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ANTENNA SYSTEM 

Arnold B. Bailey, New York, N. Y., assignor to 
Bell Telephone Laboratories, incorporated, 
New York, N.Y., a corporation of New York 

Application January 26, 1940, Serial No. 315,632 
(C. 250-33) Claims. 

This invention relates to antenna Systems and 
more particularly to an array especially suitable 
for use With ultra-short waves. 
One antenna array in common use today com 

prises several half Wave radiators colinearly ar 
ranged in a Vertical or horizontal plane and en 
ergized in phase, and means such as a half wave 
coil or a quarter Wave line loop included between 
the adjacent radiators for suppressing the ra 
diant action produced by standing wave al 
ternations or loops having a phase opposite to 
that of the effective radiating alternations. 
Since the radiators, or collectors, are ordinarily 
Connected in series, the total attenuation is rela 
tively high and, as a result, the amplitudes of the 
outgoing and return traveling waves, and of 
the resultant standing Wave, are not as large as 
desired. Moreover, the half wave suppressors 
and the aSSociated supporting structure usually 
employed are such as to necessitate an undesired 
physical separation between the adjacent radia 
tors or collectors whereby a highly concentrated 
low fire beam or maximum directive lobe is not 
fully realized. Again, in arrays of this type the 
radiation or absorption by the line and, in some 
Systems, the radiant action of supporting struc 
tures such as guide wires, often materially dis 
tort the array directive characteristic and un 
favorably affect the array efficiency. 

It is one object of this invention to secure 
maximum radiant action in a desired direction. 

It is another object of this invention to secure 
uniform maximum radiant action in all direc 
tions included in a given plane. 

It is still another object of this invention to 
Secure a highly concentrated radio beam and to 
avoid distortion thereof by line radiation. 

It is a further object of this invention to Se 
Cure a highly directional, compact self-support 
ing antenna, array. 
According to one embodiment of this invention 

the array Comprises a vertical tubular member a 
plurality of half wave-lengths long, a plurality 
Of quarter Wave-length cylindrical Sleeves of 
greater diameter, the sleeves being coaxially 
related to the tubular member and spaced there 
on a quarter Wave-length apart and means, such 
as bushings, connecting the inner circumference 
at the upper end of each sleeve to the rigid ver 
tical member. Preferably, the diameters of the 
linear tubular member and aSSociated sleeves are 
graduated or stepped in a direction toward the 
top of the structure. A transmission line inner 
conductor is included Within and coaxially re 
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conductor and the inside surface of the tubular 
member constitute a coaxial line. In operation, 
the outer Surface of each quarter Wave-length 
sleeve and the one-quarter Wave-length exposed 
portion of the tubular member immediately 
above constitute a dipole; and the inner surface 
of each sleeve and the portion of the Outer Sur 
face of the tubular member enclosed thereby 
function as a radiation suppressor. Thus, the 
radiation produced by one set of standing wave 
alternations is canceled and since the adjacent 
in-phase alternations on the radiating portions 
of the structure are Very closely positioned a 
highly concentrated beam is produced. Prefer 
ably individual branch line conductors are pro 
Vided from the enclosed inner line conductor to 
Several sleeve members whereby in effect the 
radiating elements are connected in parallel and 
a strong standing Wave is established on the 
radiating portions of the Structure. In One 
practical embodiment, branch line conductors 
are associated With alternate sleeve members, 
beginning With the top sleeve, the point of con 
nection on the sleeve being critically selected 
and such that the branch line and antenna im 
pedances are matched. The connection to the 
top sleeve is approximately a quarter Wave 
length from the apex of the tubular mast and the 
top extremity of the inner conductor is con 
nected through a metallic cap or top end-piece 
to a point near the uppermost extremity of the 
tubular member, whereby the portion of the 
line above the last branch conductor constituted 
by the inner line conductor and the inner Sur 
face of the mast forms a high impedance short 
circuited quarter wave transformer and func 
tions as if removed. The lowest extremity of 
the inner line conductor is similarly connected 
through a metallic plate or bottom end-piece to 
the other extremity of the mast and the inner 
conductor of the main low impedance coaxial 
line from the transmitter or receiver is adjust 
ably connected to the inner conductor at a 
distance slightly less than a quarter Wave-length 
from the plate whereby the line Section com 
prising the lower portion of the inner conductor 
and the associated inner surface of the mast 
functions as an impedance transformer to match 
the impedances of the two coaxial lines. 
The invention. Will be more fully understood 

from a perusal of the following discussion taken 
in connection with the drawings on which like 
reference characters denote elements of similar 
function and on which: 

Figs. 1 and 2 illustrate, respectively, eleva 



2 
tional and Sectional Views of a simple embodi 
ment of the invention; 

Fig. 3 illustrates a sectional view of another 
embodiment; 

Fig. 4 illustrates a tower antenna, array con 
structed in accordance With the invention and 
Fig. 5 is a perspective View of a half Wave sup 
pressor included in the system of Fig. 4; 

FigS. 6 and 7 illustrate, respectively, perspec 
tive and sectional views of a preferred embodi 
ment of the invention. 

Referring to Figs. 1 and 2, reference numeral 
denotes a rigid solid cylindrical antenna, member 
a plurality of one-half Wave-lengths long and po 
sitioned in a desired plane of wave polarization 
as, for example, the vertical plane. Reference 
numerals 2 designate sleeve type metallic half 
wave suppressors each one-quarter Wave-length 
long and supported by member through metallic 
bushings 3. The tubular sleeves 2 and the linear 
member are coaxially related and the sleeves 
are spaced one-quarter Wave-length apart along 
the member , the uppermost quarter Wave 
length section of the member being exposed. 
A translation device 4, such as a transmitter or 
receiver, is connected by conductors 5 and 6 of 
line 1 between the lowest sleeve and the adjacent 
portion of member . The linear array may be 
supported on a ground plate or on top of a struc 
ture or pole 8 and while the linear array is a 
plurality of half wave-lengths long the support 
ing pole or structure may, of course, have any 
height or length. Since in operation the velocity 
of the current on metallic members and 2 is 
slightly less than that of a wave in space, that 
is, less than the theoretical velocity of Wave 
propagation, the length of each sleeve and the 
sleeve spacing are each slightly less than a theo 
retical quarter Wave-length. 
In operation, assuming the device 4 is a trans 

mitter, current flows along the outer surfaces 9 
of sleeve 2, exposed surface 9 of bushing 3, ex 
posed surface of member , concealed Sur 
face 2 of member and inner surfaces 3 and 
i4, respectively, of bushing 3 and sleeve 4, as 
indicated by the line 5 in Fig. 2. As is known, 
the current on the exposed surface 9 of sleeve 2 
and the current on the inner surface 4 are sepa 
rate and distinct, as explained in Patent 2,258,953 
to W. H. C. Higgins, granted October 14, 1941. 
Thus a standing wave having similarly phased 
alternations 6 is established on the exposed ra 
diating surfaces of members and 2 and the Op 
positely phased alternations iT are rendered in 
effective in so far as radiant action is concerned. 
The conducting surfaces 2, 3 and 4 constitut 
ing the half wave suppressor is electrically simi 
lar to a half wave-length conductOr folded at 
the center and back on itself; and the exposed 
colinear radiating surfaces 9 and form a plu 
rality of in-phase dipole radiators 8. It will be 
noted that the construction and design of the 
phase suppressors are such as not to necessitate 
a physical separation between adjacent in-phase 
dipoles. Consequently, the effective alternations 
are closely adjacent and their nodal points are 
in effect superimposed whereby a highly concen 
trated field is emitted and, at a given distant re 
ceiving point, the field components correspond 
ing to the several dipoles are more nearly in phase 
agreement than in the case of the prior art Sys 
tem mentioned above wherein the dipoles are 
physically separated. Theoretically, the current 
at each nodal point has zero amplitude but it has 
been found in practice that at the intermediate 
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2,328,641 
nodal points Waves of small amplitude are estab 
lished. 

Referring to Fig. 3, the member is hollow and 
encloses a low impedance coaxial line 20 having 
an inner conductor 2 and an outer conductor 
22, the line 20 and the member being coaxially 
Irelated. Reference numerals 23 denote stand-off 
insulators for maintaining the sleeves 2 in posi 
tion and numerals 24 designate metal bushings 
for Supporting line 20, one bushing 24 being in 
cluded between the top extremity of conductor 
22 and the member . The inner conductor 2 
of line 20 is directly connected by separate branch 
line conductors 25 to alternate sleeves 2. Prefer 
ably the Outer conductor 22 and one terminal of 
device 4 are connected to ground 26 by conductor 
27. 
The radiant operation of the System of Fig. 3 

is substantially the same as that of Fig. 1. The 
effective or radiant standing wave alternations 
established on each dipole 8 are relatively strong 
and have intensities comparable to those estab 
lished on the structure of Fig. 1 since the dipoles 
are similarly energized in parallel, each through 
a path of low impedance. In the system of Fig. 1 
the dipoles are energized in series, and the stand 
ing Wave on the top dipole f8 which receives its 
energy through the high impedance lower dipoles 
is considerably weaker than that, for example, on 
the lowest dipole directly connected to the low 
impedance line T. By positioning the line 20 
Within the member i and placing the short 
branch line conductors 25 inside sleeves 2, the 
formation of undesired Standing Waves on the 
outer surface of conductor 22 and the consequent 
distortion of the array directive characteristic by 
line radiation are substantially prevented. 
Hence, in accordance With one feature of the in 
vention, in an array comprising a plurality of 
antenna elements connected in parallel, all trans 
mission line conductors adjacent the structure 
are effectively shielded by the array elements. 
The arrays of FigS. 1, 2 and 3 are, of course, equal 
ly suitable for receiving and transmitting and 
may comprise any practical number of dipole 
elements. Also, these arrays may be oriented for 
any desired polarization and they are each suit 
able for use in stationary or mobile radio systems. 

Referring to Figs. 4 and 5, the member 30 is a 
Conventional tapered mast or tower type antenna 
element a plurality of Wave-lengths long, and the 
phase Suppressors each comprise the inner con 
ductor Surface 3 of the cage 32 and the asso 
ciated enclosed surface 33 of the tower antenna, 
39. The cage radiator-suppressor 32 comprises 
a top annular member or hoop 34, bottom an 
nular member 35, longitudinal members 36 and 
transverse members 37. The transverse members 
37 correspond in function to the bushings 3 
of the Systems of Figs. 1, 2 and 3 and are rigidly 
fastened to the tower 30. The cages 32 are placed 
a quarter Wave-length apart and since the tower 
or mast 30 is tapered they have different di 
ameters as shown by Fig. 4. As in Fig. 1 the line 
7 from the translation device 4 is connected to 
the bottom cage 32 although, alternatively, the 
line may extend inside the tower and parallel 
connections to the several cages may be used as 
in the System of Fig. 3. The operation of the 
system of Fig. 4 is similar to that of the Systems 
of Figs. 1, 2 or Fig. 3 and in view of the above 
discussion is believed to be apparent. 

Referring to Figs. 6 and 7 reference numeral 
40 denotes a flagpole type radiator comprising 
the iron pipe sections 4f, each approximately a 
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quarter Wave-length long and having different di 
ameters. The Sections are arranged. So that the 
diameter of the mast decreases toward the top in 
steps. The junctions of the adjacent Sections 
are telescoped and calked to prevent moisture 
from entering the tubular iron conductor and, 
preferably, the arrangement or construction at 
each junction is such that if necessary, as upon 
a change in assigned Operating frequency, the 
length in meters of each section 4f and the over 
all height of the structure may be altered. Ref 
erence numerals 62 designate light-Weight me 
tallic sleeve members which are spaced a quarter 
wave-length apart and Supported. On the member 
40 by metallic bushings 43 and stand-off in 
sulators 44. The diameters of the sleeves are 
graduated or stepped in accordance With the dif 
ferent diameters of the member 40. As in the 
systems described above, the uppermost quarter 
wave-length portion of member 40 is eXposed and 
constitutes one-half of the top dipole 8. While 
Fig. 6 illustrates certain electrical and mechani 
cal features of a preferred embodiment, in prac 
tice, the structure would usually be more slender 
than that indicated by this figure. In One praC 
tical embodiment the dipoles 8 are each sixteen 
feet long, the diameter of the top portion of 
radiator f is two inches, the sleeve diameter is 
one inch greater than the diameter of the aSSO 
ciated portion of member 2, and the sleeve thick 
ness is approximately one thirty-secondths of an 
inch. 
A single line conductor 45 extends, coaxially, 

within member 40 and the inside surface 46 of 
member 40 constitutes a return line Conductor. 
Branch conductors 4 are utilized to connect the 
line conductor 45 directly to alternate sleeve 
members including the top sleeve. The inner 
conductor 45 extends a quarter wave-length above 
the point 48 at which it is joined to the top branch 
line conductor A and it is conductively connected 
to a point near the top extremity of member 40 
and supported by the top piece or cap 49. The 
lower terminal of the inner conductor 45 is elec 
trically connected through the plate or botton 
piece 50 to the lower extremity of the member 48. 
Numeral 5 denotes the main coaxial line fron 
the translation device (not shown) the line hav 
ing its outer conductor 52 connected to member 40 
and its inner conductor 53 adjustably connected 
to the inner conductor 45 at a point 54 which is 
less than a quarter wave-length above the botton 
end-piece 50. Preferably, the line 5 is posi 
tioned below the ground Surface or the building 
roof 55. If desired, instead of insulators 44, the 
space between the sleeves 2 and member 4) may 
be filled with an insulating compound for the 
purpose of securing a solid aerial structure. 
The radiant operation of the array of Figs. 6 

and 7 is Substantially the same as that of the 
System of FigS. 1, 2 or Fig. 3. The line section 
'formed by the portion of the inner conductor 45, 
between junction point 54 and plate 50 and by 
the associated inside surface 46 of member 40, 
Constitutes an impedance transformer for match 
ing the low impedance line 5 to the high im 
pedance line comprising the inner conductor 45 
and the inside irregular Surface 46 of member 
40, the proper adjustment or position for the 
junction point 54 being determined by predeter 
mined calculations or by experiment. At the 
upper end of the structure, the line section formed 
by the quarter Wave-length portion of conductor 
45 above junction point 48 and the associated 
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3. 
impedance short-circuited quarter wave trans 
former whereby this line section functions as if 
removed. In other Words, While the inner con 
ductor 45 preferably extends for mechanical 
reasons to the top extremity of member 46 or to 
cap 49, the coaxial line comprising conductor 45 
does not extend, from an electrical standpoint, 
beyond the point 8. This self-supporting struc 
ture, FigS. 6 and 7, is suitable for use in ground 
Stations and since it is Self-Suppoiting, it is es 
pecially Suitable for utilization on top of build 
ings. It functions to produce a concentrated low 
fire beam of uniform intensity in all horizontal 
directions and is highly efficient for emission or 
reception of ultra-short Waves. As Compared to 
prior art Systems, it is easily manufactured and 
installed, and more easily maintained in Opera 
tion. 
Although the invention has been described in 

connection with certain embodiments it should 
be understood that it is not to be limited to the 
particular structures described inasmuch as other 
apparatus may be successfully employed Without 
exceeding the scope of the invention. 
What is claimed is: 
1. In combination, a vertical tower antenna, a 

plurality of half Wave-lengths high, a plurality 
of cage sections each a quarter Wave-length long 
enclosing alternate quarter Wave-length portions 
of Said tower including the second portion from 
the top, each Section comprising a pair of spaced 
horizontal annular conductors and a plurality 
of Substantially parallel linear conductors con 
rected to and extending between said annular 
conductors, the upper extremities of said sections 
being conductively connected to said tower, and 
a line from a transmitter connected to the lowest 
section. 

2. In combination, a vertical hollow self-sup 
porting radiator a plurality of half wave-lengths 
long and having a circular cross-section, a plu 
rality of hollow Sleeve-like members each a quar 
ter Wave-length long substantially and having a 
diameter greater than that of said radiating 
member, a plurality of metallic bushing members 
each connecting the upper end of one of said 
members to said radiator, said bushings being 
attached to points on said radiator approxi 
mately a half Wave-length apart, a line from a 
transmitter extending inside said radiator and 
Separate connections from points on said line a 
Wave-length apart to a plurality of said members. 

3. In combination, a vertical self-supporting 
radiator a plurality of half wave-lengths long and 
Comprising a plurality of sections having different 
diameters, a plurality of sleeve members, said sec 
tions and Said sleeves each being approximately. 
a quarter Wave-length long, said members being 
Spaced a quarter Wave-length apart along said 
radiator and having diameters uniformly greater 
than the associated section, metallic bushings in 
cluded between the uppermost portion of the 
sleeve member and the associated section, a high 
impedance coaxial line comprising the inner sur 
face of Said radiator and a conductor supported 
Within Said radiator, said conductor being con 
nected to alternate sleeves, a transmitter, a low 
impedance line connecting said transmitter to 
the high impedance line, and an auxiliary coaxial 
line comprising a portion of said radiator and an 
extension of Said Conductor connected in shunt 
to said coaxial lines for matching said lines. 

4. In an antenna, System, a hollow vertical me 
tallic element comprising a plurality of cylin 
drical one-quarter wave-length sections, having 



4. 
different diameters, the diameters being stepped 
and the lowest section having the largest diam 
eter, a separate one-quarter Wave-length sleeve 
Surrounding each of One Set of alternate Sections 
and conductively connected at its upper extrem 
ity to its respective Section, a first line conductor 
extending coaxially Within said element and 
being connected to at least two of said sleeyes, 
and a second conductor connecting said first con 
ductor to a translation device. 

5. An antenna System in accordance with claim 
4, said second conductor extending through the 
wall of the lowest section and being connected to 
the first conductor at a point a quarter Wave 
length approximately above the bottom extremity 
of said lowest section. 

6. An antenna System in accordance with claim 
4, the Section adjacent the top section being in 
cluded in the Said Set of alternate Sections, said 
first conductor being connected to a point in the 
top section and to a point on the sleeve asso 
ciated with the Section adjacent the top Section, 
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said points being electrically separated a quarter 
wave-length, whereby the upper eXtremity of Said 
conductor is rigidly Supported by said top Section 
through a high impedance. 

7. A rugged vertical coaxial antenna System 
comprising a hollow linear member a half Wave 
length long, a quarter Wave-length cylindrical 
sleeve surrounding the bottom half of said mem 
ber and attached at its upper extremity to the 
mid-point of said member, a line conductor ex 
tending coaxially within said member, said con 
ductor being attached to an intermediate point 
in said sleeve and to an intermediate point in the 
upper half of said member, the conductive path 
connecting said points being a quarter Wave 
length long Whereby the impedances of Said Con 
ductor and antenna are matched, and the con 
nection between the upper portion of Said mem 
ber and said conductor includes a high imped 

20 ance. 
ARNOLD B. BAILEY. 


