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57 ABSTRACT 

A four-port combining network which utilizes a single 
transformer element. The two input ports are supplied 
with radio frequency signals of the same frequency and 
phase. One output port is connected to a useful load 
such as an antenna. The other output port is connected 
to a dissipative "dummy' load. Under normal operat 
ing conditions the two input signals add to provide a 
single high power output and essentially no signal is fed 
to the dummy load. In the event of failure of one input 
signal the remaining operating input signal is divided 
between the two output ports. Respective isolation 
under all conditions is maintained between the two in 
puts ports. 

3 Claims, 2 Drawing Figures 
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Two INPUT COMBINER HAVING USEFUL AND 
DUMMY LOAD OUTPUTS 

FIELD OF THE INVENTION 
This invention relates to an improved four-port com 

biner used to combine two synchronous, coherent AC 
signals to form a single AC signal. 
Known combining networks can be broken down into 

two categories. The first category contains combiners 
used to combine narrow band signals and comprises 
one quarter wave transmission line sections arranged 
generally in the form of a bridge circuit. The second 
category of combining network and the category in 
which the present invention is contained, includes the 
four-port transformer-wound, broad-band combiner. 
As in the first category, the transformers are generally 
arranged in a bridge circuit. An example of the combin 
ers of the second category is described in U.S. Pat. No. 
3,503,016, which issued to A.F. PODELL on 24 Mar. 
1970. 
Known broad-band combining networks have the dis 

advantage that they are relatively complicated arrange 
ments of a plurality of individual transformers. The in 
dividual windings of these transformers must be capa 
ble of handling the power output of one of the inputs. 
In contrast, the combiner of the present invention uti 
lizes a single transformer having three windings and 
therefore represents a considerable simplification of 
known prior art devices. The individual windings of the 
combiner in accordance with the present invention 
need only be capable of handling a fraction of the 
power of either input and in fact during normal operat 
ing conditions, only a fraction of the power output of 
an individual source. 

SUMMARY OF THE INVENTION 
In accordance with the present invention there is pro 

vided a combiner network comprising an output port 
having a first terminal and a second terminal for sup 
plying a load, a first input port having first and second 
terminals, a second input port having first and second 
terminals, the second terminals of the said input ports 
and the second terminal of the output port being di 
rectly connected together; a single transformer having 
a first winding and a second winding, the first winding 
being connected between the first terminal of the first 
input port and the first terminal of the output port, the 
second winding being connected between the first ter 
minal of the output port and the first terminal of the 
second input port, said windings being oppositely 
wound with respect to current flow from the first and 
second input ports and having a respective turns ratio 
in inverse proportion to the respective rated input pow 
ers of the first and second input ports whereby under 
rated operating conditions the net flux attributable to 
current flow through said windings is substantially zero; 
dissipative impedance means having an impedance se 
lected to balance rated load impedance and connected 
in a series loop with a third winding of said transformer, 
said third winding being mutually transformer-coupled 
with said first and second windings whereby, in re 
sponse to non-zero net flux in said windings caused by 
flux imbalance between said windings, said dissipative 
impedance means is operative to dissipate a portion of 
the power supplied by said input ports so as to maintain 
an impedance balance between said input ports. 
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DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail herein below 
with the aid of the accompanying drawings in which: 
FIG. 1 is a schematic diagram of a known broad 

band, wound transformer combiner; and 
FIG. 2 is a schematic diagram of a particular embodi 

ment of a broad-band combiner according to the pres 
ent invention. 

DETALED DESCRIPTION 

The combiner shown in FIG. 1 is comprised of two 
individual transformers 10 and 11. Transformer 10 has 
two primary windings 12 and 13 and a secondary wind 
ing 14. Similarly, transformer 11 has primary windings 
15 and 16 and secondary winding 17. The combiner 
network is comprised of two input ports 18 and 19 and 
two output ports 20 and 21. In operation, two coherent 
and synchronous AC signals are applied to input ports 
18 and 19. The amplitudes of the signals need not be 
the same but it is important that the frequency and 
phase of the two signals be identical. The current sense 
of the AC signals is indicated by the arrows leading 
away from input ports 18 and 19 respectively. The cur 
rents circulating in the two primary windings 15 and 16 
of transformer 11 are wound in aiding sense and pro 
duce a net flux circulating in the magnetic core of 
transformer 11 whose intensity is proportional the sum 
of the two currents. As a result, there is induced into 
the secondary winding 17 of transformer 11 a current 
which is proportional to the sum of the two individual 
input currents. This summation current is fed to a load 
R. via output port 21. The same input currents which 
additively combine in transformer 11 exactly oppose 
one another in transformer 10. The flux created by the 
current in winding 12 is opposite in sense to the flux 
created by the current flowing in winding 13. It can be 
seen that if the frequency and phase of the two input 
signals are identical, and the flux created by the two 
input ports are identical, there will be no net flux circu 
lating in the magnetic circuit of transformer 10 and as 
a result, there will be no current induced into the sec 
ondary winding 14. 
However, if one of the input signals should fail, the 

power of the remaining input signal will be divided be 
tween the two transformers 10 and 11 and the output 
signal will appear at both output ports 20 and 21. At 
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such time, a "dummy load' dissipative impedance ele 
ment Rp will dissipate a portion of the remaining input 
signal. In this manner, the two input ports will remain 
mutually isolated. 
A similar action takes place in the combiner accord 

ing to the present invention, which is shown schemati 
cally in FIG. 2. However, it can be readily seen that the 
complexity of the circuit shown in FIG. 2 is considera 
bly less than that shown in FIG. 1. v. 
Referring to FIG. 2, there are shown input ports 18 

and 19 and output ports 20 and 21. Similar reference 
numerals are used for similar components throughout 
the drawings. The combiner network comprises a trans 
former 30 having three mutually coupled windings 31, 
32 and 33. Winding 31 is connected with source 19 and 
winding 32 is connected with source 18 to obtain mutu 
ally opposing senses of current flow in transformer 30. 
Two coherent and synchronous AC signals are applied 
to input ports 18 and 19 to produce signal currents 
whose instantaneous sense is represented by arrows. 
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The flux created in winding 31 by the current from 
input port 19 will be opposite in sense to the flux cre 
ated in winding 32 by the current flowing from input 
port 18. If the magnitude of the two fluxes is identical, 
there will be no net flux circulating in transformer 30. 
This criteria is satisfied if: 

Na i F Nazi 
(1) 

where N represents the number of turns of winding 
31; 
N represents the number of turns of winding 32; 
and 

i and i represents the two input signal currents. 
(Note that by properly selecting the turns ratio, it is 
possible to produce a zero net magnetic flux in the 
transformer 30 by applying two input signals which are 
of the same frequency and phase but of different mag 
nitudes.) 
Since no net flux is normally (i.e., under rated oper 

ating conditions) present in the magnetic circuit of the 
transformer 30, the two input currents add at the con 
nection point 34 to produce an output current substan 
tially equal to the sum of the input currents at the out 
put port 21. This summation current is then fed to the 
load R. . 
When one of the input signals fail, the remaining sig 

nal produces a net flux in the transformer 30 and a cur 
rent is induced into winding 33, which in turn is ab 
sorbed by dummy load Rp via the output port 20. By 
properly choosing the turns ratios in transformer 30, 
the combined effect of the new impedance presented 
by the dummy load and the impedance created by the 
load R can be arranged to present, at the remaining 
operating input port, an impedance equal to the imped 
ance presented when both input signals were supplying 
current. In this manner, input ports 18 and 19 are mu 
tually isolated. 
The input impedance of the circuit shown in FIG. 2 

for input port 18 is: 
Zs F Zl (1 - N/ Ns) 

(2) 

and the input impedance for port 19 is: 
Z = Z (1 + Na? Ns) 

(3) 

where Z is the impedance of load R. 
(The turns ratio for Na and Na is determined by the 

relative input power ratio to the two input ports by 
equation , above.) 
The isolation can now be obtained by the correct se 

lection of the number of turns Nas for the third winding, 
and the value Z of the dummy load Rp. If it is assumed 
that transformer 30 is an ideal transformer (i.e. having 
a unity coupling coefficient and negligible magnetizing 
current), the voltage transfer coefficient C from 
input port 18 to input port 19 with input port 19 open 
circuited is given as follows: 
C81 = (Nss Z - Na Na Zo)/(Nas' Z, - Na Zo) 

(4) 
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4 
It can be seen from equation 4 that no coupling will 

be present, (i.e., C is will be zero), if Z - Zn (Na 
Nai / Nas'). 
The condition for zero coupling from input port 19 

to input port 18, (i.e., Cig 18 = 0), is identical with the 
above result. 
The transformer 11 shown in FIG. 1 must be capable 

of handling the entire power from the input ports 18 
and 19. However, transformer 10, will, under the worst 
conditions only be required to handle one half of the 
power of the remaining input which has not failed. 
Under these conditions, the power of the remaining 
input will be divided between both transformers 11 and 
10. In the combining network according to the present 
invention, as shown in FIG. 2, there is no one winding 
which must be capable of handling the complete power 
input of the two ports 18 and 19. As a result, not only 
has one transformer been eliminated using the combin 
ing network according to the present invention but the 
remaining transformer may be reduced in size. 
The embodiment of the present invention described 

above is concerned with the objective of coupling to 
gether a number of coherent RF signal inputs to an an 
tenna (the load). Clearly the frequency range for which 
the invention is useful will be limited by the operating 
characteristics of available wire-wound transformers. 
What I claim as my invention is: 
1. A combiner network comprising an output port 

having a first terminal and a second terminal for sup 
plying a load, a first input port having first and second 
terminals, a second input port having first and second 
terminals, the second terminals of the said input ports 
and the second terminal of the output port being di 
rectly connected together; a single transformer having 
a first winding and a second winding, the first winding 
being connected between the first terminal of the first 
input port and the first terminal of the output port, the 
second winding being connected between the first ter 
minal of the output port and the first terminal of the 
second input port, said windings being oppositely 
wound with respect to current flow from the first and 
second input ports and having a respective turns ratio 
in inverse proportion to the respective rated input pow 
ers of the first and second input ports whereby under 
rated operating conditions the net flux attributable to 
current flow through said windings is substantially zero; 
dissipative impedance means having an impedance se 
lected to balance rated load impedance and connected 
in a series loop with a third winding of said transformer, 
said third winding being mutually transformer-coupled 
with said first and second windings whereby, in re 
sponse to non-zero net flux in said windings caused by 
flux imbalance betwcen said windings, said dissipative 
impedance means is operative to dissipate a portion of 
the power supplied by said input ports so as to maintain 
an impedance balance between said input ports. 

2. A combiner network according to claim 1 wherein 
the rated input powers of the first and second input 
ports are substantially the same and the said first and 
second windings have substantially the same number of 
turns. 

3. A combiner network as defined in claim 1, wherein 
said transformer and windings are selected for opera 
tion at R.F. signal frequencies. 
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