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TURNSTILE ANTENNA 

Nathan W. Aram, Park Ridge, Ill., assig'nor to 
Zenith Radio Corporation, a corporation of 
Illinois 
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(Cl. Z50-33.53) 12 Claims. 
1 

This invention relates to antennas and more 
particularly to antennas of the turnstile type. 
It is a primary object of the invention to pro 
vide a simpliiied and improved antenna of this 
type. 

In the following description, it will be con 
venient to refer from time to time to- specific 
groups of radiating elements. In general, in a 
turnstile antenna, the radiating elements are 
disposed in a pair of angularly displaced planes, 
the elements situated in each plane being re 
ierred to as a "panel” of radiating elements. 
Similarly, for convenience of reference, each 
pair of adjacent crossed elements will be termed 
a) uba‘y'n - 

In Patent No. 2,338,564 issued on January 4, 
194e, to Nathan W. Aram for Turnstile Antenna, 
and assigned to the same assignee as the pres 
ent application, there is disclosed and claimed 
as a preferred embodiment a turnstile antenna 
employing folded dipoles as radiating elements, 
each of such elements being arranged for con 
nection to individual straight feeder lines dis 
posed about the outer surface of a supporting 
mast. 

It is a particular object of this invention to 
provide a simpliñed turnstile antenna requiring 
a minimum number of component parts. 

It is an important object of this invention to 
provide a turnstile antenna having novel radiat 
ing elements arranged to reduce the number of 
requisite feeder lines. 

It is a more specific object of the invention 
to provide a simplined turnstile antenna employ 
ing radiating elements adapted to unbalanced 
feeding, thereby to reduce the number of requi 
site feeder lines. 

It is a further object of the invention to pro 
vide a simpliñed turnstile antenna having im 
proved power gain characteristics. 
Yet another object of the invention is to pro 

vide an improved turnstile antenna having im 
proved power gain characteristics by virtue of 
optimum spacing between adjacent bays of ra 
diating elements. 
For a vertical panel of horizontal radiators to 

have maximum gain in the horizontal direction, 
the radiators are preferably excited by in-phase 
currents. If, as in conventional turnstile an 
tennas, the radiating elements are vertically 
separated by a half-wavelength and are fed by 
transmission lines having a propagation velocity 
approximately equal to that of a free-space elec 
tromagnetic wave, transposition, as for example 
by means of half-wave phasing loops, is required 
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2 
to insure inl-phase excitation of the radiating 
elements. 

Still another object of the invention, there 
fore, is to provide a simpliñed turnstile antenna 
including an array of vertically spaced radiating 
elements exhibiting maximum gain in a hori 
zontal direction without requiring the trans 
position of feeder lines. 

It is a more speciñc object of the invention to 
«eliminate the requirement for transposition of 
feeder lines to a turnstile antenna by utilizing 
loaded transmission lines to feed the successive 
radiating elements, the propagation velocity of 
such transmission lines bearing substantially the 
same ratio to the free-space propagation ve 
locity as does the physical spacing between such 
radiators to a free-space wavelength. 
Inorder to obtain an omnidirectional horizon 

tal radiation pattern from a turnstile antenna 
comprising a plurality of radiating elements ar 
ranged in a pair of angularly displaced panels, 
it is necessary to provide quadrature phasing 
between the exciting currents of the two panels 
of radiating elements. Such quadrature phas 
ing is normally obtained by the use of quarter 
wave phasing loops. 

It is an important object of this invention to 
provide a further simplified turnstile antenna 
by eliminating the necessity for such quarter 
wave phasing loops. 

Still another object of the invention is to pro 
vide an improved and simplified turnstile an 
tenna in which quadrature phasing between pan 
els _is obtained by vertical separation of the ra 
diating elements of each bay. 
The features of this invention which are be 

lieved to be novel are set forth with particularity 
in the appended claims. The invention, to 
gether with further objects and advantages 
thereof, may best be understood, however, by 
reference to the following description taken in 
connection with the accompanying drawings, in 
which like reference numerals indicate like ele-y 
ments, and in which: 
Figure 1 is a schematic representation of a 

novel radiating element embodying the present 
invention. 
Figure 2 is a perspective view of an improved 

>turnstile antenna embodying the novel element 
shown in Figure 1. 

. Figure 3 is a schematic representation of an 
approximate equivalent circuit for the antenna 
of Figure 2. 
Figure 4 is a graphical representation of the 
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power gain characteristic of an antenna such as 
that shown in Figure 2. 
Figure 5 is a cross-sectional view of a feeder 

line which is suitable for use with the antenna 
of Figure 2. 
Figure 6 is a sectional detail showing the man 

ner in which the coaxial feeder line is connected 
to radiating elements other than the uppermost 
one. 
Figure 7 is a sectional detail showing the man 

ner in which the coaxial feeder line is connected 
to the uppermost radiating element. 

Figures 8a, 8b, and 8c are schematic represen 
tations showing alternative embodiments. 
Figures 9a, 9b, and 9c are graphical represen 

tations of the radiation patterns of the antenna 
of Figure 2.  
Figure 10 is a schematic representation of a 

further embodiment of this invention. ` " 
Figure 11 is a schematic representation of 

still another embodiment of the invention. 
Figure 12 is a schematic representation of still 

a further embodiment of the invention. 
With reference to Figure 1, there is shown a 

novel radiating element 2B constructed in accord 
ance with the present invention, such element 
comprising a pair of conductive members 2! 
and 22 interconnected by a U-shaped conductive 
member 23, the length of member 22 being sub-r 
stantially twice that of 2| and -being substan 
tially a half wavelength or an odd integral mul 
tiple of a half wavelength at the frequency to 
be transmitted. The second conductive member 
22 may be grounded at substantially its midpoint, 
thereby to adapt element 20 for direct unbalanced 
feeding. Radiating element 26 may-be fed by a 
coaxial feeder line 24, the inner conductor 2li 
of which is connected to the free end of ñrst 
member 2| and the shield 2S of which is con 
nected to the midpoint of member 22. ' 
Viewed in another way, the novel radiating ele- 

ment 2D comprises a quarter-wave folded dipole 
arm consisting of members Zi'and 23 and half 
of member 22, and a quarter-wave simple dipole 
arm collinear with and electrically connected to 
one leg of the folded dipole arm, such simple 
dipole'arm comprising the other half of mem 
ber 22. Element 20 as shown may also be viewed 
as an unbalanced folded dipole from which the 
return bend of the short-circuited loop has been 
removed. It is contemplated that members 2l, 
22, and 23 may be either solid or tubular in con» 
struction. 

It has been found that a radiating element of 
this typ-e provides substantially the same radia 
tion pattern as a simple half-wave radiator or 
folded dipole of conventional construction. It is 
thought that this desirable result is accomplished 
because of parasitic excitation of the simple di 
pole arm. In other words, provision of a per 
pendicular imaging plane or collinear imaging 
conductor apparently gives rise to series reso 
nant radiating current components which, to 
gether with the anti-resonantradiating compo 
nents from the loop comprising member 2 I, mem 
ber 23, and half 'of member 22, suffice tov set up 
substantially the same field as that set up by a 
conventional folded _dipole ofthe same overall 
length. i 

Element 2€] of Figure 1 is particularly advan 
tageous in that it is inherently unbalanced. Since 
a coaxial line is also essentially unbalanced, ele 
ment 20 may be designed to' preclude the possi 
bility of any substantial balance-to-unbalance 
mismatch without the use of la balanoe-to-un 
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4 
balance impedance transformer. For this reason, 
the number of required coaxial feeder lines and 
fittings may be substantially reduced from the 
~number required when using a conventional bal 
anced radiating element. 
There is shown in Figure 2 an improved and 

simplifled turnstile antenna embodying a plu 
rality of radiating elements of the type shown 
and described in connection with Figure l and 
comprising a conductive mast 30 which is prefer 

» ably grounded. Since the field strength existing 
at anygiven receiving point is proportional to 
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the height of the transmitting antenna, the mast 
Sûis preferably located at the highest available 
position, as for example at the top of a sky 
scraper. 
A turnstile antenna may comprise a plurality 

of bays of half-wave radiating elements sup 
ported on mast 30, each bay comprising a pair 
of elements disposed at right angles to each 
other. All of the elements in each panel, that is, 
those having one direction (for example, north 
and south in one case, and east and west in 
the other case) , are excited by iii-phase currents. 
Moreover, the elements of one direction (north 
and south for example), are excited in phase 
quadrature with respect to the elements of the 
other direction (east and west for example), 
With this quadrature excitation, the radiation 
pattern is substantially omnidirectional. Radia 
tion is concentrated toward the horizontal direc 
tion as a function of the number of bays of radi 
ating elements. 
While the antenna of Figure 2 has been shown 

comprising four bays of radiating elements, it is. 
apparent that any number of bays may be eln 
ployed. Furthermore, while the antenna arrange~ 
ments described have been shown to be orientedl 
in a Avertical direction, it is to be noted that for 
certain purposes the mast and the antenna as 
a whole may be tilted from the vertical. 
For convenience of reference, the various radi 

ating elements are referred to in the drawings 
and in this specification as NZ-SZ, E13-W3, etc., 
the letter combination of each indicium designat 
ing the direction of the radiating element and 
the numeral denoting its position in the series 
of radiators, in its particular panel, referred to 
the bottom of the mast 30. Similarly, it is con 
venient to refer to the individual portions of the 
radiating elements as N2, E3, S4, etc. 1t is noted, 
however, that this nomenclature is for ease oi 
reference only; since the radiation pattern is 
substantially omnidirectional, the points of the 
compass to which the elements are directed are 
immaterial, and it is observed that the entire 
unit may be considered to be rotated by any 
desired amount without any substantial effect 
on the radiation pattern. 
Thus it is noted that, in the embodiment of 

Figure 2, elements N4-S4 and E4-W4, for ex 
ample, constitute a bay, and elements Ní-Sé, 
N2--S2, N3--S3, and Nfl-S4, for example, con 
stitute a panel. 
In the Figure 2 embodiment of the invention, 

a single feeder line 3l, the construction of which 
is to be hereinafter described in detail, is em 
ployed to feed the radiating elements, the usual 
requirement for half-wave and quarter-wave 
phasing loops being eliminated. To this end, the 
radiating ,elements constituting each bay (N3-»S3 
and,E3-W3, for example) are vertically sepa 
rated by an amount 
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where d is the ratio at the operating frequency 
of the propagation velocity of feeder line .Si> to 
the propaagtion velocity of free-space and >\ is 
the free-space wavelength. Furthermore, adjau 
cent elements in each oi the mutually perpen 
dicular panels are separated by amount equal 
to ai. in this manner, in-phase excitation of 
all elements in each panel is assured. 

It is apparent that, while the vetrical sepa 
ration between adjacent elements in each panel 
has been set forth as substantially ai, any inte 
gral multiple of this value may be used. Simi 
larly, the vertical separation between correspond 
ing elements of the respective panels may be 
any odd integral multiple of 

it may be desirable to choose such values of 
terminal impedances or" thev radiating elements 
and such characteristic impedance values for the 
various sections of the feeder line as to eiîect‘ 
substantially equal power distribution between 
the radiating elements. ri‘here is .shown in litige1 
nre 3, in schematic form, an approximate equiva» 
lent circuit for an antenna comprising a series 
of ’c radiating elements R1, R2 . . . R11 mutually 
displaced along a transmission line by distances 
n: y, where :n and y are each equal to a quarter 
wavelength of the transmission line or any odd _ 
integral multiple thereof. For example, .7: may 
represent an electrical quarter wavelength of the 
transmission line 

(it) 4 

and y may represent an electrical three-quarters 
wavelength of the line 

ah 3-) ( l 
which case R1 represents the terminal` imped-s 

.cf Dlenient Re represents the ter 
minal impedance of element llt-fwd, etc. (Fig« 

2). 
For equal power distribution between the n 

radiating elements, the follcwing condition has 
been round to obtain: 

l. 
2 _ =~-_ R - R 1 Zccn n (m*1)2 on c (no ( ) 

where Rm represents the resistive terminal im» 
pedance of any one of the elements, Zum-o 
represents the characteristic impedance of the 
section of transmission line feeding the same ele- ' 
ment, and m is any integer from 2 to n. 

riîhere is shown in Figure Il a graphical repre 
sentation of power gain-vertical separation char» 
acteristícs of typical turnstile antennas of differ 
ing number of bays. From the curves ílß~ll3, 
it is apparent that increased power gain is ob 

. tainable by increasing the number of bays em 
ployed; furthermore, for any given number of 
bays, there is an optimum separation between 
bays for which spacing maximum power gain is 
obtained. rl‘he increased power gain at spacings 
greater than one-half wavelength is due to the 
effect of the mutual impedances whereby the 
resistive component of terminal impedance of the 
individual radiating element is reduced, pern 
mitting larger current per unit power. As an 
incident advantage, it is found that the reactive 
components of the mutual impedances, which 
must be compensated for by adjustment of the 
terminal impedances of the radiating elements, 
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are substantially less at optimum spacing than 
at the conventional halfwave spacing. Thus, an 
optimum spacing curve 44, connecting the maxi 
ma of the power gain characteristics en_-«63, 
may be drawn. It is then apparent that an op 
timum power gain of about 3.4 is obtainable with 
a four-bay turnstile antenna having a spacing 
between adjacent elements in> each panel of about 
0.78>\. Optimum spacing varies from about 0.68k 
for a two-bay antenna to about 0.84K for an eight 
bay antenna. 

Referring again to the antenna of Figure 2, 
and recalling that optimum spacing for a four 
bay antenna is 0.78K, adjacent elements in each 
panel (N3-_S3 and Nfl-S4, for example) are 
vertically separated by about (178A, and the co 
axial feeder line 3| is designed, in a manner to 
be hereinafter more fully described, to have a 
propagation velocity equal to 0.78 oi that of free 
space. In this manner, optimum power gain is 
obtained while minimizing the required number 
of line ñttings and eliminating the necessity for 

` phasing loops. 

40 

d C.: 

50 

60 

Figure 5 shows a cross-sectional view of a ccu 
axial line suitable for use as a feeder el in anv 
antenna such as that shown and described in 
connection with Figure 2. The feeder line com 
prises an inner conductor 50 coaxially supported 
within an outer conductor 5| by means of a num» 
ber of dielectric beads or spacers 52. Such a 
beaded coaxial line may be designed for any 
propagation velocity ratio within a wide range 
as follows: 
For bead spacing s substantially less than a 

quarter-wavelength, the propagation velocity is 
inversely proportional to the square root of the 
average dielectric constant. It has been deter 
mined that cylindrical beads determine the 
propagation velocity of an air-dielectric coaxial 
line in accordance with the following equation: 

l 
a =-.__*~_. -~--_ 

«ruk-ride 
where a is the ratio of line to free-space propagañ 
tion velocities, 7c is the bead dielectric constant, d 
is the bead thickness, and s is the bead spacing. 
The ratio d/s is the fraction of the dielectric 

volume occupied by the beads, which fraction be used in an approximate solution for a, when 

beads of non-cylindrical form are used. 
Thus, if a velocity ratio a` of 0.75 is required, 

the ratio of bead thickness to spacing is 
d/s=0.156 for a ceramic bead having a dielectric 
constant 7c of 6. 
The transmission line surge impedance is re» 

duced by the beads in the same ratio as the 
propagation velocity. That is, 

where Zo is the surge impedance of a line ccn~ 
structed without beads and Zn’ is the surge im 
pedance of the beaded line. A larger conductor- 
diameter ratio must be used to obtain a given 
surge impedance in the presence of insulating 
beads, the required ratio being: 

di --antilo í,- (4) 
«if ' gm issn. 

where d1 is the inner diameter of the outer conn 
ductor and dz is the outer diameter of the inner 
conductor. 
There is shown in Figure 6 a fitting @il suit~ 

able for electrically connecting the individual 
radiating elements to the feeder line Si . Fitting 

(2) ` 
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60 comprises a dielectric bushing' 0| through 
which the radiating element E2 is connected to 
the feeder line. Element 52 corresponds to leg 
2| of element 20 of Figure 1. For the uppermost 
radiating element (N4-_S4 of Figure 2, for exam 
ple) a fitting 63 such as that shown in Figure 
'7, which also comprises a dielectric bushing 64 
through which the radiating element G5 is con 
nected to the feeder line 3l, may be employed. 
While the antenna of Figure 2 has been shown 

comprising a single feeder line, it is apparent that 
in some applications it may be desirable to em 
ploy a pair of feeder lines rising from a common 
junction. In such anv embodiment, the feeder 
lines may be disposed about the outer surface of 
the supporting mast 30, as shown in Figure 8, 
and the radiating elements constituting each bay 
may be oriented in any of three ways as shown 
in Figures 8a, 8b, and 8c. If optimum spacing is 
employed between bays and the necessity for 
transposition is eliminated by the use of a proper 
ly loaded line, all bays would employ the same 
orientation, i. e. any one of the orientations illus 
trated in Figures 8a, 8b, and 8c, depending on 
which is most convenient. ' 
There are shown in. Figure 9 in simplified 

schematic form several diagrams representing 
the horizontal radiation patterns for an antenna 
such as that shown in Figure 2 for different angles 
of elevation from the horizontal. In the hori~ 
zontal plane including the center Iof the antennna 
array, the respective elements constituting a bay 
(N3-SLB and ‘E3-W3 of Figure fer example) 
are equally distant from a remote receiving point 
(not shown). Therefore, the signal components 
from these elements have the same quadrature 
relationship which they would possess if elements 
N3-S3 and E3-W3 were coplanar and phased 
by means of a looped quarter-Wave line. Such a 
radiation pattern (for the horizontal direction, 
zero angle of elevation) is shown schematically in 
Figure 9a, and is substantially omnidirectional. 
For a 90° angle of elevation (i. e., in the ver 

tical direction) the horizontal radiation pattern 
for a turnstile antenna such as that shown in 
Figure 2 is approximately of the form of figure 
eight with its axis rotated 45° from the axis of 
either radiating element. Such a radiation pat 
tern is shown schematically in Figure 9b. 
At angles of elevation intermediate 0° and 90°, 

the horizontal pattern is intermediate the pattern 
shown in Figures 9a and 9b; for example, there 
is shown in Figure 9c a schematic representa 
tion of the horizontal radiation pattern for an 
angle of elevation of 45°. 
In practice, the deviation of the radiation pat 

tern from its substantially omnidirectional form 
as the angle of elevationis increased is of little 
or no consequence, since normal radiation and 
normal gain are obtained in the horizontal di 
rection. 

In certain applications, it may be desirable to 
employ additional radiating elements; such ad 
ditional radiating elements may be added to the 
antenna represented in Figure 2 in the manner 
illustrated schematically in Figure 10. In such 
an embodiment, the vertical separation between 
adjacent elements is always 

and each element is advanced 90° in azimuth 
from the preceding element. A single coaxial 
feeder line has its inner conductor 80 connected 
to each of the radiating elements. The outer 
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8 
conductor 8| is connected to each simple dipole 
arm and to one end of each folded dipole arm 
and is grounded. 
In lieu of mutually displacing the radiating ele 

ments constituting each bay, they may be oriented 
in the same horizontal plane and fed by in 
dividual feeders which are excited in phase quad 
rature. Such an embodiment is shown schemat 
ically in Figure 11, in which four hays of radiat 
ing elements are shown. Adjacent elements in 
each panel (N4-_S4 and N3-S3, for example) 
are displaced 180° in azimuth to provide the re 
quired transposition. A pair of feeder lines 9| 
and 92 are employed; all elements in each panel 
are connected to the same feeder line, and the re 
spective elements constituting each bay are con 
nected to different feeder lines. Feeder lines 9| 
and 92 may be paralleled at the base of the an» 
tenna. A quarter-wave phasing loop 93 is con 
nected in series with one of the lines (here shown 
in series with line 9|) in order to provide quad 
rature excitation of the respective elements con 
stituting each bay. 
The use of a coaxial line having a propaga 

tion velocity which is related to the free-space 
propagation Velocity in the same ratio as is the 
physical spacing between radiating elements to 
a free-space wave-length may be also employed 
in antennas utilizing conventional radiating ele 
ments, such as those of the folded dipole type. 
There is shown in schematic form in Figure 12 
such an antenna, which is substantially identical 
with the embodiment of Figure 2 with the excep 
tion that folded dipole radiating elements are 
used, and balanced feeding is required. As 
shown, the respective ends of each folded dipole 
are connected to one of a pair of coaxial feeder 
lines |00 and IUI. Adjacent elements (NS-SS 
and N2-S2 for example) in each panel are sep 
arated by an amount substantially equal to the 
ratio of the propagation velocity of the feeder 
line to that of free-space multiplied by a free 
space wavelength. 
While the invention has been described in 

connection with an antenna embodying a plural 
ity of radiating elements, it is contemplated 
that, in View 0f the well-known reciprocal relaw 
tions existing between transmitting and receiv 
ing antenna elements, the radiating elements dis 
closed and claimed herein may be utilized either 
for the transmission or reception of high fre 
quency energy. Furthermore, although the in 
vention has been particularly described in con 
nection with turnstile antennas, it is contem 
plated that the invention may also be applied 
to broadside arrays incorporating only one panel 
of radiating elements. 
While the invention has been shown and de 

scribed in connection with certain preferred em 
bodiments, it is to be understood that numerous 
modiñcations and variations may be made, and 
it is contemplated in the appended claims to 
cover all such modifications and variations as 
fall within the true spirit and scope of the in 
vention. 

I claim: 
1. An antenna including, in combination: a 

grounded conductive mast; a coaxial transmis 
sion line feeder disposed within said-mast; an 
unbalanced dipole radiating element comprising 
a folded dipole arm and a simple dipole arm 
collinear with and electrically connected to one 
leg of said folded dipole arm; a connection from 
the inner conductor of said feeder to the un 
connected leg of said folded dipole arm; and a 
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connection from the junction ̀ of said folded di 
pole arm and said simple dipole arm to said 
grounded mast and to the outer conductorA of 
said feeder.v 

2. An antenna comprising, in combination: a 
plurality of vertically separated radiating ele 
ments each of which comprises a folded -dipole 
arm and a simple dipole arm collinear with and 
electrically connected to one leg of said folded 
dipole arm‘; and a loaded transmission line feed 
er interconnecting said elements and having a 
propagation velocity materially less than that 
of free space; the ratio of the physical separa 
tion between adjacent elements to a free-space 
wavelength being substantially equal to an in 
tegral multiple of the ratio of the propagation 
Velocity-of said feeder line to the propagation 
velocity of free space. 

3. An antenna for radiating high frequency 
energy into space, and including, in combination: 

15 

20 
a grounded conductive mast; a plurality of un- " 
1balanced radiating elements supported on said 
rnast in a pair of mutually perpendicular panels; 
a coaxial feeder line disposed within said mast 
and interconnecting said elements; the separa 
tion in each panel between adjacent elements 
being substantially an integral multiple of the 
ratio of the propagation velocity of said feeder 
line to the propagation velocity of free space 
multiplied by a free-space wavelength, and cor 
responding elements of said panels being dis 
placed with respect to each other by substantial 
ly an odd integral multiple of said propagation 
velocity ratio multiplied by a free-space quarter 
wavelength. 

4. A turnstile antenna comprising, in combina- l 
tion: a plurality of spaced radiating elements 
disposed in each of a pair of vertical panels and 
each comprising a folded dipole arm and a simple 
dipole arm collinear with and electrically con . 
nectcd to one leg of said folded dipole arm; and 
a feeder line interconnecting said elements, the 
ratio of the physical separation between adjacent 
elements in each of said panels to a free-space 
wavelength being substantially equal to an inte 
gral multiple of the ratio of the propagation Ve 
locity of said feeder line to the propagation veloc 
ity of free-space, and corresponding elements of 
said panels being displaced with respect to each 
other by a distance substantially equal to an 

integral multiplied by a free-space quarter 
wavelength. ' 

5. A turnstile antenna comprising, in combina 
tion: a plurality of spaced radiating elements dis 
posed in each of a pair of mutually perpendicular 
vertical panels and each element comprising a 
folded dipole arm and a single dipole arm col 
linear with and electrically connected with one 
leg of said folded dipole arm; and a feeder line 
interconnecting said elements, the ratio of the 
physical separation between adjacent elements in 
each of said panels to a free-space wavelength 
being substantially equal to an integral multiple 
of the ratio of the propagation velocity of said 
feeder line to the propagation velocity of free 
space, and corresponding elements of said panels 
being displaced with respect to each other by a 
distance substantially equal to an odd integral 
multiple of said propagation velocity ratio mul 
tiplied by a free-space quarter-wavelength. 

5. A turnstile antenna comprising, in combi 
nation: a plurality of spaced radiating elements 
supported on a conductive mast in each of a pair 
of vertical panels and each comprising a folded 
dipole arm and a simple dipole arm collinear with 
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l0 
and electrically connected to one leg Vof said 
folded dipole arm; and a coaxial feeder line in 
terconnecting said elements, the separation be 
tween adjacent elements in each panel being sub 
stantially ' ' 

Oak 

and the separation between corresponding ele 
ments of said panels being substantially 

¿nauw? 
where c and n are integers, a is the ratio of the 
propagation velocityv of said feeder line to the 
propagation velocity of free-space, and A is a 
free-space wavelength. ` , 

'7. A. turnstile antenna comprising, in combi 
nation: a plurality of spaced radiating elements 
supported on a conductive mast in each of a pair 
of vertical panels and each comprising a folded 
dipole arm and a simple dipole arm collinear with 
and electrically connected to one leg of said 
folded dipole arm; and a coaxial feeder line in 
terconnecting said elements, the separation be 
tween adjacent elements in each panel being 
substantially A 

and the separation between corresponding ele 
ments of said panels being substantially 

@wenig 
where c and n are integers, a is the ratio of the 
propagation velocity of said feeder line to the 
propagation velocity of free-space, and A is a free 
space wavelength; and the terminal impedances 
of said elements and the characteristic imped 
ances of the feeder line portions between ad 
jacent elements being chosen substantially in ac 
cordance with the formula 

l 
Zagen-1) = (îîîiRtm-»Rm 

where Rm is the resistive terminal impedance of 
any one of said elements, Zoon-1) is the charac 
teristic impedance of the section of said feeder 
line feeding the same element, and m is any 
integer from 2 to n. 

8. A turnstile antenna comprising, in combi 
nation: a pair of crossed panels of radiating ele 
ments each of which comprises a directly excited 
folded dipole arm and a parasitically excited 
simple dipole arm collinear with and electrically 
connected to one leg of said folded dipole arm; 
a first feeder line interconnecting all of the ele 
ments of one of said panels; a second feeder line 
interconnecting all of the elements of the other 
of said panels; and means for exciting said feed 
er lines in phase quadrature. 

9. A turnstile antenna comprising, in combi 
nation: a pair of crossed panels of radiating ele 
ments each of which comprises a folded dipole 
arm and a simple dipole arm collinear with and 
electrically connected to one leg of said folded 
dipole arm; a first loaded transmission line feed 
er interconnecting all of the elements of one of 
said panels and having a propagation velocity 
materially less than that of free space; a second 
loaded transmission line feeder interconnecting 
all of the elements of the other of said panels and 
having a propagation velocity substantially equal 
to that of said first feeder; and means for eX 
citing said feeder lines in phase quadrature, the 
ratio of physical separation between adjacent 
elements in each of said panels to a free-space 
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wavälengtmmeihá b'sîláillîàìly ëfiìiál.. i@ ïa? 
integral multiple@ there@ .0f ,the iárbpdgaiìòfë 
velocity‘ofJ'äsarid Afeeder lines to the propagation 
velocity of free space. , , , ._ 

10. An unbalanced dipole radiating element 
comprising: a folded dipole arm; a simple dipole 

n 
5 

arm ̀>substantially =collinear. With :and _ electrically ' 
connectedt to„one ; leg of -,»said_,folded dipolearm: 
and means, including a transmission line feeder Y ,_ 

'I0 connected to the other :leg of said folded dipole 
arm, for directly exciting said folded dipole arm 
only. ._ _ „ ._i _ . _ _ _., 

An unbalanced-dipole»«radiating> element 
comprising: a-.folded‘dipole arm;. a simpledipole 
arm substantially collinearwithand electrically 
connected to -one leg» of ̀ said..fold`ed..dipoleA afm; 
saidsimple. dipole. arm being offsubs'tantiallyfthe 
same. length`v` as «saidV folded-dipole.- arrln; land 
meaièms,l including-a transmission line feeder con 

_ 

-lnectedtoathe otherleg off‘said'folded dipole arm, 
for directly exciting saidtolded dipole 'arm only. 
:512. . A ,halfswave » unbalanced >dipole.:.radiating 
element comprising: a 'quarter-wavelength folded 

12 
nipote à’rm; à dúayterjmäìuç?gtn 'simple 'dipole 
a'r'xn `siíbst'anti"ally collinear with and electrically 
’con?‘e'ctëd tó ò?ë ieg "of said 'romeu dip'oiefarma 
and’mpeans, including „artransmission line 'feeder 
'connected 'tó 'the ,other 'lè'gfo’f said folded vdipole 
Íai‘rn, fò'r directly 'èîëc'iting 'said folded Vdipole "arm 
only. I A 
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