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The invention relates to a device for the alter-
nating voltage supply of a load consisting of two
four terminal network having open and short-
circuited output terminals respectively; it may

be applied with particular advantage to a radio- .

transmitter comprising a rhombic aerial.

- For sending ouf oscillations to be transmitied
in one determined direction, use may be made of
a, rhombic aerial with which, .in order to avoid
‘the production of stationary waves in the aerial,
the latter is closed at the end remote from the
supply end by g resistance whose value corre-
"sponds to the: surge impedance. of the aerial.

‘"The invention has for its object fto provide a
supply system wherein the closing resistance is
suppressed. Instead of g -single rhombic aerial
use is made in this case of-an aerial system which
comprises two rhombic aerials which are open
and short-circuited respectively at the ends,
which aerial system is, as is well-known, equiv-
alent to the said single rhombic aerial.

According to the invention, for the supply of
the two rhombic aerials use is made of a bridge
circuit which comprises an impedance-inverting
four terminal network in each of its branches
whilst the phase displacement occurring between
the output current and the input voltage of one
of the four termindl network is.opposite to the
corresponding phase displacement in the other
four terminal network. The rhombic aerials
are connected in this case in two mutually oppo-
site angular poinfts.of the bridge circuit where-
as to the two other angular points.are applied
voltages of different values which are taken from
the source of supply.

The supply system according to the inven-
tion may be utilized not only for supplying two
rhombic' aerials in the manner indicated above
‘but also In general for the supply of a load con-
sisting of two four terminal network having open
and short-circuited terminals respectively.

The circuit-arrangement according to the in-
vention is equivalent to a circuit-arrangement
wherein the load formed by the two four termi-
nal network is located directly between the pairs
of supply terminals.

As the impedance-inverting four terminal net-
work are preferably utilized. symmetrical #-cells
tuned to the operating wavelength, owinhg to
which an ohmic load occurs for .the operating
wavelength in ‘the supply points of the bridge
circuit and, besides, the bridge circuit itself can
be realized with fthe-.aid of .2 .small number of
components. |
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The invention will now be explained more fully

with reference to the accompanying drawing.

Fig. 1 represents a circuit-arrangement of an

-advantageous mode of a realization of a device

according to the invention in conjunction with
g load consisting of two rhombic aerials.
Figs. 2 and 3 represent substitution diagrams

‘for the rhombic aerials and the circuit-arrange-

ment according to Fig. 1 respectively, which serve
to elucidate the operation of the device accord-
ing to the invention.

In Fig. 1 the load to be supplied consists of
two rhombic aerigls 1.and 2 of which the one . is

open gt the. free end and the other 'is short-cir-

cuited at the corresponding end. The aerials are
supplied from a.transmitter. 3 through the inter-
mediary of a bridge circuit ‘4 whose branches

-are: formed by impedance-inverting four terminal
-network =8, 8, ;T and :8 respectively, which are
constructed- as symmetrical =<cells tuned:to the
operating :wavelength., The transverse and lon-
gitudinal reactances of these four terminal net-

work consist of a reactances of opposite.signs
and have the values indicated in the figure. The

o5 :longitudinal reactances of the four terminal net-

- work 5,6 and T are inductive whereas the longi-
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Atudinal -reactance of -the four terminal network
-8 -is - ecapacitative so that in the first-mentioned
-four terminal network the phase displacement be-

tween the output current and the input voltage

-is. opposite to the;corresponding -phase displace-
ment in the last-mentioned four terminal net-

wOork. |
The rhombic .aerials | and 2 are connected in
mutually opposite angular points of the bridge
circuit whilst the two other -angular:points are
coupled, through the.intermediary of lines 9 and
[0 (which in reality preferably have the same
length) .to the output circuit of the: fransmitter
3 in such manner that at the angular points:of

-supply voltages of mutually different amplitudes
.are set up. Between these two supply voltages

must be maintained in this case a phase diiler-
ence chosen in.accordance with the dimensions
of the rhombic aerials.

The operation of the device shown in Tig. 1

Will now be explained with reference to - Figs. 2
and 3.
the distinction of the different . currents and volt-
rages the first index-figure always refers to the
thombic caerial |:0or 2 whilst the second index-
figure :indicates whether the current and volt-
-ages concerned correspond to the wave referred

With the indices ultilized hereinafter for

to hereinafter as the “advancing wave” (index

1) -or toithe reflected wave {(index 2),
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As has been mentioned hereinbefore, it is'pcs-
sible to utilize, instead of a single rhombic aerial

in which advancing waves are produced, two

rhombic aerials which, gt the free ends, are open
and short-circuited respectively. In this case

these two rhombic aerials must be excited in such

manner that stationary waves being 90° out of
bPhase are set up in them. The stationary wave
in each of the two rhombs may be imagined to
be resolved into two advancing waves opposed
in direction, as indicated in Fig. 2 by I, Iz and
I21, I22. In the rhombic aerial | which is open
al the free end (on the right-hand side in the
figure) a wave advancing from the left to the
right is produced due to the fact that a voltage
Vi1 with a current Ii; is applied to the supply
end (on the left-hand side in the figure) whilst
at the free end there occurs a voltage V’11 and
g current I’11. Moreover, a wave produced by
reflection and advancing from the right to the
left is set up due to the voltage V’i1z and the
current I'i2 which prevail at the free end so
that at the supply end there occur Viz and Iia.
In this case the currents occurring at the free
and open end must be equal and in anti-phase,

i. e. I'n=—1I'"12 whereas the corresponding volt-

ages must be equal and in phase, i. e. V'11=V"12.

Furthermore, if R represents the surge imped-

ance of the rhombic aerial, we have
Vu=RI11 (1) and Vie=—RIs (2)

The ratio thus determined by the surge im-
pedance and the mutual phase of the correspond-
ing voltages and currents are valid along the
whole of the rhombic aerial. Due to the damp-
ing |
V1>V 11=V"12>V12
between the voltages Vi1 and Vi there exists a
phase difference which depends upon the length
of the aerial. The voltages and currents above
referred to are represented in Figure 2 as vectors.

In a similar manner there occur, due to a volt-
age Va1 applied to the supply end, in the rhombic

aerial 2 short-circuited at the free end a wave

I21 advancing from the left to the right and a

wave I22 advancing in the opposite direction.

The voltages V21 and Va2 set up at the short-

circuited end are again equal, but now they are

in anti-phase, the currents being equal and in
phase.

If the surge impedance of the rhombic aerial 2
is also equal to R, the following relations are
valid:

Vor=R.Ia1 (3)
whilst furthermore
Vo>V’ a1=—V"20>Va2

and Vea—=-—R.l2

The various vectors are represented in the fisure
60

in the same way as with the rhombic aerial |i.

If now the voltages Vi1 and Vai are equal and in
phase, Vi2z and Va2 are automatically in anti-
phase, i. e.

V11=V21 (H) and Vig=—7Va3 (6)
Along the whole of the aerial systems the cur-

rents Ii; and Ia: are in this case likewise in phase
and the currents Iz and I22 in anti-phase in cor-

responding points, with the result that upon su-
perposition of the two rhombic aerials the waves

advancing irom the right to the left neutralize

one another and that only the waves advancing
from the left to the right are operative, which is
just desirable.

The above-described current and voltage con-

(4)
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ditions arise automatically if currents or voltages
of the correct amplitude and phase are supplied

- to the supply ends.

Only the first alternative, which is utilized in
Figure 1, will be discussed hereinafter: the other
(dual) possibility needs no further explanation
after the detailed exposition.

JIf for the impedance-inverting four terminal
network 5, 6, 7T and 8 in Figure 1 there applies at

the operating frequency W
- 1

there exists, as is well-known, between the input

voltage and input current Vi and Ii respectively
and the output voltage and output current Vu
and Iu respectively in the four terminal network
5, 6 and 7 the following connection:

Vi=jRoJu and Vu=— l—:JRt}h (7)

whilst for the four termingl network 8 we have:
Vi=—jJRoly and Vu=<47Rol1 - (8)

' Taking the above into account, it is possible to

draw ior the bridge circuit represented in Figure
1 the substitution diagram shown in Figure 3. If
the supply voltages occurring in the supply angu-
lar points ¢ and b of the bridge circuit amount
to Va and Vo respectively, we have:

Va=jRoI11=9Rolan (9)
Vo=-—jRol12=-}7 Rol2o (10)

The current occurring in the supply point ¢ is
composed of four components Tai1, Ia1z, Ta2; and

Ta22, which correspond to Vn Viz, Vz1 and V22 re-

spectively.
According to (7) we have now ;
| V V
Iull —J Rn ’ Iﬂ12:.? RI:
V Vg

IﬂZI —.7 REI J IGZE‘_J R22

Since according to (6) Viz=—V"22 we have,
| Ta12+-1g22=0

and the resulting current which occurs in a
amounts to

Iu.ll

Iu?l ""R (VH"I_ Vﬂl)

or in connection with (5) :
In11+Ia21=2 7 T'711 (11)
0
Since it follows from (1) and (9) that
R |
Vu—-m'va (12)

the resulting current in a becomes after substi-
tution of the previously mentioned value of Vi
in (11):

" Vﬂ
Ry

which is consequently in phase with Va.

The current occurring in the supply point b
is likewise composed of four components which
are indicated by TIb1i, Ini2, Ip2: and Irze and which
correspond to Vi1, Viz, Va1 and Va2 respectively.

Accordmg to (7) and (8) we have:

Iu11+Iu21= (13)

Vi V

Ipi3= .?RI;;I;IM.?—'"_"‘.?E;E
Y A
T o= +‘.?"R“f; Tyo= +J“R?f
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Sinece -aceording to - (5) -Vii=Var-we-have
Tr11+To1=0

:and.the resulting current occurring in b.amounts
103

Y FSTE x3 FYY. _I%g (

or.in connection with (6)

VigtVas)

51.512—“7!:22:‘2'—“}% Vo (14)
0
‘Tt follows from (4) and (10) that
. R ,
Vo= |
29 == JR[} V (15)

After substitution of ‘this value of sz in: (14)
‘We geb:

| ViR
Tpiot1pog=—2+ fgnz

The resulting.current :in b is consequently in
-anti;:phase -with .respect .to .the .voltage, .which

(16)

implies that energy taken from the point b is-

supplied to the transmitter 3.

As restults ‘from (13) and (16) ‘the power W
dissipated beftween the supply point a and b of
rthe bridge circuit amounts to
,W--z e (V 2— V2)

As may be deduced from (1), (2), (3) and (4)
in combination with (12) and (15), each of the
two rhombs radiates half the power consumed
in total which was aimed at.

In the gbove it was implicitly assumed that be-
tween the voltages Va and Vi in the supply angu-
lar points of the bridge circuit there exists the
correct phase displacement. In order to enable
the exact adjustment of the required phase dis-
placement, the phase of one of the supply volt-
ages should preferably be regulable with the aid
of means known in themselves for this purpose.
It should be taken into account in this respect
that the ratio between the amplitudes of these
voltages Va2 and Vp only depends vpon the damp-
ing in the circuit arrangement so that in ad-
justing the phase it must be possible to maintain
unaltered the amplitudes of Va and Vr. In con-
nection therewith the supply voltage of regulable
phase may be taken from a rotating field or, for
example, the length of the supply line 10 may be
made adjustable, in which event, if required, sep-

arate means for regulating the amplitude of the
supply voltage Ve may be utilized. The length

of the supply lines 9 and 10 should preferably be -

so chosen that the voltages set up at the supply
ends of these lines are in phase or in antiphase,
in which event the lines may be connected direct-
Iv to the output circuit of the fransmitter 3.

A particular advantage of the device repre-
sented resides in that simply by interchanging
the supply ends of one of the rhombic aerials |
and 2 it is possible to modify the main direction
of radiation of the aerial system. Viewed in the
projection on the plane of one of the rhombs, the

main direction of radiation cbtained after the re-
versal of the polarity is opposite to the initial
main direction of radiation.

Hinslly it may be observed that upon variation
of the operating wavelength the inverting four
terminal network must be tuned, of course, to the
new operating wave length and, moreover, that In
this case the phase displacement between the
supply voltages must be modified. The existence
of the correct phase displacement between the

Vo
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. supply ‘voltages: can be ascertained with:the:aid
of :means for determining the radiated ;power,
.which has in this case an extreme value. |

What Iclaim is:
‘1. A system for energizing a load consistingcof

two rhombic antennas having open and :short
circuited output terminals respectively, said:sys-
“tem comprising a four branch bridge:-each:branch
of which is.defined ‘by a four terminal phase-
‘shifting network,
bridge providing a 90 degree phase -displace-

one of the networks ‘in ;said

ment in one direction, the remaining: networks:in

-said bridge each providing a 90 degree phase:dis-
placement in the reverse direction, the inpit
terminals of .one of the antennas being connected
.10 one vertex of said bridge and the input termi-

nals of the other antenna being connected tothe

-opposing vertex of said bridge, a source -of ;al-
ternating voltage, means to apply a first:voltage
from said source 0 another vertex of said bridge,
-and means to apply a second voltage from :said
-source to the vertex of said bridge opposing-said
-another vertex, the value of said second voltage
‘being different from said first voltage.

2. A system for-energizing.a load con51st1ng of

two rhombic antennas having open and short
circuited output terminals respectively, said. sys-
tem comprising a source of high frequency
~€ergy havin
530 -

o o predetermined wavelength, a four
branch brldge each branch of which is defined.hy
a four terminal phase-shifting network, each
network being constituted by a symmetrical Pi
section of inductive and capacitative elements
tuned to the wavelength of said source, one of
the networks providing a 90 degree phase dis-
placement in one direction, the remaining net-
works each providing a 90 degree phase displace-
ment in the reverse direction, the input terminals
of one of the antennas being connected to one
vertex of said bridge and the input terminals of
the other antenna being connected to the op-
posing vertex of said bridge, means to apply a
frst voltage from said source to another vertex
of said bridge, and means to apply a second volt-
age from said source to the vertex of said bridge
onposing said another vertex, the value of said
second voltage being different from said first
voltage.

3. A system for energizing a load consisting of
a pair of four terminal networks having open and
short-circuited output terminals respectively,
said system comprising a four branch bridge each
branch of which is defined by a four terminal
phase-shifting network, one of the networks in
said bridge providing a 99 degree phase displace-
ment in one direction, the remaining networks
in said bridge each providing a 90 degree dis-
placement in the reverse direction, the input ter-
minals of one of the load networks being con-
nected to one vertex of said bridge and the input
terminals of the other load network being con-
nected to the opposing vertex of said bridge, a
source of alternating voltage, means to apply a
first voltage from said source to another vertex of
said bridege, means to apply a second voltage from
said source to the vertex of said bridge opposing
said another vertex, and means to adjust the
phase displacement between said first and second
voltages.

4. A system for energizing a load consisting of
two rhombic antennas having open and short-
circuited output terminals respectively, saild sys-
tem comprising a source of high frequency energy,
g four branch bridege each branch of which is de-
fined by a four terminal phase-shifting network,
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each network being constituted by a symmetrical

Pi section of inductive and capacitative elements
tunable to a desired wavelength, one of the net-

works providing a 90 degree phase displacement

‘in one direction, the remaining networks each -
providing a 90 degree phase displacement in the

reverse direction, the input terminal of one of the
antennas being connected to one vertex of said
bridge and the input terminals of the other an-

tenna being connected to the opposing vertex of

said bridge, means to apply a first voltage from
said source to another vertex of said bridge,
means to apply a second voltage from said source
to the vertex of said bridge opposing said an-
other vertex, and means to adjust the relative

10

15

phase displacements of said first and second

voltages.

5. A system for energizing a load consisting of

two rhombic antennas having open and short-
circuited output terminals respectively, said sys-
tem comprising a source of high frequency energy
‘having a predetermined wavelength, a four

branch bridge each branch of which is defined by
a four terminal phase-shifting network, each

network being constituted by a symmetrical Pi

section of inductive and capacitative elements
tuned to the wavelength of said source, one of the
networks providing a 90 degree phase displace-
men{ in one direction, the remaining networks

each providing a 90 degree phase displacement
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in the reverse direction, the input terminals of
one of said antennas being connected to one ver-
tex of said bridge and the input terminals of the
other antenna being connected to the opposing
vertex of said bridge, a first transmission line for
applyving a first voltage from said source to an-
other vertex of said bridge, and a second trans-
mission line for applying a second voltage from
said source to the vertex of said bridge opposing
said another vertex, said lines having respective
lengths effecting a predetermined phase displace-
ment between the first and second voltages ap-
plied to said bridge. ._

6. A system in accordance with claim 5 further

including means for interchanging the connec-

tions of the input terminals of said antennas to
said one vertex and said vertex opposing said one
vertex of the bridge.
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