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as reflector length is reduced, 'spillover' increases and the length is a
compromise between these two effects. The side lobe at -32 decibels on
P17 not in evidence to the same extent on F12 is almost certainly a result
of the small changes in feed path lengths that were implemented between
taking the two sets of patterns. Its presence provides evidence of the
effects of the interactions of the array and the feed network as discussed

in the previous chapter.
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The coupliﬁg between the elements of an antenna array can modify its behaviour
in two distinct ways. Firstly there is the effec¢t that will be called 'forward'
coupling in which a portion of the fields coupled onto elements that are the
neighbours of the driven element is reradiated. This parasitic excitation

of* passive elements modifies the intrinsic pattern of the driven elememnt

giving the so called 'active element pattern', the radiatién pattern of an
element in the array environment. Second there is coupling between the

element feed lines. The excitation of an element produces 'reflected' fields
not only in its own feed line but also in those of neighbouring elements.,

This effect will be referred to as 'reverse' coupling.

Considering the effects of forward coupling first and using the TE array of
chapter two as an example, the array pattern is given by Eqn. 9.3 (Ch. 2) as:

S#) = Fo®) ) (hyeB,) exp (it oost)

p

+ P, (¢) ZE:B‘P exp (ikxp cos¢p)

p

+ P2(¢) ZEZBQP exp (ikxp cosp) \+ ceee eee 141
P

where Aop'is the incident excitation of element p at position xp and Bmp is
the resultant excitation of mode m on element p. The 'model element patterns'
Pm(¢) are defined in chapter two (section 9). The first term in this
equation represents the pattern contribution that arises from the excitation
of the lowest waveguide mode, other terms resulting from the excitation of
the higher order evanescent modes in the aperture plane. Each individual
~term is in the form of an array factor multiplied by an element pattern and
it is immediately evident that the complete array pattern cannot generally

be expressed in this form. However, when higher order mode excitation is

small enough to be neglected, the array pattern can be approximated as:
e(¢) = P (¢) j{;(Aop+Bop) exp (thp cosp) | cee 1.2
p

which is in the correct form. This is often called a 'single mode approxima-
tion' as only the pattern contributions arising from the lowest (propagating)

waveguide mode have been included.
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It is often said that the variation of the active element patterns with position
in an array prevent the application of the principle of pattern multiplication
except as an approximation. While this is correct, it is in a sense misleading
as it suggests that the principle cannot apply when the active element patterns
vary. In practice it continues to apply in the presence of wide variations

in active element patterns provided that the radiation from higher order mode
excitation is negligable. When an element is excited on its own, its pattern
is the sum of its intrinsic radiated field with the field radiated as a result
of the parasitic excitation of other array elements, it being the latter
component that results in pattern variation with position. However, rather
than accounting for the parasitic excitation of other elements in the pattern
of the driven element, we can attribute an identical passive element pattern

to all array elements and compute a modified array distribution which accounts
for the direct and parasitic excitation of each array element. Equation 1.2

is in this form, each element havinga passive element pattern P, (¢), and an
teffective' excitation A0p+Bop that includes both direct and parasitic
excitation of the element. Thus when the radiation from higher order modes

can be neglected, the principle of pattern multiplication continues to apply

with an array factor calculated from a modified distribution.

As nearly all array theory is based on the pattern multiplication prineciple,
it is evident that there are distinct advantages in using arrays for which
the principle applies. It is clear from the above discussion that it is not
active element pattern variation as such that prevents its application, but
rather the excitation of higher order waveguide modes in the aperture plane.
One way in which the practical attaimment of low side lobes could be simpli-
fied therefore is by use of 'single mode radiators', elements that can only
support one mode. Clearly practical elements can only approximate this ideal
but it should be possible to devise an element for which higher modes are so
heavily damped that they are effectively non-existent. On the TE array
discussed in chapter two for example, one possibility is the use of very
narrow waveguide elements for which the higher modes are well below cut-off.
The main difficulty with this approach is that, for normal element spacings,
such elements exhibit high reflection coefficients giving a low radiation
efficiency for the array. If the element mismatch is tuned out, the array
bandwidth is generally greatly reduced. If however narrow elements are used
in conjunction with small element spacings, while element reflection
coefficients in isolation are still high, the mutual coupling effects for
distributions that vary only slowly from element to element are such that
the reflected fields are low in actual use. The problem in this instance
is clearly one of economy in that this course of action requires many
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more elements than would normally be used on a given aperture. An interesting
combination of these two approaches is illustrated in 1 which shows both
plan and front views of a possible TE array implementation. This can be
considered in two distinet ways., First it can be viewed as a large number

of narrow elements with a specialised feed network that feeds them in groups
or secondly as an array of wide elements in which baffles have been inserted
to suppress the higher order modes. While this should reduce higher order
mode effects, in doing so it is likely that other effects such as the inter-
actions between reflections from either end of the baffle structure have been
introduced. However the geometry lends itself to a fairly precise analysis
and it would certainly be interesting to determine its properties.

ﬁhen higher mode effects can be neglected the array pattern is given by

Egn. 1.2 which can be written in the form:

R

G(¢) Po(¢) et (¢) (2 + 1) ces 143
by defining column vector array excitations a and b whose p'th components
are Aop and Bop respectively and a column vector e(p) with exp (-ikxp cosp)
as its p'th component (the superscript + denotes conjugate transposition).

Using conventional array theory the pattern would be evaluated as:
G(g) = Po(¢) e+ (¢) 2 coe 1ok

which shows that to this level of approximation the effect of mutual coupling
is to modify the 'effective! distribution as far as radiation is concerned
from 2 in isolation to & + b in practice. Thus it is a + b rather than a
alone that has to be equated to a desired distribution to obtain the cor-
responding pattern., Remembering that b is related to a through the array

scattering matrix S as discussed in chapters two and three, Egn. 1.3 can be

written:

G(¢) = Py (d) " (#) (I+59) s cee 15

If t is a distribution giving some desired pattern, then using an incident

distribution a given by:
-l
2 = (I+ S) :G_ seo e 1.6

is seen by substitution into Eqn. 1.5 to give the desired far field pattern

corresponding to the array distribution t. This demonstrates that it is
-207-



possible to compensate €xactly for the effects of mutual coupling on arrays
consisting of single mode radiators. However it should be noted that the
array scattering matrix S and therefore the distribution a are functions of
frequency and as a result compensation over an extended band requires the
design of a power division network that provides a distribution that varies
in a prescribed manner with frequency. This is a complex problem that, to
my knowledge, has not been solved and we are forced in practice to adopt an
approach that falls short of this ideal. Fortunately when the incident
distribution a varies only slowly from element to element, the reflected
distribution b is very similar in form. When this applies the effective
distribution & + b is not very different from the incident distribution
except for an overall change in magnitude and as a result the array pattern
does not suffer any significant degradation. This behaviour is illustrated
in the results presented in chapter two. An alternative approach to over-
coming the effecfs 6f mutual coupling that is briefly discussed in chapfer
two relies on the addition of passive elements on each gnﬂ of an grré& %o
provide an essentially identical enviromment for each{of the driven elements.
Clearly, given the addition of enough passive elements, the actiﬁe Pattéfns
of the driven elements can be made identical to some prescribed tolerance.
If this is achieved the principle of pattern multiplication will apbly and
the active element patterns can be factored out leaving an array factor for
the incident distribution. This approach has a major advantage in that'the
leffective! distribution is simply the incident distfibution.g which can
therefore be a direct implementation of any low side lobe distribution. ‘
Most significantly this distribution will be independent of frequency, allow-
ing the use of well established methods for the design of wide-band constant
power division networks. The results presented in chapter two show the
technique to be viable but suggest, as might be expected, that it makeé
inefficient use of the available aperture. When the total aperture is
limited, the need for passive elements at each end decreases the length of
the active part of the aperture thus reducing the gain and increasing the
beam width in comparison to that available from the complete aperture.
Neverthelesé the technique may find application where aperture length is not
limited. It is also worth noting that it takes account of the effects of

higher mode radiation.

The synthesis technique presented in chapter three provides a method for
allowing for the effects of mutual coupling even when higher mode radiation
cannotbe neglected. However it provides distributions that depend upon the
eigenvectors of the array scattering matrix 5 and as a result they exhibit a

variation with frequency that will make wide-band implementation difficult or

impossible.
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In summary then the above discussion suggests there are a number of techniques
that can compensate for the effects of 'forward' coupling over narrow band-
widths. While not proven, it seems likely that compensation for such effects
over extended bandwidths, using such techniques as added passive elements for
example, are accompanied by a reduction in radiating efficiency or aperture
utilisation. However, perhaps most significantly, the results presented in
chapter two suggest that 'forward! coupling effects, even without compensation,

do not significantly limit the attaimment of low side lobes in practice.

Turning now to 'reverse' coupling, it is clear that its influence on side
lobe level depends upon the array feed network. First of all its effects
can be completely eliminated by uéing feeds composed of directional couplers
or any devices that prevent aperture 'reflected! fields returning through
the feed network to other array elements, The results of chapter four show
that when such fields can return to the aperture for a second time, the side
lobe degradation can be quite significant. Rather than producing a general
increase in side lobe level characteristic of random errors, it generally
gives rise to isolated side lobes well above the design level. In addition
these error side lobes exhibit a sensitivity to frequency variation, rising
and falling over relatively narrow bands., As array feed networks exhibit
a high degree of constructional regularity, it is hardly surprising that
'reverse' coupling effects result in errors that are more correlated than
random in form. Equally, rapid frequency variation is to be expected as
fairly long path lengths are involved and will result in rapid phase vari-
ations with frequency. Thus, in summary, for feeds in which fields can
travel between the network ports feeding array elements, reverse coupling\
effects will generally lead to isolated side lobes at fairly high levels.
If such effects cannot be tolerated, it is essential that the feed network
is of a type that does not contain direct pathways between its ports that
feed the array elements.

The design of wide bandwidth feed networks to yield an ideally constant
array distribution has been covered in chapter four. While from a practical
viewpoint the results presented are quite satisfactory, from a theoretical
viewpoint they are perhaps less so in that they have been achieved via
analysis of preconceived configurations rather than synthesis. Synthesis

is generally a preferable technique as it often yields solutions that are
known to be optimum in some defined sense, Analysis contains no such
guarantees, it being highly probable that better performance can be obtained

with networks that are simpler in form,
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APPENDIX ONE — CHEBYSHEV ARRAY DESIGN

This Appendix contains further information on the design of Chebyshev arrays.
Two methods of generating the element amplitudes are derived and implemented
in computer programs., Tables are given for normalised beam widths and aper-
ture efficiencies as functions of the number of elements and the design side
lobe level.

Element Amplitudes by Summation

Let aﬂ be the amplitude of the n'th element of an N element array (1<n<N).
In the notation of chapter one these amplitudes are such that: ‘
N

Ty—1 (s cqs-(u/Z)]/R = e;p}[-i(N+1)‘u/2], ;{:aﬂ exp (inu)
n=1

oe e 1:

where the phase reference is at the centre of the array rather than at the
end. Now it is fairly easy to show that, if 1<n<N, then:

N=1 - N
;{: { }E:ag exp (2imgn/N) } exp (=2inqn/N) = N ag cen 2
g=0 m=1 -

Applying Eqn.2 to Egn.1 with u = 27g/N yields:

N~1
aﬁ = F;LR Tyt [s cos (qn/N)]
g=0
x exp [i(N-2n+1)17/N] eee 3

and after further reduction:

N1
il
o & Zeq (-4 7, [s cos (an/M)]
g=0

x cos [(2n~1)qu/N] eee b
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where the notation [ ] on the upper limit of summation demotes the integer

part of the enclosed expression., P

}
AN
\
|
J

ya

A

Element Amplitudes by Recurrence

Starting with Eqn. 1 & recurrence scheme for the aN can be derived using
n
the identity:

Tyop(®) + Tp(x) = 2x 1y, () vee 5

Substituting from Eqn. 1 into 5 gives:

N-1 N
exp [~iNu/2] Zaﬁ“ exp (inu) + exp [~i(M2)u/2] Zaﬂ exp (in)
n:=‘1 n=1
N
= 2s cos (u/2) exp [-i(M+1)u/2] jg:aﬁ exp (inu) eee b

n=1

Expanding the cosine term on the right-hand side and simplifying gives:

N1 N+
Zaﬁm1 exp (inu) + Zaﬁ“ exp [i(n-1)u]
n=1% n=1
N N
N . "N .
= 8 & exp (inu) + s a, exp [i(n~1)u] cee 7
n=1 n=1

Collecting coefficients of like exponentials:
N .
- N N+1 N N ,
}{Ean ta., -sa = 8 an+1] exp (imu) = O
n=0
oae 8

Where alr\i is zero if n is outside the range 1<n<N., Since the exponentials

in Eqn. 8 are independent, all coefficients must be zero. Thus:

N+1 = s (aN

N ) N-1
n+

*a - a 0009

a
n+1 n n

a recurrence relationship is both n and N for the aﬁ . Starting wvalues
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for the scheme are easily obtained as:
1 _ . 2 _ .2 _
al = 1/R ; al = a; = s/2R ees 10

" Computer Programs Description

Both of the methods given for element amplitude evaluation have been
implemented in computer programs. The subroutine CHVDSTR uses the recurrence
scheme, the coding being fairly self explanatory with the variable names
corresponding with the notation of this chapter whenever possible. The inner
loop recurrence is in the varisble N (NU in the program, 'upper case' N)

with the array T holding the ag value produced for a particular n value

(NL in the program). Reference to the recurrence formula Egn. 9 shows that,
with the 1oopé arranged thus, the computation of the set of aﬁ requires a
knowledge of the set being generated and also the previous set. With the
recurrence order reversed, storing the set of aﬁ for a fixed N value, computa-
tion of the current set would require knowledge of the two preceding sets.
The former method is thus slightly easier to implement. The subroutine
CHVDSTS uses the summation formula derived above Egn. 4 and is again fairly
self explanatofy. When the number of elements N is small CHVDSTR is more
efficient than CHVDSTS, the opposite being true when N is large. They are
about equal in efficiency when N is 200 (on the computer used by the Author).

Both routines operate in double precision arithmetic.

Design Tables Description

The first four tables give the normalised beam width values.for Chebyshev
arrays (ie Dsin®/A, D being the cemtre-to-centre spacing of the end elements)
at -3dB and the first zero as functions of the number of elements and the
design side lobe level. The last pair tables give the aperture efficiency

of the Chebyshev array distribution as function of the same parameters.
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SUBROUTINE CHVDSTR

SUPROVUTINE FOR CHERBRYSHEV AMPLITUDES BY RECURRENCE

SL= SIDELOBE LEVEL IN DECIRELS
N= NUMBER OF FLEMENTS
A OUTPUT ARRAY FOR ELEMENT AMPLITUDES

* ¥ * ¥ ¥ ¥

SUBRRDUTINFE CHUDSTR(SLsN,A)
DOUBLE PRECISION SL,As»R»S»TsUs SA,SB
DIMENSION ACN)>TC400)

* COMPUTE R»S AND STARTING VALUES FOR RECURRENCE

R=10+0D0%*xU DABSC(SL) 720+ 0D0)
S=DEXP(DLOG(R+DSQRT(R*R~-1+0D0>) /(N-1))
S=0.5D0%(S5+1.0D0/S)

T(1)=1.0D0/R

T(2)=0.5D0%xS/R

#*

RECVIR NU (UPPER CASE N) FOR NL (LOWER CASE N) = 1

DO 10 NU=3,N
TINUI=S*T(NIJ=1)
10 CONTINUE
ACLY=T(ND
A(NI=T(N)

* OUTER LOOP RECURRENCE IN NL

NLX=(N+1)/2.

DO 40 NL=2,NLX
NUN=NL+NL

SA=T(NUN-2)
SR=T(NUN=1)
U=2+0D0%SkSA-T(NUN-3)
T(NUN=-1)=U
IF(NUN«GT.NY GO TO 30

* INNER LOOP RECURRENCE IN NU

DO 20 NU=NUNsN
U=Skx{ T(NUJ-1)+SR)~54
SA=SB
SB=T(NW)
T(NUX=1I

20 CONTINUE

SET AMPLiTUDE VALUE T(N) INTO OUTPUT ARRAY (NOTE: U=T(N))

¥*

30 A(N+1-NL)=U
A(NL)Y=U

40 CONTINUE
RETURN

* DEAL WITH SMALL N VALUES
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SUBROUTINE CHVDSTR

IF(N.LF«0) RETURN
AC1)=1.0D0
IF(N«FQ«1) RETURN
AC1)=0.5D0
AC2)=05D0

RETURN

END
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SUBROUTINE CHVDSTS

* ¥ ¥ % ¥ ®

»*

SUPROUTINE FMR CHEBYSHEV AMPLITUDES BY SUMMATION

SL=
N=
A

SIDELOBE LEVEL IN DECIBELS
NUMBER OF ELEMENTS
OUTPUT ARRAY FOR ELEMENT AMPLITUDES

SUBROUTINF CHYDSTS(SL»NsA)
DOUBLE PRECISION SLsAsCsRs SsTsUs TCH
DIMENSION ACN)Y,»CC400), TC100)

COMPUTE R»S AND TABLES OF COSINE AND CHEBYSHEV VALUES

10

29

IF(N.LE«2) GO TD 50
P1=3.1415926535898D0

EN=N

R=10+0D0%**x( DABS(SL)/20. 0D0)
S=DEXP{DLOG(R+DSART(R*R-1.0D0))/(EN~-1.0D0))
S=0.5D0*(S+1.0D0/S)

U=Pl /EN

NL X=2%N

DO 10 NL=1,NLX
C(NL)=DCOSC((NL-1)*U)
CONTINUE

IaX=(N=-13/2

U==1.0D0

DO 20 IQ=1,10X
TCIQ)=UkTCH(S*C(IQ+1)sN=~1)
U==U

CONTINUE

LODP FOR ELEMENT NUMBER

NLX=10X+1

DD 40 NL=1,NLX
I=2%NL~-1
U=0.0D0

PERFORM SUMMATION EXCEPT FOR FIRST TERM

30

ADD

SET

40

DO 30 I0=1,1QX
J=MUODCIO*I» 2%NY+ 1
U=U+TCIQ)*CCJ)
CONTINUE

IN FIRST TERM AND EVALUATE AMPLI TUDE
Us(1.0D0+2+ 0D0%UU/R) /EN

AMPLITUDE INTO OQUTPUT ARRAY
A(N+1-NL)=U

A(NL)Y=U

CONTINUE
RETURN

=220~



SUBROUTINE CHVDSTS

*

*

DEAL

50

FUNC

10

WITH SMALL N VALUES

IF(N.LE«0) RETURN
AC1)=1.0D0
IF(N«FOQ.1) RETURN
AC12=0.5D0
AC2)=0+5D0

RETURN

FND

TION TO EVALUATE THE CHEBYSHEV POLYNOMIAL

FUNCTION TCH(X5N)

DOUBLE PRECISION TCH,X»Y
IF(X+GTe1.0D0) GO TO 10
TCH=DCOS(N*DACOS(X))

RETURN

Y= DEXP(N#*DLOG(X+DSQRT(X*X=1+0D0)))
TCH=05D0*(Y+14 0D0/Y)

RETURN

END
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CHEBRYCHEV DISTRIBUTIUON HALF POWFR BEAMWIDTH AS A FUNCTION
OF SIDELOBE LEVEL (SL) AND NUMBER OF ELEMENTS (N).

N SL= -29 -30 =40 -S0 -60 -70 -89

] | eemeeee asccce mmmmee cemcme cmvmes  emem——- -
-3 03452 03577 043620 03634 043639 063640 003640

5 04108 04568 044845 05008 005102 0.5155 0.5185

7 064293 De4917 05369 065691 05918 046077 06187

9 04365 05066 045613 06039 0.6370 0.6626 0+6822
11 021501 0eS121 045741 0.6231 0.6632 0.6959 0.7226
13 0+4420 045183 05816 06346 046793 07171 07490
15 04432 05209 05862 06419 046897 07311 067669
17 04440 045226 045894 06468 0.6969 067408 0.7795
19 De4445 05238 045915 046503 0,7019 047477 0.7885
21 04449 045247 045931 06528 07056 07528 0.7953
23 04452 0.5253 045943 046547 0.7084 07567 0.8004
25 04454 05258 045952 066561 0.7105 07597 0.8044
27 0+4456 05262 065959 0.6572 0.7122 0.7620 0.8075
29 04457 045265 045964 0.6581 07136 07639 0.8101
31 04458 045268 05969 0+6589 07147 07655 0.8121
33 044459 05270 045972 06595 0.7156 0.7668 0.8138
35 044460 045271 05976 06600 07163 07678 0.8153
37 O0es460 045273 05978 0.6604 07170 07687 0.8165
39 0e461 Q5274 045980 06608 047175 0647695 048175
41 Ded461 0+5275 05982 0.6611 047180 07701 0.8184
43 04462, 05276 045984 046613 07183 07707 0.8191
45 Dedti62 045277 05985 046616 07187 07712 0.8198
47 044462 05277 005986 046618 047190 0.7716 0.8204
49 04463 045278 05988 0.6619 07193 047720 0.8209
51 04463 045278 045988 0.6621 07195 0.7723 0.8213
53 04463 045279 05989 046622 047197 0.7726 0.8217
55 04463 045279 045990 06624 047199 0.7728 (0.8221
57 Oed4463 05280 05991 046625 0.7200 047731 0.8224
59 04463 045280 045991 0.6626 07202 0+7733 0.8227
€1 04464 045280 045992 0.6626 07203 07735 0.8229
63 04464 045281 065992 06627 047204 0.7736 0.8232
65 Oed464 045281 065993 046628 07206 07738 0.8234
67 Ded464 045281 De5993 0.6629. 047207 07739 0.8236
€9 Dedis64 05281 045994 046629 07208 07741 0.8238
71 Del464 05281 045994 0.6630 07208 0.7742 048239
73 Do 4464 045282 045994 0.6630 047209 07743 (.8241
75 Ded464 0.5282 045995 044631 07210 0.7744 0.8242
77 Dedtlt6y 05282 045995 065631 07210 07745 068243
79 Oedts64 05282 045995 046632 047211 0.7746 0.8244
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CHFRYCHEYV DISTRIBUTION HALF POWER BFEAMWIDTH AS A FUNCTION
OF SIDELOBE LEVYL (SL) AND NUMBER OF ELEMENTS (N)e

N SL= ~-20 ~30 =40 =50 -560 =70 -5’0
2 0¢2500 0+2500 02500 02500 02500 02500 - 0.2500
4 063893 064206 (4362 04437 04472 0644883 04496
A 04225 04782 05160 05409 05571 05675 05742
g 0:4336 05005 05512 05892 046176 06386 0[.6541
10 Ded386 045109 05686 066148 046517 066812 0.7046
12 D412 05164 (5783 06895 0.6721 07076 0.7372
14 064427 (05198 05842 (463836 06850 0.7248 0.7548
16 Detdi36 (5219 05879 0De6446 0.6936 07364 0.7737
17 Delsi3 05233 065905 046437 006996 07445 0.7843
20 Oelta47 05243 05924 046516 070383 07505 07921
20 064450 045250 05937 06538 07071 07549 0.7980
eyl Qe 44453 e 5256 0« 5947 06554 0.7095 07583 . 0.5025
213 ' 0.4455 05280 05955 0.6567 0.7114 0.7609 © 0.8060
28 © De4456 05264 05962 046577 0.7129 0.7630 0.58089
3an DestAR8 065267 045967 046585 0.7142 07648 048111
32 064459 065269 045971 046592 De7151 07661 08130
R4 064459 05271 05974 0646597 07160 07673 08146
36A De8460 05272 065977 06602 07167 047683 0.8159
34 04461 065273 045979 046606 007172 067691 0.8170
aq Ned et 05275 05981 06609 07177 07698 048179
42 Dedst6l 05275 045983 06612 047182 07704 0.8188
44 0.4462 0.5276 0.5985 046614 0.7185 0.7709 0.3195
44 02462 045277 065386 046617 D0T7188 07714 0.8201
45 044462 05278 05987 046619 0.7191 07718 0.8206
50 0e4463 045278 (45988 06620 07194 0.7721 0.8211
52 04463 05279 05989 046622 07196 07724 08215
54 De4463 05279 0.5990 0.6623 0.7198 0.7727 048219
56 04463 05279 045990 0.6624 07200 07730 0.8222
58 De4463 045280 045991 046625 07201 07732 0.8225
A0 Dedliclss 045280 05992 06626 07203 07734 0.8228
62 Dediltels 045280 045992 06627 047204 067736 08231
64 02464 05281 005993 0.6628 0.7205 (07737 08233
66 04464 045281 045993 066628 (07206 07739 0.8235
65 Deatsi6 05281 05993 0¢6629 047207 07740 08237
70 0el4464 045281 05994 0.6630 0.7208 0.7741 0.8238
72 Des464 05281 045994 046630 07209 07743 0.8240
T4 Destd464 0.5282 045994 06631 07209 07744 0.8241
76 Beltded De5282 045995 06631 07210 047745 0.8243
T8 04464 [e5282 065995 06631 0.7211 07745 08244
80 Dedid64 (45282 045995 06632 0.7211 07746 0.8245
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29

31
33
35
37
39

A1
43
49
47
49

51
53
55
57
59

61
63
65
67
69

71
73
75
17
79

CHERBYCHEV DISTRIRITION

SL=

-20

0.8050
9869
1.0338%
1.0517

1.0603
10650
10679
1.0698
10711

1.0720
1.0727
1.0732
10736
10740

10742
1.0744
10746
10748
10749

10750
1.0751
1.0752
1.0752
1.0753

1.0754
10754
1.0754
1.0755
1.0755

10756
10756
140754
1.0756
1.0757

1.0757
10757
10757
1.0757
10757

-30

- - -

0.8880
1.2090
1.3185
1.3521

13726
1.3842
13913
13959
1.3992

144015
1.4032
1.4045
1+4055
14064

1.4070
1.4076
14080
124084
12087

140080
1.4092
1.4094
1.4096
14097

14099
14100
1./1101
1.4102
14103

1.4104
1e24104
14105
lesil06
14106

12107
14107
14107
1.4108
1.4108

ZERJ PUINT BEAMWIDTH AS A FUNCTION
OF SIDELOBE LEVEL (SL) AND NUMRER OF ELEMENTS (N).

-40

09365
13930
1.5661
1e6427

1.6820
17045
1.7185
17277
17342

1.7388
17423
17449
1.7470
17486

17500
17511
17520
1.7527
17534

17539
17544
17548
17552
17555

1¢7558
17560
1.7562
1.7564
17566

17568
147569
17571
17572
17573

17574
1.7575
17576
1.7576
1e 7577

-50

0.9642
1.5388
1.7934
19150

19799
240179
2. 0419
20579
240691

240773
2.0833
2. 0880
20916
2. 0945

20969
2. 0988
241004
2.1018
21029

2.1039
2.1047
2. 1055
2+1061
2.1067

241071
2.1076
21080
241083
2. 1086

2.1089
2.1092
2.1094
21096
2.1098

2.1100
2.1102
21103
2¢1105
2.1106
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-60

09799
1.6516
1.9907
2¢ 1649

22618
2.3201
23573
2. 3825
2.4002

24131
2.4228
24303
264361
264408

2e 4445
De A7
2.4502
24524
24543

244558
244572
2e 4584
244594
24603

2.4611
24618
2e 4624

244630

24635

Z2e 4640
Belal4
2e 4648
2¢ 4651
264654

De 4657
De 46610
2+ 4662
204665
2.4667

-70

0.9887
1.7376
2.1591
23910

2+ 5254
2.6082
246621
2.6989
27250

2e 7441
2.7586
2.7697
2.7784
2.7854

2.7911
27958
27997
2.8029
2.8057

2.5081
28102
28119
2.8135
2.8149

28161
28172
28181
2.81970
248197

2.8204
2¢8211
P«8216
2.8222
28226

28231
2.8235
2.8238
2.8242
28245

0.9936
1.8028
23015
2.5934

247695
2.8808
2,9545
30054
3. 0419

3. 0688
3.0891
3. 1049
31173
3.1272

3. 1353
361420
3.1476
3+ 1523
3.1563

3. 1597
31626
3¢ 1652
31674
31694

31711
3.1727
3«1740
31753
31764

31774
31763
31791
3+ 1799
3. 1406

3.1812
3.1818
3.1823
31828
3.1832



CHERYCHEV DISTRIRUTION ZERD PJINT FEAMWIPTH'AS N FUNCTIUN
OF SIDFLTRE LFEUFL (SL) AND NUMBER UF FLEMENTS (N).

N SL= -20 -30 -40 -50 =60 -70 - =80
2 05000 05000 05000 05000 05000 05000 0+5000
4 09299 1.0976 142213 13086 13691 1+4107 1.4391
& 1+0166 12721 14985 16909 18503 1.9804 2.0854
H 140445 143353 146113 186448 2.0913 2.2916 24665
10 140567 143639 146653 149521 202199 244668 2.6920
12 10629 143792 146947 2.0012 22944 245715 23311
14 140666 13881 17122 2.0312 2.3406 26379 2.9212
16 140689 - 1.3938 1.7236 20507 2.3711. 2.6822 2.95822
132 140705 13977 1.7312 2.0640 243921 2.7130 3.0251
a0 160716 144004 1.7367 240735 2.4072 247353 320563
292 140724 14024 17407 240805 2.4183 247518 3+0796
24 140730 14039 147437 240858 244268 247645 340975
26 140734 14051 17460 240899 244334 2.7743 3.1114
28 10738 14060 17479 2.0932 2.4386 2.7821 3.1225
30 148741 14067 147493 2.0958 2.4428 2.7884 3.1315
38 100743 14073 17506 240979 2.4462 27935 3.1388
34 10745 14078 17515 200997 24490 2.7978 3+1449
36 10747 14082 147524 201011 204514 248014 31500
a3u 10748 14085 147531 2.1024 2.4534 2.8044 341543
40 140749 14088 17537 241034 2.4551 2+8070 3.1580
49 10750 14091 17542 21043 2.4565 28092 3.1612
an 1e0751 1.4093 17546 261051 24578 248111 31639
h6 140752 144095 147550 261058 2.4589 28127 341663
48 140753 144097 17553 2.1064 2.4599 2.8142 3.1684
50 140753 1.4098 1.7556 201069 2.4607 2.8155 341703
52 1¢0754 144099 17559 241074 2+.4615 28166 3.1719
54 140754 144100 147561 2.1078 2+4621 28176 3.1734
56 1¢0755 144102 17563 21082 2.4627 2.8186 31747
58 1640755 144102 147565 2.1085 2.4633 2.8194 3.1758
60 10755 144103 1.7567 2.1088 2.4638 2.8201 3.1769
62 10756 144104 1+7568 241091 2.4642 2.8208 3.1779
64 140756 144105 17570 21093 2.4646 2.8214 31787
66 10756 144105 147571 241095 264650 28219 3.1795
68 10756 14106 17572 2.1097 204653 2.8224 3.1802
70 160757 144106 17573 241099 24656 2.8229 3,18109
72 140757 14107 17574 241101 2.4659 248233 3.1815
T4 10757 14107 17575 2.1102 2.466) 2.8237 3.1820
16 140757 164108 17576 2+1104 24663 2.8240 3.1825
748 160757 14108 17577 241105 244666 2.8243 3+1830
a0 140757 144108 17577 241106 24668 2.8247 3.1835
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27

31
33
35
37
39

41
43
a5
a7
49

51
53
55
57
59

61
63
65
67
69

71
73
75
77
79

CHFRYCHFV DISTRIBUTION APERTURE EFFICIENCY AS A FUNCTIDN

OF SITFLORE LFVFL

SL

-20

10000
0.9423
09372
0.9508
0.9597

09637
0.9642
0.9625
09591
69546

0.9493
69435
02373
09308
0.9241

0.9172
09103
0.9033
8963
0.8893

0.8823
0.8754
08685
0.8616
0.8548

0.8481
08414
0.8348
1«A283
fe.R218

0.8155
0.8092
0.83030
0.7964
0.7908

07848
07789
0.7731
07673
0.7616

-30

1.0000
09071
08451
03337
08443

08501
08554
0.8597
§+8633
0.H662

0«R6H6
08705
08721
0«R734
0eRB744

§«8752
083759
087604
03767
08770

0.8772
0.8773
08773
08772
De8771

065770
0.587¢8
08765
D«R763
08760

f«8756
058753
08749
08745
0e¥741

08736
08732
08727
BeR722
08717

- 40

1.0000
08348
07933
0.7659
0.7593

0.7591
0.7608
07630
07653
07674

07694
0.771%
0.7727
0.7742
0.7754

0.7766
0e77786
07785
0.7793
De7HD1

7808
07814
0.7820
0«7825
07830

0.7835
07839
67843
0. 7847
078510

0.7853
0.7856
07859
0.78€1
0.7863

0+ 7866
0.7868
0.78760
07871
0.7873

-590

1.0000
0.8908
0.7655
07201
0+7033

0.6969
0.6948
0.6945
0.6950
06958

06968
06978
0.6988
06997
0.7006

0.7014
b.7022
0.7029
0+7036
0.7042

0.7048
0.7053
0.7058
0.7063
07067

0.7071
07075
07078
0.7082
0.7085

0.7088
B8.7091
07094
07096
0.7094

07101
D«7103
0.7105
0.7107
0.7109
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-A0

1.0000
0.8895
07504
0.6909
06651

0.6532
06474
0« 6446
06434
06429

06429
06432
De 6436
0e6440
06445

0.64590
0.6455
f«6460
Qeb464
0.6469

06473
Q6477
06481
0.6484
06487

0.6491
06494
06497
0. 6499
0.6502

0.6504
0.6507
06509
06511
0.6513

06515
046517
1.6519
0.6520
f.6522

(SL) AND-NIMBER OF FLEMENTS (N).

-70

1.0000
0.8891
0.7420
0«6719
0.6383

0.6213
0.6121
0.6070
0.6041
0«6024

0.6015
6.6010
0.6008
0.6008
0.6009

0.60140
0.6013
0.6015
0.6018
0.6020

0.6023
D.6026
0.60258
0+6031
0.6033

0.6035
0.6038
0.6040
f0.6042
0.6044

0.6046
0.6048
0.6049
0.6051
0.6053

6.6054
D«6056
06057
0.6059
0.6060

-850

1.0000
0.8889
0.7374
06593
6.6192

05975
0. 5852
0+.5778
05733
045704

05685
0.5674
0. 5666
B«5661
0.5658

05657
05656
05657
0« 5657
0«5658

0.5659
0« 5661
0.5662
05664
05665

05667
0« 5664
05670
0+5671
5673

e5674
05676
fe 5677
05678
05679

De 5681
0.5682
0.5683
0.5684
0«5685



CHERYCHEV DISTRIBUTION APERTURE EFFICIENCY AS A FUNCTION
OF SIDELORE LEVEL (SL) AND NUMBER OF ELEMENTS (N).

N  SL= -20 -130 =40 -50 -60 -70 -80
P 1.0000 1.0000 1.0000 1.0000 10000 1.0000 1.0000
4 049326 08623 08286 08131 0.8061 0.8028 0.8013
~ 09443 0.8399 047751 07372 07143 07004 0.6917
8 009559 08416 047613 07097 066755 06522 0.6361
10 . De9622 0e¢8B4T3 De7588 046993 046530 06285 0.6068
12 09643 048529 0+7598 06955 06498 0.6160 05906
14 069636 08577 07619 046945 0.6458 0.6092 05811
16 09609 08616 07642 046947 0.6439 046053 0§.5753.
18 069570 08649 047664 0+6954 0.6431 06031 045717
20 $+9521 08675 07685 06963 06429 0.6019 0.5694
22 0469465 DeB696 047703 046973 06430 06012 05679
24 049405 08714 07720 06983 06434 06009 0.5669
26 09341 (8728 0+7735 06993 046438 06008 005663
o8 069275 08739 047748 07002 06443 06008 05660
30 009207 0B8B748 07760 047010 0.6448 06010 05658
32 09138 048756 07771 0.7018 06453 06011 05657
34 . 049068 08761 07780 07026 046457 0.6014 0.5656
36 08998 048766 067789 07033 0.6462 06016 045657
38 0648928 068769 07797 047039 0.6467 06019 0.5658
40 08858 048771 07805 0.7045 06471 06022 0.5659
42 08789 08772 047811 07050 06475 0.6024 045660
a4 068719 048773 07817 07056 06479 046027 065661
46 08650 0B773 07823 07060 06482 0.6029 0.56563
48 048582 08772 0.7828 047065 (6486 06032 05664
50 085148 08770 07833 047069 0.6489 06034 0.5666
52 068447 08769 07837 07073 06492 0.6036 05668
54 08381 08767 047841 (07077 046495 06039 05669
56 08315 08764 De7845 047080 06498 0.6041 005671
58 08251 08761 07848 0.7083 06501 0.6043 0.5672
60 08186 048758 07851 0.7087 06503 0.6045 0.5673
62 068123 08754 047854 07089 06505 06047 045675
64 0+8061 08751 047857 047092 06508 06049 0.5676
66 047999 08747 07860 007095 0.6510 06050 0.5678
68 047938 0.R743 07862 07097 0.6512 0.6052 05679
70 07878 08738 047865 07100 06514 06054 05680
7% 07818 08734 07867 07102 06516 06055 0.5681
74 07760 08729 0.7869 07104 0.6518 0.6057 0.5682
76 07702 (08724 07870 0.7106 0.6519 0.6058 05684
78 0+7645 048719 07872 0.7108 046521 06059 0.5685

580 07588 08714 07874 D0«7110 06523 0.6061 0.5686
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APPENDIX TWO - TAYLOR LINE SOURCE DESIGN

This Appendix provides further details of the Taylor Line Source Distribution.‘

Product Expansions for the Taylor Pattern

As already described, the Taylor Pattern is derived from the 'stretched!'
ideal Chebyshev pattern:

Eo(U)

ch [ \/(ch-iR)z- (u/a)®* 1R lUIsach-iR

cos [ J(u/a)z - (ch™*R)® I/& ; |Ul30eh™'R. ... 1

with zeros at the positions:

It

=1

n

-e

t 1o \/ (n-%)® + A%

Now, by choice of the dilation factor o, the Ti'th zefo can be positioned at
(m+a/2)w. To achieve this end o has the value
7+ a/2

a_ =
T /\[(?_%_)2 + A2 eve 3

The subscript on o will be dropped whenever confusion is unlikely. A new
pattern function Et(U) is now constructed by moving all zeros of EO(U)
above the Ti'th to the positions (n+a/2)m to correspond with the asymptotic
behaviour’ required for the specified @ value. In doing this we must ensure
that none of the separations between adjacent zeros are increased as this
would lead to higher pattern values in Et(U) than in E (U), a situation we
want to avoid. As all these spacings after the move have a value of 7 ,
the above condition is met if all zero spacings above the W'th zero in the
original pattern E,(U) are 7 or greater. In E,(U) the spacing 1 between
the n'th and (n+1)'th zero is:

1, = mo [ J (n+3)®  + A® - ,J(n--—;-)"a + A%)
sese ll-
and is easily shown by differentiation to be a monotonically increasing
function of n when the latter is positive. Thus if the spacing of the .'th
and (T+1)'th zeros is 7 or greater all higher zero spacings will be also.

Thus no increase in separation will occur provided that:
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mo_ [ J (md)® + A® - J(u_%)z + A% 2 e 5
which can be written as:
Oy [ Cﬁ*1+a/2)/qn+1 - (ﬁ}a/z)/qn] 2 1 ees b

and finally;

\%
(o}

see 7

TRe1+a/2) (qﬁ - qﬁ+1)

since all the 0, are positive. Since the first factor is always positive,
Eqn. 7 reduces to:

>
o'!1 “ne eee 8

showing that usable ¢ values are such that on increasing T by unity there

is a decrease in value. Values not meeting this criterion are omitted from
the tebles at the end of this appendix. As Et(U) is an entire function of U
with known zero disposition it has an infinite product expansion. Summarising,
Et(U) has zeros at positions: :

i

U

n * 7o ’ (n«%)2+ A® s nsTm ees 9

(n+a/2)7 ; nzT

]

The Taylor pattern Et(U) in infinite product form is given by:

s

Et(U) = E.(U) E;(U) ees 10

where:

E, (1) H[« e ] SERRY

72 o® [ (n~%)® + A®]

8

7% (n+a/2)%

B(0) = {1- vt } ; ces 12

i

With m= [(a+1)/2] ., the integer part of (a+1)/2 , E_(U) can be
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written as:

Ttm=-1 .
E (U) = ﬂ‘ﬁ-—w / {1 - 2U 2} ; G even ... 13
n°w -
Ti4+m-1

1]

U2
cosU/ {1- 122} 3 @ odd
o~ (n-2)° o

Equations 10, 11, and 13 provide a convenient means of computipng the Taylor
pattern E t(U).

Computer Programs Description
A set of subroutines have been written to facilitate the design of Taylor line

sources, The subroutine TAYINIT uses the side lobe level, the transition
point and the edge exponent to initialise variables in the common block TAYCOM
used by the subroutines TAY and TAYDIST. In the notation used here, the
varisbles in this common block are 7 , A%, 0%, Ti-1, T#m-1 and lastly IOD
which is the remainder when @¢ is divided by 2. This initialisation routine
must be called before either TAY or TAYDIST. The function TAY(Z) computes the
Taylor pattern value at the point Z (U=7Z) using Eqn. 10, Eqn. 11 and Eqn 13
above. The coding is fairly self explanatory. The subroutine TAYDIST evalu~
ates the Taylor line source distribution using Eqn. 5.7 or Egn. 5.8 of “
chapter 1 and the function TAY, Its operation is controlled by the variable L.
If L is zero, the positions for amplitude evaluation are input in the array X.
If L is negative, position in X and amplitude in A are both computed for N

points:

X = (2n-N-1)/N sn=1 Q)N Ceee Ak

The same happens for L positive except that in this case the N values are

at the points:
X = (n_1)/(N—1) ; N = 1 (1) N e 15

n

All routines operate in double precision arithmetic.
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Design Tables Description

In the tables dilation factor, normalised beam width and aperture efficiency
are given as functions of the design side lobe level, the transition point
and the edge exponent G. As explained earlier, positions in these tables
that have not been listed are unusable because the dilation factor at these
positions does not meet the criterion in Egqn. 8.
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TAYLOR PROGRAMS

PROGRAMS FOR TAYLOR LINE SOURCE DESIGN
INITIALISATION ROUTINE
SL= SIDELOBE LEVEL IN DECIBELS

NT= TRANSITION POINT
Na= FDGE EXPONENT (ALPHA)

* * ¥ H ¥ * ¥ *

SUBROUTINE TAYINIT(SL,NTsNA)
DOUBLE PRECISION SLsPI,A2,S5G2,T
COMMON/TAYCOM/P1 » A2, SG2sNTXs NBX, 10D
PI=3.1415926535898D0

T=10+0D0%**¢ DABSCSL)/20. 0D0)
A2=(DLOG(T+DSORT(T*T=1+0D0)) /PL ) %*2
T=NT
SG2=(T+0+5D0XNAY**2/(A2+(T=0e5D0) %% 2)
NTX=NT=-1

NBX=NTX+(NA+1)/2

10D=NA-2%(NA/2?

RETURN

END

* FUNCTION TO EVALUATE THE TAYLOR PATTERN AT U=Plx*Z

FUNCTION TAY(Z)
DOUBLE PRECISION TAY»Z»Pl,A2,SG2»T»BsCsrEN
COMMON/TAYCOM/Pl1,A2s SG2,NTXsNBX» 10D

* EVALUATE E2(U), UPPER FACTOR IN T, LOWER FACTOR IN B

IFCIOD.NE.0) GO TO 140
T=1.0D0 .
IF(Z<NE+0+0D0) T=DSIN(PI*Z)/(PI%*Z)
EN=0.0D0
GO TO 20

10 T=DCOSC(PI*Z)
EN==0+5D0

*

EVALUATE LOWER FACTOR OF E2(1D)

20 B=1.0D0
DO 40 N=1,NBX
EN=EN+1.0D0
C=1.0D0=-CZ/EN)*%2
IF(DABS(C) «LTe10D=-6) GO TO 30

B=Bx%C
GO TO a0
* :
* E2C1) NEARLY INDETERMINATE WITH UPPER AND LOWER FACTORS
* NFARLY ZEROe. USE LIMITING FORM
*
30 T=0.5D0

IF(N+EQ.2%(N/2)) T=-T
IFCIOD«EQ.0) GO TD 490
T=T*PI*EN
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TAYLOR PROGRAMS

¥ % % N ¥ H o K ¥ K ¥ ¥ ¥ ¥ ¥ X * ¥

40 CONTINUE
T=T/B

MULTIPLY E2(U> IN T BY FACTORS OF E1¢(U)

C=Z%*Z/5G2

EN=~0.5D0

DO 50 N=1,NTX

EN=EN+1.0D0 .

T=T~-T*C/CA2+EN*EN)
50 CONTINUE

TAY=T

RETURN

END

SUBROUTINE TO EVALUATE THE TAYLOR AMPLITUDE DI STRIBUTION

X AN ARRAY FOR INPUT OR OUTPUT OF POSITION VALUES
A AN ARRAY FOR OUTPUT OF AMPLITUDE VALUES

N= NUMBER OF VALUES TO. BE OUTPUT

L= CONTROL VARIABLE:

L==~1 ODUTPUT POSITIONS IN X AND AMPLITUDES IN A FOR
N POINTS SPACED EVENLY ON THE APERTURE
(~1.LE.X.LEs1) WITH HALF SPACES AT EACH END

L= 0 OUTPUT AMPLITUDES IN A FOR POSITIONS INPUT IN X

L= 1 OUTPUT POSITIONS IN X AND AMPLITUDES IN A FOR
N EVENLY SPACED POINTS, THE FIRST AT THE CENTRE
(X=0) AND THE LAST AT THE EDGE (X=1)

SUBROQUTINE TAYDIST(XsAsN>L)>

DOUBLE PRECISION XsAsEsPl,A2,S5G2s ENs EMs T2 XX
DIMENSION X(N)>A(N),EC100)
COMMON/TAYCOM/PI s A2, 5G2, NTX> NBX, 10D

STORE PATTERN VALUES REQUIRED TO GENERATE AMPLITUDES

MX=NBX-10D+1
EN=0.0D0
IFCIODNE«.O0) EN=0.5D0
EM=EN
PO 10 M=1,MX
E(MI=TAY(EM)
EM=EM+1.0D0
10 CONTINUE
IFCIODEQ« D) E(l)=0 SDO*EC1)
IFC(L)Y 20,605 40

GFNERATE POSITIDN VALUES FUOR L=-1
20 EM=N

T=1+0D0~EM
DO 30 I=1,N
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TAYLOR PROGRAMS

XC1)=T/EM

T=T+2.0D0
30 CONTINUE

GO TO 60

* GENERATE POSITION VALUES FOR L=1

40 EM=1.0D0/(N-1)
T=0.0D0
DO 50 I=1,N
XC1H)=T
T=T+EM

50 CONTINUE

* GENERATE AMPLITUDE VALUES BY SERIES SUMMATION

60 DO 80 I=1,N
XX=XC1)
EM=EN
T=0.0D0 ~
DO 70 M=1,MX
T=T+E(M)*DCOSC EM*PI *XX)
EM=EM+ 1+ 0D0

70 CONTINUE
ACI)=T

80 CONTINUE
RETURN
END
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TAYLOR DILATION FACTOR AS A FUNCTION OF SIDELOBE
LEVEL (SL) AND TRANSITION POINT (N).
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1.1255
1.1213
1.1027
1.0870

10749
1.0655
i.0582
1.0522
10474

1.0433
10370
1.0345
1.0323

10303
1.0286
1.0271
1.0257
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1.08233
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1.0213
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101986
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10176
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10149
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-30

1.0693
1.0662

1.0608
10554
1.0505
1.0463
1« 0426

1.0394
1.0367
1.0342
1. 0321
1.0302

1.0285
1.8270
18257
1.0244
1.0233

1.0223
1.0213
1.0205
10197
1.0189

t.0182
1.0176
10176
1.0165
1.0159

1.0154
1.0150
10145
1.0141
1.0138

1.0134
10130
1.0127
1.0124
t.0121

=40

- - -

1.0430
1.0424
10407
10386
1.0364

1.0344
10324
1.8307
1.0290
1.0276

1.0262
1.0250
1.0238
1.0228
1.0218

1.0209
10201
1.0194
1.0187
1.0180

10174
1.0168
10163
1.0158
1.0153

10148
1.0144
1.0140
1.0136
1.0133

10129
1.0126
1.0123
1.0120
1.0117

-50

- s ww -

- .- we o -

1.0292
1.0289

1.0282
1. 0272
1.0263
1.0252
1.0243

1.0233
l.0224
1.0216
1.0208
1.0200

140193
1.0186
1.0180
1.0174
1.0168

1.0163
1.0158
1.0154
1. 0149
10145

10141
10137
1.0134
1.06130
1.0127

1.0124
1.0121
1.0118
1.0115
1.08113
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ALPHA =

-60 “70
1648211 =wece-
10210 =~--vw-
10208 <~==e=-
1.0204 <«-<-vww-
1.0199 1.0168
1.0194 1.0159
10189 1.0158
1.0184 1.0156
1.8178 10153
1.8173 1.0151
10168 1.0148
10164 1.0145
10159 1.0142
1.8155 1.0139
1.0150 1.0136
1.0146 1.0133
1.8143 1.0130
10139 1.0127
10135 1.0124
1.0132 1.0122
1.0129 1.0119
10126 1.0117
10123 1.0114
1.0120 1.0112
10117 1e01180
10115 1.0108
1.0112 10105
10110 10103
10108 1.0101

«0

......
______
......
------

1.0125

1.0125
1.0124
1.0123
1.0122
l.0121

1.0119
1.0117
1.0116
10114
1.0112

1.0110
10108
1.0106
1.0105
10103

1.0101
10099
1.0098
1.0096
1.0094



Y

TAYLOR DILATION FACTOR AS A FUNCTION OF SIDPELORE
LEVFL  (SL)> AND TRANSITION POINT (N>« ALPHA = 1.0

N SL= -20 -30 -40 -50 -60 =70 -80
1 emeece emmcee ee meen meccce csce-- memess ecccw-
2 104069 142512 =~==wccr coce== “meecw cecssce ceecew
3 143082 12380 141606 ~====- “memes cecaee -—————
4 1.2406 142030 141583 ===w-- meseme ecewcee a=ce=o
5 161957 141728 141445 141120 ===== - ememes eme---
6 101645 161492 161299 11072 10818 ===w== =ce==-
7 1¢1416 1.1308 11169 11003 140814 ===wec= ew----
8 11243 141162 141057 10931 1.0786 1.0624 ===~~~
9 11107 141044 140963 10864 10749 10621 ===-=--
10 140997 10947 1.0882 1.0803 1.0711 10606 1.0490
i1 1.0908 1.0867 1.0814 1.0749 1.0673 1.0586 1.0490
12 10832 1.0799 1.0755 1.0700 1.0637 1.0564 1.0483
13 1.0769 1.0740 1.0703 1.0657 1.0603 1.0541 1.0472
14 10714 1+0690 1.0658 1+0619 1.0572 1.0519 1.0459
15 . 140667 10646 1.0618 1.0584 1.0544 1.0498 1.0446
16 1.0625 1.0607 1.0583 10553 1.0518 1.0477 1.0432
17 10588 1.0572 140551 1.0525 10494 1.0458 1.0418
18 1.0556 10541 10523 1.0499 1.0472 1.0440 10404
19 160527 10514 10497 1.0476 1.0452 1.0423 11,0391
20 1.0500 1:0489 1.0474 1.0455 1.0433 1.0407 1.0378
21 140476 140466 1.0452 1.0436 1.0416 1.0392 1.0366
22 140455 10445 10433 1.0418 1.0399 1.0378 1.0354
23 140435 10427 1.0415 1.0401 1.0385 1.0365 10343
24 10417 1.0409 1.0399 1.0386 10371 140353 1.0333
25 1.0400 1.0393 1.0384 1.0372 1.0358 1.0342 -1.0323
26 10385 1.0378 10370 1.0359 1.0346 1.0331 1.0314
27 10371 1.0365 1.0356 1.0346 1.0334 1.0320 1.0305
28 10357 1.0352 10344 1.0335 1.0324 1.0311 1.0296
29 10345 1.0340 1.0333 1.0324 1.0314 1.0302 1.0288
30 10334 1.0329 1.0322 1.0314 1.0304 1.0293 1.0280
31 10323 1.0318 1.0312 1.0305 1.0296 1.0285 1.0273
32 10313 1.0308 1.0303 1.0296 1.0287 1.0277 1.0266
33 1.0303 1.0299 1.0294 1.0287 1.0279 1.0270 1.0260
34 1.0294 1.0291 1.0285 1.0279 1.0272 1.0263 1.0253
35 1.0286 1.0282 1.0278 1.0272 1.0265 1.0256 1.0247
36 140278 10275 10270 1.0265 1.0258 1.0250 1.024]
37 140270 10267 140263 1.0258 1.0251 1.0244 1.0236
38 10263 1.0260 1.0256 1.0251 10245 1.0238 1.0231
39 10257 140254 10250 1.0245 1.0240 1.0233 1.0226
40 10250 10247 10244 140239 1.0234 1.0228 1.0221
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TAYLOR DILATION FACTOR AS A FUNCTION OF SIDELOBE
LEVEL (SL)> AND TRANSITION POINT (N). ALPHA = 2.0

N SL= =20 -30 -40 -50 ~60 ~70 =80
1 1¢B587 -=v=e= wccceece ceecewe oceca- - messmes eccecae-
2 146882 145014 143292 woacew- wmmme- mscacs aceee-
3 14951 164149 13264 142365 ==-wwe cconcmme cvecae-
4 13784 1.3367 1:2870 12322 141751 wwwow- -
5 13044 12794 12485 1.2131 161744 ~ocewe cocecw-
6 12540 1.2376 1.2168 141924 141650 141354 =wwwo--
7 12178 1.2062 141913 141736 1.1535 1.1312 1.1074
8 11904 11818 1.1708 1.1574 1.1420 1.1249 1.1063
9 1-1691 11625 11540 1.1436 1.1315 11,1180 11031
10 1.1521 11469 141401 1.1318 1.1221 1.1111 1.09910
11 11382 11339 141284 11216 11137 1.1046 1.0946
12 11266 1.1231 11185 1.1128 1.1062 1.0987 1.0902
i3 141168 1.1138 1.1099 1.1052 1.0996 1.0932 1.08640
14 11084 1.1058 11025 10985 1.0937 1.0882 1.0828
15 11011 1.0989 1.0961 1.0926 1.0884 1.0836 10783
ié 10947 10928 1.0903 1.0873 1.0837 10795 1.0748
17 1.0891 10874 10853 1.0826 1.0794 1.0757 1.0715
18 1.0841 1.0826 1.0807 1.0783 1.0755 1.0722 1.0685
i9 160797 10783 10766 1.0745 1.0720 10690 1¢0657
20 160756 10745 10729 1.0710 1.0687 1.0661 1. 0631
21 10720 10710 10696 1.0678 10658 10634 1.0607
a2 10687 1.0678 1.0665 1.0649 1.0631 1.0609 1.0585
23 106657 10648 10637 1:0623 1.0606 10586 10563
24 10630 10622 1.0611 10598 1.0582 1:0564 1.0544
25 10604 10597 1.0587 1.0575 1.0561 1.0544 1.0525
26 10581 10574 1.0565 1.0554 1.0541 1.0526 1.0508
27 10559 1.0553 10545 1.0534 1.0522 1.0508 1.0492
28 10539 10533 140526 10516 10505 1.0492 1.0477
29 140520 1.0515 1.0508 10499 1.0489 1.0476 1.0463
30 10503 10498 1.0491 10483 1.0473 1.0462 1.0449
31 10487 10482 1.0476 10468 1.0459 1.0448 1.0436
32 1.0471 10467 1.0461 10454 1.0445 1.0435 1.0424
33 10457 10453 10447 1.044} 1.0433 1.0423 1.0413
34 10444 10440 1.0435 1.0428 1.0421 1.0412 1.0402
35 1.0431 10427 10422 1.0416 10409 1.0401 1.0391
36 10419 10415 140411 1.0405 1.0398 1.0391 1.0382
37 10407 10404 1.0400 1.0395 1.0388 1.0381 10372
38 10397 1.0394 1.0389 1.0384 1.0378 1.0371 1.0363
39 1-0386 10384 1.0380 10375 1.0369 1.0363 1.0355
40 1o 0377 10374 140370 1.0366 140360 11,0354 1.0347

-237-



TAYLO® DISTRIPUTION HALF PUWER BEAMVIDTH AS A FUNCTION UF

SITFLORFE LFUFL (SL) AND TRANSITION POINT (N>« ALPHA = .0
N SL= -20 - 30 -40 -590 -60 =70 ~30
] |  ecmeccs cecene smecas acwces . meme- - mewemn =—aa -
2 04972 =we=c- cmccas  ceo--- Rt
3 0etOER wmccme w-mwa- > eeesecs eaw c—m we= e meem—-
4 0«4891 065623 ~omrwen cececcs ceceee me=- - mmmem--
S NeltB3]1 De5610 =-wwe= =-mec== - mmmme- emmet.s mecoee
6 Qe tTBL De5586 (6242 occowe wow—--= cememe see-e-
7 04746 045561 0¢6239 <w-we- mecsce es=ecee e-eo--
5] 04716 05539 046231 ====== cmrcbie mccsce ecema-
9 04691 065519 046220 06824 ecewoca —mccecee coccec--
10 04671 05501 066208 06822 wweecems ece=- - eeec--
11 064654 045485 066197 (e¢6B17 e====-= cocace ccvec--
12 04639 05472 066187 046812 067369 ~wce-~ oec===
13 064627 D[B+¢5460 06177 046806 067368 ==wen= ecce=a
14 Nelt616 065449 0.6168 06800 07366 =====- -
15 064607 05440 046160 066794 (047364 ===eom= eccnmew
16 04598 (05432 066152 0.6789 0.7361 07882 w====«
17 04591 065424 06145 06783 047357 067881 ===w--
18 04584 045417 (046139 06778 07354 07880 ~====-
19 04578 045411 046133 066773 07351 067879 ====w==
20 04573 05405 06127 06768 07347 07877 D.8366
21 04568 De5400 06122 0+67648 07344 07875 0.8366
20 04564 (05395 06118 06760 0.7340 047873 0.8366
23 04559 05391 De6113 066756 07337 07871 D0.8365
24 04556 045387 06109 0.6752 0.7334 0+7869 0.8364
25 04552 05383 06105 06748 (7331 07867 08363
26 04549 0(e¢5379 046102 066745 07328 0.7864 0.8362
27 04546 045376 046099 06742 (0.7326 0.7862 (08361
28 064543 05373 0.6096 0.6739 0.7323 0.7860 0.8359
29 0.4541 05370 06093 06736 07320 07858 0.8358
30 04538 05368 06090 06734 0.7318 07856 0.8357
31 024536 05365 06087 046731 0.7316 0.7854 0+.8355
32 044534 045363 0.6085 06729 0.7314 07852 0.8354
33 04532 05360 0.6082 0.6726 0.7311 0.7851 0.8352
34 04530 045358 046080 0.6724 0.7309 0.7849 08.8351
35 044528 045356 046078 046722 07307 0+7847 (8349
36 04526 0+5354 06076 D.6720 07306 07845 0.8348
37 064525 05353 06074 06718 07304 07844 0.8347
34 04523 045351 046073 06716 07302 07842 (0.8345
29 044522 05349 046071 0.6715 07300 0.7841 0.8344
20 04520 045348 046069 06713 07299 07839 0.8343
\

=238



TAYLOP DISTRIRUTION HALF POWER BEAMWIDTH AS A FUNCTION OF
SIDFLORFE LEVEL (SL) AND TRANSITION POINT (N). ALPHA = 1.0

N SkL= -20 -30 =40 =50 -60 -70 -80
1 = emmmen emeeme emmmees mmmmme mmmmee  mmmemn  mm—m—w
2 05973 06415 -===-=- e e bt
3 05681 De6373 Neb850 ==moe= wcee-- cmemes eemmeae
4 05448 046242 (ebBY] wmmmem meccmme  cmccae cmeace
5 05281 046118 046780 067309 ==wwe= =~meecce ccmwee-
6 05160 046016 046712 067286 067763 ~=mow= —cwa= -
7 05069 045933 0.6648 0.7250 07761 ====- - mmemwe
8 04999 045866 046592 07211 067745 048211 ==ww-=-=
9 04943 05810 0+6543 07174 07724 048209 ~ww~=~-
10 04897 05764 06501 07140 07701 0.8199 0.8645
11 , 044860 05725 0e6464 0.7108 0.7678 0.8187 0.8645
12 044828 05692 06432 0.7080 0.7655 08172 0.8640
13 04801 045663 06404 07054 067634 0.8157 0.8633
14 044778 05638 06380 07031 07615 0.8142 *0.8624
15 044757 05616 06357 07011 07596 0.8128 0.8614
16 . 04739 05597 046338 0.6992 0.7580 05114 08604
17 04724 045580 046320 069275 047564 08101 (8594
18 04710 05564 06304 046959 0.7549 0.8088 [.8584
19 Ned697 045550 046290 046945 0+.7536 0.8076 0.8574
20 (4686 045537 046276 046932 067524 08065 0.8565
21 Ned6T7S 05526 De6264 (46920 07512 0.8055 D0.8556
22 024666 045515 06253 06909 07501 08045 0+8547
23 04657 045506 06243 0.6898 07491 0.8035 0.8539
24 04649 045497 06234 0.6889 0.7482 0.8027 0.8531
25 04642 045489 0.6225 06880 07473 08018 0.8524
26 04635 05481 06217 06872 07465 08011 0.8517
27 04629 05474 06209 0.6864 047457 0.8003 0.8510
28 Bed623 045468 0.6202 06857 07450 07996 08503
29 0¢4618 065462 046196 046850 07443 0.7990 0.8497
30 04613 045456 046190 06843 07437 047983 08491
31 04608 05450 046184 06837 047431 047977 0.8485
32 004604 05445 06178 06832 047425 07972 0.8480
33 0¢4600 05441 046173 06826 07420 047966 0.8475
34 04596 05436 06168 06821 067415 07961 0.8470
35 04592 0+5432 046164 06816 07410 07956 0B.8465
36 0+4589 0+5428 06159 06812 0.7405 07952 0.8461
37 04585 05424 06155 06807 07401 07947 08457
38 04582 045421 (6151 06803 047396 07943 0.8452
39 04579 05417 06148 06799 07392 0.7939 0.8448
a0 04576 05414 06144 046796 07388 07935 0+8445
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TAYLOR TISTRIRUTION HALF POLER REAMUIDTH AS A FUNCTIUN UF
SIDFLORE LEVEL (SL) AND TRANSITION PUINT (N)s ALPHA = 2.0

N SL= -20 -30 -40 -50 -60 -70 -80
1 066125 ==c=- > sesces cceccc ca-- R --
2 06904 07371 007636 =-=en= ecccac mecece emecec--
a D¢6379 De7122 07628 067977 =mw=e= cecmecce wceeas
4 065994 066845 07481 047961 048328 ~—==e=- ——————
5 " NeSTRE 06618 D0e7319 07877 068324 <e-mecce cama-e
6 05534 046441 07175 07778 068278 (068696 ==-===-
7 065391 06301 07053 07683 08217 08673 0.9066
# 065280 06190 046951 07597 08153 08637 0.9060
9 05193 0.6100 046865 0+7522 0.8093 0.8595 0.9040
10 05123 De6026 046793 07455 08037 0.8553 0.9014
11 05065 05964 046731 047398 0.7986 0+8512 0.8985
12 05016 045911 066677 047347 047941 0.8474 0.8956
13 ’ 064974 05866 0.6631 0.7302 0.7899 0.8438 - 0.8927
14 044939 045827 066591 07262 0.7862 0.8404 08899
15 04908 05792 06555 07227 07828 08374 0.8873
16 04880 05762 06523 047195 0.7798 0.8346 0.8848
17 D+4856 05735 066495 047166 047770 08320 0.8825
18 04835 045711 06469 07140 07744 0.8296 0.8803
19 04816 05689 06446 047117 07721 0.8273 0.8782
20 064798 065670 (6425 0.7095 047700 0.8253 0.8763
o1 02782 Ne5652 06406 047076 0.7680 048234 0.8745
29 04768 05636 0.6389 047057 0.7662 0.8216 0.8728
23 044755 05621 066373 067041 047645 08200 0.8713
24 04743 045607 046358 047025 0+7630 0.8184 0.8698
o5 044732 065595 06344 07011 047615 0.8170 0.8684
26 04722 05583 046332 066998 047602 0.8156 048671
27 04712 045572 0.6320 06986 07589 0.8144 0.8659
28 04704 045562 06309 046974 07577 0:8132 0.8647
29 064696 065553 046299 06963 047566 048121 0.8636
30 De4688 045544 0.6289 046953 047556 08110 08626
K3 044681 065536 06230 06944 0+7546 08100 08616
32 De46T4 0e5528 06272 046935 0.7537 0.8091 0.8606
a3 04668 05521 06264 06926 047528 08082 0.8598
34 04662 065514 046256 06918 047520 08074 0.8589
as 0624656 D5508 046249 046911 0.7512 0.8066 0.8581
36 04651 045501 066243 0.6903 0+7504 048058 0.8573
a7 De4646 045496 06236 066897 07497 08051 0.8566
a8 04641 05490 046230 06890 07490 08044 08559
39 04637 0.5485 0.6224 0.6884 0.74%4 08037 08553
40 04632 05480 066219 06878 0.7478 0.8031 0.8546



TAYLOR DISTRIBUTIUN ZERO POINT BEAMWIDTH AS A FUNCTIUN OF
SIDFLNOPE LEVEL (SL) AND TRANSITION POINT (N). ALPHA = .0

SL= -20 -30 -48 -50 -60 ~-70 -80

102110 ====== =eeee=  commen cmemes cmcese ceaee
108065 ====== =~=meee ~meece eeeeee  cemeee eceaa-
101865 1e5094 ====== ~=weee =cmene scecee  ec-sce-
141696 165049 ==-me== ~e;mec- cemeee  eceeme  emeooe

101566 164973 18347 ===m== memmee  mememe -
101465 14897 168337 ==-==== =-ee-= eeceee  ececa-
141386 164828 148306 =mm==m= ===;ee ececece —eecea-
141322 144768 1.8269 2¢1747 =w=-== =ecees cocece-
141270 144716 148231 241740 =-==== ==eece =c=ce--

161226 144672 148195 261725 ===-w= <cceces <vceo -
11189 144632 18161 2061705 2.5288 <=<wree -ceoecw-
141158 14598 1.8130 2.1684 2.5286 =~-=ewe «cccce-=
11131 164568 18101 2+1663 2¢5219 ==wewe «c-w- -
1e1107 144541 18075 2641643 245209 ~==-cve occcne-

11086 14518 1+8051 241623 2.5197 28756 ======
11068 14496 1.8030 21604 2+5185 248755 ===w--
11051 14477 18010 241586 2.5172 26875] ==~-=-=
11036 14460 147991 201568 25159 2.8745 =~==ce=
141023 14444 1.7974 2+1553 25146 28738 3.2317

11011 14429 1.7959 241537 245134 2.8730 3.2316
10999 1.4416 17944 2.1523 2.5122 28722 3.2315
1.0989 1.4404 1.7931 2.1510 2.5110 28714 3.2312
10980 14392 1.7919 2.1498 2.5099 2.8705 3.2308
140971 1.4382 17907 2.1486 2.5088 28697 3.2303

140963 1.4372 17896 2.1475 2.5077 28688 3.2298
10956 164363 17886 2.1464 2.5068 2.8680 3.2292
10949 1.4355 17877 2+1454 2.5058 2.8672 3.2287
140943 1.4347 1.7868 2.1445 2.5049 2.8664 3.2281
10937 164340 1.7860 241436 25040 2.8656 342275

10931 14333 17852 241428 2.5032 2.8649 3.2269
140926 1.4326 1.7844 241420 2.5024 2.8642 3.2263
10921 14320 17837 2.1412 2.5017 2.8635 3.2257
10916 1+4314 17831 201405 2.5009 2.8628 3.2252
10912 14309 17824 2.1398 2.5002 2.8621 3.2246

10908 1.4304 17818 201392 244996 28615 328241
10904 144299 17813 241385 244989 2.8609 3.2235
140900 14294 17807 2.1380 2.4983 2.8603 3.2230
140896 1.4290 1.7802 2.1374 244977 2.8597 3.2225
1.0893 1.4286 17797 2.1368 2.4972 2.8591 3.2219
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12
13
14
15

16
17
18
19
20

21
2P
23
24
25
26
27
21
29
30

31
az
33
34
35

36
37
3%
39
A0

TAYLOP DISTRIBNTION 7ZFRO POINT BEAMWIDTH AS A FUNCTION OF
SIDFLOPF LEVFL . CSL) ANT TRANSITION POINT (N). ALPHA

SL=

-20

15138
14076
1.3349
1.2866

1.2530
1.2284
12097
1.1951
1.1833

11737
1«1656
11587

1.1528°

1o} 477

11433
11393
1.1358
11327
1.1298

1.1273
1.1249
1.1228
1.12409
1.1191

141107
1.1096
1+1086
141077
1.1068

1.1089
1.1051
1.1043
1.1036
11029

-30

1.7661
17475
1.6980
1.A554

le6221
15961
15755
15589
15452

1.5338
1.5242
145160
1.5088
1.5026

1.4971
14923
14879
14840
1.4805

1¢4773
Le 4744
164717
1e 4692
14670

14649
14629
1.4611
1.4594
14579

1o 4564
14550
1.4537
14525
14513

1.4502
le 8492
14482
1e0473
led464

-4

2.0416
2.0374
2.0132

1.9875
19646
19450
1.9284
1.9143

1.9022
1.8918
1.8827
18748
1.8678

1.8616
1.8560
1.8510
1.8465
18424

18386
1.8352
1.8321
1.8292
18265

1.8241
1.8217
18166
1.8176
18157

1.8140
1.8123
18107
1.8093
1.8079

1.8066
1.8053
1.8041
1.8030
1.8019

=50

2.3496

203395
2. 3249
23097
2.2956
2.2827

2.2712
2.2610
2.2519
22437
2.2364

2.2298
242239
22185
2.2136
2.2091

2. 2050
2.2012
21978
241945
241915

2.1888
2.1862
21837
241815
241793

2.1773
2.1754
241737
2.1720
2.1704

2. 1689
2.1674
2¢1661
2. 1644
2. 1636

~242-

-60

26726
26716
26648
2.6557
26462

2.6368
246279
2.6196
2.6120
246049

2¢5985
2.5926
2.5871
2.5821
25775

2.5732
2.5693
2.5656
2. 5622
245590

2455680
2.5532
25506
245481
2+5458

25436
245415
25396
25377
2.5359

245343
25327
245312
245297
2+ 5284

-70

3.0071
3.0061
3.0019

29963
2.9901
2.98137
249773
29713

249655
249601
249550
29502
2.9457

2.9415
2.9375
2+9338
2.9303
2.9271

29240
2.9211
2.9184
2.9158
2:9134

2.9111
2.9089
2.9069
2.9049
29030

2.9012
28995
2.8979
2.8964
28949

= 1.1

- -
-—— .-

3. 3482

33481
3+ 3459
3.3425
33,3384
3.3340

3. 3295
3+ 3251
3.3207
3.3165
3.3125

3.3086
3.3049
3.3014
3.2981
32949

3.2919
342890
3.2863
3.2837
3.2813

3.2790
32767
3.2746
3.2726
3.2707

3. 2688
3.2671
3.2654
3.2638
3+2622
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U DW=

39
40

TAYLOY

Sl=

DISTRIRUTION ZERO POINT
51 DFLNOBY LEVFL: (5L) ANT TRANSITIDN PUINT (N).

-20

2.0000
18165
1.6087
14832
1.4036

- 143494

13183
1.28009
1.258¢0
1.2397

1.2247
1.2122
1.2016
1.1926
11848

11779
11719
11665
11617
11574

11535
11499
11467
11437
1.1410

11385
1.1362
1+1340
1.1320
1.1301

1.1284
1.1267
1.1252
1.1237
1.1224

11211
1.1198
11187
141176
11165

~30

2.1193
19971
1.8867
1.8059

17468

"1.7025

1.6681
146409
1.6188

16005
15852
1.5721
1.5609
1.5511

15425
15349
1.5281
1.5221
1.5166

15116
15071
1.5030
1.4992
14957

14925
1448985
1.4868
1.4842
1.4818

1.4795
1e4774
14754
14735
14718

14701
14685
le 46710
144656
1.4643

~-40

243381
243332
202638
2.1962

241404
Pe D956
20594
20299
20054

1.9849
1.9675%
19525
19394
1.9280

1.9180
1.9090
1.9010
1.8938
1.8873

1.8814
1.8760
1.8711
1.8665
1.8623

1.8585
1.8549
1.8515
1.8484
1.8455

1.8428
1.8402
18378
1.8355
18333

1.8313
1.8294
1.8276
1.8258
1.8242

~50

- -

26127
2.6037
2.5632

2+5195
24798
2+ 4456
24164
2. 3914

2.3700
23514
243353
2.3211
2. 3085

22974
2.2874
22785
22704
2.2630

2. 2563
2.2502
2o 2445
2.2393
22345

2.2301
2.2259
2. 2221
2+2184
2+2151

22119
242089
2.2061
2.2035
22010

2+1986
21963
21942
2.1922
21903

-2%3-

-60

2.9013

2.8782
28497
28215
27955
27722

247514
27330
27166
2.7020
268970

26772
26566
2+.6571
2.6483
26404

2.6331
2. 6264
2.6202
246144
26091

2+.6042
245996
25953
245913
245875

205840
245806
25775
2.5745
245717

2456920
25665
2+ 5641
25618
245596

ALPHA

-70

- o - e

3.2136
3.2019
341839
341643
3. 1449

3.1266
31097
30942
3.0800
3.0671

3.0554
3. 0446
3. 0348
3. 0258
3. 0175

3. 0099
3.0028
2.9962
249901
2.9845

2.9792
2.9742
249696
249653
2.9612

29573
249537
2.9502
2494790
249439

2.94190
2.9382
249355
2+9330
249306

BEAMWIDTH AS A FUNCTION

aF
2.0

- o o -
- e - an - -
- - -

3+ 5346
3.5309
3.5207
35077

3.4937
34797
34663
3. 4535
3.4416

3. 4304
3.4201
3+4105
3.4015
3+ 3933

33855
33783
33716
3. 3654
343595

343540
33488
3. 3440
33394
3. 3351

33310
3.3272
33235
33200
33167

33136
3.3106
33078
33051
3.3025



TAYLME DISTRIPUTIUN APFR1UKE FFFICIENCY AS A FUNCTIUN U
SIDELORF LEVEL (SL)Y AND TRANSITIUN POINT (N). ALFHA= 0

N  SL= ~20 - 30 - 40 - 50 -60 =70 ~80
I = eemmeem emmmns  eammes  sssmam  memmaa ememees eeme—-
P 0e951f ==mw== =m-emem —eceeee emmes=  e-a-o-  ——a-e-
3 049535 ==mmm= =memmes mmmeme  mme—=-  mmeeee —ee-e-
4 009605 0e8534 =-me=e cecsmae cmecem smem-e  —eem--
5 0e9650 0e8553 =mmmm= =mmmme-= =-e-=-  —ecman  e-eoe-
£ 149667 0+8586 067674 ==m=== =—m=w== =—cco-e —ecee-
7 049661 08619 067678 ====== ==-=-== =cccee —cwae-
& 009640 048649 0e7689 =mmmm== =—=cm== —-coeo  —oeceo
9 01e9607 0.8675 0+7702 0e6998 ==-==== =-==ce —weeue

10 09566 0.8696 07716 007000 ====o= ==-c-e= -—c==--

11 049519 08715 047720 07004 ==-=-== =—=---c -—==-u-

12 049467 048730 0e7742 047010 0e6464 ==-e-= ===e=-

13 009412 048742 047754 047016 0e6U464 ====== ==we-=

14 049355 0.8753 07765 07022 0e6466 ====== === ---

15 09295 0¢8761 07775 007028 0e6468 ====w= —ece=-

16 0.9235 0.8768 0.7784 047034 0.6471 0.6032 =====-

17 049173 0.8773 0+7792 07040 0+6474 046032 ==-=~-=

1R 0.9111 0.8778 0+7800 047045 046477 046033 =-====

19 09049 0.8781 0.7807 0.7051 0+6480 0+6034 =====-

20 0.8987 0.8784 0.7813 0.7055 0.64833 0.6035 0.5674

21 0.8924 (.8785 0.7819 0.7060 0.6486 0.6037 0.5674

22 0.8862 0.8786 0.7825 0.7064 0.6489 046038 0.5674

23 0.8800 0.8786 0.7830 0.7068 0.6492 0.6040 0.5675

24 0.8738 08786 07834 0.7072 0.6495 0.6042 0.5676

25 0.8677 0.8786 0.7839 07076 046497 0.6043 0+5676

26 0¢8616 0.8784 0.7843 0.7079 0+6500 046045 0.5677

27 0+8556 0.8783 0.7846 047083 0.6502 0.6047 0+5678

28 0.8496 0+.8781 0.7850 0+7086 046504 0+6048 045679

29 08437 08779 0.7853 07089 0¢6507 0+6050 05680

30 0.8378 0.8776 0.7856 0+7091 046509 0+6051 005681

a1 0.8320 08774 047859 047094 0.6511 0.6053 0.5682

32 0.8262 08771 0.7862 0.7097 046513 06054 0.5683

33 0.8205 0.8768 0.7864 0.7099 0.6515 046056 0.5684

34 0+8149 048764 0.7866 0.7101 0+6517 046057 05685

35 0.8094 048761 0.7868 047103 0.6518 0.6058 05686

36 0.8038 0.8757 0.7871 07105 046520 046060 05687

37 0.7984 048753 07872 07107 0.6522 046061 0.5687

38 07930 048749 0.7874 0.7109 0.6523 0.6062 0.5688

39 07877 08745 0.7876 07111 0+6525 0.6063 0.5689

40 0.7824 08741 0.7877 07113 046526 06065 0.5690

-2l



TAYLOR DISTRIBUTION APERTURF EFFICIFNCY AS A FUNCTIUN OF
SIDELOBE LFVEL (SL) AND TRANSITION POINT (N)>. ALPHA= 1.0

N ShL= -20 -30 =40 =50 -60 =70 -80

1

2 008069 07493 ====-= <e-=oc= —ceace ececea —me-=-
3 0.8465 0e7544 006990 ==-=m= ==m-=- =emeee —-cm-a
4 08790 047704 007000 ====== =ce=== =—mcace eceea=
5 09021 047861 007064 046530 ==-=== =—ceece —ccac=

6 069181 07993 067137 046552 06134 ==owm= eccecea
7 09292 048103 047206 046585 046136 ===~ - wememew
8 09368 08193 07268 06620 0+6148 05789 ~=----
9 09418 08268 (0+7322 046655 06165 05791 ===we=
10 0.9450 0.8330 07370 0+6687 046184 045797 045491
11 09467 0.8383 07412 06717 06203 045806 0.5491
12 09472 08428 07449 0.6744 0.6221 05817 05494
13 09470 08466 07481 06769 0.6238 0.5827 05498
14 09460 08500 07510 06791 06255 0.5838 05504
15 09445 (8528 047536 066811 0.6270 05849 0.5510
16 0.9425 0.8554 07559 0.6830 06284 045859 045517
17 09402 08576 07580 0.6846 0.6297 0+5868 0+5523
18 09375 08595 07599 06862 0.6309 0.5877 0.5530
19 09346 08612 07616 06876 06320 05886 0+5536
20 09316 0+8628 07632 0.6889 0.6331 05894 0.5542
21 09283 08641 07647 06901 06340 05902 0.5548
22 09249 0.8653 07660 066912 0.6350 045909 0.5554
23 0.9214 0+8664 (07672 046923 06358 0.5916 05559
24 09178 08673 07683 0+6932 0.6366 045923 05564
25 09142 0.8681 07694 046941 0+6373 05929 0+5569
26 09104 08689 047703 046949 0.6381 045935 0.5574
27 0.9066 08696 07712 06957 0.6387 045940 05578
28 09028 08701 07721 046965 06393 05945 0.5583
29 08989 048707 067729 066972 06399 0.5950 0.5587
30 08950 08711 07736 06978 06405 05955 0+5591
31 048911 08715 07743 046984 06410 05959 (0.5594
32 08872 08719 07749 046990 06415 0+.5964 (5598
33 08833 048722 07756 046996 06420 045968 05601
34 048793 08724 047761 07001 0+6424 045972 045605
35 08754 08727 07767 07006 06428 045975 0.5608
36 08715 D«8728 07772 0.7010 06432 045979 0.5611
37 08675 08730 07777 047015 046436 05982 (0.5614
38 08636 08731 07781 07019 06440 05985 0.5616
39 08597 08732 07786 07023 06444 (05988 05619
40 08558 08733 047790 0.7027 0.6447 0.5991 (0.5622
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SO VI

12
13
14
15

16
17
18
19
20

21
22
23
D4
25

26
27
28
29
30

31
32
33
34
35
36
37
38

39
40

TAYLOR DISTRIBUTION
SIPELORE LFVFL (SL)

SL

-20

0.7805
0.6972
0.7550
0.8017
0.8361

0.8615
0.8802
0.8943
0.9049
0.9128

0.9187
0.9231
0.9262
0.9283
09296

0.9302
0.9302
0.9298
0.9290
0.9278

0.9264
09247
0.9228
0.9207
0.9185

0.9161
09137
0.9111

0.9084.

0.9057

0.9029
0.9000
0.8971
0.8942
0.8912

§.8882
D.B8852
0.8821
0.8790
0.8759

-30

0.6503
fe6741
0.7021
07265

07467
0.7632
07767
0.7880
07974

08055
0.8124
0.8183
0.8235
0.8281

0.8321
08356
0.8388
BeB8416
08442

0.8465
08485
0.8504
0.8521
08537

048551
0+8564
048575
0.8586
0.8596

0.8605
0.8613
0.8621
0.8628
0.8634

0.8640
0.8645
08650
0.8654
0.8658

APERTURE EFFICIENCY AS A FUNCTIUN UF

AND TRANSITION POINT (N

- 40

0.6260
0.6267
0.6394
06539

06673
0.6790
0.6891
06978
07053

0.7118
07175
0.7225
0.7270
0.7309

0«7345
07377
07406
07432
07456

07478
0.7498
07517
07534
07550

067565
07579
0.7592
0.7604
07615

0.7626
0.7636
0.7645
07654
07663

0.7671
07678
0.7685
0.7692
07699

=50

0.5977
05990
0.6056

06134
0.6211
§.6282
0.6346
0.6403

06454
06499
0.6539
0.6575
06607

06637
06663
0.6688
06710
0.6730

06749
0.6766
0.6782
06797
0.6811

0.6824 -

0.6836
0.6847
0.6858
0.6868

06877
0.6886
0.6895
06903
0:6910

06917
0.6924
0.6931
06937
0.6943

-246-

~60

05717

0.5750
05793
0.5839
0.5883
0.5924

0.5962
05997
0.6028
66057
0.6084

0.6108
06130
§.6150
§+6168
§.6186

0.6201
06216
0.6230
0.6243
0.6255

0.6266
0.6276
0.6286
0.6295
06304

0.6312
0.6320
0.6327
0.6334
0.6341

06347
06353
0+6359
06365
06370

AL PHA=
-70

0.5464
0.5478
0.5502
0.5529
0.5556

05583
0+5609
05633
0+ 5655
05676

0+5696

05714
05730
05746
05760

005773
0. 5788
05798
0.5808
0.5819

0.5828
0.5837
0.5846
0.5854
0.5862

0.5869
05876
0.5882
0.5888
0.5894

0.5900
0.5905
05910
0.5915
0.5920

Bel

0.5234
0.5238
0.5250
0.5265

0.5282
0.5300

‘05317

0.5333
0+5349

045365
05379
0.5392
05405
05417

0. 5428
0« 5438
0«5448
05458
0e 5466

05475
0.5482
05490
05497
0.5503

05510
05516
0.5521
0.5527
0.5532

0. 5537
045542
0.5546
0.5550
05555



APPENDIX THREE - THE EVALUATION OF THE FIELD INTEGRAL

The Integral:

1 exp [ -ik{xt+z/1-1t2)]

I(X,Z,H) = - at soe 1
m ) (tZ_IJZ) /1_t2

plays an important role in the analysis of the fields in the parallel plate
region and will now be put in a suitable form for evaulation. Making the
substitutions:

r cosf z r sinf Os P s vee 2

™
1

t = cosf dt

It

- sinf 46 6 = ¢ + iy ces 3

and noting that the square root in Eqn. 1 must be positive real or

negative imaginary, the integral can be transformed to :

I(x,z,u) = % j exp [~ikr cos (6-5)] ag ena It

2, 2
c cos 6=u

where the contour C in the complex 6 plane is shown in F1, Now the magni-

tude of the exponential function in the integrand is:

exp [~ kr sin (¢-B) sh v] eee 5

where 6 = ¢ + 1 y (sh and ch will be used as shorthand notations for

sinh and cosh respectively). Thus as y becomes large in magnitude and

sin (¢ = B) shy >0 vee 6

the integrand goes to zero and the endpoints of the contour C can be moved
to any ¢ values satisfying Eqn. 6 without altering the value of the integral,
Thus the allowed value of ¢ for the endpoints are:

y <0 B-m<d<h
y>0 B<p<P+m ees 7
as illustrated in F1., Note also that the exponential in the integrand

decays most rapidly with v along the lines:

y<o ¢=ﬁ"’7T/2 -008
y>0 ¢ =F+u/2
-2, 7~
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that are part of the contour C/ in F1, In order to transform the contour
from C to C', the contributions from any intervening poles must be determined.
The cases p < 1 and u > 1 will be considered separately. When y is less than

unity Eqn. 4 can be written:

I(x,z,c0sa) = p

1 j' exp [ ~ikr cos (6-8)] a6 9

2 2
c cos”0B-cos”a
Noting that £ lies in the range O< # < 7 and that the poles of the integrand
lie at:

6= +tax ; O<a </ ees 10

then there are three positions of G/ relative to C that must be considered as
shown in F2 (the horizontal segments of C and C/ lie on the real axis and are
only shown displaced to clarify the diagram). With I and I' being the value

of the integral along C and C’ respectively we obtain:

I-TI = 2i cos [ker cos (a+8)] / sin 2 a 3 0 < B < m/2-a
= 0 3 m/2-a < B < w/2+a
= 2i cos [kr cos (a-F)] / sin 2 a s m/2va < B <

*e e 11

The integral along G’ is now evaluated by substituting the 6 values along
the three straight line segments yielding:

+—
m 2

oo i ]ﬂ exp [-kr sh y] ay i jﬂ exp [ -kr sh y]
4 : 8in®(Briy)-cos®a

A sin®(B-iy)-cos®a

/2

+1f exp [-ikr c0s6 ] 44 cer 12
cos®(0+8) - cos®a
-1/2
Using the &xpansions:
1 ; -
- - = EE%%EE $:k-)n51n 2na exp [~2n(y-i5)]
sin®(P+iy) - cos®a L 13
m1 oaae
! = EE%-EE }Z: sin 2na cos [2n(9+ﬂ)] eee 14
cos®(646) - cos®a
n=1

=251 =



and the conjugate of the former, all of which can be derived using some

fairly straightforward algebra, we obtain:

o0 =]
8i
I = 7 sin 20 Z{;(-)n sin 2n@ cos 2nf [ exp [-kr sh y -~ 2ny] dy
n=1 o
e . 17/2
?—35%_55 zlein 2na cos 2nf { f cos (kr cosf) cos 2nf dd
n=1 °

/2

-4 | sin (kr cos®) cos 2nf ad } eee 15

[o]

The integrals in this expression are discussed by Watson (R13) and when his

expressions are substituted, Eqn 15 yields:

I = sin420 ;{;(-)nsin 2na cos 2nf [Jzn(kr)-i YZn(kr)-i SZn(kr) /]

n=1

LN ) 16

where Jn(x), Yn(x) and Sn(x) are Bessel functions of the first and second
kind and Schlafli's polynomial respectively. The imaginary part of Eqn. 16
is only slowly convergent. A more useful expansion can be obtained by

using alternative functions defined by Watson (R13 section 10.6) and given in
Bqne 5.12 and 5f13 of chapter two. Thus defining Wn(x) in terms of these

functions as:

W(x) - {1 ~ 2 [ —im2 4 ¥ ] }Jn(x) + 2y (x) e 17

gives:
J2n(kr) -1 Y2n(kr) -1 SZn(kr) /T o= W2n(kr) - Tzn(kr) /T ... 18

Now using Equne. 5.12 (chapter 2) which can be written:

T (x) = j{: Jn+2m(x) eee 19
. ~m
M= mco

£0
it is laborious but stiraightforward to prove that:
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j{J(-)n sin 2na TZn(kr) = a cos (kr cosa) ; |la| s 7/2 ... 20

n=1

It should be noted that this summation represents a function that is discon-
tinuous at @ = * 7/2 as it is easy to show that f(a+m) = £(a)., Thus using
Egn., 18 and Eqn. 20 in Eqn 16 gives:

f____LL_ _n.
I' = =53 j{:( )" sin 2na cos Znﬁ'Wzn(kr)

n=1
-2 [ Y O ean lon )] 1, 00)
n=1

+ i(-)n‘sin [2n (a-B)] Tzn(kr)} ves 21

n=1
Combining Eqn. 11 and Eqn. 21 yields finally:

A

sin 2a

I(x,z,co8a) =

j{:(-)n sin 2na cos 2nfB Wzn(kr)

n=1

_ 2i { (a+f-1) cos [kr cos (a+B)] }
T sin 20 + (a=B) cos [kr cos (a-B)]

which, perhaps surprisingly, does not have the discontinuities of Eqn.11.
It turns out that these discontinuities cancel exactly with those of the

Tn(x) summations in Eqn 21 referred to above.

When p is greater than unity Eqn 4 can be written:

-

2

I(x,z,ch a) = 1 f exp | -ikr cos ieﬁﬁ)] a6 . 23
c cos” 8 -~ ch” a

Considering the paths C and C’ as before and noting the pole positions at:
0 = * dia* nrm eee 2L

two positions of C'relative to C have to be studied as shown in F3 (where

again for clarity segments of C and C’ on the real axis have been shown
-25%



displaced). Thus with notation I and I' as before:

I-T

-2i exp(~krshasin@) sin (krchacosB) /sh2a ;3 . 0< B <a/2

21 exp(~krshasinf) sin (krchacosB) /sh2a s /2 < B <

or equivalently:

I-1I =-2i exp(-krshasinB) sin (krcha |cosf|) /sh2a ees 25

Bxpanding the integral along C/into its values along the three straight line
segments gives:

<0 ol

- l[ exp (-krshy) dy"'ij exp (~krshy)
P

4 ) sin® (B-iy) - ch®a A sin® (P+iy) - ch®a

/2

N _1_[ exp (-ikrcosf)
T

cos®(6+8) - ch®a
-1/2

de L N J 26

Using the expansions (discussed in section 5, chapter 2):

1 2 { shy chy 57
sin®(B+iy)-ch®a sha ch®(a+iB) + shy
- Zjn(-)ncos 2n8 exp [-2n (a+y)] }
n=o
1 - Zen oxp (-2n2) cos [2n(0+8)] ... 28
cos®(648) -ch®a sh2
=0
Egn. 26 yields: -
=2 n JZn(kr) - iYZn(kr)
] — - -
I' = 353 Zen( )" cos 2nf exp (-2na) { i Sgn(kr'> / }
n=o0 29

21 t exp (~krt) t exp (~krt)
+ P {[ dt ,+j dt

A chz(a+iﬁ) + 2 A Cha(a-iﬁ) + t2
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where the substitution t = shy has been used in the latter integrals. Now

using simple substitutions the integrals can be put in the form:
u exE (-zu)
g(Z) =[ see 30
u® + 1

which defines one of the two auxiliary functions for the sine and cosine

integrals (R14). Thus combining Eqn. 25, Egqn. 29, and Eqn. 30 gives:

J, (k) - i Y, (kr)
I(x,2,0ha) = sh2a 2 ( % cos2nB exp (~2na) { 2n -i s, (kr%n/n }

n=g

+ 1r321r11:2¢1 [g [krch(a+iB)] + g [kr Ch(a-iﬁ)]}

21

- Sh2a °XP (-krshasinﬁ)sin(lcr'ohalcosﬁ]) ees 31

completing the derivation. The coupling integral has z equal to zero and £

therefore either zero or 7 giving from Egn. 22 and Eqn. 31:

I(x,o,cosa) = =7a {i (t-2a/7) cos (kxcosa)
o<asmn/2 o
+2 (=) sin 2na W (k.X)}
Z en vee 32
n=1
I(x,0,cha) = sh-ga {71, sin(|kx|cha) - 2L g (kxcha)
0 £ f o oo
+ Zen(-)n exp (-2ma)[W, (kx) - 1T, (kx) /7] }
n=o0
sen 33

The following derivative function can be obtained from Egn., 32 and Egn. 33
by diferentiation:

2
Fa- (pI(x,0,u)] = K I(x,0) + ko Hy (lx) _ kx K (x,0,u) cee 3
1 = u®

where K(x,0,u) is given by:
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K(x,0,cosa)

e Li (1-2e¢/m) sin (kxcosa)

o £a g 7m/2

+ 2 Z(-)n sin [(2n+1)a] w2n+1(kx) } eee 35

=90
K(x,0,0h8) = - =t {%} £(ixoha) - i cos (loxcha) sgn (kx)

0 £C8 % o *®
.2 Z(-)n oxp [~(2n1)allv,_, ()

n=o0

- T2n+1(k3c)/ﬂ]} el 36

where sgn (x) is +1 if x is positive and =1 if x is negative.
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APPENDIX FOUR - COMPUTER PROGRAMS FOR ARRAY SOLUTION

The following set of subroutines have been developed for solving the finite
parallel plate waveguide array discussed in chapter two, As they are
reasonably well documented in themselves only a minimum of additional informa-
tion will be given here. The term ‘transverse free space wavelength' refers
to A in the main text. There are two major routines, SOLVE for deriving a
solution for the modal fields in the waveguide regions and PAT for calculating
the corresponding 'free space' solution in terms of the element patterns of
the array elements. Subroutine SOLVE must be called first with the desired
input parameters as given in its listing., Note that the modal indices input
in array MI will start from O for TE modes and 1 for TM modes. SOLVE computes
the 'reflected' modal excitations in the waveguide elements when each of the
latter is excited in turn. These are output in the array CREF with array CR
containing the solution vectors im(AmP + Bmp) k, & and im(Cmp + Dmp) for TE
and TM excitation respectively. The latter are used by PAT for element pattern
computation. The array CS contains the aperture scattering matrix when viewed
as an NE port network at the waveguide terminals with reference planes in
the aperture. The subroutine PAT uses the output of SOIVE (array CR) and
computes the element patterns for angles from broadside to +ve endfire.
There are NPAT equally spaced pattern points giving an increment 90/(NPAT-1)
degrees. Note that the first point is at broadside and the last at endfire
with the angle ® (TH in the subroutine) being measured from broadside (in
contrast to the pattern angle ¢ used in section L4, chapter 2 of the main
text which is measured from the +ve x axis). The routine PAT outputs the
element patterns in the complex array CPAT with CPAT(M,N) being the M'th
pattern point in the N'th element pattern. Patterns for 6 less than zero are
not given since they are identical to the patterns for 6 positive with the
element numbering reversed (ie element NE becomes element 1 ete). The
pattern for an arbitrary complex excitation of the array elements contained
in the array A(N) is easily obtained by computing the sum:

NE

Z A(N) x CPAT(M,N)

N=1

for each pattern point M from 1 to NPAT. The element patterns output by the
subroutine are correctly normalised in such a way that the integrated power
pattern gives the radiated power with unit incident excitation power on the

excited element.
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The remaining subroutines with the exception of MATMULT are used by SOLVE in
generating the solution. Subroutine MATMULT is a general purpose matrix

multiplying routine. These routines are fairly well documented and will
not be covered further.,
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MATRIX GENFRATION AND SOLUTION

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
622
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
638
939
040
pat
042
043
044
045
046
047
048
049
050
051
052
053
054
855

U IR IR IR B IR R ONR R CNE CEE B B OBE RN

* K N K % X X *

*

THIS SUBROUTINE GENERATES THE COUPLING MATRIX (CM) AND THE RIGHT
HAND SIDE VECTORS (CR) FOR THE FINITE ARRAY AND THEN SOLVES THIS
SET. WITH W AS THE "TRANSVERSE FREE SPACE WAVELENGTH'"» THE
INPUT/0UTPUT PARAMETERS ARE:

INPUT: AKA = 2#PIl*A/W 3 A = GUIDE WIDTH
AKD = 2%PI*Ds¥W 3 D = GUIDE PITCH
NE = NUMBER OF ELEMENTS
NMD = NUMBER OF MODES USED IN SOLUTION

MI ARRAY CONTAINING THE MODAL INDICES
LEH +VE FOR H (TE) MODES, =-VE FOR E (TM) MODES
QuTPUT: CR ARRAY FOR THE OUTPUT OF THE SOLUTION VECTURS.
: VIEWED AS A THREE DIMENSIONAL COMPLEX ARRAY
Wi1TH DIMENSIONS CR(NMD,NEsNE)s CR(IP,NP,ND)
1S THE SOLUTION FOR THE IP'TH MODE ON THE
NP*TH ELEMENT WITH THE LOWEST MODE ON ELEMENT
ND DRIVEN WITH UNIT AMPLITUDE.
CREF ARRAY CONTAINING THE REFLECTED MODAL AMPLITUDES.
1TS FORMAT IS THE SAME AS THAT OF ARRAY CR
Cs THE APERTURE SCATTERING MATRIX. AS A COMPLEX
TWO DIMENSIONAL ARRAY WITH DIMENSIONS CS(NEsNE),
CSCIP,ID) IS THE OUTPUT AT ELEMENT IP VITH
ELEMENT ID DRIVEN
SCRATCH: CM WORKING STORAGE FOR THE COUPLING MATRIX. AS
THE COUPLING MATRIX IS SYMMETRIC ONLY ELEMENTS
ON OR ABOVE THE DIAGONAL ARE STORED IN CM. IN
COMPLEX ARRAY FORMAT CM(J%x(J=1)/2+1) CONTAINS
CCI,J)» WITH J GREATER THAN UR EQUAL TO I.

SUBROUTINE SOLVECAKA, AKDsNE,NMDsMI,LEH, CRs CMs CREFs CS)
DIMENSION MIC1),CR(1),CM(1)5CREF(1),CS5(1),CSM(800)
DATA P1/3.14159265/

LOOP TO SELECT ALL ELEMENT SPACINGS ON THE ARRAY

DO 100 IX=1,NE
AKX=(1-1X)*AKD

OBTAIN MODAL COUPLING MATRIX FOR THIS SPACING
CALL SUBMATCAKXs AKAs MI s NMDsLEH, CSM)
INTER MODE COUPLING ON SINGLE ELEMENTS (X = 0O

IFCIX.NE.1) GO TO 40
DO 30 IP=1,NE
J=(1IP=1)*NMD

KZ=J+J

DO 20 MP=1,NMD

J=dJ+1

K=KZ+J*(J- 1)
L=2%NMD* (MP~1)

DO 10 MD=1,MP

K=K+2
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MATRIX GFNERATION AND SOLUTION

056 L=L+2
057 CM(K=1)>=CSM(L-1)
058 CM(KI=CSM(L)

059 10 CONTINUE

060 20 CONTINUE

061 30 CONTINUE

062 GO TO 80

063 *

064 * LOOP TO SCAN ALL ELEMENT PAIRS WITH GIVEN SPACING
065 *

066 40 DO 70 IP=IX,NE

067 J=(I P~1)%NMD

068 KZ=2%NMD* ( I P~1X)
069 *

070 * LOOPS FOR SCANNING MODES
071 * .

072 DO 60 MP=1,NMD
073 J=J+1

074 K=KZ+J*(J=-1)

075 L=2%NMD* (MP-1)
076 DO 50 MD=1,NMD
077 K=K+ 2’

078 L=L+2

079 CM(K=-1)=CSM(L~-1)
080 CMC(K)=CSM(L)

081 50 CONTINUE
082 60 CONTINUE
083 70 CONTINUE

084 *

085 * GENERATE RIGHT HAND SIDES
086 *

087 B0 AKX=4.0%xAKA%%2

088 IFCLEHLTe0) AKX=2. 0%AKA%SORTC( 1 0~ (PI/AKA) %% 2)
089 K=2xNEXNMD

090 J=(IX-1)%K+1

091 K=IX%*K

092 DO 920 L=JdsK

093 CR(LY>=0.0

094 90 CONTINUE

g9s L=2%(IX=1)%NMDk(NE+1)+1
196 CR(L)=AKX

097 100 CONTINUE

098 %

099 * SOLVE EQUATIONS USING SUBROUTINE CSGEL
100 * '

101 - CALL CSGEL(CM,CRyNE*NMDsNE»1l«0E=5,IER» CSM)
102 IF(IER.EQ.0) GO TO 110

103 STOP

104 110 NES=NE*NE

105 NM2=2+#NMD

106 *

107 * COMPUTE MODAL REFLECTED FIELDS

108 =

109 IFCLEH.LT.0) GO TO 160

110 DO 1506 IP=1,NMD
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MATRIX GENERATION AND SOLUTION

111
112
113
114
115
116
117
118
119
120
121
128
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
149
141
t42
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

T=PIl*MICIP)/AKA
Us1e0=T*T ,
T=10/CAKAXSORTC(ABS(INI)
K=IP+1P
IFCU.LE«0.0) GO TO 1380
DO 120 J=1,NES
CREF(K=1)=T*CR(K~1)
CREF(K)=T*CR(K)
K=K+NM2

120 CONTINUE
GO TO 1590

130 DO 140 J=1,NES
CREF(K)=T*CR(K-1)
CREF(K=1)==T*xCR(K)
K=K+NM2

140 CONTINUE

150 CONTINUE
GO TO 18¢

160 J=2*«NE#NExNMD
DO 170 Kslisd
CREF(KY=CR(K)

170 CONTINUE

180 K=1
J=2*kNMD*(NE+1)
DO 190 IP=1,L,NE
CREF(K)=CREF(K)~-1+.0
K=K+J

190 CONTINUE

LOCATE AND STORE SCATTERING MATRIX ELEMENTS

J=2
K=2
DO 200 L=1,NES
CS(J=1)=CREF(K=~1)
CS(J)=CREF(K)
J=J+R
K=K+NM2

200 CONTINUE

MODIFY ARRAY CR TO SIMPLIFY PATTERN CALCULATION

DD 270 1P=1,NMD .
J=MOD(MICIP), 4)+1
KeIP+IP
GD TO (270,210,230,250),J

210 DO 220 J=1,NES
T=CR(K)
CR(K)=CR(K~1)
CR(K=1)=-T
K=K+NM2

220 CONTINUE
GO TO 270

230 DO 240 J=1-NES
CR(K)==CR(K)
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MATRIY GENERATION AND SOLUTION

166
167
168
169
170
171
172
173
174
175
176
177
178

249

250

2610
270

CR(K=1)=~CR(K~-1)
K=K+NM2
CONTINUE

GO TO 270

PO 260 J=1,NES
T=CR(K)
CR(K)=-CR(K=-1)
CR(K=-1)=T
K=K+NM2
CONTINUE
CONTINUE
RETURN

END
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MATRIX

179
180
18 1
182
183
184
185
186
187
188
189
190
191
192
193
194
195
198
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
a18
219
220
221
2ee
223
224
225
226
227
228
229
230
231
238
233

* *® ¥ K ¥ ¥ X ¥ ¥ X ¥ ¥ ¥ * W ¥

* ¥ ¥ ¥

*
*
*

GENERATION AND SOLUTION

THIS SUBROUTINE GENERATES THE MODE COUPLING SUB-MATRIX FOR
FLFMENTS AT POSITIONS XD (THE DRIVFN ELEMENT) AND XP (THE
PASSIVE ELEMENT)e. W1TH A AS THE TRANSVERSE GUIDE VWIDTH AND
W AS THE 'TRANSVERSE FREE SPACE WAVFLENGTH', THE INPUT
PARAMETERS AKX AND AKA ARE 2*%PI*%(XD-XP)/V AND 2%PI*A/W
RESPECTIVELYs THE ARRAY MI CONTAINS THE MODAL INDICES OF
THE MODES TO BE CONSIDERED AND NMD CONTAINS THE NUMBER OF
SUCH MODES. THE LAST INPUT PARAMETER LEH 1S POSITIVE FOR H
(TE) MODES AND NEGATIVE FOR E (TM) MODES. UON RETURN THE
ARRAY CSM CONTAINS THE SUB-MATRIX IN THE FORMAT OF A TWO
DIMENSIONAL COMPLEX ARRAY WITH ITS FIRST AND SECOND INDICES
CORRESPONDING TO MODES OF THE DRIVEN AND PASSIVE ELEMENTS
RESPECTIVELY AND MODE RANKING AS IN ARRAY MI.

SUBROUTINE SUBMAT(AKX», AKA»MI »NMD, L EHs CSM)
DOUBLE PRECISION AMUs DMR» DMI» DZR» DZ1s DPRs DPI s EMR» EMI»

& EZRsEZ1>EPRyEPlsPs(0s5Rs SRy SI» TR TI
DIMENSION MIC1)5CSMC1),aMUC20)»DMRC20),DMIC20%, DZRC20)Y,

& DZIC20), DPRC20Y, DPIC203, EMRC20), EMIC 200, EZR( 203,

& EZIC(20), EPR(20),EPIC20)

COMFUTE MU VALUES AND CALL "DINT" FOR COUPLING INTEGRAL VALUES

R=AKA
P=3.1415926535898D0/R
DO 10 IP=1,NMD
AMUCIP)=PMI(IP)
10 CONTINUE
0=AKX
P=DABS(Q=R)
R=DABS(0O+R)
OC=DARS(()
CALL DINT(P, AMU,NMDs DMRs DMI» EMR, FM1)
CALL DINTC(Qs, AMUsNMDs DZRs DZ1, EZR,EZI)
CALL DINTCRs AMUsNMDs DPRs DP1 s EPRs EPI)

COMFUTE AND SAVE INTERMEDIATE VALUES FOR THE GENERATION OF OFF
DI AGONAL SUB-MATRIX ELEMENTS AND GENERATE DIAGONAL ELEMENTS

DO 60 IP=1,NMD

P=1.0D0

IF(MOD(MICIP)» 2)eNEe0) P=-P
SR=DZR(IP)=-P*DMR(IP)
SI=DZICIPY~-PxDMICIP)
TR=DZR(IP) ~-P*DPR(IP)
TI=DZICIP)-P*DPIC(IP)
N=AMUCIP)

R=1.0D0-0%0

IF(LEH«LT.0) 0Q=0%R

STORE INTERMEDIATE VALUES

DMRCIPI=0%SR
DMICIP)=Q*SI1
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MATRIX GENERATION AND SOLUTION

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
2583
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
215
276
277
278
279
280
o8 1
B2
83
R4
285
286
287
288

*

DPRCIP)=0*TR
DPICIPY=0%TI

% DIAGONAL ELEMENT COMPUTATION

*

20

ADD

30

40
50

P=0+5D0*P

SR=0.5D0%( SR+ TR)
SI=0+.5D0%(SI+TI)
TR=EZRC(IP)-Px(EMRCIP)+EPRCIP))
TI=EZICIP)=-Px(EMICIP)+EPICIP))
IF(LEH.GT«0) GO TO 20
SR=(R~2.0D0)*SR
SI=(R=2.0D0)*S1

TR=R*TR

TI=R*TI

SR=SR+TR

SI=SI+TI -
IFCAKX«NE« 0. 0) GO TO S0

IN ADDITIONAL MAIN DIAGONAL TERMS

P=AKA*DSQRT( DABS(R))
IFCLEH.GT. 0) P=P/R
IF(MICIP)«NE.0) GO TO 30
P=P+P ‘
IFCLEH.LT«0) P=0.0D0
IFCReLT«0+0D0) GO TO 40
SR=SR+pP

GO TO S0

SI=SI-P
I=2%C(CIP~1)%NMD+IP)

STORE DI AGONAL ELEMENTS IN CSM

60

CSM(I~1)=SR
CSM(1)=51
CONTINUE

GENERATE AND STORE OFF DIAGDNAL ELEMENTS

DO 90 I=2,NMD

IP=1-1

MP=MICIP)

P=AMUCIF)
Ju2%x((CIP=-1)*NMD+1)
K=z2%1IPx(NMD+ 1)

DO 80 1D=1,NMD
R=1.0D0
IF(MOD(MP+MICID)S2)eNED) R=~R
N=AMUCTI D)

SR=PxP=Q%{}

SI=Q/SR

SR=P/SR

IF(LEH.GT.0) GO TD 70
TR=8R
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MATRIX GENERPATION AND SOLUTION

289 SR=SI
20 SI=TR _

291 70 TR=SR*(DMRCIP)+R*DPRCIP))=SI*(DPRCID)+R*DMRCID))
292 TI=SR*(DMICIP)+R*DPI(IP))=SI*(DPICID)+R*DMICID))
23 CSMCJ-1)=TR

294 CSMCJI =TI

295 CSM(K=1)=R*TR

296 CSMCK)=R*T1

297 J=J+2

298 K=K+2xNMD

299 80 CONTINUE
300 906 CONTINUE
301 RETURN
302 END
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PATTERN CALCULATION

001
002
003
004
005
006
607
008
009
010
011
o012
013
014
015
816
017
018
019
020
021
022
023
024
025
826
027
028
029
038
031
032
033
634
635
836
037
038
939
LE R
04l
042
043
044
045
046
047
048
049
850
051
652
053
054
055

% % N F N ¥ W N ¥ XN X

* * ¥ X ¥

* * *

* *

THIS SUBROUTINE GENERATES THE ELEMENT PATTERNS IN THE ARRAY
ENVIRONMENT. INPUT PARAMETERS AKA» AKD, NE, NMD, MI,LEH

AND CR ARE THE SAME AS DESCRIBED FOR SUBROUTINE SOLVE. THE
INTEGER NPAT 1S INPUT AND CONTAINS THE NUMBER OF PATTERN
POINTS. THESE ARE EQUALLY SPACED WITH THE FIRST ON THE

ARRAY NORMAL (X=0) AND THE LAST AT “ENDFIRE" (X +VE)e. THE
FIELDS RADIATED BY THE ELEMENTS ARE OUTPUT IN THE ARRAY CPAT
WHICH CAN BE VIEWED AS A COMPLEX TWO DIMENSIONAL ARRAY
CPAT(NPAT,NE) WITH THE FIRST INDEX CORRESPONDING TO THE
POSITION IN THE PATTERN AND THE SECOND TO THE EXCITED ELEMENT.

SUBROUTINE PAT(AKA, AKDsNE,NMD,MI»LEH> CRs CPAT,» NPAT)
DIMENSION MIC13,CR(1),CPAT(1),AUC20),UM(20),V(21)
DATA Pl25V/1¢5707963350¢051005000s-10500051+05000»
& “1¢05000512050005=105000510050e05-1e0,
& 02051¢050205=1005 000/

DO 30 I=1,NMD

AUCI)=PI2xMIC1)

10 CONTINUE

THI=PI2/(NPAT~1)

TH=0.0

XZuefe5%(NE-1)

GENERATE PATTERN NORMALISATION VALUES SO THAT THE INTEGRAL
OF THE POWVER PATTERN OVER ANGLE (RADIANS) GIVES DIRECTLY
THE TOTAL RADIATED POVWER

T= 16+ 0%PI2%AKA
IF(LEH«L T« 0) T=TxSQRT(1¢0~(2.0%PI2/AKA)*%2)/2¢ 0
T=10/SQRT(T)

LOOP FOR SCANNING PATTERN POINTS

DO 90 L=1,NPAT

IFCLEH.LT. 0) CT=AKA®COSC(TH)
X=sAKA* SINC TH)

Y= 0o 55X

TS=SINCY)

TC=COS(Y)

GENERATE ARRAY OF V(KXA,M) VALUES FOR REQUIRED M VALUES

DO 40 I=1,NMD
J=MICID)
Z=AUCD)
BlaY+2
B2=Y-Z
B=Bl*B2 :
1F(B.EQ.0.0) GO TO 20
IF(LEH.GT. 0) Z=Y
B=2. 0%Z%(TS5*V(J+2)+TC*V(J+1))/B
G0 TO 30 |

20 IF(B1.EQe0+0) B=le0
IF(LEH.LT+0) Bs~-B

~266~



PATTERN CALCULATION

056 IF(B2+EQ«¢0«0) Ba=B+1l.0

057 IF(B2+EQe 0+ 0+ ANDeJ«NE.2%(J/2)) B=-B
058 30 UM(I)=B

059 40 CONTINUE

060 X=XxAKD/AKA

061 Y=X*X2Z

062 *

8063 * LOOP FOR SCANNING EXCITED ELEMENTS
064 *

065 DO 80 J=1,.NE

066 RE= 0.0

067 Al=0.0

068 I122%(J~1)%NExNMD

069 Z=Y

070 * '
071 * LOOP FOR SUMMING OVER ELFEMENTS
072 %

073 DO 680 K=1,NE

074 CCC=COS(2)

075 SSS=SINC2Z)

076 =*

077 » LOOP FOR SUMMING OVER MODES
078 *

079 PO 50 M=1,NMD

0890 I=1+2

81 - RE=RE+UM(M)*C(CR(I-1)%CCC-CRC(I)*SSS)
082 Al=AT+M(MI*(CR(I~1)%SSS+CR(1)Y*CCC)
083 S0 CONTINUE

084 Z=Z+X

085 60 CONTINUE

086 =

087 * STORE PATTERN VALUES

088 =*

089 I=2%((J=1)%NPAT+L)

0990 RE=T*RE

91 Al=aT*Al

092 IF(LEH.GT«0) GO TO 70
093 B=~CT*RE

094 RE=CTxAl

095 Al=B

096 70 CPAT(I~-1)=RE

097 CPAT(1)=Al

098 80 CONTINUE

899 TH=TH+THI

100 90 CONTINUE

101 RETURN

102 END
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163
104
105
106
107
168
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

L3R B BE B K BE SE BE OB B R R B BE B

THIS SUBROUTINE COMPUTES THE PRODUCT OF TWO COMPLEX MATRICES.
THE MATRICES A AND B ARE IN COMPLEX FORMAT WITH THE DIMENSIONS

ACIAsJA) AND B(IB»JB) RESPECTIVELY. THE RESULT IS RETURNED IN

ARRAY C» THE INTEGER INPUT IN LL CONTROLLING THE wWAY IN

WHICH A AND B ARE USED IN FORMING THE PRODUCT. LL LIES IN THE
RANGE 11 TO 44» THE TENS DIGIT REFERRING TO MATRIX A AND THE
UNITS DIGIT TO B WITH THE MEANING:

FORM THE PRODUCT WITH A/B

FORM THE PRODUCT WITH THE CONJUGATE OF A/B

FORM THE PRODUCT WITH THE TRANSPOSE OF A/B

FORM THE PRODUCT WITH THE CONJUGATE TRANSPOSE OF A/B

R WM e

ON RETURN IER IS 0 IF NO ERRORS HAVE OCCURRED AND 1 IF THE
MATRIX DIMENSIONS ARE INCOMPATIBLE FOR THE PRODUCT SPECIFIED.

SUBROUTINE MATMULT(A»1As JA» B, IBs» JB, CsLL,s 1 ER)
DIMENSION A(1),BC(1)5CC(1)
1ER=0
I=LL/10
JaLL~-}0%]
AA=1.0
BB=1.0
IFCI1eEQe2%(1/2)) AA=~-1.0
IF(J«EQe 2%(J/2)) BB==1.10
IF(1GT«2) GO TO 10
11=1IA
Jd=JA
NA=2%1A
MAa=2
GO TO 20
16 1I=Jda
JJ=1A
NA=2
MA=2*x14
20 IFC(J«GT+2) GO TO 3¢
KK=JB
K=1IB
NB=2
MB=2%1B
a0 TO 40
30 KK=IB
K=JB
NB=2%1B
MB=2
40 IF(K.EQ.JJ) GD TO 50
IER=1
RETURN
50 ASSIGN 60 TO JuMpP
IFCAA*BB«.LT.0.0) ASSIGN 80 TO JUMP
KC=2
KLBa2
PO 120 K=1,KK
. KLA=2
DO 110 I=1511
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158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

60

70

80

90
160

110

120

La=KLA
LB=KLB

SR=0.0

SI=0+0

GO TO JMP

DO 70 J=1,JJ
S=A(LA-1)
T=A(LA)
U=B(LB~1)
V=B(LB)

SR= SR+ 5% U= T*V
SI=SI+5%V+T*U
LA=LA+NA
LB=LB+NB
CONTINUE

GO TO to00

DO 90 J=l,JJd
S=Aa(LA-1)
T==-a(LA)
U=B(LB~1)
V=B(LB)
SRaSR+S¥%U~T*xV
SI=SI+S%V+T*U
LA=LA+NA
LB=LB+NB
CONTINUE
C(KC~1)=SR
C(KC)=BB*SI
KC=KC+2

KL A=KL A+MA
CONTINUE

KL B=KL B+MB
CONTINUE
RETURN

END
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001
0o2
003
004
D0S
006
007
008
809
010
011
012
013
014
015
016
017
018
019
g20
621
22
023
624
025
626
027
028
029
030
031
032 *
033 =*
034 *
035
036
037
338
039 =*
040 *
041 *
042
043
044
045
046
047
048
049
0s0
051
52
053
054
055 =*

* ¥ ¥ X X ¥ * *

* ¥ ¥ * ¥ ¥

THIS SUBROUTINE COMPUTES I(X»0,M1) AND THE DERIVATIVE WITH
RFSPECT TO MU (OF MUxI(X, 0,MU) FOR AN ARGUMENT X AND A RANGE
OF Mtt VALUES INPUT IN THE ARRAY AMU. THE NUMBER OF VALUES IS
INFUT IN NMU AND THE REAL AND IMAGINARY PARTS OF THE AROVE
FUNCTIONS ARE OUTPUT IN DOUBLE PRECISION IN THE ARRAYS DIR,
DII> DDR AND DDI RESPECTIVELY.

SUBRDUTINE DINT(X, AMUsNMU, DIRs DI 1, DDR> DDI)

DOUBLE PRECISION X,AMUs DIRsDII, DDR>DPDIs DJs DU DTS PI 2,
& DJI» DJK» DU DUK» Clis SA»Go RsSs T

DIMENSION AMUC99),DIR(99),DIT(99), DDR(99)» DDIC99)

COMMON/FUNS/DJC(2060), DUC200), DTC(300)

DATA FPI2/1.57079632679489662D0/

IF(XeLTela0D-6) GO TO 130

FIND LOWEST MU VALUE GREATER THAN UNITY TO DETERMINE LARGEST
NUMEER OF T(X,N) NEEDED TO COMPUTE THE SUM OF THE TERMS

T(X5 2N) /C(MU+ SQRT(MU*MU=1))%%2N ETCe CALL DFUNS FOR REQUIRED
FUNCTION VALUES

DO 10 M=1,NMU
CA=AMUCM) :
IFCCA.GE+1.0D0> GO TO 20

10 CONTINUE
NT=0
GO TO 30 |

20 NT=35.0D0/DLOG(CA+DSQRT( CA*CA-1«0D0))
IF(NT.GT+295) NT=295

30 CALL DFUNS(X,NJsNT)
G=DLOG(X/2.0D0)+0+577215664901532861D0

LOOP FOR MU VALUES

DO 120 M=1,NMU

CA=AMU(M)
SA=DSGRT(DABS(CA*CA-1+0D0))
IFCCA'NE.0.0D0) GO TO 50

COMPUTE LIMITING FORMS FOR MU = 0

DJK=0+.5D0%xDJ(2)
DUK=0+5D0* DU( 2)
DO 40 N=4,NdJ»2
DJK=DJK+DJ(N)
DUK= DUK+ DU(N)
40 CONTINUE
R==2. D% X*xDJK
DIR(M) =R
DDR(M)Y=R
R==2s D0 ( Xk ( DUK~G*kDJKI =0 5D0xDJC 1) /PI 2
DIIC(M)=R
DDI(MY=R
GO TO 120
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056 * SERIES SUMMATIONS FOR MU < 1
057 =%
058 50 1IF(CA«GT«1.0D0> GO TO 790

059 R=0+5D0*(FI12-DATAN2(SA, CA))
060 DJI=0.0D0

061 DJK=0. 0D0

062 DII=R*xDCOS(X*CA)
063 DUK=R*DSIN(X*CA)
064 R=CA

065 S=SA

066 DO 60 N=2sNJ»2
067 DJK=DJK+ S* DJ(N)
068 DUK= DUK+ S* DUCN)
069 T=5*% SA=-R*CA

070 S==-( S*CA+R*SA)
071 DJI=DJI+S*DJC(N+1)
072 DUI=DUI+S*DUCN+1)
073 R=T*CA-SxSA

074 S= T4 SA+S*CA

075 60 CONTINUE

076 GO TO 110

077 *

078 * SERIES SUMMATIONS FOR MU > 1
079 =*
080 70 CALL DFG(X*CA»R»S)

081 DJI==0+5D0%DJC 1)
082 DJK=0.0D0

083 DUI=0«5D0%(S-DUC1))
084 DUK=-0+5D0*R

085 R=1.0D0/C(CA+SA)

086 S=0«5D0*R

087 DO 80 N=2,NTs2

088 DUK=DUK+ S* DT(N)

089 S==-5%R

090 DUI=DUL +S* DT(N+1)
091 S=5%R

092 IF(DABS(S)«LE«140D-16) GO TO 90

093 80 CONTINUE
094 90 S==-R

095 DO 100 N=2,NJs» 2

096 DJK=DJK+ S* DJ(N)

097 DUK= DUK+ S* DIJ(N)

098 S5==5%R

099 DJI=DJI+S*DJ(N+1)

100 DUI=DUL +S* DII(N+1)

101 S=8%R

102 IF(DABS(S)«LE«1s0D-16) GO TO 110
103 100 CONTINUE

104 *

105 * COMPUTE FUNCTION VALUES FROM SUMS
106 *
107 110 DUI=2.0D0*C( DUI~G*DJ1) /(PI2%CA%*S5SA)

108 DJI=2+ 0D0*xDJI /(CA%SA)
109 DUK=2. 0D0* ( DUK=-G* DJK) /(P11 2% SA)
110 DJK=2« 0D0* DJK/SA
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11!
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

120

*

R=CA*CA

S=1+0D0/C1+0D0-1R)

R=R*S
T=(X*(DUC2)-G*DJ(2))+DJ( 1)) /PI2
DIR(M)=DJI

DI I (M)=DUI

DDR(M) =R* DJI = X* DJK+ S*X* DJ( 2)
DDI(MI=R*DUl =X*DUK+S* T

CONTINUE

RETURN

* COMPUTE LIMITING FORMS FOR X = 0

*
130

140

150

160

DO 160 M=1,NMU

CA=AMUCM)

SA=DSQRT(DABS( CA*CA=-1.0D0))
IF(CA«GT«1.0D0) GO TO 140
R=0.0D0

S=1.0D0/PI2

IF(CA«FEQ«0.0D0) GO TO 150
S5=(1.0D0~-DATAN2( SAs CAY /P11 2) /( CA%*SA)
GO TO 150

R==1+ 0D0/(CAXSA)
S=R*DLOG(CA+SAY /P12

DIR(M) =R

DII(M)=S

T=CA*CA

DBR(M)=T*R/(1. 000~ T)
DDI(M)=(T*S+1.0D0/PI2)/C1.0D0=-T)
CONTINUE

RETURN

END
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143

144
145

146
127
148
149
150

151

152

153
154
155,

156
157
158
159
160
161
162

163
164

165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

* % ¥ ¥ ¥ ¥ X X ¥

* ¥ K ¥ *

THIS SUBRONTINE COMPUTES J(XsN)s, UCXLN) AND TCX,N) IN DIURLE
PRECISION FOP AN ARGUMENT X AND ORDERS N FROM ZERQ UFWARDS.
FIWNCTION VALUES ARE OUTPUT VIA THE COMMUON BLOCK /FUNS/ WITH
THE (N+1)'TH ARRAY ELEMENTS CONTAINING THE ORDER N VALUES.
THE INTEGER NJU IS OUTPUT AND IS THE HIGHEST ORDER FOPR
WHICH J(X»N) AND U(XsN) ARE OUTPUT ACCURATELY. THE HIGHEST
ORDER FOR WHICH T(X,N) 1S REQUIRED IS INPUT IN INTEGER NT.

SUBROUTINE DFUNS(XsNJUsNT)
DOUBLE PRECISION X»DJ»DUs DTsX1sRsSs T U
COMMON/FUNS/ DJ(200),DUC2003,DTC300)

INITIALISE AND PREPARE TO GENERATE J(X,N) BY BACKWARD
RECURRENCE. ALSO COMPUTE SUMS OF RECIPROCAL INTEGERS
NEEDED FOR THE GENERATION OF UCX,N)

R=X*%0.3333333333D0
MA=X+15.0D0%R+10.0DC
NL=X+11.0D0*R+6+0D0
NL=2*x((NL+1)/2)
NJU=NIL

NX=¥
NX=2%((NX+1)/2)
X1=NX%
DJ(MX+2)=0.0D0
DJ(MX+1)=1.0D~50
R=0.0D0

S=0.0D0

T=2.0D0/X

U=MX*T

J(X>N) BY BACKWARD RECURRENCE AND RECIPROCAL SUMMATION

DO 10 I=1,MX

N=MX+1-1
DJ(N)=UxDJ(N+1)-DJ(N+2)
U=U=-T

DUCI)=S »
R=R+ 1. 0D0

S=S+1.0D0/R
10 CONTINUE

COMPUTE NORMALISATION SUM FOR J(XsN) AND NORMALISE

R=0«5D0%DJ(1)
DO 20 N=3,MX»2
R=R+ DJ(N)
20 CONTINUE
B=0+5D0/R
DO 30 N=1,MX
DJ(NI=R*DJ(N)
30 CONTINUE

COMFUTE EVEN RDER U(X,N) FOR N>X BY SUMMATION OF BESSEL
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198 * FUNCTION SERIES REPRESENTATION

199 * \
200 R=X1

201 DO 50 N=NX,NL,2

o2 5=DUCN+1)*DJ(N+1)

203 T=1.0D0

204 U==1.0D0

205 I1=N+3

206 DO 40 M=1,MX,2

207 S=S+Uk(1+0D0/T+1+0D0/C T+R) )% DJCM)

208 T=T+1+ 0DO

209 Us=11

210 40 CONTINUE

211 DUCN+1)=$

212 R=R+ 2+ 0D0

213 50 CONTINUE

214 *

215 * COMPUTE ODD DRDER U(X»N) FOR N>X USING THE RECURRENCE RELATION
216 *

217 I=NX+1

218 R=¥1+1+0D0

219 DO 60 N=I,NL,2

220 DUCN+1)=C¢ 0« 5DO#X*C DUCN )+ DUCN+2) ) +DJ(N+1>) /R
221 R=R+ 2+ 0D0

222 60 CONTINUE

223 *

224 * COMPUTE W(X,N) FOR N<X USING BACKWARD RECURRENCE
225 *

206 IF(NX+EQs 0> GO TO 80

227 R=X1

228 5=2. 0D0/X

229 DO 70 I=1,NX

230 N=NX+1=1

231 DUCNY=S% C R% DUCN+1) = DUCN+ 1 )= DUCN+2)

232 R=R-1. 0D0

233 70 CONTINUE

234 * .
235 * COMPUTE EVEN ORDER T(X,N)> FOR N>X IF REQUIRED BY SUMMATION OF
236 * BESSEL FUNCTION SERIES REPRESENTATIONs COMPUTE STARTING VALUES
237 * FOR BACKWARD RECURRENCE FOR N<X IF NEEDED.

238 *

239 80 NL=2%((NT+1)/2)

240 DTC1)=0+ 0D0

241 IF(NL+EQs0) RETURN

242 IFCNX.EQ.0) NX=2

243 IFC(NL+GT«NX) GO TO 90

244 NX=NL

245 NL=NL+2

246 90 XI=NX

ou7 R=0+5D0*XI

248 DO 110 N=NX,NLs2

249 S==(DJC1)+0.5D0%DJ(N+1)) /R

250 T=-R

251 U=2e 0DO*R

252 I=N+1
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253 DO 100 M=3,M7,2

254 T=T+1.0D0

255 IF(MeERs1IY GO TO 100

256 S=S+(1+0D0/T=1+0D0/C T+U)>%DJ(M)
257 100 CONTINUE

258 DT(N+1)=§

259 R=R+ 1+ 0D0

260 110 CONTINUE

261 *

262 * COMPUTE ODD ORDER T(XsN) FOR N>X USING THE RECURRENCE RELATION
263 %

264 I=NX%+1

265 R=2. 0D0*XI+2. 00

266 DO 120 N=I,NL,2

267 DTC(N+1)=(X*¢ DTC(NI +DTI(N+2))+4. 0D0*DJ(N+1))I/R
268 Rz R+ 4. 0 DO

269 120 CONTINDE

270 *

271 * COMPUTE T(XsN)> FDR N<X USING BACKWARD RECURRENCE
272 *

573 R=0+5D0%*XI

274 S=4+0D0/X

275 DO 130 I=1,NX

276 N=NX+1-1

277 T==DJ(N+1)

278 IF(N«EQe2%(N/2)) T=T+1.0D0

279 DT(N)=Sx(R*DT(N+ 1)+ T)=DT(N+2)
280 R=R=-0.5D0 ’

281 130 CONTINUE

282 RETURN

283 END
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PR 4
2R
286
281
288
289
2990
291
292
293
29 4
25
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
3390
331
332

* N K X ¥ K X ¥ F X X X

*

*
*
*

*
*
*

333 -

334
335
336
337
338

THIS SUBROUTINE
TO THE SINE

FC(XD

GS(X)

AND COSINE INTEGRALS:

CICX)*SINCIX) ~
F(X) = (Pl/2)Y%COSCX)
~CI(X3*COS(X) =~
G(X) -

Wonoun

(Pl/2)Y*SIN(X)

COMPUTES FUNCTIONS FC(X) AND GS(X)> RELATED

SIC(X)*COS(X?

SICXI*SINCX)

THE FUNCTIONS ARE COMPUTED IN DOUBLE PRECISION USING EVEN

ORDER

SUBROUTINE DFG(XsFC»GS)
DOUBLE PRECISION X»>FC»GSsACs ASs» AF» AG P12, T»
C15C2,C3,515525 583
DIMENSION ACCIT7T)>ASC1I7),AF(21),AG(21)

DATA PI2/1457079632679489662D0/

&

EXPANSION

CHEBYSHEV POLYNOMIAL EXPANSIONS

COEFFICIENTS FOR =-CINC10Y) FOR Y < 1

DATA AC /=-4.3557328401866719970+00,

Re o o o o R o Q

EXPANSION

DATA AS /

W o 2 R0 Qo o R Qo

EXPANSION

DATA AF /

2 % fofe o R e X e

4.781389115915578130D-01>
2.217360166527092868D~01,
1.512457858835103179D~-02,
2¢370167361653547246D~ 04,
1.297935768379512365D-06,
3.134898478603278270D-09,
3:865996192139636236D~12,
2.692460842966255379D~15/

-9.913054507662277135D-01.
~34967797837899697556D~01,
-7+232076662672421278D-02,
~2.202864760069513853D-03,
~1¢965946803079253771D-05»
=6.991999306297988269D- 08,
-1.188928300691879475D~-10,»
-1.090198777770123182D-13,»

COEFFICIENTS FOR SIC10Y)/Y FOR Y < 1

T+190544464186755277D+00.
1.867474989950150695D+00,
3.525977297382742791D-01,
1.367644264576389933D-02,
14517526450034202394D- 04,
66 4B8T7447692243382107D-07
1290740518470368073D-09,
1.356529042738025822D~12,
B.242857252787039811D-16/

~3.096390233035253592D+00,
-9.895801249938034949D-01.,
-84319657918405002706D~-02,
-1.648207706713925550D-03,»
~-1.102637018605156440D~-05»
~3415554856670557B747D~- 08,
-4.503456110024324070D-11,
=3¢564315364511967204D~14,

COEFFICIENTS FOR FClO/Y)/Y FOR Y < 1

1.981481541777941964D=01,
2135641263980477585D~ 05,
8.281901430160006851D~ 08,
1.151018793595237574D-09,
3.203231454352815565D~11,
14392807721973539255D~12,
84304209304696736154D~ 14,
6+279968976224290659D~15,
S5« 726018254265679015D~ 16,
60 077953433321426433D~175
T322190506524729510D~18/

-276-

=9+ 034105430379747056D- 04,
~1+063018199102346401D-06»
~B8.741420216497478537D-09,
=1.795249204046185620D~140,»
~6+379585930531885647D-12,
~3.2P8030515480482110D-13»
~2.224839858428310835D~14,
~1.857049262095913138D~165,
~1.833668648910598134D~16,
-2.079202504229550048D~17,»
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339 =*

340 * FXPANSION COEFFICIENTS FOR GC10Y) FOR Y <

341 *

342

343 -

344
345
346
347
348
349
350
351
3s2
353
354
355
356
357
358
359
360
3561
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
32
333
384
3385
386
387
388
329
390
391
392
393

*
*
*

DATH AG 7/ 9A0T7140496328187171D~-03,
~5.917077872512348303b-05»
~1288042971729056144D~-07,
~1¢325470175111856950D~09,
-3.028953824139092900D~-11,
-1.139483529830010097D~12,
-6+ 062964230975714837D= 14,
~44175815125592602601D-15,
-3+ 5175407056 76882629D= 16,
-3.486053785408351339D~-17,
~3¢953040337592667803D=18/

Ce=0.0D0

S52=0.0D0

IF(Y«GTe100D03 GO TO 20

e e X P o® R

4¢742176365839144373D-03,
2. 0814677519037849340-06,
1.148300322022694445D~08,
1.857289258102653600D-10»
5.584089284536358386D-12,
2¢533437664265603311D-13,»
1:546948073544872548D- 14,
1.185088037779694496D=15,
1.087189222055808002D-16»
1.155957286820813016D~17>»

COMPUTE CI(X) AND SI(X) FOR SMALL ARGUMENTS

T=X*X/25.0D0~-2.0D0
Cl=ACC1T)
S1=aSC17)
I=16

10 C3=C2
Ce=C1
53=52
52=51
Ci=T*C2-C3+AC(D)
S1=T*S2~53+A5CI)
I=1I-1
IFC(I.NF«.0) GO TO 10
S52=¥*%(S51-53)/20.0D0

C2=0+500%(C1-C3)+DLOG(X)Y+0+577215664901532361D0

COMPUTE FC(X) AND GS(X)> FOR X < 10

S1=DSINCXD

C1=DCOS(X)
FC=C2%x351-52%Cl
GS==-(C2%C1+S2%51)
RETURN B

COMPUTE F(¥) AND G(X) FOR LARGE ARGUMENTS

20 T=(20.0D0/X)>*%x2=-2.0D0
Ci=aF(21)
Si=AGC21)
I=20

30 C3=C2
ce=Cl1
53=52

' 52=51
Cl=T*C2-C3+AF(I)
S1=T*S82=-53+AGCT)
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304
395
396
397
398
399
400
401
402

*

I=1-1
IFCINE«0) GO TO 30

* COMPUTE FC(X) AND GS(¥) FOR X > 10

*

FC=5.0D0%(C1=-C3) /X~PI 24« DCOS(X)
GS=0.5D0*%(S1=53)~PI2%xDSIN(X)
RETURN

END
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COMPLEZ SYMMFTRIC GAUSSIAN FLIMINATION

nny *

002 * THIS SURPOUTINF SOLVES THFE SET OF EOUATIUONS CkxX = ¥ BPUN THR
603 * VERECTORS ¥ GIVEN THF COMPLEX SYMMETRIC MATRIX CCNNsNN) AND
N04 * THFE MATHIX Y(NN,i1M) CONTAINING MM RIGHT HAND SIDE VECTURS
005 * FOR WHICH THF SOLUITION 1S REQUIRED. INPUT/0UTPUT PARAMETERS
006 * ARE:

007 *

008 x* A A COMPLEX ONE DIMENSIONAL ARRAY CONTAINING THE
009 x* FLEMENTS OF C THAT ARE ON OR ABOVE THE DIAGONAL.
010 =* THAT IS ACJ*(J=-10+1) CONTAINS C(I,J) WITH J
011 =% GREATER THAN OR EQUAL TOD I. € HAS DIMENSIUONS
012 =* C(NN,NN) AND A HAS THE LENGTH AC(NN*{(NN+1>/2).
013 * THE ARRAY A IS DESTROYED DURING THE ELIMINATION
014 % PROCESS.

015 * Y TWO DIMENSIONAL COMPLEX ARRAY Y(NN,MM) WHICH
016 % CONTAINS MM RIGHT HAND SIDE VECTORS ON INPUT
017 % AND THE MM SOLUTION VECTORS ON RETURN.

018 * NN ORDER OF THE EQUATIONS

019 * MM NUMBER 0OF RIGHT HAND SIDE VECTORS

020 =* EPS SMALL NUMBER INPUT TO DETERMINE WHEN A LOSS
621 * OF SIGNIFICANCE HAS TAKEN PLACE. THAT IS IF
022 * AT ANY STAGE OF THE ELEMINATION ALL REMAINING
023 * MATRIX ELEMENTS HAVE MAGNI TUDES LESS THAN

024 =* EPS*(LLARGEST MACGNITUDE ELEMENT IN MATRIX C)
¢2s5 * THEN THEY ARE TO BE TAKEN AS ZERO (TYPICALLY
026 * EPS IS 1.0F-5 IN SINGLE PRFCISION).

027 % IER ERROR CODE» ZERO FOR NO FRRORs =1 FOR INPUT
ne28 *x - PARAMETER ERROR (NN OR MM) AND- EQUAL TU THE
029 * ORDER FOR WHICH L0OSS OF SIGNIFICANCE OCCURRED
030 * OTHERWISE.

031 * W SCRATCH STORAGE OF 2%NN WUORDS (l.E. NN COMPLEX)
032 %

033 SURRONTINE CSGELCA,YsNN,L,MMy EPS,IERW)

034 DIMENSION ACDI»YCD)LUCL)

035, IFINN«FR.0> GO TO 16

036 IF(MM«EN.0) GO TO 16

037 1ER=0

038 NNT=NN+NN

039 NNL=NNT-2

040 DO 11 N=1,NN

041 NT=N+N

042 ND=N*(N+1)

043 J=ND=NT

044 PA=0.0

045 DO 1 I=NT,NNT»2

046 J=dJ+1

047 S=ACJ- 1) *A(J=- 1) +ACII*ACS)

048 IF(S.LE.PAY GO TO 1

049 PA=S

0590 K=l

051 1 CONTINUE

052 IF(N«ENe 1) TNL=PA*XEPS*EPS

853 IF(PA.EO.0.0) GO TO 15

054 IFCIERNF«0) GO TO 2

155 IF(PA.GT.TOLY GO TO 2
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COMPLEX SYMMETRIC GAUSSIAN ELIMINATION

056
057
058
059
060
061
062
063
064

065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090

091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110

IER=N=-1

IDF=K~NT
K=K*x(K+2) /4
PR=A(K=1)/PA
Pl==A(K) /FA

I=NT

DO 3 M=1,MM
J=1+1DF

S=Y(J~1)

T=Y(J)
Y(J=1I=Y(I~1)
YCJ)=Y(1)
Y(I=-1)=PR%S-PI*T
Y(I)=PR*T+PI*S
I=1+NNT

CONTINUE
IF(N.EQ.NN) GO TO 12
I=ND
J=I+IDF*(NT+NT+IDF+2)/4
AC(J-1)=ACI-1)
ACJY=ACLD)
ACI)=1IDF

J=J-1DF

L=J

DO 8 K=NT,NNL,2
I=I+K

JrJ+2

IFC(I-L)Y 6,4,5
S=A(L~-1)

T=ACL)

GO TO 7

J=1+1DF

S=ACJd=-1)

T=ACD
ACJ-1)=ACI~-1)
ACII=ACTD
W(K=12=5

W(K)=T
ACI=1)=PR*xS=-PI*T
ACI)=PR*T+PI1*S
CONTINUE

I1DF=0

L=ND

DO 11 I=NT,NNL»2
IDF=1DF+2

K=L

PR==W(I~1)
PI=~-W(I)

DO 9 J=1,NNL,2
K=K+J

M=K+ DF |
A(M-1)=ACM=1)+PR*¥AC(K= 1) ~PI*A(K)
A(MI=A(M) +PR*¥ACK)+PI*A(K-1)
CONTINUE

J=NT
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111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

10

11
12

13

DO 10 M=1,MM

K=J+IDF
YC(K=1)=Y(K=1)+PR¥Y(J=1)=~PI*Y(J)
Y(KI=Y(K)+PR*Y(J)+PI*Y(J-1)
J=J+NNT

CONTINUE

L=L+1

CONTINUE

IF(NN«FOQel) RETURN

I=NNT

J=NN* (NN+1)

DO 14 N=2,NN

J=J=-1

I=1=-2

IDF=aCJY+0e5

K=1

DO 14 M=1,MM

S=Y(K=1)

T=Y(K)

KK=K

JJd=J

DO 13 L=1,NNL,2

KK=KK+2

Jd=JJ+L
S=85-AC(JJI=- 1 I*Y (KK~ 1)+ACJIII*Y (KK)
T=T-ACJJI~1I*Y(KKI-ACJJII*Y(KK-1)
CONTINUE

L=K+IDF

Y(K=1)=Y(L~-1)

Y(KY=Y(L)

Y(L=-1)=S

Y(L)=T

K=K+NNT

CONTINUE

RETURN

IER=N=1

RETURN

1ER=-1

RETUEN

FEND
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APPENDIX FIVE - PROGRAMS FOR MATRIX EIGENVALUES AND EIGENVECTORS

Program for obtaining the eigenvalues and eigenvectors of a complex symmetri

or Hermitian matrix.
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EIGENVALUE AND VECTOR CALCULATION

001
602
003
804
005
006
007
008
009
010
011
o12
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055

LR 20 IR IR B K SR B K BE IR BE K K K R SR R B BE K

* xR FR

* % % N

THIS SUBROUTINE COMPUTES THE EIGENVALUES AND EIGENVECTORS OF A
COMPLEX SYMMETRIC OR HERMITIAN MATRIX INPUT IN THE ARRAY CS WITH
COMPLEX FORMAT AND DIMENSIONS CS(NE,NE)>. THE INPUT PARAMETER
MT IS POSITIVE FOR SYMMETRIC AND NEGATIVE FOR HERMITIAN
MATRICES. THE EIGENVALUES AND VECTORS ARE OUTPUT IN THE ARRAYS
CE AND CV RESPECTIVELY. IN COMPLEX FORMAT CE(J) CONTAINS THE
J*'TH EIGENVALUE AND CV(1,J> CONTAINS THE 1°'TH COMPONENT OF THE
CORRESPONDING VECTOR. THE PROGRAM GENERATES A SEQUENCE OF
SIMPLE ORTHOGONAL OR UNITARY TRANSFORMATIONS THAT PROGRESSIVELY
REDUCE THE MAGNITUDE OF ALL OFF DIAGONAL ELEMENTS TO YEILD A
DIAGONAL MATRIX WITH THE SAME EIGENVALUES. THE INPUT PARAMETERS
NIT AND TOL DETERMINE THE MAXIMUM NUMBER OF TRANSFORMATIONS
GENERATED AND THE TOLERANCE FOR OFF DIAGONAL ELEMENTS
RESPECTIVELY. THIS REDUCTION PROCESS TERMINATES IF EITHER NIT
TRANSFORMATIONS ARE USED OR THE MAGNITUDE OF THE LARGEST OFF
DIAGONAL ELEMENT AT ANY STAGE IS LESS THAN TOL#*(THE MAGNITUDE
OF THE LARGEST ELEMENT IN THE MATRIX CS>. THE OUTPUT PARAMETER
ERR IS ZERD IF TERMINATION RESULTS FROM THE LATTER CONDITION
AND EQUAL TO THE °*TOL* VALUE ACHIEVED IF NIT TRANSFORMATIONS .
ARE USEDe.

SUBROUTINE E1G(CS»NE,MT», CE» CV>»NIT» TOL» ERR)
DIMENSION CS(C(1),CEC(1),CV(1),DSC(300),DVC300)
DOUBLE PREC1SION DS, DV, AR» Al BR. Bl »DR» DI» ERs El » BCs EPS

TRANSFER MATRIX TO DOUBLE PRECISION WORKING STORAGE AND
DETERMINE THE LARGEST ELFMENT MAGNITUDE. INITIALISE THE
ARRAY DV FOR EIGENVECTOR CALCULATION

ERR=0.0
J=2xNE*NE
DR=0.0D0
PO 10 I=1,Js2
DUC1I)=0.0D0
DVCI+1)=0.0D0
ER=CS(I)
ElI=CS(I+1)
DS(1)=ER
DS(1+1)=E]
DiI=ER*ER+EI*El
IF(D1.GT«DR) DR=DI
10 CONTINUE
Je2%k(NE+1)
K= i '
DO 20 I=15NE
DU(K)= 1.0D0
KaK+J
20 CONTINUE
EPS=DR*TOL * TOL
NN=0

TRANSFORMATION LOOP. START BY LOCATING THE LARGEST OFF DIAGONAL
ELEMENT
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EIGENVALUE AND VECTOR CALCULATION

056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
08 1
082
083
084
085
086
087
088
089
090
091
M2
093
094
095
96
097
098
099
100
101
102
103
104
105
166
107
108
109
110

» ¥

» % ¥ N

30

490
50

DR=0.0D0

LaNE=~1

DO SO0 J=1,L

K= 2xNE*J

DO 40 I=1,J

K=K+ 2
DI=DSCK=1)%%24+DS(KY**2
IF(DI+.LE.DR) GO TO 40
DRa Dl

I1=]

JJaJ

CONTINUE

CONTINUE

TEST FOR LOOP TERMINATION

IF(NN+EQ.NIT«OReDR.LT«EPSY GO TO 130
NN=NN+1

DETERMINE SINGLE AXIS ORTHOGONAL OR UNITARY TRANSFORMATION
THAT REDUCES THE LARGEST OFF DIAGONAL ELEMENT TO ZERO

60

70

g0

Ke2%(JJ*NE+11)
AR=DS(K~-1)

Al=DS(K)
Im2%(CII-1)*NE+II)

Ju 2% ( JJXNE+JJ+1)
BReDS(1~1)-DSCJ=-1)
Bl=DS(1)=-DS(J)
ER=BR*BR+BI*Bl
IFCER.NE.0.0D0) GO TO 60
AR2(0.707106781186548D0
Al=0.6D0

BR=AR

BI=0.0D0

IF(MT«GT.0) GO TO 100
ER=AR/DSQRT( DSCK=1)%%2+DS(K) %%2)
BR=ER*DS(K-1)
Bl=2ER*DS(K)

GO TO 100

DR=( AR BR+Al*Bl ) /ER
DiIs(AI*BR-AR*BI)/ER
AR=4.0D0%( DR*DR+DI*DI>+1.0D0
Al=03.0D0

IFCMT.LT.0> GO TO 790
AR=AR~8. 0D0* DI % D]
Al==8.0D0% DR* DI
BC=DSQRT(AR®AR+AI* Al
BR=DSAQRT( 0+ 5D8x{ BC+DABSC(AR)))
IFC(AR.LT.0.0D0) GO TO 80
ER=BR/BC
Ei=0.5D0*Al /{ BR¥BC)

GO TO 990

El=BR/BC
ER=0.5D0*AI/(BR*BC)
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EIGENVALUE AND VECTOR CALCULATION

111
112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

*

IFCER.GE.0.0D0) GO TO 90
ER=<-ER

El=-EI
BR=0+5D0%( 1« 8DO+ER)
BC=DSQRT(BR*BR+0+25D0*EI *El )
AR=DSQRT( 0+ 5D0*( BC+BR))
Al=0.25D0*El /AR

BlI=( DR*EI+DI*ER) /BC

DR=( DR* ER- DI *EI ) /BC
BR=DR*AR+BI*Al

BlI=BI *AR-DR*Al

BC=BI

IF(MT.LT.0> BC==Bl

* PERFORM REQUIRED COLUMN OPERATIONS

*

*

Ke2%(1I-1)%NE

L=a2%JJ*NE

DO 110 I=1,NE

KaK+2

L=L+2

DR=DS(K-1)

DI1=DS(K)

ER=DS(L-1)

EI=DS(L)
DS(K=1)=3AR%DR=~AI*DI +BR* ER~BC*EI
DS(K)=AR* DI +Al *DR+BR*E]l + BCxER
DS(L~-1)=AR*ER-AI*EI -BR*DR+Bl *DI
DS(L)=AR*EI +Al * ER~-BR*DI - BI*DR
DReDU(K~1)

DI=DU(K)

ER=DU(L~-1)>

El1=DV(L)

DV(K~1)=AR*DR-AI *DI+BR*ER-BC*E]
DV(K)=ARxDI +Al * DR+ BR*El + BC¥ER
DV(L~-1)=AR*ER-AI *EI - BR* DR+BI * Dl
DV(L )=AR*El + Al * ER=-BR% DI - BI # DR

110 CONTINUE

* PERFORM REQUIRED ROW OPERATIONS

*

K=Il+ll

LaJJd+JJd+2

DO 120 J=1,NE

DR=DS(K~-1)

DI=DSC(K)

ER=DS(L-1)

EI=DS(L)
DS(K=1)=AR¥DR-AI *DI +BR*ER-BI*EI
DS(K)=AR*DI+Al*DR+BR*EIl + Bl *ER
DS(L=-1)=AR*ER-Al *EIl -BR* DR+BC* Dl
DS(L)=AR*E]l +Al *ER~BR+ DI ~-BC*DR
K=K+NE+NE

L=L+NE+NE

120 CONTINUE
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EIGENVALUE AND VECTOR CALCULATION

166 GO TO 30
167 *

168 * TRANSFER EIGENVALUES AND VECTORS TO ARRAYS CE AND CV
169 =

170 130 J=0

171 K==-2%NE

172 L=2%#(NE+1)

173 DD 140 I=1,NE

174 JeJ+2

175 K=K+L

176 CE(J=1)=DS(K=1)

177 CEC(J)=DS(K)

178 140 CONTINUE

179 J=24NE*NE

180 DO 150 I=1,dJ

181 CU(I)=DV(I)

182 150 CONTINUE

183 IF(NN«NE.NIT> RETURN
184 ERR=TOL*DSQRT( DR/EPS)
185 RETURN

186 END
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APPENDIX SIX ~ IMPEDANCE TRANSFORMER AND DIRECTIONAL COQUPLER SYNTHESIS

As there is an extensive literature on these topics, only an outline of the
synthesis techniques will be given. Chebyshev impedance transformers are
derived by expressing the transfer function of a cascade of n gquarter wave

transmission line sections in the form:

()P = et e
€ + Tz (a cos F1) -

where:

€

i

2/E T (a) / (r-1) cee 2

and R is the desired transformer ratio. Theyquantity a2 is related to the

operating band and, for coaxial line transformers, is given by:

a = cos [ﬂ/(1+fH/fL)] . eee 3

where f and f are the maximum and minimum operating frequencies respec-
tlvely. The maximum reflection coefficient in the operating band is related

to ¢ by:
III‘ = 1/ 1 + €2 eve LI-

For a given number of sections n, equation 2 relates € and ¢ so that either
the bandwidth fH/fL or the maximum reflection coefficient |r]max can be
specified but not both. Alternatively, givén both fH/fL and ‘P‘max’ the

number of sections n can be chosen such that:
- -1
nchte > ch [e(R-1)/2VR ] eee 5

which gives the minimum number of sections for the specified performance.
With this n value either fH/fL or Irlmax can be respecified as before.
These adjustments are performed in the first part of the transformer synthesis
program. From equation 1, [T(B1)|® = 1 - |7(F1)|? is given by:

™ (a cos B1)

In(p1)|® = —= ‘ vee 6
€? 4 T; (a cos B1)

and transforming to the variable t = i tan Bl gives:
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T: la/ v 1-t2]
€® + Tfl la/ ¥ 1-t3] e

As P(t) represents a passive reflection coefficient, all its poles must be

r()T(~t) =

in the left half plane. Choosing its zeros also in the left half plane gives
a minimum phase network. The numerator and denominator of equation 7 have
factors which can be obtained by solving:

T (a/ V1-t®) = £ e ces 8

with the solutions tk where:

q . 20%] 14ch [2sh™"¢/n] cos [(2ki1)n/n] ~ ish[2sh™e¢/n] sin [(2ke1)u/nll
feh[2sh™"¢/n] + cos [ (2k+1)n/n]}?

t

2

k

These factors allow I'(t) to be determined and from this Z(t) using:

Z(t) = 1 +P t e 9
1 - (¢t ¢

The impedance of the first line in the cascade is given by Z(1) and the

impedance function Zred(t) of the rest of the network is computed using:

() ~ z(4
Zoealt) = 1-£z%t)/§%1%t -ee 10

This is of reduced degree since both the numerator and the denominator have
the factor (1-t2) which can therefore be removed. This process can be
iteratively repeated to yield characteristic impedances for all cascade

line sections. A program implementing these steps is given at the end of this
appendix.

The design of TEM mode coupled line directional couplers is almost parallel
to transformer synthesis as it can be shown that if the even and odd mode

impedances of all coupled sections satisfy:

Z Z =1 ' ess 11
o] ] (o] ]

then the coupling and transfer functions C(t) and T(t) of the coupler are
identical to the reflection and transfer functions R(t) and T(t) respectively
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of a cascade of quarter wave line sections whose characteristic impedances
are the even mode impedances of the coupler sections and whose input and
output lines have unit impedance (it is assumed that all input/output lines
of the coupler have unit characteristic impedance). For the Chebyshev

coupler the transfer function is:

€2 _ (2 |
I7@)|? = —— v 12
€ - Tz (a cos B1)
and €2 - Ti (a cos B1)
lc(p)|® = ' cee 13

2
1
€2 - Tz (a cos B1)

With the maximum and minimum coupling within the operating band given by

max
defined as:

c and Cmin respectively, the mean coupling value C and the ripple R are

Q
i
Q
z
Q
=
|
[}
=7
i

oy comp

These can be obtained fium.equation 1% as:

2 2 2 2
2 [ N ]
€2 (e5 - 1) €2 (€2 - 1)
or equivalently:
= _  R® (R® -¢®) 2 R® - ¢* 6
El - 4 H EZ = 2 - ces 1
(R* - 1) Cc® (R* - 1)

with @ related to the bandwidth by equation 3% as before. For a given
number of sections n and mean coupling C, either the bandwidth or the

ripple can be specified but not both as €, and @ are related by:
61 = Tn (a) see 17
since C(o) must be zero. As for impedance transformers, given both

bandwidth and ripple the number of sections can be chosen to obtain

the performance specified. Setting t = i tan Bl gives:
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- oo 18
- 12 (a /A 1-t%)

and the subsequent analysis is parallel to that for transformers except that

the factors of the numerator and denominator are in this case solutions of:

T, [a /¥ 1-%7] =

{+
m

soe e 19
and given by:

£2 - 1 - 20®§1+ch(2ch” ¢/n) cos (2kn/n) - ish(2eh” ¢/n) sin (2km/n)}
£ fon(2eh~te/n) + cos (2kn/n)}®

This procedure has been implemented in the program at the end of this
appendix,
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TRANSFORMER DESIGN

001 =*
002 » THIS PROGRAM CALCULATES THE SECTION IMPEDANCES/ADMITTANCES
003 * FOR A MULTI-SECTION CHEBYSHEV TRANSFORMER. INPUT
004 * PARAMETERS ARE!
§05 *»
006 * ZYS SOURCE IMPEDANCE/ADMITTANCE
007 %= ZYL L0OAD IMPEDANCE/ADMITTANCE
008 =* NS NUMBER OF TRANSFORMER SECTIONS
009 =* BWR BANDWIDTH RATIO (LONGEST/SHORTEST
010 =* WAVELENGTH ON THE TRANSMISSION LINE)
011 = SWR MAXIMUM STANDING WAVE RATIO WITHIN
012 = OPERATING BAND IN UK OR US UNITS
013 = IND GIVES WHICH OF THE THREE PREVIOUS
014 = PARAMETERS 1S NOT BEING SPECIFIED
015 * CONLY 2 OF THE 3 CAN BE CHOSEN):
616 * ==]1 NS UNSPECIFIED, INCREASE
817 % BANDWIDTH IF POSSIBLE
018 % = 1 NS UNSPECIFIED, IMPROVE VSWR
019 =* 1F POSSIBLE
020 * s 2 BWR UNSPECIFIED
021 * = 3 SWR UNSPECIFIED
022 =* .
023 * OQUTPUT PARAMETERS ARE:
024 *
825 =* ZYT AN ARRAY CONTAINING THE SECTION
026 * IMPEDANCES /ADMI TTANCES
027 * 1ER NON-ZERO ON RETURN IF AN ERROR HAS
028 * OCCURREDs WITH A VALUE INDICATING
029 = THE TYPE OF ERROR:
030 * = | SOURCE/LDAD IMPEDANCE/ADMITTANCE
631 * LESS THAN OR EQUAL TO ZERQO
032 =* = 2 IND OUT OF RANGE (SEE ABOVE)
833 * = 3 BWR LESS THAN OR EQUAL TO ONE
034 =* = 4 SWR LESS THAN OR EQUAL TO ZERD
035 * = 5 NS LESS THAN OR EQUAL TO ZERO
036 =* = & TOD MANY SECTIONS (>12)
037 =* .
038 * IMPEDANCE/ADMITTANCE DATA CANNOT BE MIXED IN INPUT
039 * TO THE PROGRAM. ‘ '
*

040
041 SUBROUTINE QWTD(ZYS,ZYL,»NS,BWR,SWR, IND»ZYT, IER)

042 IMPLICIT DDOUBLE PRECISION (D-F)

043 DIMENSION ZYT(1),FNT(15),FNC(15),FDT(15),FDC(15),
044 & DCN(15),DCD(15),DZN(15),DZD(15)
045 EQUIVALENCE (FNT(1),DZN(1)),(FDT(1),DZD(1))

046 DATA P1,DP1/3.1415927,3.1415926535898D8B/

047 DARCH(DX)=DLOG(DX+DSQRT(DX*DX~-1.8D0))

048 DFN(DX)=0.5D0*DABS(DX~-1.0D0)/DSQRT(DX)

049 *

050 * CHECK INPUT DATA, CALCULATE UNSPECIFIED PARAMETER
051 * AND GENERATE IMP/ADM DATA IF NS 1S UNITY

052 *

053 1ER=(0

054 IF(ZYSeLEeDe0+OR«ZYL.LE.0.0) GO TO 70

055 IFCINDeLTe~1+.0R+IND«GT«3) GO TO 80

056 DR=ZYL/ZYS

057 DS=SWR

058 I=IND+2
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TRANSFORMER DESIGN

059
060
861
662
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
681
082
083
084
. 885
086
087
088
089
096
091
692
093
094
095
096
097
898
099
100
101
102
183
104
165
186
107
108
169
118
111
112
113
114
115
116

GO TO <10,80,10,20,40),1

10 IF(BWR«LE+.1.08) GO TOD 90
DAL=1.0/COS(P1/¢1.0+BWR))
IF(SWVR.LE«0.0) GO TO 100

EPS=DFN(DS)

DT=DFN(DR)/EPS
NS=DARCH(DT)/DARCH(DAL)+0.99999D0

EN=NS

IF(IND+EQs1) GO TO SO

GO TOD 3¢

28 IF(NS.LE.0) GO TO 119

EN=NS

IF(SWR.LE.0.0) GO TO 100

EPS5=DFN(DS)

DT=DFN{(DR)/EPS

30 DAL=DCUOSH(DARCH(DT)/EN)
BWR=DP1/DACOS(1.0D08/DALY~1.0D0

G0 TO 60

40 IF(NS.LE.8) GO TO 110

EN=NS

IF(BWR.LE+1.0)> GO TO 90
DAL=1.0/COS(P1/(104BWR))

50 DT=DCUSHCEN*DARCH(DAL))>
EPS=DFN(DR)Y/DT
SWR=(EPS+DSQRT(EPS*EPS+1+0D0) )%%2

60 IF(NS.NE.1) GO TO 126
ZYTC1)=SQRTCZYS5*ZYL)

RETURN

78 IER=1

RETURN

80 IER=2

RETURN

90 IER=3

RETURN

100 1IER=4

RETURN

116 IER=S5

RETURN

120 IF(NS.LE.12) GO TO 150

IER=6

RETURN

*

%* THE NUMERATOR AND DENOMINATOR EACH HAVE INTEGER(NS/2)
* QUADRATIC FACTORS OF THE FORM: ;
% NUM: T*%2 + FNT*T + FNC
* DEN? T#%2 + FDT*T + FDC
* STORE THE CDEFFICIENTS OF THESE FACTORS IN THE ARRAYS
% FNTC(I)» FNCC(I), FDT(1) AND FDC(I).

*

156 M=NS/2

D5=DP1/EN

DT=0+ 5D0%DS
DU=DEXP(DLOG((1+0D0+DSQRT(1+0DO+EPS*EPS))/EPS) /EN)
DV=0.5D0%(DU~-1.0D0/DU) /DAL

DU=DU/DAL~DV

DO 160 I=1,M

DW=DCOS(DT)?

FNC(])=(DAL/DW Y*%2~1.0D0

292~



TRANSFURMER DESIGN

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
158
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

FNT(1)=0.0D0

DX=(DU%DW )% *2

DY=(DV*DSIN(DT) ) *%2

DW= (DX+DY)*%2

DZ=(DW~-DX+DY)/DW
DW=DSQRT(DZ*DZ+4.0D0%DX*DY/(DWxDW))
FDC(I)=DW
FDT(I)=DSQRT(2.0D0*(DZ+DW))
DT=DT+DS

160 CONTINUE

%

* MULTIPLY OUT THE QUADRATIC FACTORS TO OBTAIN THE

* COEFFICIENTS OF THE NUMERATOR AND DENOMINATOR POLY-
* NOMIALS. STDRE THE LATTER IN THE ARRAYS DCN(1) AND
* DCD(1) RESPECTIVELY WITH THE I1°TH ELEMENTS CONTAINING
* THE COEFFICIENTS OF T*x(I~-1)e. 1IF NS 1S ODD INSERT
* THE EXTRA LINEAR FACTOR OF THE DENOMINATOR.

*

PO 170 1=1,15

DCN(C1)=0.0D0

DCD(15%=0.0D0

170 CONTINUE

DCN(C1)=1.0D0

DCP(1)=1.0D0

N=NS+]~-M-M

IF(N.EQ.1) GD TO 18¢

DCD(2)=1.0D0

DCD(C13Y=DPSART(1.0D0+1 .3D0/CDVXDV))

*

* SCAN THROUGH THE QUADRATIC FACTORS
*

180 DO 260 1=1,M

DV=FNC(I)

DW=FNT(I)

DX=FDC(1)
DY=FDT(1)

*

* SCAN POLYNOMIAL COEFFICIENTS GENERATED SO FAR FROM THE
* TOP DDWN AND GENERATE NEW COEFFICIENTS FOR THE POLY-

# NOMIAL THAT INCLUDES THE PRESENT QUADRATIC FACTOR.

%*

DO 190 J=1,N

K=N+1~J

DCN CK+2)=DCN (K )+DW#DCNCK+1 ) +DU*DCN (K+2)
DCDCK+2)=DCDCK)+DY*DCD(K+1 ) +DX*DCD(K+2)

190 CONTINUE

DCN(2)=DWADCN (1) +DV*DCN(2)

DCD(2)>=DY*DCD( 1 )+DX#DCD(2)

DCN (1 )=DV%DCN (1)

DCD(1)=DX+DCD(1)

N=N+2

200 CONTINUE

* .
* DERIVE NUMERATOR AND DENOMINATOR COEFFICIENTS FOR THE
* IMP/ADM FUNCTION FROM THOSE GENERATED FOR THE

+ REFLECTION COEFFICIENT FUNCTIONe -

x

DS=DCD(1)%(DR=1.0D0)/¢DCNC1 % (DR+1+0D0))
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175 DO 210 I=1,N

176 DZNCI)=DS*DCNCIY+DCDCI)

177 DZD(1)=DCD(IY~-DS*DCN(1)

178 210 CONTINUE

179 *

180 * REMOVE CASCADE LINE SECTIONS FROM THE IMP/ADM FUNCTION
181 = '
182 DO 250 I=1,M

183 *

184 % EVALUATE IMP/ADM OF NEXT LINE TO BE REMOVED
185 * ’
186 DU=0.0D0

187 DV=0.0D0

188 DO 226 J=1,N

189 DU=DPU+DZIN(J)

1990 DU=DV+DZD(J)

191 220 CONTINUE

192 DW=pU/DV

193 ZYT(I)=ZYS*DW

194 ZYT(NS+1~1)=ZYL/DW

195 %

196 * REMOVE LINE FROM IMP/ADM FUNCTION

197 *

198 DD 230 J=1,N

199 DCON(J+1)=DZN(J+1)-DWxDZD(J)

200 DCDCJ+1)=DZD(J+1)-DZN(J)/DW

201 230 COUNTINUE

202 % .

203 * REMOVE (1-T**2) FACTOR FROM THE NUMEBRATOR AND THE
204 » DENOMINATOR.

205 *

206 DIN(2)=DCN(2)

287 DZD(2)=DCD(2)

208 DO 240 J=2,N

209 DZN(J+1)=DZN(J-1)+DCNC(J+1)

210 DZD(J+1)=DZD{(J=-1)+DCD(J+1) .

211 240 CONTINUE

212 N=N-]

213 250 CONTINUE

214 IF(NS.EQ.M+M) RETURN

215 ZYT(M+1)=5QRT(ZYS*ZYL)

216 RETURN

217 END
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601
602
003
004
00S
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
631
032
233
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
649
050
051
0s2
053
654
055
056
057
058

*
*THIS PROGRAM CALCULATES THE NORMALISED EVEN MODE IMPEDANCES
*FOR A MULT!-SECTION ASYMMETRIC COUPLED LINE DIRECTIONAL
*COUPLER. INPUT PARAMETERS ARE:

CDB COUPLED POWER IN DECIBELS WITHIN BAND
RDB RIPPLE IN COUPLING VALUE WITHIN BAND
BWR BANDWIDTH RATIOU (LONGEST/SHORTEST
WAVELENGTH ON TRANSMISSION LINE)
NS NUMBER OF COUPLING SECTIONS
IND GIVES WHICH OF THE THREE PREVIOUS
PARAMETERS 1S NOT BEING SPECIFIED
(ONLY 2 OF THE 3 CAN BE CHOSEN)
==1 NS UNSPECIFIED, INCREASE BWR
IF POSSIBLE
= 1 NS UNSPECIFIED, DECREASE RDB
IF POSSIBLE '
= 2 BWR UNSPECIFIED
= 3 RDB UNSPECIFIED

LR R SR 2R R 2R K S BE K K BE SF S 3R 3

*CDB IS NEGATIVE AND RDB IS POSITIVE, THE COUPLING VARYING
+BETWEEN CDB-RDB AND CDB+RDB WITHIN THE BAND. OUTPUT
*PARAMETERS ARE:

ZNE AN ARRAY CONTAINING THE SECTION EVEN MODE
IMPEDANCES

IER NON-ZERO ON RETURN IF AN ERROR HAS OCCURRED.»
WITH A VALUE INDICATING THE TYPE OF ERROR:

1 CDB OUT OF RANGE (CDB POSITIVE OR

CDB+RDB POSITIVE IF RDB SPECIFIED)

IND OUT OF RANGE (SEE ABOVE)

BWR LESS THAN 0OR EQUAL TO DNE

RDB LESS THAN OR EQUAL TO ZERO

NS LESS THAN UNITY

TOD MANY SECTIONS (>12)

LR AR R AR 2K BR R B B BE 3R IR
g0 uan
ocMPpOLD

SUBROUTINE CPLRD(CDB,NS,BWR,RDB, IND,ZNE, 1ER)
IMPLICIT DOUBLE PRECISION (D-F)

DIMENSION ZNEC15),DCNC15),DCDC15)5FCNC15),FCDC15)
DATA PI,DP1/3+1415927,3.1415926535898D0/

DARCH (DX)=DL0OG (DX+DSQRT(DX*DX~1+0D0) )

%k

*CHECK INPUT DATA AND CALCULATE UNSPECIFIED PARAMETER.
*PERFORM COUPLER DESIGN IF NS IS UNITY

*

IER=0

IFC(CDB«GE«0.0) GO TO 70
IFCINDeNE«3+AND+CDB+RDB+GE«0+0) GO TO 70
IFCINDeLT+~1+0R. IND.GT.3) GO TO 80
DCP=10+0%%(CDB/10+0)

I=IND+2

GO TOC10,80,10,20,40),1

10 IF(BWR.LE.1.0) GO TO 90
DAL=1.0/C0OSCP1/(1¢0+BWR))

IFC(RDB.LE.0.0) GO TO 100

DRP=10+08%%C(RDB/10.0)

DT=(DRP~DCP )/ (DRP*DRP-1 + 0D0 )
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059 EPl=DSQRT(DT*DRP)

060 EP2=DSQRT(DT/DCP)

061 NS=DARCH(EP1)/DARCH(DAL)+0+,999991D0

062 EN=NS

863 IF(IND.EQ.1) GO TO 50

664 GO TO 3¢

065 20 IF(NS.LE.0) GO TO 110

066 EN=NS

067 IF(RDB.LE.0.0) GO TO 1060

068 DRP=10.0%%x(RDB/10.0)

069 DT=(DRP~DCP)/ (DRP*DRP-1.0D0)

070 EP1=DSQRT(DT*DRP)

071 EP2=DSQRT(DT/DCP)

072 30 DAL=DCOSH(DARCH(EP1)/EN)

073 BWR=DPI/DACOS(1.0D0/DAL)~-1.0D0

674 GO TO 60

075 40 IF(NS.LE.0) GO TO 110

076 EN=NS

077 IF(BWR.LE.1.0) GO TO 90

078 DAL=1.0/COS(PI/(1.0+BWR))

079 50 EP1=DCOSH(EN*DARCH(DAL))

080 DT=4.0D0*EP1*EP1*(EP1*%EP1-1.0D0)/DCP*%2
081 EP2=DSQRT(05D0%*(10D0+DSQRT(1.0D0+DT)))
082 DT=(EP2%EP2~1.0D0)/(EPI*EPl~1.0D0)

083 RDB=5.0D0*DLOG10(DT*(EP1/EP2)%%2)

084 60 IF(NS.NE.1) GO TO 12¢

085 ZNE(1)=DSQRT((EP1+EP2)/(EP2-EP1))

086 RETURN

687 70 IER=1

088 RETURN

089 80 IER=2

098 RETURN

091 90 I1ER=3

692 RETURN

093 100 IER=4

094 RETURN

695 110 IER=5

096 RETURN

0697 120 IF(NS.LE.12) GO TO 150

098 IER=6

099 RETURN

100 *

101 *PREPARE ARRAYS DCN(I) AND DCD(I) TO CONTAIN COEFFICIENTS
102 *OF THE NUMERATOR AND DENOMINATOR POLYNOMIALS RESPECTIVELY
103 *WITH THE I'TH ELEMENTS CONTAINING THE COEFFICIENTS OF
104 *Tx*(I-1)« INSERT FACTOUORS ARISING FROM PURELY REAL ROOTS.
105 *

106 156 DO 1606 I=1,15

167 DCN(C1)=0.0D0

108 DCD(1)=0.0D0

109 1606 CONTINUE

110 DT=2.0D0%DAL*DAL

111 DCH1=DCOSH(2.0D0*DARCH(EP1)/EN)

112 DCH2=DCOSH(2.0D0*DARCH(EP2) /EN)

113 IF(NS.EQ.2%(NS/2)) GO TO 170

114 DCN(2)=EPl/EP2

115 DCD(2)=1.0D0

116 DCD(1)>=DSQRT(1+0D0-DT/(1.0D0+DCH2))

-296-



COUPLER DESIGN

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

GO TO 180
170 DCN(3)=DSAQRT((EP1*EPl~1.0D0)/(EP2%EP2~1.8D0))
DCN(2)=DCN(3)*DSQRT(1.0D0~-DT/C1. ODD‘DCHI))

DCN(1)=0.0D0

DU=DSQRT(1.0D0~DT/C(1.0D0+DCH2))
DV=DSQRT(1.0D0~DT/(1.0D0=-DCH2))

DCD(3)=1.0D0

DCD(2)=DU+DV

DCD (1 )=DUxDV

*

*ADD FACTORS ARISING FROM THE INTEGER((NS~1)/2) CUMPLEX
*CONJUGATE PAIRS OF ROOTS TO THE NUMERATOR AND DENOMINATOR
*POLYNOMIALS, COMPUTING THE NEW COEFFICIENTS AS EACH ROOT
*1S ADDED.

&*

180 N=(NS~-1)/2

DANG=2.0D0*DP1/EN

IF(N.LT«1) GO TO 190

CALL FACTOR(DT»DCH! ,»DANG»>N,DCN)

CALL FACTOR(DT,DCH2,DANG,N-.DCD)

2k

*CONVERT TO NUMERATOR AND DENOMINATOR POLYNOMIALS OF

*THE IMPEDANCE FUNCTION

*

190 N=NS+1

DO 200 I=1,N

DU=DCN(1)

DU=DCDC 1)

DCN(1)=DV+DU

DCD(1)=DV=-DU

200 CONTINUE

*

*REMOVE COUPLED LINE SECTIONS FROM THE IMPEDANCE FUNCTION
*

DO 2408 1=1,NS

*

*EVALUATE IMPEDANCE OF NEXT LINE TO BE REMOVED

*

DU=0.0D0

DV=0.0D0

DD 218 J=1,N

DU=DU+DCN(J)

DU=DV+DCD(J)

210 CONTINUE

DU=DU/DV

ZNE(C1)=DU

*

*REMOVE THE LINE FROM THE IMPEDANCE FUNCTION

*

DO 220 J=1,N

FCNCJ+1)=DCN(J+1)=-DUxDCD(J)

FCD(J+1)=DCD(J+1)=-DCN(J)/DU

220 CONTINUE

3 )
*REMOVE (1-T#*%2) FACTOR FROM THE NUMERATOR AND DENOMINATOR
* .

DCN(2)=FCN(2)
DCD(C2¥=FCD(2)
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175
176
177
178
179
180
181
182

DO 230 J=2,N
DCN(J+1)=DCN(J-1>+FCN(J+1)
DCD(J+1)=DCD(J-1)+FCD(J+1)
230 CONTINUE

N=N-1

240 CONTINUE

RETURN

END
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183 »

184 *THIS SUBROUTINE CALCULATES THE COEFFICIENTS OF A4 POLYNOMIAL
185 *BY INTRODUCING QUADRATIC FACTORS ONE AT A TIME
186 %

187 SUBROUTINE FACTOR(DT,DCH,DANG,NO,DPY)

188 IMPLICIT DOUBLE PRECISION (D-F)

189 DIMENSION DPY(15) .
190 DSH=DSQRT(DCH*DCH~1.0D0)

191 J=3

192 DO 20 1=1,NO

193 DTH=1*DANG

194 DCS=DCOS(DTH)

195 DW=DT/(DCH+DCS)*%2

196 DR=1.0D0-DW%(1.+.0DO+DCH%*DCS)

197 DI=DW*DSH*DSIN(DTH)

198 DW=DSQRT(DR*DR+DI*DI)

199 DR=DSQRT(2+0D0%(DR+DW))

200 DO 10 K=1,J

201 L=Jd+1-K

202 DPY(L+2)=DPY(L)+DR*DPY(L+1)+DW*DPY(L+2)

203 10 CONTINUE

204 DPY(2)=DR*DPY(1)+DW*DPY(2)

205 DPY(1)=DW*DPY(1)

206 J=J+2

207 20 CONTINUE

208 RETURN

209 END
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APPENDIX SEVEN ~ PROGRAMS FOR SHUNT JUNCTION NETWORK ANALYSIS

This group of subroutines facilitates the specification and analysis of shunt
junction networks., Before describing the purpose of each routine, some
constraints on usage will be given. First of all the programs as written

are limited to networks with leés than 100 lines and 100 nodes since line
and node numbers are in the range 1 to 99. Secondly all netﬁork input/output
ports can only be connected to one line and cannot have any shunt components
specifiied at the port. In order to prevent the open circuit end of an open
circuit stub being recognised as a network input/output port, an open circuit
shunt admittance must be specified at the corresponding node number. Third,
direct connection between two input/output ports is not allowed; there must
be at least one intervening nodé even if it is only a dummy. BFach line is
specified as connecting two nodeés, the line variables being defined at the
first node specified. In specifying a line which is joined to an external
node the latter must be the first node specified in the input sequence for
the line. If it is not, the input data 1s altered to correct this and a non
fatal warning is given. All line and node numbers are always two digits,
line 1 being specified as 01 ete. Bach line specified can have up to nine
subsections specified, each of constant characteristic impedance. The number
of lines connected to any node ¢annot exceed five. Reactive shunt admit-
tances can be specified at internal nodes and are specified as capacitive

and inductive admittance values at centre band (FREQ = 1+0) and are scaled
accordingly by the program at other frequencies (both admittances are input
a8 positive numbers). The purpose of the various subroutines will now be

briefly described.

Ge SUBRQUTINE INPUT

This routine inputs data specifying the network or alters data already
present, adding or deleting nodes and lines as directed. The input
sequences are given in the program header and are fairly self explanatory.,
For example the sequence:

DL26
removes line 26 while:
L13%: 13, 17, 0°2, 1+0

enters line 13 connecting node 13 and node 17 with a length of 02
wavelengths at centre band (FREQ = 1:0) and unit characteristic
impedance., Lines containing multiple sub-lines are input using the
sequence:

L31: 27, 29, 3
LTH: 0-25, 030, 0+30
IMP: 145, 2+46, 319
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where the last number on the first line gives the number of sub-lines
with their lengths on the second line and characteristic impedances on
the third. All line lengths are specified in wavelengths at mid-band.
I1legal input sequences are ignored.

b. SUBRQUTINE INCHECK

This program compiles arrays as indicated in its header and sets the
variable IER if any input errors are detected. The value of IER gives
the type of error as follows:

1: number of sub-lines out of range 1 to 9.

2: node number out of range 1 to 99.

3: line has same node at both ends.

4 illegal line specification. Length less than zero or
characteristic impedance less than or equal to zero.

5: more than 5 lines joih at a node.

6: illegal shunt element specification (array NS element outside
range -1 to 1).

1: shunt element specified for a node that has no connection to
remainder of network.,

8: short circuit specified at node with more than one connected
line.
9: negative admittance data specified at a node.

10: program error.
11: 1line has an external node at both ends.

-1: external node hasnot been the first specified on a line.
Input data has been rearranged to correct this.

Ca SUBROUTINE MATGEN

This program generates the coefficient matrix as discussed in chapter
four, section three. The frequency is specifiied by the variable FREQ
which is unity at mid-band.

d. SUBRQUTINE MATRED

This progrém reduces the coefficient matrix to the form described in
chapter four, section three allowing the scattering matrix and the
internal matrix to be extracted.

€. SUBROUTINE OUTHDR

This program outputs data that describes the network lines and node
connections,

Po SUBROUTINE OUTMTXS

This program outputs the network scattering matrix and the internal matrix
if required.
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001
o002
003
004
605
006
007
008
009
010
011
012
013
014
015
016
017
618
019
0280
o021
622
023
624
025
026
027
028
029
030
031
032
033
034
0835
036
037
038
839
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
857
058

THIS PROGRAM INPUTS NETWORK DATA INTO THE ARRAYS IN COMMON
BLOCK *INDATA"™, DESCRIBED IN THE HEADER OF SUBROUTINE
INCHECK. LEGAL INPUT SEQUENCES ARE IN THE FORM OF A FOUR
CHARACTER "COMMAND'" WHICH IS IN .SOME CASES FOLLOVED BY
DATA. THE SEQUENCES IMPLEMENTED AND THE ACTIONS INITIATED
ARE AS FOLLOWS WHERE ** IS5 A NON-ZERO TWO DIGIT NUMBER
WITH BOTH DIGITS PRESENT:

DALL =--~-- DELETES ALL LINE AND NODE DATA
DNDS =--- DELETES ALL NODE SHUNT DATA
DLNS ==--- DELETES ALL LINE DATA

DL*% -~-- DELETES DATA ON LINE *:*

DN*% «=-= DELETES SHUNT DATA ON NODE **

N*%S =--~ ENTERS SHORT CIRCUIT ON NODE *%*
N*%(}] <~~-=- ENTERS OPEN CIRCUIT ON NODE *=x
N**3 CAP ADM, IND ADM
-=-=-=- ENTERS REACTIVE TERMINATION ON NODE **

L**s NODEl, NODE2, LENGTH, CH IMPEDANCE
---- ENTERS DATA ON LINE ** (1 SUB-LINE)
L**: NODEl, NODE2, NUMBER OF SUB-LINES
LTHt SUB-LINE LENGTHS
IMP: SUB-LINE CH IMPS
--=-=- ENTERS DATA ON LINE *% (>1 SUB-LINES)

END ===« END DATA INPUT
ILLEGAL INPUT SEQUENCES ARE I1GNORED. LUI GIVES THE LOGICAL

UNIT NUMBER FOR INPUT, PROMPTS BEING GIVEN IF THIS 15 THE
TERMINAL.

W W R NN I I N R N

SUBROUTINE INPUT(LUI)D

COMMON/ INDATA/LT(99)5N1(99),N2(99),D(9599)5,Z2(9,99),
& NS(99),BC(99),BL{(99) ’
DIMENSION ICHC(17),B(93,C()

EQUIVALENCE (BC1),ICH(1)),(C(1),ICH(10))

DATA ID>1E,1IL,>IN»ID»1S5,NDsLNsIAL>LTH,IMP,ICL/'D' 'E",
& 'L',°N'>°'0",°S', "ND*,'LN","AL'> 'LTH: *, *IMP2 ' *: '/
GO TO 3¢

10 IFC(LUI.EQ.0) WRITE(0,20)

20 FORMAT('LAST INPUT SEQUENCE IGNORED')

30 IF(LUI+EQ.0) WRITEC0,40)

40 FORMAT('?°',%)

READ(LU1,50> 14A,IB,IC,1CH

50 FORMAT(C(Al,A2,A1,17A4)

IF(IAEQe1L.OR«IAEQ«INY GO TO 160

1IFC(1A.EQ.IDY GO TO 60

IF(IANE.IE.OR«IB.NE.NDY GO TO 10

RETURN

*

* DELETION SEQUENCE

*

60 IF(IB.NE.IALY GD TO 80

IFCIC.NE.1L) GO TO 10

PO 70 1=1,99

LT(I)=0
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059 NSCI)=0

8060 70 CONTINUE

061 GO TO 30

062 B0 IF(IB.NE.ND) GD TO 100

063 IFCIC.NE.ISY GO TO 10

064 DO 90 1=1,99

065 NS(CI)=0

066 90 CONTINUE

067 GO TO 30

068 100 1F(IB.NE.LN) GO TO 120
869 IFCIC.NE«IS) GO TO 10

070 DO 118 I=1,99

071 LTC(I)=0D

072 110 CONTINUE

073 60 TO 30

874 120 DECODE(45130,1B) 1A,1

075 130 FORMATC(A1,R1)

076 DECODE(4,140,1C) J

077 140 FORMAT(R1)

078 1=1-256%(1/256)=240

079 J=J-2562(J/256)~-240

080 IFCI+LT.0.0Re1I+GT+9) GO TO 186
081 IFCJeLT«0+0ReJ«GT«9) G0 TO 10
082 I=10%1+J

083 IF(1.EQ.0) GO TO 10

084 IFCIASNE.IL) 60 TO 150

085 LTC¢C1)=0

086 GO TO 30

087 150 IFC(IANE.IN)Y GD TO 10

088 NS(1)=0

089 GO TO 30

099 *

091 * NODE OR LINE INPUT SEQUENCE
092 *

093 160 DECODE(4,170,1B)Y 1,J

094 1706 FORMAT(2R1)

095 1=1~-256%(1/256)-240

096 J=J-256%(J/256)~-240

097 IF(1.LT+0.0Re1.GT-9) GO TO 180
898 IF(JeLT+0s0ReJeGT«9) GO TO 10
899 I=l0*1l+J

100 IFC(I.EQ.0) GO TOD 10

101 IFC(lA.EQ.IL)Y GO TO 210

102 IFCIANE.IN)Y GO TO 10

103 =*

104 * NODE INPUT SEQUENCE

105 =*

106 IFC(IC.NE.IS) GO TO 180

167 NS(1)=~1

168 GO TO 30

109 180 IFCIC.NE.I0) GO TO 1990
110 NS5C1)=1

111 BCCI3=0.0

112 BL(1)=0.0

113 GO TO 3¢

114 190 IFCIC.NE.ICL)Y GO TO 10
115 DECUODE(68,200,ICHY BC(1)sBL(I)
116 200 FORMAT(2F13.6)

-303-



NETWORK ANALYSIS —

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

NS5C(I)=]

GO TO 30

*

* LINE INPUT SEQUENCE

*

210 IFCICSNE.ICL) GO TO 10
DECODE(68,220, ICH) JsK»A.BB
220 FORMAT(218,2F13.0)
IF(BB+EG.0+0) GO TO 230
N1C1I)=J

N2(1)=K

LT¢(I)=1

D(1,1)=A

Z(1,1>=BB

GO TO 36

236 L=A

IFCLLT+1.0R«L.GT«9) GO TO 10
IF(LUI.NE.0) GO TO 270
WRITE(G,240)

240 FORMAT('LTHS:*,%)
READ(CD0,250) (D(M,Id,M=1,L)
250 FORMAT(SF13.0/T5,5F13.0)
WRITE(0,268)

260 FORMAT('IMPS:',3)
READ(C0,258) (Z{(Ms1I),M=1,L)
N1C(1)=J

N2(1)=K

LTC1)=L

GO TO 30

270 READC(LUI,Z280) 1A»(B(M)sM=1,L)
280 FORMAT(A4,(T5,5F13.0))
READCLUI,280) IB,(C(M),M=1,L)
IFCIANE.LTH.OR.IB.NE.IMP) GO TO 300
DO 298 M=1,L

D(M, 1)=B(M)

Z(M, I1)=C(M)

290 CONTINUE

NiCId)=J

N2(1)=K

LTCI)=L

GO TO 30

300 WVRITEC0,310) L»IA»IB

310 FORMAT(18,2A4)

GO TO 10

END
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162 *

163 = THIS PROGRAM CHECKS THE INPUT DATA AND GENERATES

164 *+ TABULAR ARRAYS THAT FACILITATE SCATTERING MATRIX

165 * COMPUTATION. NETWORK LINE AND NODE NUMBERS ARE IN

166 *# THE RANGE 1 TO 99, THE NETWORK BEING SPECIFIED BY

167 = THE ARRAYS:

168 %

169 % LTCL) 0, FOR UNUSED LINE NUMBERS

170 * Js 1IF J SUB-LINES ON LINE L

171 %= NIcL) FIRST NODE ON LINE L

172 * N2 SECOND NODE ON LINE L

173 * DC(JrL) MID~-BAND LENGTH IN WAVELENGTHS OF J'TH

174 % SUB~LINE ON LINE L

175 * ZCJsL) CHARACTERISTIC IMPEDANCE OF J'TH SUB-LINE
176 * ON LINE L

177 * NS(N) -1, IF NODE 1S SHORT CIRCUITED

178 * 0, IF NO SHUNT ELEMENT SPECIFIED

179 % 1, IF NODE IS TERMINATED IN AN OPEN CIRCUIT
180 % OR AN INDUCTIVE/CAPACITATIVE ELEMENT

181 =X BL(N) MID-BAND SHUNT INDUCTIVE ADMITTANCE AT NODE N
182 * BC(N) MID-BAND SHUNT CAPACITATIVE ADMITTANCE AT
183 % NODE N

184 *

185 * THE FOLLOWING VARIABLES ARE GENERATED:

186 *

187 =% NTC(N) 0, FOR UNUSED NODE NUMBERS

188 * Js IF J LINES ENTER NODE N

189 x% ~Js IF NODE N 1S THE J'TH EXTERNAL NODE

196 * LAN(J,N? LINE NUMBER OF J*'TH LINE ENTERING NODE N
191 =* LUNC(L) VARIABLE NUMBER ON LINE L

192 * NMX MAXIMUM NODE NUMBER IN USE

193 =* NIL NUMBER 0OF INTERNAL LINES

194 % NEL NUMBER OF EXTERNAL LINES

195 %

196 * IF IER 1S NON ZERO ON RETURN AN ERROR HAS BEEN DETECTED
197 % IF IER IS NEGATIVE THE ERROR HAS BEEN CORRECTED BY

198 * MODIFYING THE INPUT DATA WHILE IF IER IS POSITIVE THE
199 ¥ ERROR 1S FATAL. THE VALUE OF IER INDICATES THE TYPE OF
208 * ERROR THAT HAS OCCURRED. NR AND NC ARE THE NUMBER OF
201 * ROVS AND COLUMNS RESPECTIVELY IN THE COEFFICIENT MATRIX
282 *x OF THE SYSTEM OF EQUATIONS DESCRIBING THE NETWORK.

203 *

204 SUBROUTINE INCHECK(IER,NR,NC)
2805 COMMON/INDATA/LT(99),N1(99),N2(99),D(9,99),2(9,99),

206 & NS(993,BC(99),BL(99)
207 COMMON/NTABS/NT(99),LAN(5,99),LUN(99),NMX,NIL,NEL
208 *

209 * CHECK NODE NUMBER RANGE AND VALIDITY AND COMPILE NT(N)
210 * AND LAN(J,N)> ARBAYS
211 *

212 IER=0

213 DO 10 N=1,99

214 NT(N)=0

215 10 CONTINUE

216 NMX=0

217 NlL=8

218 DO 30 L=1,99

219 LVN(L)>=0
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2290
221
ag2
223
224
225
226
227
228
229
230
231
232
233
‘234
235
236
237
238
239
24¢0
241
242
243
244
245
246
247
248
249
250
251
252
253
254
as5s
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277

I=LTC(L)

IF(I.LT.0.0R«1.6T.9) GO TO 200
IFC1.EQ.0) GO TO 30

J=N1CL)

K=N2(L)

IF(JeLTel «OReJ«GT«99) GO TO 220
IF(KeLT«1.0R«K.GT.99) GO TO 2280
IFCJ.EQ+K)Y GO TO 240

PO 20 N=1l,1]
IFCD(NLSLYeLTe0e00ReZ(NsL)eLE«O.0) GO TO 260
20 CONTINUE ’
LMX=1,

NIL=NIL+1

IFCJeGTNMX) NMX=y

IF(KGTNMX) NMX=K

N=NT(J)+1

IF(N.GT.5> GO TO 280

NTC(J)=N

LANCN, J)=L

N=NT(K)+1

IF(N.GT«5) GO TO 2898

NT(K)=N

LANC(N,K)=L

30 CONTINUE

*

* CHECK NODAL SHUNT ADMITTANCES AND FIND EXTERNAL NODES
%*

NEL=0

DO 68 N=1,99

I=NT(N)

J=NSCIN)

IF(JeLTe=1+0R«J«GT«1) GO TO 300
IFC(I1.EQa0AND+JeNE«DY GO TO 320
IF(I.EQ.98) GO TOD 60

IF(I.GT.1) GO TO 40

IF(J.NE.0) GO TO 50

NEL=NEL+1

NT(N)=~-NEL

LUNCLANC(1,N))=~NEL

GO TO 60

40 IF(J.EQe~1) GO TO 340

50 IFC(Je«NE.1) GO TO 60
IF(BC(N)+LT+0+00R«BL(NY«LT.0.0) GO TO 360
60 CONTINUE

NIL=NIL-NEL

NC=2%(NIL+NEL)

NR=NC-NEL

x

* SET INTERNAL VARIABLE NUMBERSs, CHECK FOR LINES DIRECTLY
* BETWEEN EXTERNAL NODES AND ENSURE THAT FIRST NODE OF AN
* EXTERNAL LINE 1S THE EXTERNAL NODE
*

N=2%NEL+1

DO 100 L=1,LMX

I=LTCL)

IFCI.EQ.0> GD TO 100

IFCLUNCL)NE«0) GO TO 70

LVUN(C(L)=N
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2786
279
280
281
a2g2
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
365
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

NaN+2

GO TO 1090

70 J=N1(L>
K=N2(L)
IF(NTC(JYLT«0) GO TO 90
IFC(NT(K)+GT«0) GO TO 3840
N1i<L)Y=K
Ne2{(L)=J
IER==1

J=1/2

DO 80 K=1,J
M=I+1-K
T=D(K»L)
D(K,L))=D{(M,L)
D(M,L)=T
T=Z(K,L)
ZC(KSLY=Z(M, L)
Z(M,L)>=T

80 CUONTINUE
G0 TO 100

90 IF(NT(K)>.LT.0) GO TO 400
100 CONTINUE
RETURN

200 IER=]
RETURN

220 I1ER=2
RETURN

240 1ER=3
RETURN

260 l1ER=4
RETURN

280 IER=S
RETURN

300 1ER=6
RETURN

320 I1ER=7
RETURN

340 IER=8
RETURN

360 1ER=9
RETURN

380 1ER=10
RETURN

400 I1ER=11
RETURN

END
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go1
002
003
604
865
006
007
008
609
010
011
o012
013
014
015
016
017
018
019
620
021
622
023
024
825
026
027
028
629
030
631
632
033
034
635
036
037
038
039
040
041
842
043
044
045
046
047
048
049
0590
651
052
053
054
055
056
057
058

*
*
&
*
*
*

THIS PROGRAM GENERATES THE ARRAY CC(NR,NC) CONTAINING
THE COEFFICIENTS OF THE SYSTEM OF EQUATIONS FOR THE
NETWORK WAVE AMPLITUDES. THE FREQUENCY RELATIVE TO
MID-BAND 1S INPUT IN VARIABLE FREQ.

SUBROUTINE MATGEN(FREQ,CC,NRsNC)
COMMON/ INDATA/LT(99),N1(99)5,N2(99)5D(9,99),2(9,99),

&

NS(99)5BC(99),BL(99)

COMMON/NTABS/NT(99),LAN(5599)5LUN(99),NMXs NIL,NEL
COMPLEX CC(NR,NC)»CVA,CVBsClA,CIBsCRsCY>CPH,CTP
DO 10 I=1,NC

O 10 J=1,NR

CC(Js»1)=(0.050.0)

10 CONTINUE

PH=6.283185308%FREQ

3
*
*

SCAN ALl INTERNAL NETWORK NODES

I=0

DO 110 N=1,NMX
J=NT(N)
IF(J.LE.0)G0 TO 110

*
*
*
*

DETERMINE COEFFICIENTS OF "CURRENT" EQUATION FROM NODAL
SHUNT ADMITTANCES

K=NS(N)

CY=(0+050.08)

CR=(1.0,0.0)

IF(K+EQ.0) GO TO 30

IF(K.EQ.1) GO TO 260

CY=(1.0,0.0)

CR=(00,048)

GO TO 30

20 CY=¢0.051+0)%(FREQ*BC(NI~-BL{N)/FREQ)

*
*
*
*
*
*
*
*

*
*

SCAN EACH LINE AT THE NODE AND DETERMINE THE COEFFICIENTS
IN THE EQUATIONS:

CVAX*A + CVUB*B
ClA%A + CIB%*B

NODE VOLTAGE
CURRENT INTO NODE

WHERE A AND B ARE THE NORMALISED WAVE AMPLITUDES ON THE
LINEs DEFINED AT ITS FIRST NODE

30 DO 160 K=l1,J
L=LAN(K,>N)
ZZ=SQRT(Z(1,L)J)
IF(N.NE.N1CL))> GO TO 40

*
*
*

A AND B ARE DEFINED AT THIS NODE

CVA=ZZ
CUB=ZZ
ClA==1.0/ZZ
CiB=~-CIA

GO TO 60
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059
060
061
662
063
064
065
066
067
068
069
670
071
872
673
074
875
076
677
078
079
080
081
082
083
084
085
086
087
088
089
0990
891
092
093
094
095
096
097
698
899
160
161
102
103
104
105
106
187
108
109
110
111
112
113
114
115
116

*

# A AND B ARE DEFINED AT OTHER END OF THE LINE
*

40 DD=PH*D(1,L)
CPH=CMPLX(COS(DD),SINC(DD))
CVA=ZZ/CPH

CVB=ZZ%CPH

CiAa=1.0/CVB

CiB=-1.0/CVA

M=LTCL)

IF(M.EQ.1) GO TO 60

*

* PERFORM TRANSFORMATIONS ALONG MULTIPLE SUB-LINES
%*

DO 50 JJ=2,M

ZZ=Z(¢JJsL)

DD=PH*D(JJsL)

CPH=(0.051.0)%SINCDD)

DD=COS(DD)

CTP=CVA*DD-CIA*#CPH#*ZZ
C1A=CIA*DD-CVA*CPH/ZZ

cva=CcTP

CTP=CVB%*DD~CIB*CPH*ZZ
CIB=CIB*DD-CVB*CPH/ZZ

CVB=CTP

50 CONTINUE

*

*# DETERMINE LINE VARIABLE ADDRESSES
*

60 1A=LUNCL)

IB=IA+1

IFCIA.GT+0) GO TO 70

1a=-1A

IB=IA+NEL

76 IFC(K.NE.1) GO TO 990

*

* COMPILE COEFFICIENTS FOR "CURRENT" EQUATION AND INSERT
* FIRST LINE VOLTAGE COEFFICIENTS INTO SUBSEQUENT *VOLTAGE™
* EQUATIONS IF NEEDED

*

CC(I+1,1A)=CR*CIA-CY*CVA
CCC1+1,IB)=CR*CIB~-CY*CVB

IF(J+.EQ.1) GO TO 100

DO 80 JJU=2,J

CC(I+JJs 1AY==CVA

CC(I+JJ»1IBI)=~CVB

80 CONTINUE

GO TO 100

*

# COMPILE "VOLTAGE"™ AND “CURRENT® COEFFICIENTS FOR SECOND
* AND SUBSEQUENT LINES AT THE NODE
3

90 CCC(I+K,IA)=CVA

CC(1+K,IB)=CVB

CCC1+1,1A)=CR%CIA
CCCI+1,IB)=CR*CIB

100 CONTINUE

I=1+J
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117 110 CONTINUE
118 RETURN
119 END

«310-
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120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160

161

162
163
164
165
166
167
168
169
170
171

172
173
174
175
176
177

TH1S PROGRAM REDUCES THE COEFFICIENT MATRIX TO A MINIMUM
FORM USING STANDARD GAUSSIAN ELIMINATION TECHNIQUES. IF
IND IS5 NON ZERO A COMPLETE REDUCTION IS PERFURMED GIVING
BOTH THE SCATTERING MATRIX AND THE INTERNAL MATRIX WHILE
ZERO IND ONLY YEILDS THE FORMER (THE INTERNAL MATRIX
GIVES THE DEPENDENCE OF THE INTERNAL WAVE AMPLITUDES ON
THE WAVE AMPLITUDES ENTERING THE NETWORK)e ON RETURN A
NON ZERO VALUE OF IER INDICATES A SINGULAR MATRIX.

CC(NR,NC) COEFFICIENT MATRIX (INPUT)
CSN(NN,NN) SCATTERING MATRIX (OQUTPUT)
CIV(NIV,NN) INTERNAL MATRIX (OUTPUT)

L3R IR IR SR AR IR IR B R BE CEE R K

SUBROUTINE MATRED(CCsNR,NC,s INDs 1ER,CSN,CIV)
COMPLEX CC(NR,NC)Y,CSN(1)»CIV(1),CX,CY
DIMENSION E(2)

EQUIVALENCE (CX,EC1)),CEC1)s5),(E(2),T)
IER=0

NN=NC-NR

DO 50 11=1.NR

I=NR+1~-11

M=1+NN

*

* FIND LARGEST ELEMENT IN COLUMN AND INTERCHANGE ROWS
* TO BRING IT ONTO DIAGONAL NORMALISED T -1
*

S=00

DO 10 J=1,1

T=CABS(CC(J>M>)

IF(T.LE.S> GO TO 10

S=T

K=J

10 CONTINUE

IF(S.EQ+0.08) GO TO 126

CX==CC{(K,M)

D0 20 J=1,M

CY=CC(Ks»J)/7CX

CCC{K»JI=CCCI>J)

CC(I,J)=CY

20 CONTINUE

*

* ELIMINATE ABOVE DIAGONAL ELEMENTS IN COLUMN BY ADDING
* PROPORTION OF *DIAGONAL"™ ROW TO ROWS ABOVE
*

IFCI«EQ.1) GO TO 50

L=1~1

DO 40 J=1,L

CX=CC(J>M)

IF(SeEQe0«0ANDT+.EQel.0) GO TO 40

DO 38 K=1,M

CCClJ»KI=CCLJIsKI+CX%CC(I»K)

30 CONTINUE

40 CONTINUE

50 CONTINUE

*

* ELIMINATE ELEMENTS BELOW THE DIAGONAL

*
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178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

L=NR

IF(IND.EC.0) L=NN

1I=L~-1

DO 80 I=1,11

M=1+NN

N=I+1

DO 70 J=N»L

CX=CC(JoM)
IF(S+EQs0+0+ANDsTEQe0.8) GO TO 70
DD 60 K=1,NN
CCCJU»KI=CCCJI»KI+*CXEXX*CC(1,K)
60 CONTINUE

70 CONTINUE

80 CONTINUE

*

* TRANSFER MATRICES TO OUTPUT ARRAYS
%

K=0

L=0

M=NN+1

DO 119 J=1,NN

DO 90 I=1,NN

K=K+1

CSNC(K)=CC(I,J)

90 CONTINUE
IFCIND.EQ+0.OR.NN-EQ.NR)Y GO TO 110
PO 100 I=M,NR

L=L+1 .

CIVILI=CC(CI,J)

100 CONTINUE

110 CONTINUE

RETURN

120 JERel

RETURN

END
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001 =*

862 * THIS PROGRAM WRITES THE NETWORK DATA TO QUTPUT UNIT LUO.
603 *

004 SUBROUTINE OUTHDR(LUO)

005 COMMON/INDATA/LT(99)5N1(99),N2(99)5D(95,99),72(95,99),
006 & NS(99),BC(99),BL(99)

007 COMMON/NTABS/NT(99),1LAN(55,99),LUN(99),NMX,NIL,NEL
008 DIMENSION ICH(12)

009 DATA 1I,IE,ISP,10,1IS/'1 's'E s 's'0 ' 'S vy
018 WRITE(LUO,10)

811 10 FORMATC(///°LINE NI N2 SL LENGTH CH IMP's
012 & * LINE VARIABLES'/) )
§13 DO 70 1=1,99

014 J=LT(I) ,

015 IF(J.EQ.0) GO TO 70

016 K=1

017 A=D(1.,1)

018 B=Z(1,1)

019 L=LVN(I)

020 IFC(L.LT-0) GO TO 20

021 L=L-2%NEL

022 M=L+l

023 1Aa=11

024 60 TD 30

025 20 L=-L

826 M=L

827 lA=1E

028 30 WRITECLUO»408) IsNICI)>N2(1)sKsAsBsLl,IALMaIA
029 40 FORMAT(414,2F10.4," ='5,135A1»' B=',1I3,A1)

030 IF(J.EQ.1) GO TO 70

031 DO 60 K=2,J

032 WRITECLUO550) KoD(K»1),Z(K,1)
633 S0 FORMAT(12X,14,2F10.4) '

034 60 CONTINUE

035 70 CONTINUE

036 WRITE(LUO,80)

037 89 FORMAT(///°NODE INT/EXT «==<LINES==-=~ SHUNT s
038 & 'CAP ADM IND ADM'/)
039 DO 170 I=1,NMX

8406 J=NT(I)

041 IF(J.EQ.0) GO TO 1760

042 1A=ISP

643 1IB=11

044 IF(J.GT.0> GO TO 100

045 J=-J

046 ENCODE(4,90,1A) J

047 90 FORMAT(I2)

048 1IB=1E

049 J=1

650 100 ENCODE(C44,1105ICH) (LAN(K,I)»K=1,J)
651 110 FORMAT(13,414)

052 J=J+1

053 DO 120 K=Jds12

054 ICH(K)=1SP

055 120 CONTINUE

056 K=NSC(I)D

057 IF(K.EQ.0) GO TO 150

058 IF(K.EQ.~1) GO TO 140
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059 ICH(7)>=10

060 AsBC(1)

061 B=BL(1I)

062 IFCA«EQe0+0+AND<B«EQs0.0) GO TD 150
063 ENCODE(185,130,ICH(8)) A,B ;
064 130 FORMAT(2F8.3)

065 GO TO 1S5S0

666 140 ICH(7)=15 ‘

067 150 WRITECLUD,160) I,IAsIB»C(ICH(K)s»K=1,11)
068 160 FURHAT(IA;6X:A2:A1:2X:5A3:2X:6A4)
069 170 CONTINUE

070 WRITE(LUO,188)

071 180 FORMAT(///)

672 RETURN

673 END
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674 *

075 * THIS PROGRAM WRITES THE SOLUTION MATRICES TO UNIT LUO.
076 *

877 SUBROUTINE OUTMTXSCLUO»CSN.CIV,IND, FREQ)D

078 COMMON/NTABS/ANT(99),LANC5,99),LUNC(99)sNMX,NIL,NEL

879 COMPLEX CSN(1),CIV(1),CTPL

080 WRITE(LUO,10) NEL,NEL,FREQ

081 10 FORMATC(//°*SCATTERING MATRIX (',I2,°' BY *»12,°)°,

082 & * FREQ= *,F7.4)
083 DO 50 I=1,NEL.4
084 J=1+3

085 IF(J«GT.NEL)Y J=NEL

086 WRITE(LUOs20) (KsK=1sdJ)

087 20 FORMAT(/'ROW COL=',114,3116/)

088 DO 40 K=1,NEL

889 L=K-NEL

090 WRITECLUO,»30) Ks (CTPL(CSN(M*NEL+L)>)sM=1,J)
091 30 FORMAT(I3s3Xs4(F8e55°(*,F6¢2,'3%))

092 40 CONTINUE

093 50 CONTINUE

094 IFCIND.EQ«0.OR.NIL.EQ.8) GO TO 110

895 NIV=2%«NIL

096 WRITE(LUO»60) NIV,NEL,FREQ

097 60 FORMATC(//°*INTERNAL MATRIX (',1I3,' BY *»12,°)"%

098 & ' FREQ= '5F7.4)
099 DO 100 I=1,NEL,4
100 J=1+3

181 IF(J.GT.NEL) J=NEL

102 WRITE(LUG»70) (KsK=1sJ)

103 70 FORMAT(/'ROV COL=',114,3116/)

104 DO 90 K=1,NIV

105 L=K-NIV

106 WRITECLUO,80) K, (CTPL(CIV(M*NIV+L))I,M=1,J)
107 80 FORMAT(I3s3Xs4(FBeds'('sF642,°)'))
108 90 CONTINUE

109 100 CONTINUE

110 110 WRITECLUO,120)

111 120 FORMAT(///)

112 RETURN

113 END
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114 FUNCTION CTPL(C)

115 COMPLEX CTPL.C

116 RE=REAL(C)

117 AI=AIMAG(C)

118 D=SQRT(RE*RE+AI*Al)
119 E=0.0

120 IF(DeNE«D+0) E=57+.29578%ATAN2(AI,RE)
121 IF(E:LTe0¢0) E=E+360.0
122 CTPL=CMPLX(D,E)

123 RETURN

124 END
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