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ANTENNA SYSTEM 
Philip S. Carter, Port Jefferson, N.Y., assignor 
to Radio Corporation of America, a corpora 
tion of Delaware 
Application April 12, 1935, Serial No. 15,958. 

Renewed April 23, 1938. 
20 Claims. 

This invention relates to undirectional direc 
tive antennae. 

It is Well known that a unidirectional charac 
teristic can be obtained in an antenna, system 
by providing a reflector unit a certain distance 
behind the main or primary unit, the reflector 
being energized through a transmission line, or 
else left floating or unenergized. It has been 
found when utilizing certain types of antennae 
under particular conditions that the voltage in 
duced in the reflector unit has such a phase re 
lation with respect to the current in the primary 
unit that an adjustment giving efficient reflector 
action is impossible. 
An object of the present invention is to over 

Come the difficulties hitherto experienced and to 
provide, among other things, a highly efficient 
unidirectional System; and this is accomplished 
by employing a floating or unenergized booster 
unit Whose far end is ahead of the far end of . 
the energized primary unit in the line of trans 
mission. 
One advantage of the present invention over 

many known types of antennae is that there are 
required fewer supporting structures for the sys 
tenn; Consequently there is an appreciable saving 
in the cost of construction. This is especially 
the case when V-type antennae are used in ac 
cordance with the present invention, since one 
Set of supports is then employed for both the 
bOOSter and primary units instead of two sets 
heretofore required for a unidirectional system. 

It should be noted that the invention applies 
to receiving as well as to transmitting antennae, 
the primary unit in both cases being the one to 
which the high frequency apparatus is coupled, 
the other unit being the unenergized or floating 
booster which has its far end or ends ahead of 
the primary unit in the direction of communica 
tion. In a receiving system, the receiver is con 
nected to the primary unit and the far end of 
the booster is nearest the transmitting station. 
A better understanding of the invention may 

be had by referring to the following detailed de 
scription which is accompanied by drawings, 
Wherein: 

Figs. 1 to 6, inclusive, illustrate, diagrammati 
cally different embodiments of the invention; 
Figs. 7 to 11, inclusive, are vector diagrams; and 

50. Fig.12 a graph, explanatory of the invention. Referring to Fig. 1, there is shown a transmit 
ting antenna, system comprising a primary unit 
to which is connected high frequency apparatus 

over transmission line 2, and a booster unit 4 
whose far ends. 6, 7 are ahead of the far ends 8, 

(C. 250-11) 
9 of the primary unit in the direction of the line 
of transmission shown by the arrow. Booster 
Unit 4 is unenergized or floating and its adja 
cent ends are connected to a tuning element 5 
Comprising a pair of parallel wires with an ad 
justable slider. The primary unit. and the 
booster 4 are in the same horizontal plane and 
each unit comprises a V-type of antenna consist 
ing of two wires, which are long with respect to 
the Working wave-length and angularly disposed 
With respect. to one another. Reference is herein 
made to my United States Patent No. 1,974,387, 
granted September 18, 1934, for a detailed de 
Scription of the V-type antenna, and the man 
ner of obtaining the angle between the wires of 
the V. 
In this particular embodiment, the individual 

Wires of the V's of both primary and booster are 
each nine wave lengths long. It is preferred that 
the Wires of the primary and booster be a plu 
rality of wave lengths long but the invention is 
not limited in this respect to any plurality or 
fraction...thereof, since it is applicable to any sys 
tem. Wherein the Wires are at least greater than 
One Wave length. It should also be noted that 
the Wires of the booster need not be of the same 
length as the wires of the primary unit in order 
to practice the invention, and that although the 
units of Fig. 1. are described as being in the 
horizontal plane, the system functions with the 
units in any plane. 
The phase of the current in the booster 4 With 

respect to the current in primary unit is de 
termined chiefly by the position of the ends 6, 7 
With respect to the ends 8, 9 of the primary unit. 
Of course, it will be appreciated that a certain 
amount of control of the phase of the current in 
the -booster with respect to the current in the 
primary is also obtained by means of tuning ele 
ment 5 and other tuning mechanisms of the sys 
tem. The projection of the distance between the 
far ends of the booster and primary units upon 
the direction of transmission should have a length 
in the range between .2 and .35 wave length for 
most efficient action, and this length is deter 
mined by the mutual impedance between the 
primary unit and the booster. The mutual im 
pedance between long wires in echelon may be 
determined by means of formulas given in an 
article published by me in the Proc. of the I.R.E., 
June, 1932, vol. 20, pp. 1004 to 1041, entitled 
“Circuit relations in radiating Systems and ap 
plications to antenna, problems'. In the system 
of Fig. 1, a projection of 0.24 wave length was 
used and gave very satisfactory results. Differ 
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2 
ences in effectiveness are obtained by varying the 
spacing betWeen the booster and the primary. 
along the line of direction of radiation. As a 
general rule, the spacing between correspondingly 
located wires should be quite close, preferably be 
tWeen .03 and . Wave length. Fig. 1. ShoWS a 
Spacing of .071. Wave length. - 
For the system of Fig. 1, the relations of cur 

rent and voltage are shown vectorially in Fig. 7, 
wherein Ip is the current in the primary unit i, 
Es the voltage induced in the booster unit 4 With 
the dimensions and Spacing as given in the dra W 
ingS, and Is the current in the booster. By means 
of tuning, the terminus of Is can be made to take 
any position on the circle shown in dotted lines. 
Fig. 8 shows the ideal relations between Ip and Is 
for “reflector' action, and Fig. 9 the ideal condi 
tion for "booster' action. Fig. 10 shows the best 
phase adjustment possible for "reflector' action 
under the conditions of Fig. 1, and Fig. 11 for 
"booster' action. It will be observed from Figs. 
10 and 11 that the current in the reflector is negli 
gible for the best “reflector' adjustment while 
quite high for best 'booster' adjustment; in other 
words, the Secondary unit is of practically no 
Value as a reflector. In general, the ideal phase 
relations for either a reflector or a booster do not 
result in the maximum possible gain, though they 
do give maximum radiation for a given current, a 
matter of no particular consequence. What is 
desired herein is maximum radiation in a given 
direction for a given power input, and it will be 
appreciated that uSually the power for fixed cur 
rent in the primary unit varies widely as changes 
are made in the secondary unit. 

Fig. 2 shows an antenna, in accordance With 
the invention System comprising a single wire 
primary unit () and a single wire unenergized 
booster unit if, located above the primary in the 
Same Wertical plane and adapted to be supported 
by the same poles. Although the booster is 
herein shown located above the primary, the in 
vention is not limited to Such an arrangement, 
since the booster may just as well be located be 
low the primary, if desired, it being understood, 
of course, that the principles outlined above 
should be adhered to with respect to the length 
of the wires, the location of the far end of the 
booster with respect to the far end of the primary, 
the floating character of the booster, etc. M 

Fig. 12 shows a typical curve of gain versus 
Spacing for a System of two staggered Wires as 
shown in Fig. 2. This curve represents the case 
Where the booster is tuned to be non-reactive and 
ShoWS how very poor the floating unit acts as a 
reflector and the excellent results obtained when 
the floating unit acts as a booster. New curves 
may be obtained by shifting the phase of the cur 
rents in the Wires by tuning the booster, so that 
Within a range of spacing between the ends of 
the Wires of .2 to .3 Wave length excellent results 
are achieved. By different tuning adjustments 
of the booster a whole family of curves may be 
obtained, since the point A of the curve showing 
maximum gain will be shifted. - 

Fig. 3 ShoWs a particularly desirable antenna, 
System in accordance With the invention Which 
has been successfully used in practice. The sys 
ten of this figure comprises two V-antennae, one 
above the other, Supported by the same set of 
structures, the booster in this case being the lower 
V and having wires of different length from those 
of the upper primary W. The angle between the 
Wires of the V's is determined in accordance with 
the principles set forth in my above mentioned 

2,149,726 
United States Patent No. 1,974,387. Although the 
formulas shown in this figure for the projection 
and spacing betWen the Wires of the two V's have 
been found to give good results, they are not nec 
essarily correct for the systems of Figs. 1 and 2. 

It should be understood that the spacing be 
tween corresponding wires in the same plane 
throughout the figures is not very critical Since 
the projection of the wires on the line of direction 
of radiation, which in Fig. 3 determines the spac 
ing between Wires, may be anywhere near one 
quarter-Wave length and the control of the phase 
of the currents in the wires may be assisted by 
tuning elements at or near the near end of the 
System. 

It has been found that by means of the pres 
ent invention there is obtained an arrangement 
giving extremely low back radiation. In practice, 
there is obtained a difference of 35 to 40 decibels 
between front and back radiation. 

Fig. 4 shows an arrangement of the invention 
wherein two booster systems are provided stacked 
One above the other. In this embodiment, V 
Wires 2 and 3 comprise, respectively, the an 
tenna, and booster elements of the upper booster 
System, and W Wires 2a and 3d. the correspond 
ing elements of the lower booster system. For 
connecting elements 2 and 2a there are em 
ployed jumper wires 4 to the center points of 
which is connected transmission line 5, which 
connects through a suitable impedance matching 
unit and a transmission line 6 to an energy 
Source, not shown. Additional jumper wires f 
connect together Wires f3 and 3a and line 9, 
terminated by an adjustable shunt 20, connects to 
the center points of these jumper wires 8. It 
will be apparent that tuning of the booster is thus 
accomplished by adjusting shunt 20. The verti 
cal spacing between the booster systems may be 
of any desired magnitude but should ordinarily 
be at least of One-half a Wave length. If more 
than one frequency is to be used, it is preferred to 
employ this arrangement to that of Fig. 5, since 
the currents in 2 and 2a are in phase with each 
other, as well as those in f3, and 3a, being in 
phase with each other, regardless of frequency. 
In Fig. 5, a particular Spacing is used for one par 
ticular frequency in order to obtain the in-phase 
relationship; consequently any change in the fre 
quency will require a change in the spacing or in 
the lengths of the jumper feeders. 

Fig. 5 shows a system of four - Stacked units 
similar to Fig. 4. With the exception of the feeding 
system. In Fig. 5 the spacing between the corre 
sponding elements of the booster systems is one 
half wave length, and the vertical jumper wires 
are criss-croSsed between elements in order to 
obtain correct phasing. As shown in the draw 
ings, the transmission line is connected to the 
junction of the Vertical jumper With the lower 
most V booster System. The line Section with 
adjustable shunt for tuning the booster is also 
connected in a Similar manner. 

Fig. 6 shows a broadside arrangement of four 
units placed side by Side adjacent one another 
and facing the same direction. This arrange 
ment, it is believed, is Self-explanatory. Al 
though each booster System or "bay' of the 
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broadside arrangement is shown as having one 
unit of antenna, and reflector only, it will be 
obvious that several of the systems may be 
stacked one above the other, as shown in Fig. 5, 
and may be placed in broadside in the same 
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2,149,726 
be followed in the practice of the invention. 

(d) The Wires should be longer than One WaWe 
length, preferably several or more wave lengths 
long with respect to the Working Wave. 

(b) The booster should be left floating, i. e., 
unenergized. 

(c) The far end of the booster should be ahead 
of the correspondingly located end of the primary 
unit in the direction of communication. 
By the term “far end', used in the foregoing 

description and in the following appended claims, 
is meant that end of a wire which is farthest 
removed from the directly associated high fre 
quency apparatus, or more Specifically in the 
case of the booster wire, that end which is nearest 
the distant station with which it is desired to 
communicate. 

It will be understood, of course, that the in 
vention is not limited to the precise arrange 
ments of parts shown since various modifications 
may be made without departing from the Spirit 
and scope thereof. 
What is claimed is: 
1. A unidirectional antenna, System comprising 

two staggered wires in the same Vertical plane 
and located one above the other, each of said 
wires having a length at least as long as the 
length of the communication Wave, high fre 
quency apparatus connected only to that One of 
the Wires whose far end is behind the correspond 
ing end of the other wire in the direction of con 
munication, said other wire being left floating. 

2. A unidirectional antenna, System comprising 
two spaced staggered wires in the same vertical 
plane and located one above the other, the pro 
jection of the far ends of said wires on the line 
of direction of communication being Within the 
range of 0.2 to .35 wave length, each of said Wires 
having a length at least as long as the length of 
the communication Wave, high frequency appa 
ratus connected only to that one of the Wires 
whose far end is behind the corresponding end 
of the other wire in the direction of communi 
cation, said other wire being left floating. 

3. A unidirectional antenna, System comprising 
two parallel V antennae in the same plane, the 
corresponding wires of said V antennae being 
spaced aparta, distance between 0.03 and 0.1 Wave 
length, the projection of the far ends of the cor 
respondingly located wires of Said W antennae 
upon the line of direction of communication being 
between 0.2 and .35 Wave length, a tuning ele 
ment coupled to that W antenna, whose far end 
is ahead in the direction of communication, and 
high frequency apparatus connected to Said other 
W antenna, the wires of each W antenna, being at 
least as long as one wave length. 

4. A unidirectional antenna system comprising 
a V antenna, constituted of two Wires each at 
least one wave length long and angularly dis 
posed with respect to the other, means for ener 
gizing said antenna, at the closest adjacent ends of 
said wires whereby radiation is along the plane 
of the bisector of the angle formed by the Wires, 
another W antenna, located in a plane parallel to 
the plane of the wires of said first W antenna, and 
spaced a vertical distance from said first V an 
tenna, the far ends of the wires of Said Second V 
extending in the same direction as and lying 
ahead of the far ends of the Wires of Said first V 
antenna, a tuning element connected to the 
closest adjacent ends of the Wires of Said Second 
V antenna, the projection of the far ends of cor 
respondingly located wires of Said two V antennae 
upon the direction of communication being With 

3 
in the range of .2 to .35 wave length, said means 
comprising high frequency transmitting appa 
ratus coupled only to said first Wantenna. 

5. A system in accordance with claim 3 char 
acterized in this that the Wires of both V an 
tennae are of the same length and a plurality of 
Wave lengths long, the Spacing between COr 
respondingly located wires of the two V's being 
approximately 0.07 wave length, and the pro 
jection of the far ends of the wires of the W’s 
upon the line of direction of communication being 
approximately one-quarter Wave length. 

6. A System in accordance with claim 4, Char 
acterized in this that both W antennae are of 
different lengths and substantially in the hori 
Zontal plane, said first W antenna, being located 
above Said Second W antenna. 

7. A unidirectional antenna, System comprising 
a single wire antenna, located Substantially in the 
horizontal plane, a floating Single, horizontal 
wire booster spaced vertically away from said 
first Wire and located in the same vertical plane 
With said first Wire, high frequency communica 
tion apparatus connected only to said first wire, 
the far end of Said booster being located ahead of 
the far end of Said antenna, wire in the line of 
direction of communication, both of said wires 
being at least one wave length long. 

8. A unidirectional antenna System comprising, 
in combination, a first pair of wires in the same 
horizontal plane angularly disposed with respect 
to each other, and a second similar pair of angul 
larly disposed wires spaced from said first pair 
and having its far ends ahead of the far ends of 
the Wires of said first pair, a tuning element cou 
pled to said second pair of wires, and high fre 
quency apparatus coupled only to said first pair 
of Wires, the wires of each pair being at least as 
long as one wave length, one of said pairs being 
located above the other in Such manner that the 
Correspondingly located wires of both said pairs 
are in the same Vertical plane. 

9. A System in accordance with claim 8, chair 
acterized in this that Said high frequency appa 
ratus comprises transmitting equipment, and 
the wires of said two pairs are of unequal length. 

10. A system in accordance with claim 8, chair 
acterized in this that said high frequency ap 
paratus Comprises receiving equipment and the 
Wires of said two pairs are of equal length. 

11. A System in accordance with claim 8, 
wherein there is provided a similar antenna, ar 
rangement of two pairs of wires spaced from said 
first System a vertical distance equal to at least 
One-half a Wave length, the wires of said two 
Systems being connected together by jumpers. 

12. A System in accordance with claim 8, in 
cluding one or more similar arrangements placed 
side by side adjacent one another and facing the 
Same general direction so as to constitute the 
Whole of a broadside antenna, System. 

13. A unidirectional antenna system compris 
ing two staggered wires in the same vertical plane 
and located one above the other, each of said 
Wires having a length at least as long as the length 
Of the COmmunication Wave, high frequency ap 
paratus connected only to that one of the wires 
Whose far end is behind the Corresponding end of 
the other wire in the direction of communication, 
said other wire being left floating, the projection 
of the spacing between said ends upon the direc 
tion of travel of the communication Wave having 
a length substantially equal to one-quarter of the 
length of the communication Wave. 
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4. 
14. A unidirectional antenna, system compris 

ing two parallel V antennae in the same horizon 
tal plane, the corresponding wires of said V an 
tennae being Spaced apart a distance between 0.03 
and 0.1 Wavelength, the projection of the far ends 
of the correspondingly located wires of said V an 
tennae upon the line of direction of communica 
tion being between 0.2 and .35 wavelength, a tun 
ing element coupled to that W antenna, whose far 
end is ahead in the direction of communication, 
and high frequency apparatus connected to said 
other W antenna, the wires of each V antenna, 
being at least as long as one wavelength. 

15. A unidirectional antenna, system comprising 
two staggered wires of different lengths in the 
Same Vertical plane and located one above the 
other, each of said wires having a length at least 
as long as the length of the communication Wave, 
high frequency apparatus connected only to that 
One Of the Wires Whose far end is behind the 
corresponding end of the other Wire in the direc 
tion of communication, said other wire being left 
floating. 

16. A unidirectional antenna system comprising 
two staggered wires of different lengths in the 
Same vertical plane and located one above the 
other, said longer wire being located below the 
shorter wire and having its far end extending 
ahead of the corresponding end of the other wire, 
high frequency apparatus connected only to said 
shorter wire, said longer wire being left floating. 

17. A unidirectional antenna system comprising 
a single wire antenna, a parallel, floating, single 
Wire booster Spaced away from Said single wire 
antenna, high frequency apparatus connected 
only to said first wire, the far end of said booster 
being located ahead of the far end of Said an 
tenna, Wire in the line of direction of communica 
tion, both of said wires being at least One wave 
length long. - 

18. A unidirectional antenna system comprising 

2,149,728 
a V antenna, constituted of two wires each at least 
one - Wave length long and angularly disposed 
With respect to the other, means for energizing 
Said antenna, at the closest adjacent ends of said 
wires whereby radiation is along the plane of the 
bisector of the angle formed by the Wires, an 
other V antenna, also at least one wave length 
long and located in a plane parallel to the plane 
of the wires of said first W antenna, and spaced a 
vertical distance from said first W antenna, the 
far ends of the Wires of Said Second V extending 
in the same direction as and lying ahead of the 
far ends of the wires of said first V antenna, a 
tuning element connected to the closest adjacent 
ends of the Wires of said second V antenna, the 
projection of the far ends of correspondingly 
located Wires of said tWO V antennae upon the 
direction of communication being within the 
range of .2 to .35. Wave length, and high frequency 
apparatus coupled only to said first antenna. 

19. A unidirectional antenna system comprising 
a single Wire antenna, located Substantially in the 
horizontal plane, a floating, single horizontal wire 
booster Spaced above said first Wire and located 
in the same vertical plane, high frequency com 
munication apparatus connected only to said first 
Wire, the far end of said booster being located 
ahead of the far end of said antenna, wire in the 
line of direction of communication, both of said 
Wires being of the same length and at least one 
Wave length long. 

20. A unidirectional antenna system comprising 
two similar antenna structures located one above 
the other, said structures being staggered rela 
tive to one another in the direction of communi 
cation, high frequency translating apparatus con 
nected only to that antenna structure whose far 
end is behind the corresponding end of the other 
structure in the direction of communication, said 
other structure being left floating. 
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