, and 22 are adapted 

for asymmetric magnetic waves. The principles 
that have been discussed may be extended to 
other types of waves by use of adipole or pick 
up suitably oriented in the field. For example, 
Fig. 9 for asymmetric magnetic waves may be 
modified to take the form indicated in Fig. 9a, 
for the same type of waves. Fig. 9b shows a 
further modification for symmetric magnetic 
WaWes. 

The same vacuum tube equipment may be used 
either as a modulating transmitter or as a re 

30 

35 

ceiver. This makes possible in the same corn, 
bined equipment an alternative transmitter and 
receiver. A suitable switch changes the detector 
from a regenerative state to an Oscillatory state, 
and at the same time a modulation circuit is 
connected to either the grid or plate circuit as 
odesired. 
The Superregenerative receiver is almost ideally 

suited for combination transmitter-receiver use. 
In reception, the detector is prevented from OS 
cillating vigorously by the action of the quench 
ing frequency so that the removal of the latter 
converts the detector into an oscillator. Since 
voice frequency modulation may be introduced 
into the same circuit as the quenching frequency, 
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a simple switch may be used to connect the grid 
(or piate) circuit either to the modulation cir 
cuit for transmitting or to the quenching fre 
quency circuit for receiving. See, for example, 
Figs. 21 and 22. Fig. 23 shows the use of a 
triode as a negative grid Oscillator either in a 
superregenerative receiver or in an oscillator for 
transmission. 

Fig. 24 shows a receiving end System for the 
effective development and localization of stand 
ing waves in relation to the detector at the re 
ceiving end of a dielectric guide. The pistons 
P1 and P2 are adjusted so that the distance ac 
between them is a half wave length or an in 
tegral multiple of a half wave length. By shift 
ing the pistons alike, the intermediate standing 
wave is displaced until its amplitude is such at 
the place B 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 35 is then shifted to a place such 
that there is a match between its impedance and 
the wave intensity at that place. But the reac 
tion of the detector may be enough to require a 
little further readjustment of the pistons P1 and 
P2 to get an impedance match. 
We claim: 
1. In combination, a dielectric guide, an elec 

tron discharge tube within the guide, a pair of 
conductors projecting oppositely therefrom 
along the direction of the lines of force of re 
ceived waves in the guide, and a signal indicat 
ing circuit comprising said tube. 

2. In combination, a metal-sheathed dielec 
tric guide, an electron discharge tube within the 
guide, a pair of conductors projecting oppositely 
therefrom along the direction of the lines of 
force of received waves in the guide, and a signal 
indicating circuit comprising said tube, at least 
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one side of said circuit passing through a small 
hole in the sheath of said guide without conduc 
tive connection at that place. . 

3. In combination, a cylindrical dielectric 
guide adapted for asymmetric magnetic waves, 
an electron discharge tube within the guide, a 
pair of conductors projecting oppositely there 
from along a diameter parallel to the plane of 
polarisation of the electric force of such waves, 
and a signal indicating circuit comprising said 
tube. 

4. In combination, a metal-sheathed dielec 
tric guide, an electron discharge tube therein, 
and a signal indicating circuit comprising said 
tube and a pair of conductors extending there 
from through said sheath, at least One side of 

0. 

said pair having no conductive connection with 
the sheath where it passes through it. 

5. In combination, a metal-sheathed dielec 
tric guide, an electron discharge tube therein, 
and a signal, indicating circuit comprising said 
tube and a pair of conductors extending there 
from through said sheath, at least one side of 
said pair having no conductive connection with 
the sheath where it passes through it, but hav 
ing a substantial high frequency capacity rela 
tion therewith. 

6. In combination, a dielectric guide, for sym 
metric magnetic waves, a conductor within said 
guide extending along a circle centered On the 
guide axis and in a plane perpendicular thereto, 
an electron discharge tube interposed in series 
in said conductor, and a signal indicating cir 
cult comprising said tube. 

7. In combination, a metal-sheathed dielectric 
guide, an electron discharge tube within the 
guide at its receiving end, two terminal conduc 
tors extending oppositely from respective elec 
trodes of the tube along the direction of lines of 
electric force of received waves in the guide, sen 
sitive adjustment, the tube normally at a criti 
cal sensitive adjustment, and a signal indicating 
circuit comprising two electrodes of said tube. 

8. In combination, a metal-sheathed dielec 
tric guide, an electron discharge tube within the 
guide at its receiving end, two terminal conduc 
tors extending oppositely from respective elec 
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trodes of the tube along the direction of lines of 
electric force of received waves in the guide, 
means to Operate the tube normally with the dis 
charge in a critical sensitive condition for re 
ception, and a signal indicating circuit compris 
ing two electrodes of said tube. 

9. In combination, a metal-sheathed dielec 
tric guide, a cold-cathode, two-electrode gas dis 
charge tube within the guide at its receiving end, 
two terminal conductors extending oppositely 
from respective electrodes of the tube along the 
direction of lines of electric force of received 
waves in the guide, means to operate the tube 
normally with the discharge in a critical sensi 
tive state of iOrization for reception, and a sig 
nal indicating circuit comprising the two elec 
trodes of said tube. 

10. In combination, a metal-sheathed dielec 
tric guide, a high vacuum, three-electrode, elec 
tron discharge tube within the guide at its re 
ceiving end, two terminal conductors extending 
oppositely from respective electrodes of the tube 
along the direction of lines of electric force of 
received waves in the guide, and a signal indi 
Eg circuit comprising two electrodes of said 

Oe 
11. In combination, a cylindrical metal 

sheathed dielectric guide for symmetric electric 
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waves, a hot-cathode electron discharge tube on 
its axis at the receiving end, said tube having 
a central electrode and a plurality of like elec 
trodes around the central electrode, radial Con 
ductors from said like electrodes to the guide 
sheath, and a signal indicating circuit compris 
ing said central electrode. 

12. A dielectric guide comprising a metallic 
pipe, means for transmitting dielectrically guid 
ed waves therethrough, and means for receiving 
said waves comprising a space discharge device, 
Said discharge device Comprising one electrode 
centered on the axis of the guide and a plurality 
of other electrodes around said one electrode, 
and respective conductors extending Outwardly 
from said other electrodes along the electric 
lines of force of said dielectrically guided waves. 

13. In combination, a cylindrical metal 
sheathed dielectric guide, an electron discharge 
tube within the guide, and two opposite conduc 
tors therefrom extending through the sheath 
with mechanical sliding contact so that the said 
tube.can be adjusted across the guide. 

S 
14. In combination, a dielectric guide, two 

conductors in alignment within the guide, an 
interposed three-electrode vacuum tube having 
two of its electrodes connected to said conduc 
tors, conductors extending from said tube to the 
Outside of the guide, an external oscillation gen 
erator System, an external signal indicating sys 
tem, and a switch for the alternative Connection 
of either of said systems to said last mentioned 
Conductor. 

15. A wave guide comprising a metallic pipe, 
means for propagating through said pipe elec 
tromagnetic waves of a character such that said 
guide exhibits a high-pass filter characteristic, 
and means for receiving said waves comprising a 
space discharge device within said pipe and 
means in the path of said waves for impressing 
said Waves On said discharge device, 

GEORGE C. SOUTHWORTH, 
ARCHE P. 3NG. 
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