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For the production of unilateral directional 
characteristics quite a number of antenna, forms 
have been disclosed in the art. Among these may 
be mentioned the Christmas tree antenna, which 
comprises a plurality of individual radiators op 
erated on standing waves and provided with a 
reflector. Antennae of this kind are rather vo 
luminous so that for the production of very nar 
roW beams recourse has been had to So-called 
"long-Wire' or Beverage antennae which are fed 
With progressive Waves. Antennae of this kind 
have been built in V or rhombic form. 
In order to produce progressing waves upon 

long-Wire aerials terminating means are re 
quired which consist, for instance, of a resistance 
which is equal to the surge impedance of the aer 
ial and in which such energy as reaches the end 
of the Wire is destroyed so that no standing Waves 
caused by reflection are able to arise. However, 
because of the said dissipation of energy occa 
sioned in the termination of the aerial, the lat 
ter operates at low efficiency. Another disadvan 
tage of loing-Wire aerials is that because of the 
direction of propagation of the Waves along the 
radiator which constitutes a significant direction, 
all of the radiators which are united to form an 
antenna, assembly must be fed from the same 
end, in order that the waves in the predetermined 
direction may propagate over the antenna, wires. 
In other Words, contradistinct from what holds 
good for antennae working With standing Waves, 
the feed point may not be placed at any desired 
point along the antennae. In order that radiat 
ing of the feed wires may be avoided-for this 
would appreciably vitiate and disturb the direc 
tional characteristic-a good many antenna, ar 
rangements, which, per se, Would exhibit a sat 
isfactory radiation diagram are impracticable be 
cause their feed points Would be spaced far apart. 
Both these drawbacks appear to be inherent in 
the nature of antennae Working with progressive 
WaWeS. 
Now, the invention discloses ways and means 

adapted to avoid the said shortcomings, for it is 
designed so as to obtain directional characteris 
tics of a type heretofore apparently securable 
only with aerials fed with progressive waves. The 
invention is predicated upon the notion that a 
progressing wave may be conceived as a super 
position of two standing Waves which are shifted 
both as regards space and time an amount equal 
to T/2 in relation to each other. The produc 
tion of a progressive Wave through the Super 
position of two standing waves in a phase rela 
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tion of 90° as regards space and time, can be de- 55 

duced in a very simple manner as follows: A 
standing wave may be identified by the expres 
SiOn 

(1) 

The first quantity of this sum signifies, for in 
stance, a wave travelling towards the right, the 
second quantity therefore signifies a wave travel 
ling towards the left since the negative sign is 
applied to the space exponent likac. In these for 
mulae a phase displacement of 90° simply de 
notes a multiplication with i and -i respective 
ly, depending on whether the displacement takes 
place in the direction of the propagation of the 
wave, or in the direction opposite thereto. A 
wave which is displaced towards the right by 90° 
as regards space, hence, is given by the expres 
Sion: 

eiki-jet-e-Ika-i-jet 

ieika+jot-ie-iter-hit (2) 
A phase displacement by 90° as regards time in 
the positive direction of the time likewise denotes 
a multiplication with i. Hence, when multiply 
ing the Expression 2 with j, a wave is obtained 
which is displaced in phase by 90 as regards 
space as well as time. The expression is: 

-eika +jet-e-Ika-i-jet (3) 
In adding the Expressions 1 and 3, i. e., there 
fore, the original standing Wave and the Wave 
displaced in phase as regards space and time by 
90 there Will be: 

-eiki--it-e-fict-jot (4) 
This is a travelling Wave as can be readily seen. 
Hence, according to the invention a long-wire 
radiator is replaced by two parallel radiators 
placed in close proximity to each other and fed 
With Standing Waves. The currents on the two 
radiators are displaced in space an angle ar/2 
in reference to each other. This space shift pref 
erably is insured by Suitable impedances at the 
line end, thus shifting the current of one of the 
radiators an amount equal to X/8 to the left and 
that of the other radiator by X/8 to the right, as 
compared With a joint reference point. The time 
phase is insured by phase shifters of which quite 
a number of types are known in the prior art. 
The invention Will be more fully understood 

by reference to the following detailed description 
in which Figure 1 illustrates one form of the 
present invention; Figure 2 illustrates another 
form and Figure 3 an application of the inven 
tion to V antennae. 

Figure 1 fundamentally shows the arrange 
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ment of an individual radiator according to the 
invention. It comprises two wires a and b 
stretched out adjacent to each other. They are 
fed from a joint source S by Way of the two phase 
shifter means P1 and P2. The phase shifters are 
So adjusted that there results a time phase shift 
equal to T/2 in the two wires (l, and b. At the 
ends of the Wires d and b are means c and d 
which, for instance, may consist of suitable com 
binations of inductances and capacities. As a 
result the Space phase on the two wires is shifted 
an amount equal to TF/2 in relation to each other. 
ihe same effect is also obtained if one wire is 
made X/4 longer than the other Wire. 
There is no need to feed the radiators fron 

the end. In fact, they may be fed also at Will in 
the middle or at SOme other Suitable terminating 
point. An instance is shown in Figure 2. The 
two individual wires d and b are here staggered 
in relation to each other a distance A/4. They 
are fed in their centers. For adjustment of the 
time phase shift by-pass leads P1 and P2 are here 
provided. By Suitable adjustment of P1 and P2 
the two wires a and b can be so fed that on the 
whole there will be set up on the arrangement 
at will a wave progressing from right to left or 
from left to right. 

Individual radiators of the kind hereinbefore 
disclosed are eminently suited for the building of 
directional antennae fed with progressing Waves 
of a form shown, for instance, in Figure 3 by two 
inter-crossing W-antennae. 
An arrangement shown in Figure 3 exhibits, 

for progressing Waves, a directional diagrain 
which is superior to that of the plain rhombus & 
aerial. However, attenpts to carry Such an an 
tenna, arrangement into practice heretofore have 
been defeated by the problem of feeding. Inas 
much as for the production of the desired direc 
tional characteristics the direction of propaga 
tion of the Waves in all Wires must be the same, 
it would be necessary to feed one of the W-an 
tennae from its two Outer ends, and in this case 
the feeder leads Would Vitiate the directional 
characteristic because of their radiation. If one 
of the V-aerials, say, ABC is fed at point B, then 
the other W-aerial DEF must be fed at the two 
points marked D and F. This is impracticable. 
But if double Wires fed With Standing Waves ac 
cording to the invention are substituted for the 
individual or unitary Wires of the W-aerial then 
the antennae may be fed at any desired points at 
all, for example, at points E and B, or at points 
G. and H. The lead brought to the feeder points 
may consist of Symmetric double wires So that 
stray radiation of the feeder leads is avoided. A 
Special advantage of an antenna, thus built is that 
by variation of the phase relation between the 
long wires, forming the individual radiators, the 
directional characteristic can be altered. Hence, 
an antenna, as ShoWn in Figure 3 is adapted to 
radiate both to the right as Well as the left-hand 
side. Another merit is that different Wavelengths 
may be used for the antenna. Without the direc 
tional diagran undergoing any Substantial 
changes, if a suitable change is made in the phase 
ShifterS. 

It will be understood that the invention is not 
limited to the exemplified embodiments here 
shown; in fact, a great many other antenna, 
forms are conceivable which, When fed with 
progressing waves have not been practicable be 
cause of the difficulities attendant upon the feed 
ing as before pointed out. Neither is the inven 
tion restricted to sending aerials, for it could 
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just as readily be employed to practical advantage 
for receiving aerials. 

I claim: 
1. Antenna, for unilateral radiation of radio 

waves, with the characteristic feature that the 
individual radiators consist of two long parallel 
wires, said Wires being axially displaced With re 
spect to one another a distance equal to a quarter 
of the length of the operating Wave, each Wire 
being separately fed with standing Waves of like 
amplitude, the current in both wires being shifted 
in time phase relative to each other an amount 
equal to it/2, said wires being so closely Spaced 
as to radiate as a single Wire. 

2. A wave antenna, comprising a pair of long 
wires arranged closely adjacent one another, said 
Wires being axially displaced with respect to One 
another a distance equal to a quarter of the 
length of the operating Wave, and means for 
energizing said wires with high frequency energy, 
the current in said wires being shifted in time 
phase 90 degrees in relation to each other, Said 
wires being so closely spaced as to radiate as a 
single Wire. 

3. A wave antenna, comprising a pair of long 
Wires arranged closely adjacent One another, Said 
Wires being axially displaced With respect to One 
another a distance equal to a quarter of the 
length of the operating Wave, and means for ener 
gizing said wires with high frequency energy, the 
current in said wires being shifted in time phase 
90 degrees in relation to each other, Said means 
for energizing said wires being connected thereto 
at points intermediate their ends, said wires be 
ing so closely spaced as to radiate as a single 
Wire. 

4. A V antenna, comprising a plurality of long 
radiating elements disposed in a horizontal plane 
and at an angie to each other, each of said ele 
ments comprising a pair of long Wires arranged 
closely adjacent one another, said Wires being 
axially displaced With respect to One another a 
distance equai to a quarter of the length of the 
operating Wave, and means for energizing Said 
Wires With high frequency energy, the current 
in Said Wires being shifted in time phase 90 de 
grees in relation to each other, said Wires being 
So closely Spaced as to radiate as a Single Wire. 

5. A double V antenna comprising a plurality 
of pairs of radiationg elements arranged in ad 
jacent horizontal planes, the elements of Said 
pairs forming an angle with respect to each other, 
each of Said elements comprising a pair of long 
Wires arranged closely adjacent one another, said 
Wires being axially displaced With respect to one 
another a distance equal to a quarter of the 
length of the Operating Wave, and means for 
energizing Said Wires With high frequency energy, 
the current in Said Wires being shifted in time 
phase 90 degrees in relation to each other, said 
Wires being So closely spaced as to radiate as a 
Single Wire, the means for energizing said wires 
being Connected at the apex of one of said angles 
and at the Open end of the other of said angles. 

6. A wave antenna comprising a pair of long 
Wires arranged closely adjacent one another, said 
Wires being axially displaced with respect to one 
another a distance equal to a quarter of the 
length of the operating Wave, a transmission line 
connected to each of said wires at points inter 
mediate their ends, each of said transmission 
lines having means therein for separately ad 
justing the phase of energy supplied to said wires 
to a mutual phase quadrature relationship, said 
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wires being so closely spaced as to radiate as a 
Single Wire. 

7. A wave antenna comprising a pair of long 
wires arranged closely adjacent one another, said 
wires being axially displaced with respect to One 
another a distance '..equal to a quarter of the 
length of the operating wave, and means for 
energizing said wires with high frequency energy, 
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3 
the current in said wires being shifted in time 
phase relative to each other 90 degrees, said 
means for energizing said wires being connected 
thereto at points near their centers, said wires 
being so closely spaced as to radiate as a single 
Wire. 

WALTER JACHNOW. 

  


