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This invention relates to radio frequency power 
division networks of the type required for allocat 
ing the output of a transmitter to the various 
radiator sections of a multi-element directive 
antenna. Such networks are also used with iden 
tical connections for deterraining the directivity 
of multi-eleinent antennas used for reception, as 
Well as for other purposes where a predetermined 
distribution of radio frequency power is required. 
The principal object of the present invention 

is to provide an improved network for the dis 
tribution of radio frequency power, capable of 
efficient operation over a relatively Wide band of 
frequencies. 
Another object is to provide a network of the 

described type whereign the output power ratios 
rennain constant, independent of frequency. 
A further object is to provide a network of the 

described type including means for cancellation of 
the reactances unavoidably introduced by cer 
tain elements of the netWork. 
These and other objects will become apparent 

to those skilled in the art upon consideration of 
the following description with reference to the 
accompanying drawing, of which Figure 1 is a 
schematic diagrain illustrating a power division 
network designed in accordance with prior art 
practice; Figure 2 is a schematic diagram of a 
power division network in accordance with the 
present invention; and Figure 3 is a schematic 
diagram of the equivalent circuit of the system 
of Figure 2. Similar reference characters indi 
cate Siriaiiar elements in the drawing. 
In the design of directive antenna, arrays, it is 

common practice to employ a series of laterally 
Spaced 'a diator elements or groups of radiator 
eleinents, energized with graduated powers. For 
example, a connon type of array comprises four 
spaced groups of radiators With each of the two 
center groups supplied with four times the power 
delivered to each of the two outer groups. Ordi 
narily, all of the groups are identical, so that 
each presents the Sarine impedance. 

Figure 1 illustrates a typical prior art arrange 
ment for providing the required power division. 
Four loads , 2, 3 and 4, each having an imped 
ance Z, are to be energized from a translation 
device 5 in Such manner that each of the loads 
and 2 receives 10 percent and each of the loads 

3 and 4, 40 percent of the power output of the 
device 5. Although the loads , 2, 3 and 4 are 
represented in the drawing as resistors, it is to be 
understood that they may be radiator elements 
or groups of radiator elements or in fact any load 
device. 
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The translation device 5 is connected through 

a coaxial transmission line S to the junction point 
of a pair of similar transmission lines 8 and 9. 

The line 8 is connected from point to the junc 
tion goint, of a pair of lines and 2, leading 
respectively to the loads 3 and 4. The length of 
the line Section 3 is unimportant excep, that it 
nlist be considered in deternining phase reiation 
ships between the currents in the loads 3 and 4 
and loads and 2. The line 9 is one-quarter Wave 
length long, or an odd multiple thereof, and ter 
ninates at the junction 3 between two similar 
quarter wave ines is and 5. The other ends 
of the lines and 5 are also connected to 
gether at a junction 6 and to a line 7. The 
line 7 leads to the junction 8 between two lines 
f9 and 29, which are connected to the loads 
and 2 respectively. 

It is assumed that the characteristic imped 
ances of all of the line sections in the system 
are equal to the impedances Z of the loads , 2, 
3 and 3. The lines and 2 present an imped 
ance of Z/2 to the line 8 at the point (). A match 
ing stub 2 is provided on the line 8, and adjusted 
so that the impedance presented thereby at the 
point is 2. Similarly, the lines 9 and 20 present 
an impedance 2/2 at the point 8, and a match 
ing stub. 22 is provided on the line which thus 
presents an i: pedance Z at the point 6. 
The two parailel quarter wave lines 4 and 15 

act like a single quarter Wave line having a char 
acteristic impedance of 2/2, and thus reflect the 
impedance Z to the point is as an impedance 
Z/4 at the point 3. The line 9, being also a 

inverts the impedance 
Z/4 at the point 3 to present an impedance 
42 at the point . Thus the line 6 looks into an 
in pedance 42, presented by the line 9 and an im 
pedance Z in parallel therewith, presented by the 
line 8. One-fifth of the energy transmitted by 
the line 6 will flow into the line 9 and four-fifths 
of the energy will flow into the line 8. The energy 
transmitted by the line 9 will be divided equally 
between the loads and 2 so that each receives 
10 percent of the input power. Similarly, each 
of the loads 3 and 4 receives 40 percent of the 
input power. Misiaatch of the line 6 at the point 

is corrected by means of a stub. 23. 
The above-described network provides the re 

quired power division at one frequency. However, 
if the frequency is altered, the line sections. 9, 4 
and 5 are no longer one-quarter Wavelength, 
and the stubs 2, 22 and 23 no longer provide 
complete suppression of standing Waves. ' Thus 
the efficiency of the System as a Whole decreases, 
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and the ratios of the powers delivered to the sev 
eral loads are altered. 
In the practice of the present system, the de 

sired power ratios are obtained by connecting 
the loads 3 and 4 in parallel with each other to 
the input, and effectively connecting the loads 
and 2 in series With each other to the input. 

With this arrangement, the power ratios are 
maintained constant regardless of frequency. 
Certain resonant elements are required to pro 
vide the Series connection. Other resonant ele 
ments are provided to compensate their react 
ances over a wide band of frequencies to main 
tain efficient operation of the System as well as 
accurate power division. 
Referring to Figure 2, the input power is ap 

plied to a coaxial line comprising an inner con 
ductor 25 and an outer conductor 26. The inner 
conductor is connected at a point 2 to the inner 
conductors of a pair of coaxial lines 28 and 29, 
Which correspond to the lines if and 2 of Fig 
lure l and are connected to the loads 3 and 4 re 
Spectively. Tile Outer conductors of the lines 28 
and 29 are connected to a tubular conductor 30, 
Which extends coaxially over the conductor 26, 
and is connected thereto at a point 3A. The 
Conductor 26 terminates within the conductor 30 
at a point one-half wavelength from the point 
3. The conductor 30 extends substantially one 
quarter Wavelength beyond the end of the con 
ductor 26, and is connected at its lower end to the 
lower end of the conductor 25. The lower quar 
ter Wave portion 32 of the inner conductor 25 is 
of larger diameter than the upper portion. The 
dimensions of the various elements indicated on 
the drawing are suitable for loads of 50 ohms 
impedance, and for operation throughout a fre 
quency range of substantially 390 to 725 mega cycles per second. 
Referring to Figure 3, the portion of the system 

thus far described is represented by the group 
of elements designated generally by the reference 
character A. The conductors 25 and 26 con 

5 

30 

S 5 

40 

stitute a 25 ohm coaxial line connected to the 
input terminals. The conductors 26 and 3 co 
Operate as a 7.4 ohm half wave line, short 
circuited to function as the series resonant cir 
cuit B. The conductors 30 and 3 cooperate to 
function as a quarter Wave 24.6 ohm line, short 
circuited to act as the parallel resonant circuit C. 
The loads and 2 are coupled to the input line 

25, 26 through a line balance converter of the 
general type described on page 855 (Figure 96.O) 
of Radio Engineer's Handbook, by F. E. Terman. 
The line balance converter includes an input line : 
Comprising inner and outer conductors 33 and 
34 connected respectively to the conductors 25 
and 26. A half wave sleeve 35 extends over the 
conductor 34 and is connected thereto at its 
end 36. The inner conductor 33 is connected to 
a conductor 37, of the same diameter as the 
conductor 34, Surrounded by a half wave sleeve 
38 and connected thereto at its outer end 39. 
A further half Wave sleeve 4 surrounds the inner 
portions of the sleeves 35 and 38, with its ends 
connected to their respective midpoints. Two 
Output lines 4 and 42 corresponding to the lines 
9 and 29 of Figure 1, are connected to the loads 
and 2. The inner conductors of the lines 4 

and 42 are connected respectively to the inner 
ends of the sleeves 35 and 38. The outer con 
ductors of the lines 4 and 42 are connected to 
the Outermost sleeve 30. 
The sleeve 38 and the conductor 34 constitute 

a half Wave 14.8 ohm line, short-circuited to 
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4. 
function as the series resonant circuit D (Figure 
3). Similarly the conductor 37 and the sleeve 
38 constitute the series circuit E of Figure 2. 
The inner portion of the sleeve 35, together with 
the Surrounding portion of the sleeve 40, con 
stitutes a, quartel wave short-circuited line of 
relatively high impedance, corresponding to the 
parallel resonant circuit F of Figure 2. Similar 
ly, the inner portion of the sleeve 38 and the 
Surrounding portion of the sleeve 40 comprise 
the parallel resonant circuit G. The conductors 
33 and 34 constitute a 100 ohm coaxial line. 
Current flowing into the line 33, 34 goes 

through the series impedance 37, 38 (D) to the 
inner conductor of the line 4, thence through 
the load to the outermost conductor 40, which 
is at ground potential. Current flowing through 
the inner conductor 33 causes equal and opposite 
current to flow through the conductor 34. This 
current flows across the series impedance 34, 35 
(E) to the line 42, and through the load 2 to 
the conductor 4). Thus the powers delivered to 
the loads and 2 are equal, and their sum is 
necessarily equal to the power delivered to the 

is line 33, 34. 
If the frequency of the input power is varied, 

So that the resonant lengths specified above are 
no longer one-half wave, one-quarter wave, etc. 
as stated, the operation will still be the same 
Since the connections of the loads and 2 are 
Symmetrical with respect to the input line 33, 34. 
However, the reactances of the quarter Wave 
sections 35, 40 and 38, 40 will vary with varia 
tion in frequency. These variations will be sub 
Stantially fully compensated over a wide range 
of Variation in frequency by complementary 
Variations of the reactances of the half wave 
Sections 34, 35 and 37, 38. 
Since the loads 3 and 4 are equal in impedance 

and are connected in parallel, the power applied 
to them through the line 25, 26 will be equally 
divided. Wariation with frequency of the react 
ance of the quarter wave section 30, 32 is com 
pensated by complementary variation in the 
reactance of the half wave section 26, 30. Since 
the line 25, 26 presents an impedance of 25 ohms, 
and the line 33, 34 presents an impedance of 
100 ohms, one-fifth of the power of input will flow 
to the loads and 2 While the remaining four 
fifths will flow to the loads 3 and 4. 

i he resistive component of the impedance pre 
sented by the line 33, 34 at its input terminals 
Will not remain 100 ohms but will decrease to 
approximately 80 ohms at the limits of the fre 
quency band. The branch line 25, 26 is loaded 
by the quarter wave line 32, 33 and the half wave 
line 26, 30 to simulate the load placed on the 
line 33, 34 by the line balance convertor. Thus 
the impedance presented by the line 25, 26 at its 
input terminals varies with frequency from 25 
ohns at resonance to approximately 20 ohms 
at the limits of the band, remaining at all times 
exactly one-quarter of that presented by the line 
33, 34. This provides accurate power division 
between the two pairs of loads , 2 and 3, 4 in dependent of frequency. 
The lines 25, 26 and 33, 24 connected in parallel 

present an impedance of 20 ohms. In order to 
match this to a standard coaxial transmission 
line of, for example 50 ohms impedance, a line 
transformer comprising a series of quarter wave 
line Sections of consecutively increasing char 
acteristic impedances may be employed. This 
type of transformer, which is described and 
claimed in U. S. Patent No. 2,249,597, will op 
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erate Over a wide band of frequencies without 
variations in performance such as result from 
the use of matching stubs. 
Thus the invention has been described as an 

improved power division network, providing effi 
cient operation over a wide band of frequencies 
without variation in the ratio of the powerS Sup 
plied to the several loads. The network includes 
two branch lines, one having an impedance equal 
to that of two loads in parallel and the other hav 
ing an impedance equal to that of two loads in 
series. The first branch line is directly connected 
to a band of parallel loads. The second branch 
line is connected through a conventional line bal 
ance convertor to the other pair of loads. The 
line balance convertor divides the power applied 
thereto equally between the two loads. Thus the 
System operates as if two of the loads were con 
nected across the input in series and two of the 
loads were connected across the input in parallel, 
providing accurate power division in the ratio 
1:4:4:1. The line balance convertor is compen 
sated for a reactance variation with frequency 
by means of a pair of short-circuited half wave 
lines Connected across the output circuits. Wari 
ation of the resistive component of the line bal 
ance convertor is compensated by providing a cor 
respondingly varying network on the first branch 
line, to maintain accurate power division between 
the two pairs of loads at all frequencies. 
The invention covered herein may be manu 

factured and used by or for the Government of 
the United States for any governmental purpose 
Without payment to me or assigns of any royalty 
thereon. 
We claim as Our invention: 
1. A radio frequency power division network 

including four output transmission lines, each of 
Said lines having a characteristic impedance of 
2 ohms, four loads each of impedance Z and each 
connected to One of said output lines, a pair of 
input terminals, a line balance convertor includ 
ing an unbalanced input circuit and two balanced 
output circuits, two of said output lines being 
connected respectively to said convertor output 
circuits, a branch line having a characteristic im 
pedance of 22 ohms connected between said in 
put terminals and said convertor input circuit, a 
Second branch line having a characteristic im 
pedance of Z/2 ohms connected at one end to said 
input terminals and at the other end to the other 
two of Said output lines in parallel, two half 
WaWe short-circuited lines connected respectively 
to the output circuits of said line balance con 
Vertor to compensate variations with frequency 
of the reactance thereof, and a quarter-wave 
short-circuited line and a half wave short-cir 
Cuited line connected to said second branch line 
to simulate the variation with frequency of re 
sistance of said compensated line balance con 
Wertor. 

2. A radio frequency power division network 
for two pairs of loads for dividing power from a 
radio frequency source among said loads, com 
prising a first parallel tuned circuit, said first par 
allel tuned circuit and each load of one of said 
pairs being connected in parallel in a first par 
allel connected circuit, a first series tuned circuit, 
Said first series tuned circuit and said first par 
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allel connected circuit being serially connected in 
a first series connected circuit, second and third 
parallel tuned circuits each connected in parallel 
respectively. With one of the other pair of loads in 
Second and third parallel connected circuits re 
Spectively, and second and third series tuned cir 
cuits, said second and third series tuned circuits 
and Said Second and third parallel tuned circuits 
being serially connected in a second series con 
nected circuit, said first and second series con 
nected circuits being connected in parallel to said 
Source, said tuned circuits being tuned to a cen 
tral operating frequency of Said radio frequency 
source whereby the ratio of power division be 
tWeen Said pairs of loads and between the loads 
of each pair is compensated with respect to fre 
quency variations of said source to maintain the 
ratio of the division of power from the source 
among the loads substantially independent of 
Such frequency variations. 

3. A radio frequency power division network 
for two pairs of loads for dividing power from a 
radio frequency Source among said loads, com 
prising a first parallel tuned circuit, said first 
parallel tuned circuit and each load of one of said 
pairs being connected in parallel in a first par 
allel connected circuit, a first series tuned cir 
cuit, Said first Series tuned circuit and said first 
parallel connected circuit being serially connected 
in a first Series connected circuit, second and 
third parallel tuned circuits each connected in 
parallel respectively with One of the other pair 
of loads in Second and third parallel connected 
circuits respectively, and second and third series 
tuned circuits, said second and third series tuned 
circuits and said Second and third parallel tuned 
circuits being serially connected in a second se 
ries connected circuit, said first and second se 
ries connected circuits being connected in par 
allel to Said Source, said tuned circuits being 
tuned to a central operating frequency of said 
radio frequency source, said series tuned circuits 
being short-circuited transmission lines of mul 
tiple including unity half wavelength long at said 
central Operating frequency, and said parallel 
tuned circuits being short-circuited transmission 
lines of odd multiple including unity quarter 
wavelengths long at said central operating fre 
quency, and line balance convertors one connect 
ing in circuit each said pair of loads, whereby the 
ratio of power division between said pairs of loads 
and between the loads of each pair is compen 
Sated with respect to frequency variations of said 
Source to maintain the ratio of the division of 
power from the source among the loads substan 
tially independent of such frequency variations. 

GEORGE H. BROWN. 
DONATD. W. PETERSON. 
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