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REFLECTIVE BUTLER MATRICES

1. INTRODUCTION

A conventional Butler matrix can be formed by use of symmetric 3-dB hybrid couplers
[1]. Each matrix can be used as a building block for the next larger one. The configu-
rations are symmetric about a longitudinal axis which divides the input and output ports
into two halves, but except for the two smallest ones, they are not symmetric about an
axis midway between input and output ports. Therefore , these matrices act as lenses in
one direction. That is, the feed points correspond to a focal plane and the outputs corre-
spond to the region of collimation. However , because of the lack of symmetry, the lens
characteristic does not hold in the opposite direction ; the output ports do not correspond
to a focal plane with attendant collimation properties on the side of the input ports. It
is evident that a matrix symmetric about an axis midway between the input and output
ports is desirable. Such a matrix might be cut in that plane of symmetry so that the
input and output ports would be identical. In this manner , the half-matrix would corre-
spond to a reflection-type system in which the feed positions are in the plane of the
aperture. Thus, the disadvantage incurred in achieving the saving of one-half of the com-
ponents would be the necessity for switching the output between the feeds and the radi-
ators or possibly avoiding feed blockage by the use of circulators.

In this report , the procedure for modifying a conventional Butler matrix to achieve
a reflective network is presented.

2. NETWORK AND RADIATION PATTERN CHARACTERISTICS
OF A BUTLER-MATRIX-FED ARRAY

For the reader who is unfamiliar with the operation of a Butler matrix , a brief
review is given here. A Butter matrix is a 2W-port network , where N = 2P (p is an integer).
All ports are matched, and the N ports on one side are mutually isolated , as are the N
ports on the other side. The power transfer coefficient between any port on one side and
any port on the other side is 1/N. One set of N ports is termed the inputs, and the other
set is termed the outputs. If power is fed into any of the input ports, it is split uniformly
among the N output ports, without loss. For each input port used, there will be a partic-
ular phase distribution among the output ports. For appropriate ordering of the output
ports, all of the phase distributions are linear; that is, if the output ports are numbered
n 1, 2,..., N, the phase difference between ports n and n - I is constant for all n. This
constant is different for each input port. If the input ports are numbered m = 1, 2,. ., N, the
phase difference can be expressed

= + 2ir rn (N,

Manuscript submitted November 22 , 1977.
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SHELTON AND HSIAO

where ~o is a selectable constant, which is fixed for all m.

The transfer phase from port m to port n can be expressed as

~~nm = + n(Ø~ + 2,rm/N) ,

where ~bm is a selectable constant for each value of m.

The value of çb~ is generally determined by the desired application for the network .
For example, matrix-fed circular arrays require cyclic output phase distributions for which

= 0. The networks presented in this report have ~o = a/ N as a result of the symmetry
imposed upon them. It is noted that ~o can be altered to any desired value for any given
network simply by adding an appropriate set of linearly increasing phase shifts to the
output ports.

If the output ports are connected to a linear antenna array , the uniform amplitude
and phase distribution generated by any input will produce a directive radiation pattern
of the form

sin N(p —p 0)
N sm(p -p 0)

where
p = 2ird sin O/A ,

with
d = interelement spacing,
X = wavelength,

o = angle relative to normal to the array,
and where

2ad sin 00/X = ‘~4m’ and

= beam direction.

The resulting multiport antenna system, consisting of an N-element array connected
to a 2N-port Butler matrix, has N ports, each of which produces a beam. It can be shown
that the multiple antenna patterns form an orthogonal set, as do the output distributions
to the array. A beam corresponds to an aperture distribution and also to a particular
input port.

The network with the above characteristics which uses a minimum number of
components is a Butler matrix. This network is closely analogous to the fast Fourier
transform [2] - In the analysis presented here, the networks will be generated using
3-dB hybrid directional couplers, although other types of four-port hybrid networks can
also be used.

2 
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3. CONFIGURATION OF A BUTLER MATRIX

Figure 1(a) shows the configuration of a 3-dB hybrid directional coupler , which has
four ports and N = 2. Inputs 1 and 2 form two beams in the directions iz~ = ±900 . A
network with N = 4 can be formed from the fundamental hybrid coupler as shown in
Fig. 1(b). Four beams can be formed, and they are pointed at p0 = ±45°, ±135°. In
general, networks with larger numbers of input ports can be formed from networks with
fewer ports. As an example, we shall show how a 16-port Butler matrix can be formed
from 4-port matrices. First, we recognize that a four-port matrix (N = 4) transforms four
inputs into four distinct beams evenly distributed in p space. Therefore , we initially
require four blocks (each block is a four-port matrix) connected as shown in Fig. 2(a).
Outputs of block 1 become outputs 1, 5, 9, and 13, and those of block 2 become outputs
2, 6, 10, and 14, etc. An additional row of four 4-port matrices is required to combine
the inputs of these four blocks. The connection of these matrices to the first-row blocks
is shown in Fig. 2(b) . The first inputs of the four blocks in the first row are connected
to block 1 of the second row , and four inputs are formed : 1, 5, 9, and 13. Since the
beam-pointing directions (or phase gradients) of the 16-port matrix are different from
those of the 4-port matrix, additional phase shift must be provided to make up this differ-
ence. For example, input 1 of the block has a phase gradient of —45 °, but in a 16-port
matrix, the phase gradient of the first input is —11.25°. To account for this difference,
phase shif ts of 33.75°, 67.5°, and 101.25 ° are required for the second , third , and fourth
output lines of the first block in the second row , respectively. The inputs of , this block
now form beams pointing in the directions p

~ 
= —11.25°, —101.25°, 168.75 °, and 78.75°.

Similar additional phases are required for blocks 2, 3, and 4 of the second row . The
input lines of the overall network are then interwoven to be symmetric with the output
lines.

OUTPUTS

®~9o0 00 OUTPUT
PHASES(~J 0° -90°

~~~~~~~ OUTPUTS 45 45

INPUTS

1 2

-
~~° ÷~° 1 3 (

~
) INPUTS

BEAM POSITION, is
~ 

-45 ÷135 -136 +46

(a) Two-port (inputs) (b) Four -port network
network

Fig . 1 —Butler matri ces for N 2 and N = 4
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Fig. 2a — First row of a Butler matrix using four-port
matrices as building blocks

OUTPUTS

1s;
~~~~~~~~~~

’
j 2 1 L 3 j J 4~~~~~~~

”

~

2NO ROW ~~~~~~~~~~~~ J tl .25~~ .5t 1175J [33 75 22 J011.25 J l t Ot.
~~

S7.5O 33.25 I

(
~~~~~~~~~~~~~~~~~~~~ s s 7 s s 1 o 11 52 53 1 4 ~~~~~~~~~~~e

.1125 -33 75 -56 25 .75 75 .~~l 25 .t23 15 .115 25 .165 75 t65 15 t46 25 123 75 tOt 25 76 75 56.25 33 75 1125

INPUTS

Fig. 2b —Sixteen-port Butler matrix
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In general, the matrix network layout and connections can be described by the
following procedures [3]:

• The product of the number of matrices in each row and the number of ports in
each matrix block is equal to the total number of ports.

• Let the rows be numbered 1, 2,..., P. Let the blocks in the ith row have L ports.

The total number of ports in the matrix is N = H L1, and the number of blocks in the

ith row is M L., where the prime indicates that the factor for I = i is omitted .

• A variety of procedures can be established for interconnecting the blocks in
successive rows of the overall matrix, exactly analogous with the variety of flow diagrams
available for the fast Fourier transform [4] . A simple procedure is described here: The
rows to be connected are i and i + 1; the block sizes are L, and 

~~~~~~~~~~~ 
and the numbers

of blocks in each row are M • and M~+1, where L-M 1 = L.÷1 M~÷1 = N. The outputs of the
blocks in row i + 1 are connected with the inputs of the blocks in row i, which are num-
bered sequentially 1 through N. The outputs of the first block in row i + 1 are connected
to inputs 1, M•4.~ + 1, 2M~~1 + 1, etc. The outputs of the second block are connected
to inputs 2, M,~ 1 + 2, 2M1÷1 + 2, etc. In general, the outputs of the jth block in row
i + 1 are connected to inputs j  + kM 1÷1, where k = 0 through L~÷1 - 1.

• It is now necessary to determine the transmission-line phase shifts which must be
added to ensure beam collimation for all input ports. For the blocks in the first row,
which have L1 ports, the beam-pointing directions when one of these blocks is connected
to an 

~~ -element array (if ~L1 is even) are p0 = ± alL 1, ±3ir/L1, etc., with a spacing in p of
2ir /L1. If L1 is odd , p~ = 0, ±2a f L 1, ±4ir /L1, etc.* Since the output ports of the first-row
blocks are fed to elements with spacings increased by a factor of M 1, the beam maxima
are at = ± ir/M 1L1, ± 3ir/M 1L1, etc., or p0 ± a/N , ± 3ir/N, etc.; it is also seen that
the beams from a single block exhibit grating lobes. Appropriate phase shifts must be
inserted in the interconnecting lines so that a selected grating lobe is reinforced by con-
tributions from all blocks in a row and all other grating lobes are suppressed . As in the
case of the interconnectiiig line geometry, there are various procedures for achieving this
result. Throughout this report we have chosen to generate an innermost beam from an
outermost matrix port . The general procedure for determining the phase shifts to be
inserted in the output lines of any given block , after one selects a beam position for a
given overall matrix input port , is to set down the required output phase distribution for
the overall matrix. Then the block outputs in any given row can be independently ad-
justed for the very important reason that the net transmission phases for all outputs of
any block through the remaining rows of the matrix are identical.

This procedure has been programmed in FORTRAN language, and the program is
described and listed in the Appendix. Sample computer plots are shown in Fig. 3, with
N 3 2 , L1 = 4 , I#2 = 2 , L3 = 4 , and in Fig. 4, w i t hN = 6 4 , L1 = L 2 =8.  Since the

•Although N is a power of two for the con ventional Butler matrix , we assume in this discussion that I,.,

the factors of N, can be arbitrarily chosen.

5
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matrix is symmetric about a longitudinal a.~Js, only the left half of the matrix is shown.
Tables 1 and 2 list the phase-shift values that must be inserted in the outputs of the
indicated rows of the matrices shown in Figs. 3 and 4, respectively. The phase-shift values
are listed in the tables from left to right, corresponding to the output ports of the indi-
cated rows, taken in order from left to right in the figures. Figures 3 and 4 plot the left
halves of right-left symmetric matrices, and Tables 1 and 2 list phase-shift values for full
matrices. Note the symmetry of the phase-shift listings.

OUTPUTS

RCW 2

_ _  I _ _  _ _

( ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
INPUT S

Fig. 3 — Left half of a 32-port Butler matrix

OUTPUTS

N  H
INPUT S

Fig. 4 — Left half of’ a 64-port Butler matrix

6
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Table 1 — Phase Shifts for 32-port Matrix ,
Inserted in Outputs of Indicated Rows.

RO W 2

0.0000 67 5000 0.0000 22.5000 22.5000
0.0000 67.5000 0.0000 0.0000 67.5000
0.0000 22.5000 22.5000 0.0000 67 .5000
0.0000 0.0000 67.5000 0.0000 22.5000

22.5000 0.0000 67.5000 0.0000 0.0000
67.5000 0.0000 2’~.5000 22.5000 0.0000
67.5000 0.0000

ROW 3

0.0000 39.3750 78.7500 118.1250 0.0000
28.1250 56.2500 84.3750 0.0000 16.8750
33.7500 50.6250 0.0000 5.6250 11.2500
16.8750 16.8750 11.2500 5.6250 0.0000
50.6250 33.7500 16.8750 0.0000 84.3750
56.2500 28.1250 0.0000 118.1250 78.7500
39.3750 0.0000

Table 2 — Phase Shifts for 64-Port Matrix ,
Inserted in Outputs of Second Row.

0.0000 19.6875 39.3750 59.0625 78.7500
98.4375 118.1250 137.8125 0.0000 14.0625
28.1250 42.1875 56.2500 70.3125 84.3750
98.4375 0.0000 8.4375 16.8750 25.3125
33.7500 42.1875 50.6250 59.0625 0.0000
2.8125 5.6250 8.4375 11.2500 14.0625

16.8750 19.6875 19 6875 16.8750 14.0625
11.2500 8.4375 5.6250 2.8125 0.0000
59.0625 50.6250 42.1815 33.7500 25.3125
16.8750 8.4375 0.0000 98.4375 84.3750
70.3125 56.2500 42.1875 28.1250 14.0625
0.0000 137.8125 118.1250 98.4375 78.7500

59.0625 39.3750 19.6875 0.0000

4. SYMMETRIZING THE BUTLER MATRIX

The modification of the matrices to a symmetric reflection form is accomplished in
three phases. First, the network must be rearranged so that the hybrid couplers and in-
terconnecting lines are symmetric about the midline of the matrix , without regard to any
of the phase shifters in the interconnecting lines. Second, a scheme for modifying the

7
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phase shifters to achieve symmetry about the midline is required . Finally , a method
whereby the matrix can actually be cut in two is necessary.

The method of achieving topological symmetry is based on the requirement for a
fixed arrangement of . ‘~e output ports, determined by the output phase distributions,
with the accompanying “natural” arrangement of the output couplers. This allows us to
arrange the inputs and input rows of couplers in the same fashion , as shown in Figure 5(a)
for the 8-port matrix . The next step is to determine the locations for the middle row of
hybrids. This is accomplished by averaging the positions of the four hybrids to which
each middle-row hybrid is connected. The result , shown in Figure 5(b) , is two centered
hybrids and two off-center . The network is now seen to be topologically symmetric.

It is necessary to modify the phase shifts so that the network is completely
symmetric about the midline. It is first required to find an additional degree of freedom
beyond what was used in the conventional Butler matrix ; that is, all phase shifts were
inserted in the interior of the network — but there is no reason why additional phase
shifts cannot be inserted in both outputs of any of the output couplers and correspond-
ingly in both of the input transmission lines to any of the input couplers.

46 46
46

33,5 33.6
67.6 67.5

Fig. 5a —Symmetric arrangement of input and output couplers and ports

8
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46 
45

46 45 

MIDLINE OF SYMMETRY

33.5 33,5
67.5 675

F’ig. 5b — Location of middle couplers and symmetric layout of eight-port matrix

With this added degree of freedom , it is now possible simply to average the symmet-
rically located phase shifts in the interior of the matrix of Figure 5(b). When a pair of
phase shifts are averaged , it is necessary to determine the value of the compensating phase
shift to be added to the outputs and inputs of the matrix. Since the relative output phase
distribution is fixed , one needs only to calculate the phase shift of any one output line
from a block , and the remaining output line(s) from that block will be automatically
correct with the same phase shift. It is also noted that adding a phase shift to an input
line of a block does not alter the relative phase gradient produced by that block. In the
case of the eight-port network, this compensating phase shift is +11.25 ° inserted in the
outputs of the second and third blocks of the first row. The resulting completely symmet-
ric network is shown in Fig. 5(c).

The objective with larger matrices is to generate them by some procedure that does
not increase in complexity as the matrix increases in size. For example, a conventional
Butler matrix with N ports can be formed from two of the next smaller matrices with
N/2 ports plus a row of hybrid couplers. It is also possible to devise building-block tech-
niques for symmetric matrices. Three arrangements for a 16-port matrix are shown in
Fig. 6. Figure 6(a), with all L1 = 2 , is the symmetric layout for four rows of hybrid
couplers; not only was the layout difficult to deduce , but there are two or three degrees
of freedom in the phase-shift adjustment. In Fig. 6(b), two rows of four-port networks
are used. The matrix of Pig . 6(c) has a middle row of four-port networks and top and
bottom rows of hybrid couplers.

9



-~~~

SHELTON AND HSIAO

11.3 11.3 h a

$ IS 11 12

3~7I E~~

5 MIDLINE OF
5 7 SYMMETRY

*15 375
*3 3.75

1 2 3 4

1.3 11.7511.3 P175

Fig. 5c —8ymnsetric eight-port Butler ses~rlz

*1 11.11 
~~ •~_ ~~~~

V. ~~. V.~~ p5. p,.~~

65. 
~~. 71.1 *11 71.31 V.11

FIg. 6. —Symmetric 18-port matrix using four rowe ~~ hybrid couplers
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25.71 17.71 ICI.~~ ~~~~ 3.11 

~
_ 1 

57.50 3.71 3.50 ~~ 57.12 3.71

Fig. 6b —Symmetric 16-port matrix using 4-port building blocks

N 
“

I

5.12 5. 11.25 12.2 16. 17 II. .6.65 14. 2.25 II. 0.11 5.

12.3 3.21 II. 7113 71.71 13.25 72. 25 3.71 71.3 51.71 3.13 33.71

ill II. 37.31 3. 77.31 3.3 3.31 71. 3.71 II. 11.71 11.33
5.42 5. 11.3 II. 6.17 II. 11.11 II. 11.25 II. 5.17 5.

1

Fig. 6c —Symmetric 16-port matrix using one row of 4-port and two rows of 2-port building blocks

11
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In general, any Butler matrix can be realized by either a two-row configuration
(Fig. 6(b)) or a three..row configuration (Fig . 6(c)). The two-row method is applicable
to networks with 2~~ ports. For networks with 22M~1 ports, three rows are required , and
the first and third rows can use couplers: L1 = L3 = 2. For a two-row configuration, the
topology is automatically symmetric. For both the two-row and three-row cases, one set
of compensating phase shifts can be added to establish symmetry. In the two-row case, it
is inserted in the lines connecting the rows of blocks as shown in Fig. 6(b). In the three-
row case, the averaging procedure is used.

5. CUTTING THE MATRIX TO MAKE IT REFLECTIVE

Now that a method for generating symmetric Butler matrices has been found , it is
desirable to devise a method for cutting them in two along the midline in order to reduce
the number of components by a factor of two. At first glance, one might conclude that
such a cut is impossible, because, in general , one part of the resulting half-matrix is inevi-
tably isolated from another part if the cut is a simple break in transmission lines or com-
ponents. However, let us first examine what can be done with the simplest matrices and
then perhaps attempt to extend the procedure to the more complex ones. The simplest
matrix is, of course, the 3-dB hybrid coupler itself . The midline of symmetry passes
through the center of the coupler, and it is here that the cut would be made . The question
is what constitutes half of a 3-dB coupler? It is seen in Fig. 7 that a 3-dB directional cou-
pier can be replaced by two cascaded 8.3-dB directional couplers, with the result that the
midline of symmetry now crosses the two transmission lines joining the 8.3-dB couplers.
Therefore, the half-matrix for the simplest case is simply an 8.3-dB coupler with outputs
open-circuited .

924 •j.383
t I
Ic—,I 8.3-IJ B
~~~~~ DIRECTIONAL

COUPLER

1)

~~~~ 

—  OPEN CIRCUIT

8.3-dS COUPLER

~r! ~JT

— 
MIDLINE 2 4  4~ 2

1 OF SYMMETRY

i t

(a) Operation of 3•dB (b) 3.dB coupler made (c) Network equivalent to
directional coupler f r om two 8.3-dB half of 3-dB coupler

couplers

Fig. 7 —3-d B coupler realized as symmetric cascade
of two 8.3-dB couplers

12
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If we consider next the four-port Butler matrix , shown in Fig. 8(a), the midline of
symmetry for this case passes through the interconnecting transmission lines between
directional couplers. It is seen that if these lines are simply cut, the result is two isolated
3-dB couplers with open-circuited outputs. It is found that the only alternative is to jo in
the two transmission lines that cross at the midline, as shown in Fig. 8(b). 

~~~I~ H~~~T

(a) Symmetric matrix with (b) Half-matrix resu lting from
desired cut indicated joining lines at cut

Fig. 8 — Half four-port matrix illustrating method of making cut

The general rule that emerges from these simple examples is that transmission lines
and couplers are cut on the midline of symmetry of the matrix but any lines or com-
ponents which are crossed or superimposed on the midline are not open-circuited but are
joined together. Further results of the application of this rule are shown in Fig. 9 for
N = 8, in Fig. 10 for N = 32 with L1 = = 2, L2 = 8, and in Fig. 11 for N = 64 with

= = 8. Tables 3 and 4 list the phase shifts for the 32-port and 64-port reflective
matrices, respectively. The phase-shift values are listed in the tables from left to right ,
correspond ing to the output ports of the indicated rows, taken in order from left to right
in the figures. Figures 10 and ii plot the left halves of right-left symmetric configurations
and Tables 3 and 4 list phase-shift values for both halves, with resultant symmetry in the
listings. Since 7/8 of the inputs to row 1 of Fig . 11 are interconnected , the values listed
in Table 4 reflect those interconnections. Thus, the phase shifts for lines 2 and 9 are the
same, as are 3 and 17, 4 and 25, etc.

it is possible to verify the operation of these networks by tracking signal paths from
any input port through the network to all input ports. A result of this reflective opera-
tion is that 1/N of the input power returns to the input port, thereby mismatching it.
Thus , the input voltage standing-wave ratio (VSWR) of a reflective matrix is given by

13
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56 25 
~~~~ 33.75 6625

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 9 —Re flective eight-port matrix

ROW 1

ROW 2 [ 

ffILLLL LU~~i1Fig. 10 —Left half of a reflective 32-port Butler matrix

~~T~~~~IIIIFig. 11 —Left half of a reflective 64-port Butler matrix
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Table 3 — Phase Shifts for Reflective 32-Port Matrix.

ROW 1

0.0000 0.0000 0.0000 0 0000 19.6875
19.6875 19.6875 19.6875 28.1250 28.1250
28.1250 28.1250 25.3125 25.3125 25.3125
25.3125 25.3125 25.3125 25.3125 25.3125
28 1250 28.1250 28.1250 28.1250 19.6875
19.6875 19.6875 19.6875 0.0000 0.0000
0.0000 0.0000

ROW 2 
_ _ _ _

0.0000 42.1875 19.6875 16.8750 50.6250
2.8125 92.8125 0.0000 0.0000 59.0625

14.0625 28.1250 39.3750 8.4375 75.9375
0.0000 0.0000 75.9315 8.4375 39.3750

28.1250 14.0625 59.0625 0 0000 0.0000
92.8125 2.8125 50.6250 16.8750 19.6875
42.1875 0.0000

Table 4 — Phase Shifts for Reflective 64-Port Matrix
Inserted in Inputs of Row 1.

0.0000 19.6875 39.3750 59.0625 78.7500
98.4375 118.1250 137.8125 19.6875 33.7500
47.8125 61.8750 75.9375 90.0000 104.0625

118.1250 39.3750 47.8125 56.2500 64.6875
73.1250 81.5625 90.0000 98.4375 59.0625
61.8750 64.6875 67.5000 70.3125 73.1250
75.9375 78.7500 78.7500 75.9375 73.1250
70.3125 67.5000 64.6875 61.8750 59.0625
98.4375 90.0000 81.5625 73.1250 64.6875
56.2500 47.8125 39.3750 118.1250 104.0625
90.0000 75.9375 61.8750 47.8125 33.7500
19.6875 137.8125 118.1250 98.4375 78.7500
59.0625 39.3750 19.6875 0.0000

6 CONCLUSIONS

In this report , the generation of a Butler matrix from 3dB couplers or larger building
blocks has been discussed . Such a matrix has been made symmetric by first rearranging the
blocks and then inserting appropriate compensating phase shifts. Finally , a reflective con-
figuration has been realized by applying rules for cutting along the midline of symmetry .
A program for generating and plotting these matrices has been written.

15 
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Appendix

A listing of the computer program used in this report to plot both a conventional
Butler matrix and a reflective matrix is included in this appendix. If the number of ports,
the size of the basic building blocks and the number of rows are specified, this program plots
the interconnections and the relative phase shifts between building blocks. As an example,
a 16-port Butler matrix network plotted by this program is shown in Fig. 6. To use this
program, two data cards are required to enter the necessary information. The first data card
enters the following fixed-point (15 format) variables:

• NPT — Number of ports of the Butler matrix network to be plotted .

• NROW — Number of rows of this network.

• LL — A two-digit number to control what type of Butler matrix to be plotted .
The first digit conveys the following instruction:

1 — Plot a conventional Butler matrix network;
2 — Plot a symmetric Butler matrix network (symmetric about an axis

midway between input and output ports);
3 — Plot a reflective Butler matrix network;
0 — Plot both a conventional and a refle ctive Butler matrix.

The second digit specifies how the plot is presented :
1 — Plot the matrix network without phase shifts (phase shifts will be

printed);
2 — Plot only half of the array (left half);
0 — Plot the full network with phase shifts.

For example, if one sets LL = 23, since the “units” digit is 3, a reflective
Butler matrix will be plotted . The “tens” digit , 2, specifies that only the left half of this
matrix network will be plotted (without phase shifts) -

• XMS — A floating-point number (use F10.6 format) to specify the size of the plot
(in the x direction). The y direction is limited by the computer plotter to be
19cm (7.5 in.). If XMS is set to be zero, the program automatically sets 1.9 cm
(0.75 in.) between each two input ports and plots phase shifts between rows
(ignoring the conditions set by LL). Thus, a 16-port network will be plotted
at a size of 19 by 30.5 cm (7.5 in. by 12 in.).

The second data card specifies the number of ports in each basic building block in each
row. For example, to plot the network shown in Figure 6(c), three numbers are required to
be entered on the second data card : 2, 4, 2. Thus, eight 2-port blocks are used in the first
and third rows of this network , and four 4-port blocks are used in the second row. This card
also uses 15 fixed-point format.

17
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PROARAM RTMTFFT
COMMON ,2,PLTARRA Y (2~4)OTM ~ PdSIOW MC (S ,SI?),PHA (S.512)
DIMENS ION NRP (~ 4 ) . P~~l~ (6 4 I
C*L~. PLUTS(PLT ARRAY .254.l $)
lit.0
XM .O,

C LLL .l. PLOT CONVENTION AL P~I1L M A TRI X
C LLLsC, PLOT SYM MTRIC*L FULl. M AT R IX
C LLL .3, I~LrIT HALF M aT RIX
C LLL ” 0. PLOT ALL
C IF LL.’fl.10 PLO1 M aTRI X W ITHOUT AW GL~
C IF LL .GT. en PLOT HALF
C IF LL.r,T. p0 PLOT HA L FM A TRIX (IN V D!WFCT TON ) W1TI.,C)IJT Aw’it.E
C IF ANU L~.S ~S TO 8E PLOTTED SET XM FOU 1 TO ZERD

1 REAl) 10u ,P~tT P,NROW.L..L ,XMS1’~ FOPMAT (J ISIFI°.b)
IF (FOF ,b0)~~,3

3 RF AD I ’l ,(NI3P(I) .IS1,NI4 OW)
J~~J FO PMaT ( 161c)

LLL.MOf\jLt ,1~~)
L~IC.LL,1O
IF(XMS.LF .fl .,X MS .XM
XM .XMS
PRINT 1lfl,NTP

l1~ FOR MAT (,/ .lAX ,eTOT$l. NUM 5~ R OF PORTS IS~ ,I5.,i)PRINT 111. NROw
111 FO PMA T 1/ / ,1 f lx , *N(J MRFl.~ OF I4dOS TS’,IS,//)

PRINT 11?. (NRP (I).I .1SNROW )
11? FORMA T ( 10X, •NUMHEH OF PORTS IN EACH ~LO C~ OF F ACII qOW .,//,1’~X ,5IS)

IF (KC .f~T.’~IC*U. . PLOT (KM~~ .,n,,.3)K CIIK C.1

CALL NT K (P4TP ,NH1, NHP ,NHK,MC ,PHA)
LP.O
CAL L PQTOI JT (NTP ,NR).M C ,PHA ,LP)
IFILu. .~ y • I ii~,U 10 4
N$.LRC .lO
CAL L NTW KP IT (NTP ,NR1 , NMP ,~ffiX ,~JH ,MC ,PHA ,X14 )
IF(LLL .~ F.1)~~ TO 1
CALL P1OTlXM.2. ,O..~ 3)

4 CALL ~1LF MT K (NTl~,NR t ,N$P,NB ~ ,MC,P HA )
LPa I
CALL PQTOIIT (NTP.NR1 ,MC.PHA, LP)
IF (1LL.GT.?)I~fl TO S
N’4s1$C.t n
CALL NTWKP L T tNT P,NR 1 . NRP ,’~~K ,’4H ,MC ,PHA,X t41
IF(LL1. ,F.?)c~O TO 1
CaLL. PLOT (X M .?..0.,—3)

~ N~l.L,4c .1fl.1
C~ 1L NTW KPLT (NT P ,NR1 , r P,ffip(,~1u .MC .P4A,KM
GO TO 1

~ CAL L STOP PI nT

18

H .. .. -- -~~~~~~~~
- - -

~~~~~~~~~~~~~~-



NRL REPORT 8188

SURROUTIN F N TWK(M TP .NR 1, NBP,P45K,MC,PHA)
C...**TMTS SIIRROUTINC. FINnS THE CONNECT ION OF A R JTLEW MATR IX ~R FFT
C GIVEN THE NU NREW OF ROWS ANtI THE NUM~IER OF PORTS 1w EA L H ~L~ C’( T NC EA CH ROW
C•*•**COMPIL.EU ~y J. K. HsIAOC..**’FIRST vERSION IS COMPILED ON MAY ‘~,1976
C*ee**NTP, MUM~FR OP TOTAL INPUT PORTS OR SAMPLES
cee ceeNRow , ‘JUMRER OF ROWS REQU L RFO TO PERF ORM THE TRANSFORM AT ION
C*e*~~ NHP, AN A RR AY STORES THE NUM BER OF PUM TS IN EAC H BLOCK A T FAC’4
c RO W. EaCH p1OC~ IN a ROW HAS T’4F SAME NUM PIER OF PORTS
C .ee**NRK, AN ARRAY aTONEs Tilt. NUM BER (W pLOC ’~S IN EAC H ROW •
Ceee’~MC , A Two OIM EM SIONAL ARRAY STORES THE CONNV T !ONS OF yH~ NETWO RK .
C FI RST TNOFX OF THE AR RAY HEPRE SFNTS r’~F NUM REP OP CURRENT RAW . I-IF
C LOCAT ION OF THE SECOND INDEX REPRESENTS THE PHYS ICAL LOCA TION OF
C THE PREVIO U S ROW W H ILE Tilt. CONTF~4TS O~ IT IS THE CONNFCTION TO !HF
C CURRENT POw

D IM EN ST C)N M C (NRI ,N TP ),PHA(NRl ,N TP)
DIME NS ION P~iFTS (5 2)
DIM ENS IO N NRP (64 ).w~K (64

C COMPUTES THE NUM BER OF PORI S IN EA CH i4LOCK
NROW .NQL= 1

PIp.P1 e~.
NHP ( NP I )  .1
NT P2.~ TP/~
D’~ 10 T 1.NR1

10 N~li(I).u~Tp ,Nqp (I)
C•’~ ’ NFT S ~RM A Y STORES THE LOCAT ION OF t HE SAMP LES IN FA C I i BEA M( O R
C FREQIJE I ICY SAMPLE). IHE STRUCTu RE IS CilAPA C TERI 7EO qY TWn N tJM BF~ S,C NT 5.NUM~ER OF T IME SAMPLES (OR INPU T PORTS) ANO NFS, NUMBER OF
C FRFOLW NCV SAM PLES (OW NUMBE R OF REAM S) . FOP XAM PLE , NF T S( (3—1 )~
C NTS .1) IS THE P’MYSI C*L LOC *TION OF TMI~ FI RST TP4t. SA MPL E T N THE
c TW 1p ô FPEOII FNC Y GRO’Jp ( OR OF TM F THIHI) NEAM ) ,TM IS IS Rt.PRFSFNTt ()
C
C

C SET THE TNT TTAL N FTS ARRA Y
Ph) 11 T .1.PITP

11 NrTsfl) .~
c.’.e NT SI IS THE PREV IOUS VA LUE S OF THF NUM R FR OF TIM E SAM PLFS(OR IN PUT
C PORTS )
C~~••’ NTS ? IS THF CURRENT VALUE
~~~~~ ~iF5 1 IS THE PR(~ IO JS VALU E OF THE NUMMEP OF FREQUEN CY SAW PL FS (OR
C BE AM S)
C*****NFS? £5 TW F CURRENT VALUE
C

C
C S~ T THF IN IA I VA L UE S OF MI S AN !) NFS

NIS) .NT P
NF51s1
DO ~ 0 T .1 ,NRI
M M  TIlE I’~IJ up FR OF BLOCKS OF THE CUR RENT ROW

C N?~, T ’-IE Pd IIMRER OF PORTS IN EAC H RLOC K OF T’IE CURR EN T RO~
I l u

PdN.Npp ( LI
C SET wTc ’~ AM) NFS2

NTS?zHTSI /J ’N

19 
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NFSC .NTP,NTS2
C.•~• THE ACTUA L REQU IRtM PHASE GRADIEN T BETWEEN SUCCESSIVE ELE MEN T FOp
C THE FIRST REAM IS

PAG uPI /NFS?
C... AVAI LA BL E PHASE GRAD IENT FOR THE FIRST REA M TN EACH BLOCK IS

PSI3.PI/NN
KK.0

C**a THE PHaSE AN (LE IS STORED ACCO RUING TO THE INDEX OF THE LOW FR ROW
00 30 J.) .M14
NOOJ .*qOQ (J.NFS 1)
IF IMODJ,EQ.O)NOOJRP It Sl
JJ.(J.I)flirS’ .1
PAGGSP £G* (MflOJ~2—1 )PAS G DsPSA .PAAG
DO 30 K.1.NN
Kl.K .I
KK. KK. I
LMC. (MOOJ .j 1 *NTS~ . ($c..ll *NTSC4JJ
MCL OC. siF Tc I I M~ )

IF (KK .LF.NTP2 )GO TO 31
KIC TeN I P KK . 1
P~ A (T ,Kui).PH* (I ,KliI)
GO TO 0

31 IFIP ASr,O .RT.o.)GD TO 3?
P~ A (I,KK) ‘ABS (PaSGO). INN — K )
GO TO 30

37 P~ ’(T,KK).PASGD~ K 1
30 CONTINUE

C RECORO ING THE RREu~~ENCV SAM PLE Op BEA’4 POSITION INTO NFTS ARR AY
NTS)’NTSP
NFSI.NFSP
K k . O

C MN$ TS THr NUMBER OF BL OCKS W ITHIN EACH GROUP OF FRF.OIJENCY SAMP LE S
MNS .MM/P1T51
00 40 J’I ,NFSJ
JMODUMOD I j, MPJS)
IF (JMOO .E !).fl) JM ODCMN S
JJC (J—1 ) /MpJS•1
00 411 K’ l,NTSl
kuC.KK .1

40 NFT S(FK)e(K~ l)eNFS).(JMOD .1)CN’J.JJ
20 CONTINIJ~RFTURN

END

20 
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SURROUT INE NTW KPLT (NTP.NR1 , NBP.P4BK,LM,MC, PHA,XM)
C NM .l, 4*1, M *TH IXIIN X )
C NH.0, FULL M ATRIX
C LPT.~ W TTW ANGLESc LPy ,1, WI THOUT ANGLE S
C LPT’~ , W ITHOUT ANGLES AND HALF (IN I’~DI MENS ION MC (NR 1.NTPI .PHA (P4R1 ,NTP)

COMMON /2/DLT*RRAY 214
COMNON/3/MCT (512)
DI MENS ION NRP (b4 ),NBK(64)
DI MENS ION XCM 1 (512)SXCM? (512)
DINEN STON LAP (5 1?)
N$.NOD (1)4.10)
LPT.LH,10
PI.3,1~~l5q2é5Th

NROWs NR I.1

W i ET’4..HLFT/7.
YM.7~~5
IF(X M,O T . ri • )GO TO 7
XM.,75.NTP

7 IF(XM .L T .1fl .)XM .1O .

YNH. • ç
YSPACE ,yp4/ (NPOW ,1)
XS1.XM/ (N rp— 1)
NP?.NROW .7
NNRNPC.
YR .YM .1.

C IF NH’). PLOT HALF THE MA TR IX (X .SY M MET PY )

IF(PJH .NE.j )C ,O TO 5
C OET(R M TNE IF THE N~O~ IS EV EN DR ODD

LNH. (NPOW.i I /2—NROW /2
C LNP4.1,oDD , IN” .0 . EV EN

NN. ( NI4~~ W.1  )/2.l
LLL .NH.LNM

5 00 10 y ’) .~ P2
IF (I,GT .NN)GO TO 6

C FIX TIlE POpT LOCATION IN EA C H ROW
IFU.GT. 1)GO 10 1
00 II J’l.NTP

11 XCMI(J)’(j..1)*X51
Y11.yp
GO TO 10

1 IF(I.IT.NP,)GO TO p
00 12 Je1,PaTP

12 XC M2 (J).(j.fl 0*S1
Y22.YR
GO TO~~

; NNRP.NRP(f ..1)
NNBK.NRK (y .1)

XLS.*~~gcS/w pjpP

21
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Xl..1.XM. .1.XRI(5
Yl .YR .,5~yRl4
Y2’YR •.5*YB H

KKRO
00 13 J.)~ NNRK
IF (LPT.GE.2.ANO .Xl.AT.XM2)5O TO 9
CALL PLOT (X1 ,Y~ ..S)K .X1.XdKS
CALL. PLOT (X1,Y1.?)
CALL PLOTIXC ,Yl ,2)
CALL PLOTIX2.Y? .2)
IFILLI. .LT.1 ,OR.I,NE ,NN )Go TO 8
CAL L IJASH(Xl .Y2 ,X2 .Y2 )
GO TO 4

B CALL PLOT (x1,Y2.2)
9 X.Xl .XR~ 5/~~

Y.YQ
XP.. 5. XL S. K I
00 14 X 1 .NNPP
liK.KK ,I
K CM ( $~K )

1 4 XP.XP .XLS
13

C D RAW NETWORK CONNECTIONS
DO 2n J .j,NTP
X ) .X C M 1 Lit
LMCeMC( I~~1 .J )
X2.KCM 7 (Lisc
XI ‘Xl
YI I’Ylj
IF(LPT.LT ,p.OR .X1 .LT ,X M2)63 TO 18
IF (X2.r ,T .xpq2)r,O TO 70
XT .X M
YIT .YEp (xp,yp2 ,X t ~Y) 1 ,XM2 ) •Y22

1~~ XTa X 2
YpT .Yp~
IF(LPT.LT .?.OR .X2.LT.XM2)G3 TO 17
K T. XMp
Y 7TeYI )—YrP (V1,Y11.*2 ,Y22.Xp i2)

17 Yf l .~~.IF( I .EO ,2)y T l . ,1
IF (LPT .GE .P.AND .X1.GT .XM2 ) YT1eO .
CA LL PLOT X I .Y I 1 .Y T 1 , 3 )
IF( I . GT, ? ,GO TO 4
IF (L PT .GF.P .AN IJ .X 1 .OT .X H2)3O TO 4
CALL P L O T ( X T , Y L L , 2 )

4 CALL PL0T (XT,Y?T ,2)
IF (I.PJF .NR’ GO 10 £ q
IF (X ~ .OE .XN2.AN O .,LPT.EQ .2)GO 10 Ip
IF (I.t.O .NR?.ANL).X~~.LT.XH2)CALL PLOT (X 2,Y22— .1,2)
CALL PLOT IXP ,Y~~..),2)l q IF (LPT ,GT .fl)GO TO 20
IF (L pT.(.~T.0)Go TO 20
AUAPS (PMA (T .1 ,LMC fl .RAC
IF (A .LE ..fl0I) GO TO 20

22
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IF~~~ Nr~ NRpi)~~O TO 13
Y22?.Y22.YSPACE. .5’Y8P1.2.*ML€T
X.X1.3.*WLET
GO TO 16

15 Y222.Yfl.~~.I4LET

16 CALL NUMAFR IK ,Y2?? ,HL.ET,A ,O.,4MFF,.2)
?fl CONT INUE

C RESET XCM I ARRAY
DO 21 J.~ ,p~TP

21 KCM1( J IRX C IA?(J)
Y11.y~

10 Y~’YR— YSPACE
IF(LP 1 ,lif.;)CALL U AS H (XM2 ,YH .1.l,XM2 .Y22~ .I)
RETURN

6 Y .YR.YSPACF ,p,
K MN. K N
IF (L.PT.G€.pI XM M .XM?
CALL. DA S H(0 . ,Y .XMM,Y)
00 31 .Ial .NT P

31 LAP (i).O
• *HL FT

NTPK .NTP
Ip (LPT .GE.p)P4TPK.NTP/2
00 30 J.1,PJTP K
IF( LAP (J 1 . RT , O ) G O  TO 30
Kt . XCHI  (J )
JJ .MCT I Ut
LAP (JJ ‘1
X7.XCM1 (JJ)
KRX I

YT .Y2
IF(LPT .IT ,, .OR.X2.LF. XM2) G O TO 32
XT .XM~
YT.YEP I K, V 1 K?, Y2, X M2)

32 CaLl PLOT (X 1 ,Y 7,J)
C ALL PLO T IX ,y ,2)
CALL PLUT(X T ,YT,?)
IF(LPT .GT.fl)eO ~~ 3fl
IF(LNpi.GT .0)~~O TO 30
LMC.MC NN,J )
AUA R S (PHA (IJN,LMC ) ) RAC

CALL NUMRER (X ,Z.HLET ,A ,O.,4MF6,2)
10 CONTINUE

IF (LPT .GE .2,CALL DA SHIX M2 ,YM ,1.I,X M2 ,Y )
RETURN

23
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SUBROUTI NE DASI4 (X1.Y1.K2 .Y2)
C THIS SIIBR (flJTTNE DRAWS A DASHED LINE FROM A POINT xl, vi TO A POIN T
C X2 ,y 2

X~ 2~X2.XI
Y12.yp.Y’
OSSORT (~~1P**?.Y12*’2)

2 NN .O/5n
DO .D—Nw.S~
IFI*eStUn) .LE,.OO 1)Ao TO 1
50.SD. rIO/tIN
GO TO 2
XINC.50.X1,/l)
YINC.SO•Y1 P/fl

Y.Y’
DO 10 T.1,NN,2
CALL PL UT IX .V ,3)
X.X.XlwC
Y . V. V I wC
CALL PLOT (X,Y ,2)
X.X • K INC
V cv . V I tiC

10 CONTINUE
RETURN
END

24
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SUBROUTINE HL,HTX( NTP ,NR1 ,NPP ,IJq,c,MC ,PIIA)
DIMENS ION NBP (64) ,MNK 164)
DI MENS ION MC (NR1.NTP ).PHA (P4R1 ,’dTP)
COMNON/3/MCT (312)
DI MENSION ANG(512),ATEMP (512)
NN.NR1 /2
LLs 1 HR •1) /2.NN

C LL.t NUMRER OF ROW S IS EVEN
C LL sO NUMBER OF ROWS IS ODD

CALL PMAS IJM (NR1.N !P.NBP ,MC ,PHA ,ANG)
00 10 T.I,NTP
11.1
DO 11 J.1.NR I
KK.MC( J’ In
IF(J,FO.NiJ) KXP.ICIC
II.K~

U CONT INUE
C FI ND THE JOINT POINT THEN STORE IN MC I ARRAY

00 12 Ja1.PIN
KXSCMC (J ,KK )

12 IcX.XXS
MCT (KK P) .KKS

C aVER~G~ TMf PHASE ANGLES FOP SYMMETRICAL MA TR IX
00 13 I.l,NN
JJwNRI .J. 1
IMC .MC (J.T)
AVA .IPI.*A (J.!MC).PPIA (JJ.I) t ip.

13 PHA (J,TMC )$PHA (JJ ,1).AVG
1 0 CONTINUE

C CO~~ECr PHASE ANGL E OF THE MIDDLE ROW WHEN THE NUMBER OF ROW S Is
C EVEN

IFILL.tE.. , G0 TO 1
NI.NP4.)
DO 20 T!i.NTP
II.NC (N l ,,)
IN.NC IN1,MCTII))
ATEMP (TI1 .PH* (N .11)
IF(PH (Ni ,IN) .I’T .ATFMP (II))ATEW P(II)CPHA (N),IN)

20 CONTINUE
C CORRECT THE PHASE ANGLE BY ADDING THE SAME EX TRA PHASE TO EACH
C PORT 14 A RLOCsc

NMP.pi$P (N1)
NM~aN~,c (N i’
00 21
IMB.U.l).NMP

00 2~ J.1,NMPKK. IF4B.J
A’ATEMP (KK)—PHA (Ni.KK )

22 CONTINUE
IF (A * .LE.fl. GO TO 21
00 23 J’I,NNP
KK.IMR .J

23 PMA (N1. KK).PHA (N1 ,IIK),A *
21 CONT INuE

25 
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RE TURN
C CORRECT THE PHASE ANGLES FOR THE CASE WHEN THE NUMBER OF ROWS IS
C ODD
I CALL PNASUMINR1 ,NTP .NBP ,MC .PHA,ATEMP

00 3o Isl ,PJTP
AAu A WG ( I ) .ATE I4P( I )
JJ.NC (1,1)

30 PHA(1.JJ).pHA (P1R1.I).AA
RETUR N
END

SUBROUTINE PH*SUM(’4R1,NTP,MB P.MC,PMA,*S,
DI MENS ION NRP (64)
DI MENS ION MC (NR1 ,NTP),PHA(Pdp~ ,N IP ) ,A SINlp)
DIMEN SION ~~~~~~~~~~~~~~~~~

C SET THE PHAS E SHIFT OF THE BOTTOM ROW
NR OW uPd p 1~~i
NNCNBP (NROW)
00 1 J.1.4t4
L*P(2 ,J )s j

I AS (J).PH*It, l)
KK.NN
00 11) I.1,NROW
II cNROW.I
11.11.1

IFIII.LE,0,NN.1
DO 12
LAP II ,J~’L*P(2,J)12 A (J).aS (J i
(N.
00 20 L.1,XI(
LL CLAPU,L)
00 21 N .1,NTP
IF(MC (Ij ,N).NE.l..L)GO TO 21
JJ.N
00 TO 72

21 CONTINUE
22 NMD .MOD(JJ ,NN )

IFDrnO,L0.U NMD .NN
00 30 K.1,PIP4
IND.JJ.NMr,.pc

INO.JJ
KN .KN • I
LAP (2 ,XN).TNfl

30 AS (IN )RA (LL).PHA (Il ,LL.)
~0 COP4TTNUE

10 CONT INUE
RE TUR N
E~ n

26
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SUBROUTINE PRTOUT (NTP ,NR1,MC,PMA ,LP)
DI MENSION NC (NR1,NTP) ,PIIA (NR1 ,NTP)
DIMENSION PANGIS 2~

RAC .1~ o./~ I
IFILP.GT.0 GO TO 1
PRINT 102

102 FORMAT (,/,IO%,CCONVENTIONA % t MATRIX CONNECTION AND •HASE.,//)
GO TO ~

1 PR~Ny ~07
107 FOPMAT (//,1.X ,CSYM ME TRICA L MATR IX PHASE ANGL.ES’,~ /)

GO T O ’
~ DO 10 1.l.NRI

PR INT ~O3.I
103 FORMAT (,/,2Ox ,*ROw— .,I5,//)
10 PRINT 104.(MC (I,JP .J.1.NTP)
104 FORMAT (1H • 10x ,IU IS)

PRINT ‘05
os FORM A1 I,/,10*,*CON NFCTION PHASE ANOL€S .,,/)
1 00 20 T9.NRI

DO 21 J.l,NTP
LNC.J
IF( I ,EO .NRI I LM C .N C( I , J )

21 PANG (J)!PM* (T,LMC)’RAC
PRINT 101,~

20 PRINT 106,(PANG (J .J.I.NTP
~~~ FORMA TdH , IOK,5F 10,4)

RETURN
(NO

FUNCT ION VEP (X1,yI,*2,V2.XM )
K P. 1 M.X) ) I K
YEP.XR.*BSIV1 .YZ,/(1..XRP
RETURN
END
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