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This invention relates to a method and means 
for propagating radio waves through constricted 
natural or man-made passageways, such, for eX 
ample, as a railway tunnel. 

Dif?culties have been experienced in transmit 
ting radio waves through railway tunnels at fre 
quencies desired for railway communication pur 
poses. However, while failure normally attended 
attempts at those frequencies, it was noted that 
communication over considerable distances could 
be established at much higher frequencies. 

At frequencies below and even somewhat above 
the wave guide cut-off frequency of the structure 
from a dimensional viewpoint, the high dielectric 
constant and low resistivity of the material nor 
.mally composing the walls of the structure cause 
.a great deal of the energy to be refracted into the 
walls and lost. Only at frequencies at which the 
angle of incidence of the transmitted waves is 
.such as to insure almost complete re?ection from ‘ 
the wall will attenuation be negligible. 

It is an object of this invention to improve the 
propagation of radio waves through natural or 
man-made passageways, such as railway tunnels. 

It is another object of this invention to provide 
a method and means for transmitting a radio 
wave through such passageways at any desired 
frequency within a wide range without an ob 
jectionable amount of attenuation. 

It is a further object of this invention to pro 
vide for the efficient propagation, through such a 
passage, of radio waves at frequencies below the 
cut-off frequency of the passageway when act 
ing as a wave-‘guide. 

It is still "another object of this invention to 
provide means affecting propagation through 
such a passageway without utilizing the properties 
of the passageway as a Wave-guide. 

It is a still further object of this invention to 
provide means for propagating radio waves through 
such a passageway while preventing substantial 
energy absorption by the walls thereof. 
Other objects and advantages of the invention 

will become apparent from a consideration of the 
following speci?cation, when taken together with 
the accompanying drawing, in which: 

Fig. l is a cross sectional view of a pair of par 
allel conductors constituting a balanced trans 
mission line, showing a representation of the 
electrostatic ?eld existing between them; 

Fig. 2 is a diagrammatic view, in cross section, 
of a portion of a tunnel wall and of a railway 
communication type antenna, together with 
propagation means embodying the invention, and; 

3 is a perspective view of a railway tunnel 
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composed of the parallel wires [2. 
‘lie in a plane indicated by the reference char 

((31.250-33) 
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entrance,showing the termination structure of 
Va wave-propagation‘ means embodying the>inven 
'tion. 
The objects-and advantages of the invention 

are ‘attained by suspending 1a metallic ground 
plane structure below the ceiling of the tunnel to 
shield‘ the transmitted wave from the tunnel wall 
material and mounting below, in parallelism with 
the ground plane, an insulated conductor which, 
with the ground plane structure, form a trans 
mission line. 
,Referring'now more particularly to the draw 

ing, there, is shown in Fig. 1 a diagram illustrat 
ing the development of a transmission line of the 
‘type contemplated by the invention. In this ?g 
ure is showna representation of the cross section 
of two wires liland l I of a balanced transmission 
‘line. As these wires carryequal voltages of op 
posite polarity aplane b of zero potential, or a 
virtual ground plane, exists between them. =If 
wire Iliis removed and a‘sheet‘conductorplaced 
at b, an unbalanced transmission line results 
'wh'ose ,surgerimpedance is one-half that of ‘the 
original line. Thelines c represent'the electro 
static lines of Iforce . constituting the ‘?eld ‘about 
the two'conductors. 
‘spaced from the plane b by a distance‘e. 

Each of the conductorsiis 

Fig. 2 illustrates the employment of such an 
unbalancedltransmission line'in accordance with 
the invention. Suspended below the ceiling-l6 ‘of 
the tunnel is a metallic ground'plane structure 

These wires 

acter b, which may be considered as‘the equiva 
lent-of’the‘ground plane'bof‘Fig. 1. ‘Suspended 
below the ground plane structure and in parallel 
ism with the plane I), in the location correspond 
ing to the conductor III of Fig. 1, is a conductor 
H). The conductor I0 is insulated from the 
ground plane structure and the walls of the tun 
nel. The ground plane construction comprising 
the wires [2 simulates a sheet of conducting ma 
terial and acts as a shield to prevent the absorp 
tion of the radiated wave by the material of the 
tunnel wall. Each of the wires l2 de?nes a plane 
with the conductor Ill, the planes so de?ned being 
angularly separated by equal angles. This par 
ticular feature is not essential but makes ‘for 
economy of wire use for optimum shielding re 
sults. To obtain effective shielding the ratio d/e 
should be 2 or greater where d is the distance 
from the center to the edge of the array of wires 
12, and e is the distance between the conductor 
l0 and the plane 12 containing the conductors l2. 



pedance. 
necessary to supply a point of zero voltage to 

radius, ground plane 2|’. 
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The greater the number of wires l2 employed the 
lower will be the attenuation. 

Fig. 2 also illustrates the positional relationship 
between the unbalanced transmission line struc 
ture just described and a train-borne antenna [3 
of a type used in railway communication service. 
The antenna [3 comprises a feed line [1 of the 
coaxial type, the inner conductor terminating in 
its upper portion in a quarter-wave length verti 
cal member I5 and the outer conductor termi 
nating in its upper portion in a ground plane of 
quarter-wave radius. As will be seen, the an 
tenna l3 will move along the length of the un 
balanced transmission line with the member 15 
positioned directly below the conductor l0 and 
spaced uniformly therefrom by an amount to in 
sure satisfactory coupling therebetween, as indi 
cated by the construction lines 0 representing the 
electrostatic lines of force in the ?eld generated 

_ during ‘transmission or reception with antenna I3. 
Communication may be established between 

'two distant points in a tunnel by the use of an 
antenna of the type shown at I3 in Fig. 2 at both 

‘ the’ transmitting and receiving points. However, 
‘ unlessthe transmission line is terminated at each " 
'end in its surge impedance, standing waves will 
be set up on the line which will result in ?utter if 
used with a moving train. 
By terminating the transmission line at each of 

its ends in an antenna, communication may be ‘ 
had between any point in the tunnel and a dis 
tant surface station. Fig. 3 illustrates one man 
‘ner of executing such a termination. In this 
‘?gure there is shown an end of a train l8, 
equipped with a communication antenna 

scribed in Fig. 2. Here the line is terminated in 
Ma directional antenna which is directed toward 
the track approaching the tunnel. The direc 
tional antenna shown by Way of example is a 
'vertically polarized rhombic antenna compris 
ing the legs l9 and 20, the surge impedance of the 
antenna being made equal to that of the trans 
mission line. The rhombic antenna incorporates 
a resistive termination which equals its surge im 

This resistance is not shown. It is 

which the resistance may be connected and such 
point is supplied in this case by a quarter-wave 

A similar termination 
will be employed on the other end of the trans 
mission line. 
The system just described may be employed not 

13, "‘ 

' emerging from a tunnel l6 which is provided with 
‘an unbalanced transmission line comprising the 
'wires l2 and the insulated conductor 10, as de 
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only in tunnels but also in cuts and cayons or 
wherever a point of poor communication is found 
to be present due to the conditions which were 
described above. For outdoor use a two-wire 
balanced line may be used because of its cheaper 
construction. However, the radiation from the 
upper wire will represent lost energy. In the 
systems described the direction of energy trans 
mission may be reversed at will with equal trans 
fer of energy‘in either direction. 
While the disclosure of the invention has been 

restricted to those embodiments which are now 
preferred, many variations of form and arrange 
ment falling within the scope of the invention as 
de?ned by the appended claim, will occur to those 
skilled in the art. It should therefore be under 
stood that the scope of the invention is not to be 
considered as limited to the embodiments de 
scribed herein, but only by the scope of the ap 
pended claim. 
What is claimed is: 
Means for the propagation of radio waves along 

a railway tunnel, with respect to a rail mounted 
antenna traversing said tunnel, which comprises 
a conductor electrically insulated with respect to 
said tunnel, said conductor extending through 
said tunnel and spaced in coupling relation to 
said antenna throughout its traversal of said 
tunnel, a ground plane structure paralleling said 
conductor and positioned between said conductor 
and the wall of said tunnel, whereby said ground 
plane structure shields said waves from absorp 
tion by the walls of said tunnel, said conductor 
and said ground plane structure constituting an 
unbalanced transmission line, and a termination 
at each end of said line, said termination having 
a surge impedance equal to that of said line, said 
termination comprising a directional antenna lo 
cated outside an entrance to said tunnel, said di 
rectional antenna being directed along the track 
approaching said tunnel, and means terminating 
said antenna, said means comprising a ground 
plane. 
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