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1 . 
This invention.relates, to antenna systems, and 

more, particularly to improved supporting land. 
feed means for the radiator...elements, thereof. The principal object of the present invention 
is to provide an improved radiator structure in- 5 
corporating the feed connections in such manner : 
that the radiator itself acts as a protective cover. 
for, the connections, so that no energized con-... 
ductor" is exposed to the weather...except the : 
radiator.: 
Another object is to provide a radiator struc 

ture of the described type in which a coaxial feed 
lines acts, as a partial or sole support for the . 
radiator : 

2 is 
rod 5 and engages the tubular member near its 
lower end to maintain the parts in alignment. 
The portion of the rod 5 which is surrounded by 

the tube is approximately one-quarter wave--- 
length long at the meal; operating frequency. 
The members and 5 cooperate to act as a quarter 
wavelength coaxial line, short-circuited at its 
upper, end by the disc 3. This causes a substan 
tially infinite impedance to appear between the 

10 lower end of the tube and the rod,5, effectively 
insulating the radiator from the member 1. ' 
The radiator, is connected to a feed line if at 

its lower, end by a conductor f3. The-line 'is' 
of the coaxial type, and is provided with an end 

A further object is to provide a structure of 15 seal insulator. 5. The insulator is serves to . 
the described-type, incorporating a coaxial line, 
transformer in the connection between the feeds 
line; and the radiator. - - 
These-and other objects will become apparent . 

prevent the entrance of moisture and dirt into 
the linell, and in some cases to retain gas in the 
feed system. . : 

Referring to Figure 2, the rod 5 is omitted and 
to those skilled in the art upon consideration of 20 the line . . is extended within the radiator i, 
the following, description, with reference to the 
accompanying drawing, of which ..., 

Figure.1 is a sectional elevation of a stub-sup-- 
ported radiator.according to prior art, , 

which, is supported on the line by means of . 
insulating...discs 9 and fi. The inner conductor 
of the line if is connected to the end closure 
disc 3. ... By this arrangement, the end of the 

Figure 2 is a -sectional elevation of a line-Sup-, 25, line ff is protected from weather by the radiators 
ported radiator in accordance with the instant. 
inventioni, 

Figure. 3 is a sectional elevation of a modifica 
tion of Figure. 2, showing application of the in 
vention to an antenna of the dipole.type, 

Figure, 4 is a sectional elevation of a further. 
modification of the structure of Figure 2, and 

Figure 5 is a schematic diagram of an approxi 
mate-equivalent circuit. corresponding to the 
structure of Figure. 4. 
With the advent of extensive use of frequencies, 

of fifty, megacycles and higher for communica 
tion, and television picture transmission, it has 
become common practice to employ antennas.in. 
which the individual radiator elements have 40. 
cross sectional dimensions which area, relatively. 
large fraction of a wavelength. Such radiators, 
are frequently made in the form of a hollow cy. 
lindrical... tube supported on a parallel resonant 

itself, and the feed line performs the additional 
function of Supporting the radiator. . . . . . 
The operation of the device of Figure 2 is: 

Somewhat different from that of Figure 1. The 
80 router conductor of the feed line cooperates. 

with the inner surface of the radiator f to act. 
as a coaxial line section, connected between the 
output end 6 of the line if A and the lower end. 
for of the...radiator f. Denoting. the impedance. 

35s between the lower end C of the radiator and ground as Zout, and the impedance presented to 
the upper end 16 of the feedline as Zin, 

24out 2 c tan P. Z--jzou tanp 
Where. Zic is the characteristic impedance of the 
line. Section formed by the outside of the line 
and the inside of the radiator. , and p is the . 
electricallength of the said line section. 

Zinae 

line section, with the inner surface of the radiator. 45: b. . 
acting as the outer conductor of the supporting p=27 
line. MV 

Referring to Figure 1, a representative prior art, where. 
structure includes a tubular radiator, closed at. - b : 
its upper end by a disc 3, and supported by a rod 50. w 
5 which is secured at its upper end to the disc 3 
and at its lower end to a conductive member 7. 
The member 7 may be a mast, a conductive screen. 
or reflector, a metal-clad outer wall of a build. 

is the length of the line section in wavelengths. 
It will be apparent that the above-described, 

line section operates as a transformer, converting 
ing or the like... An insulator. 9 surrounds. the 55the antenna impedance Zout to a value Zin. By 

  



3 
proper Selection of the characteristic impedance 
Zic and the electrical length p, Zin may be made 
of any desired value for any Specific value of 
Zout. Thus the radiator may be matched to the 
line without the use of separate transformers 
or matching stubs. 
In some instances it may be desirable for p to 

pe such that b is in effect greater than l, the 
length of the radiator . This condition can be 
met by filling the entire space between the line 

and the radiator element f with dielectric ma 
terial. The electrical length is then 

where k is the dielectric constant of the mate 
rial. The parameter Zic is also a function of k, 
as Well as the ratio 

d 
d 

of the inside diameter d1 of the radiator to the 
outside diameter d2 of the line . The ratio 

d 
Cl2 

may be determined independently of the other 
characteristics of the System by adjustment of the 
wall thicknesses of the radiator and the Outer 
conductor of the line . 
The electrical length p may be made less than 

that corresponding to the radiator length l by 
connecting the line to a disc 3' within the radia 
tor , rather than at the outer end, as illustrated 
in Figure 3. Figure 3 also shows application of 
the present invention to a dipole structure, con 
prising a pair of opposed radiators Supported 
on their respective feed lines if extending radially 
of a mast O7. It will be apparent Without fur 
ther illustration that a plurality of Such struc 
tures can be arranged to form an array, Such as 
a turnstile antenna, and that the arrangement of 
Figure 2 may be substituted for the radiators 
of Figure 3 if a greater value of p is required. 

Figure 4 shows a further modification in which 
series reactance may be provided at the feed 
point 6 or at the output end of the feed line , 
or both. An annular tubular portion 9 is pro 
vided within the lower radiator and is con 
nected thereto by a ring 2 at its upper end. The 
lower end remains open. The member 9 Coop 
erates with the inner surface of the radiator 
to function as a short-circuited coaxial line Sec 
tion of length D. This line section represents 
a reactance Xd in series with the radiator at the 
output end of the line transformer formed by 
the radiator and the outside of the line it. 
Referring to Figure 5, the approximate equivalent 
circuit of the structure of Figure 4 comprises the 
antenna, impedance Za, connected in series with 
the reactance Xd to the output of the line trans 
former T. The Value and sign of the reactance 
Xd is determined by the length. D and the char 
acteristic impedance Zo of the short-circuited 
line formed by the nember 9. 

In Similar fashion a reactance Xg may be in 
serted in Series with the input end of the line 
transformer T by providing an annular conductor 
23 at the upper end of the line it, short-circuited 
thereto by a ring 25. The value of Xg is deter 
mined by the length g of the member 23, and 
the ratio of the diameter of the member 23 to 
that of the outer conductor of the line . 
The invention has been described as an im 

proved radiator structure, wherein a coaxial feed 5 
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line is arranged to serve the additional function 
of supporting the radiator. The feed line ex 
tends coaxially within a tubular radiator, and is 
connected thereto at or near the Outer end. The 
inner surface of the radiator cooperates With the 
outer surface of the feed line to provide a trans 
former action which is useful in matching the 
radiator to the line. 

I claim as my invention: 
1. An antenna, System including at least One 

radiator including a substantially cylindrical tu 
bular conductive member, a disc connected to 
and forming a closure within said tubular nem 
ber and a coaxial line having an inner conductor 
and an outer sheath extending concentrically 
into said member and terminating near Said disc, 
the inner conductor only of Said line being con 
nected to said disc and a Series reactance in Said 
system including an annular conductor between 
said tubular member and the outer sheath mem 
ber of Said line, said annular conductor being 
connected to one of Said members at one end 
and free of both members at the other end. 

2. An antenna System including at least one 
radiating element in the form of a conductive 
tubular member, a conductive disc member ar 
ranged transversely of Said tubular conductive 
member and having the periphery thereof elec 
trically connected to said conductive tubular 
member, a coaxial transmission line comprising 
an inner conductor and a sheath extending into 
said conductive tubular member and terminating 
near said disc member, the inner conductor only 
being connected to said disc member, and a tubu 
lar conductor arranged internally of Said con 
ductive tubular member and externally of said 
sheath, Said tubular conductor having one end 
thereof connected to said tubular conductive 
member, thereby to interpose Series reactance in 
said System. 

3. An antenna system including at least one 
radiating element in the form of a conductive 
tubular member, a conductive disc member con 
nected to Said tubular conductive member and 
forming a closure Within Said conductive tubular 
member, a coaxial transmission line comprising 
an inner conductor and a sheath extending into 
said conductive tubular member and terminating 
near said disc member, the inner conductor only 
being connected to said disc member, and a tubu 
lar conductor arranged internally of said conduc 
tive tubular member and externally of said 
sheath, Said tubular conductor having one end 
thereof connected to the sheath of said coaxial 
transmission line, thereby to interpose series re 
actance in Said System. 

4. An antenna system including at least one 
radiating element in the form of a cylindrical 
tubular conductive member, a conductive discar 
ranged transversely of said tubular conductive 
member and having the periphery thereof in 
conductive relationship with said tubular con 
ductive member, a concentric transmission line 
comprising inner and outer conductors extending 
into said tubular member and terminating near 
Said disc, the inner conductor only being con 
nected to Said disc, and tubular conductors ar 
ranged internally of Said tubular member and 
externally of Said outer conductor, one of said 
tubular conductors having one end thereof con 
nected to Said tubular conductive member and 
the other having one end thereof connected to 
Said outer conductor, thereby to interpose series 
reactance in said system. 

5. An antenna System including at least one 
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radiating element in the form of a cylindrical 
tubular conductive member, a conductive disc 
arranged transversely of said tubular conductive 
member and having the periphery thereof in 
conductive relationship with said tubular con 
ductive member, a concentric transmission line 
comprising inner and outer conductors extending 
into said tubular member and terminating near 
Said disc, the inner conductor only being con 
nected to said disc, and tubular conductors ar 
ranged internally of said tubular member and 
externally of Said outer conductors, one of said 
tubular conductors being arranged at one end of 
Said tubular conductive member and connected 
thereto and the other tubular conductor being 
arranged at the innermost end of and connected 
to said outer conductor, thereby to interpose 
Series reactance in said system. 

6. An antenna, System including at least one 
radiating element in the form of a tubular mem 
bei of conductive material, a concentric trans 
mission line element comprising an inner con 
ductor and a shielding member extending into 
and terminating within said tubular member, the 
inner conductor only being connected to the inte 
rior of Said tubular member, and a tubular con 
ductor entirely within said tubular member and 
Coaxially arranged between said members, said 
tubular conductor having one end thereof con 
nected to one of said members and free of both 
of Said members at the other end, thereby to 
interpose Series reactance in said system. 

7. An antenna, System including at least one 
radiating element in the form of a tubular mem 
ber of Conductive material, a concentric trans 
mission line element comprising an inner con 
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ductor and a shielding member extending into 
and terminating within said tubular member, the 
inner conductor only being connected to the inte 
rior of said tubular member, and a tubular con 
ductor completely contained by Said tubular 
member and coaxially arranged between Said 
members, said tubular conductor having one end 
thereof connected to one of said members at the 
end of said tubular conductor remote from the 
end of said one member and free of both of Said 
members at the other end, thereby to interpose 
series reactance in said system. 

OAKLEY M. WOODWARD, JR. 

BREFERENCES CITED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Nunice' Name Date 
2,112,287 Hansell et al.------- Mar. 29, 1938 
2,199,375 Lindenblad --------- Apr. 30, 1940 
2,201.857 Dome -------------- May 21, 1940 
2,234,234. Cork -------------- Mar. 11, 1941 
2,267,550 Brown ------------ Dec. 23, 1941 
2,274,389 Won Baeyer et al. ---. Feb. 24, 1942 
2,275,030 Epstein ------------ Mar. 3, 1942 
2,284,434 Lindenblad --------- May 26, 1942 
2,313,513 Brown ------------- Mar. 9, 1943 
2,323,641 Bailey -------------- July 6, 1943 
2,438,795 Wheeler ----------- Mar. 30, 1948 

- FOREIGN PATENTS 

Number Country Date 
878,564 France ------------- Jan. 25, 1943 


