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1. INTRODUCTION

Waveguides and transmission lines which couple energy across
an air gap by means of leaky waves or surfaces waves offer a prom-
ising means of communicating with trains or other vehicles con-
fined to a guideway. However, the dispersion which such structures
.exhibit can be a limiting factor in signal transmission over long
distances. Since pulse-code modulation (PCM) is the most likely
candidate in these applications, the pulse-transmission properties

of such lines become an important question.

The effect of noise on the performance of PCM communication
systems has been thoroughly treated in the literature. However,
the effect of a distorting transmission medium has received con-
siderably less attention. Thus, it is desirable to develop an
analysis to serve as a basis for computer models of PCM trans-

mission.

The term PCM refers not to a particular type of modulation,
but to a diverse class of modulations. In maintaining the gen-
erality needed to treat this broad topic, the aim will be to
provide the means for computing received signals or pulses. The
judgment of numerical results will depend upon the type of PCM
and the means of detection employed.

Four separate Fortran programs have been constructed for
analyzing signal transmission. They compute the following:

a. An upper bound for distortion in the received signal,

b. Ratio of the energy in the distorted component of the
received signal to the energy in the undistorted com-
ponent of the received signal,

c. Detailed description of the output signal as a function
of time (direct integration method), and

d. Detailed description of the output signal as a function
of time (fast Fourier method).




Programs (a) and (b) each compute a number which is useful
in judging the degree of distortion, while (c) and (d) are alter-
nate programs for computing the distorted output signal as a
function of time. These latter two programs have the advantage
of providing more detailed information, but they require more
computing time. Therefore, the suggested approach is first to use
the former two programs so that a definite conclusion may be
reached from their results. If still more information is required,
then the other programs can be used to provide a detailed descrip-
tion of the output as a function of time.



2. SYSTEM AND SIGNAL DESCRIPTIONS

The properties of a transmission medium are described by the
transfer function H(w), which relates the transforms of input and
output signals by So(w)=H(w)Si(w) (see appendix A.1). For common
uniform transmission media, H(w) is usually available in analytic
form, or is easily determined experimentally with modest laboratory
apparatus. However, its determination is more involved for the
case of long transmission lines in which discontinuities or other
deviations from uniformity are present; the problem is further
complicated by the uncertainties of construction which accompany
these discontinuities. Experimental determination first requires
major construction, and provides data on just one set of param-
eters. A computer simulation of such a line, while by no means
a minor undertaking, may be more expedient, and allows parameters
of the line to be easily changed. The analysis presented here
incorporates a transfer function H(w) given by a computer simula-
tion, such as that constructed by NMSU,l_3 or determined by ex-
periment. A transmitted input signal si(t) emerges from the system
as the received output signal so(t), given by

o]

s, (t) = %_" H(w)S; (w)exp (+jut)dw . (2-1)

- 00

The input signal can be written in the form si(t)=p(t)(exp+jwot),
which is still general but suggests a pulse-modulated carrier.

The transforms of si(t) and p(t) are related by Si(m)=P(w-wo). It
is convenient to introduce the translated transfer function K(w)
defined by H(w)=K(w-wo). Then for transmission limited to the
band wo-Am<w<wo+Aw, equation (2-1) can be written in the form:

Aw
s, (1) = L /{K(w)P(w)exp(+jwt)dw}exp(+jwot), (2-2)
-Aw

which, like the input, is in the form of a pulse-modulated carrier.
The integration in (eq. 2-2) can be performed directly only for




some special cases of K(w), and it is evident that, in general,
numerical methods are needed. However, before proceeding in that
direction, cases of K(w) will be considered to provide insight,
and to suggest a more refined form of equation (2-2).



3, SPECIAL TRANSFER FUNCTIONS

3.1 A K(w) WHICH CAUSES NO ENVELOPE DISTORTION
If K(w) is of the form

K(w) = exp(-a)exp [-1 (b +byw)] (3-1)
the integral in (eq. 2-2) can be evaluated exactly to yield
so(t) = p(t-hﬂexp(-ao)exp[+3(t-boﬂ

Therefore, the roles of the constants ags bo’ and bi are identified
as follows:

m
i

uniform attenuation without distortion of signal shape,

b_ = displacement of the envelope relative to the r-f signal,
and

b1 = envelope delay; i.e., the time for the pulse to travel
the length of 1line.

These alterations are insignificant for commonly used detec-

tion techniques which recognize only pulse-envelope shape.

3.2 A SMOOTH K(w) WHICH CAUSES DISTORTION
Now to generalize K(w) further to the form,
2 . . . 2
K(w) = exp(ao-alw~a2w ) exp(-Jbo-Jblw-Jbzw ). (3-2)

While equation (2-2) cannot be integrated exactly for arbitrary
pulses, it can be integrated exactly if the output pulse is of
gaussian shape and transmission is not band-limited; i.e., Awzw.

Then the gaussian input pulse can be written in the form
p(t) = (1,70 V2 exp(-tl/2n,?),

so that Ty is a measure of the input pulse width. The resultant
output, obtained through equation (2-2), is4




so(t) = r(t-bjlexp(-a Jexp[+]j(w,t-b )],

where the pulse envelope, |[r(t)|, is also of gaussian shape. If
the output pulse width is designated by Too then the similar
parameters, T, and Ty» are conveniently related to give pulse
broadening.

= 2 2 2 1/2
Ty = [Ti + 2a2 + 4b2 /(Ti + Zaz)]

This result admittedly has limited application. The form
given by equation (3-2) assumes that the logarithm of K(w) is
closely approximated by a three-term power-series expansion. This
is 1likely to be a good approximation for a uniform transmission
line, but does not adequately describe the erratic behavior of
K(w) which accompanies discontinuities with some randomness in

location. Furthermore, only pulses of gaussian shape have been
considered.

In spite of these limitations, the results of this section
provide useful formﬁlas for hand calculations of a uniform trans-
mission line. In some cases, the numbers obtained may render
unnecessary a computer study of the more severe discontinuity
case,

3.3 A K(w) WITH A SPIKE WHICH CAUSES DISTORTION

Studies by NMSU have shown that for long transmission lines
with some randomness in the placement of discontinuities, the
transfer function may exhibit sharp spikes. As an extreme case,
let such a spike at w=w be represented by a delta function,
separated from the principal part of the transfer function, Kp(w):

K(w) = Kp(m) + AG(m-ms),
where A is the area under the spike. Then, equation (2-2) is

easily integrated to give

so(t) = s (1) + AP(mS)exp[j(ms+wo)t] ,



Aw
=) 1 . .
where sp(t) = TF'_/r Kp(w)exp(+3mt)dw exp(+3w0t)
“Aw

Therefore, a delta function spike results in a constant
sinusoid at wEw . O0f course, spikes encountered in practice
have finite width and height, and consequently, do not result in
signals unbounded in the time domain. Nevertheless, this result
does demonstrate that abrupt features of the frequency domain
correspond to signals which are spread out in the time domain.

Despite the almost trivial nature of this example, several
conclusions can be drawn. First, it is not the height of the
spikes which is of concern, but rather the area under them; and

second, the effect of a spike can be minimized through a judicious

choice of pulse shape. If P(w) has a zero at W s the spike will
have no effect.




f, GENERAL TRANSFER FUNCTIONS

Section 3.1 has revealed that translated transfer functions
of the form exp(-ao) exp[-j(bo+b1m)] can be handled analytically
for arbitrary inputs. This suggests that the treatment of general
transfer functions may be facilitated by first removing a part
which is of that form. That is, general K(w) is decomposed as
follows:

K(w) = exp{-¢(m)}exp{-j¢(m)} = exp{-[ao+Y(uﬂ]}exp{-j[bo+b1w+u(wﬂ}.

This decomposition is by no means unique. For the present,

the choice of ags bo’ and b1 is considered to be arbitrary, and

v(w) and u(w) are defined by
Y(w)=¥(w)-a,,
u(w)=¢(m)-bo-blw.

For any decomposition of this form, the output as given by
equation (2-2) can be written

s_(t) = a(t-b;) exp(-a ) exp{j [mot-bo+e(t-b1)]} ) (4-1)
where a(t) and 6(t) are real and defined by
Aw
«®expl+i0 (0] = = [ expl-v(@)-u@) 1P (expl+iute-b;)]du
-Aw

The constants 2. bo’ and b1 have well-defined effects,
whereas the effects of y(w) and p(w) must be numerically computed.
Therefore it is desirable to express as much of K(w) as possible
in the form (3-1). To this end, the values of a s bo

specified to have values which will minimize the functionals

, and b1 are

Aw
L= [ Y,
“Aw



Aw

. u? () du,
2 “Aw

The values of ag, bo’

along with the corresponding y(w) and u (w), are to be used in

and b1 which result from this minimization,

computing equation (4-1).

The output so(t) can be expressed in a form which explicitly
separates the distortion. This is accomplished through the
identity

K(w) = K (w) + K,(w),
where

Ky () = exp(-a Jexp[-j(b_+b w)]

K, () = Ky (w) {exp[-y(w)lexp[-ju(w)] - 1}
Then according to (eq. 2-2), the output is

so(t) = 57(t) + s,(t),
where

s1(t) = p(t-by)exp(-a )exp[+j(w t-b )]

and

s, (t) lF--/f Ky ()P (w)exp (+jut)dupexp (+ju_t) . (4-2)

w

Aw
A

The component sl(t) is recognized as being the undistorted
input signal, except for those insignificant differences noted in
section 3.1. The component sz(t) is identified as the distortion,
essentially a background noise. The energy in the undistorted

component sl(t) and the energy in the distorted component sz(t)
are given by

0 Aw
2 1 2 2
N ACICI R JARACIHIGIE N
- -Aw



- Aw

E, = / Isz(t)lzdt=%7/ 1K, () | 2]P (w) | %o,

- “Aw

where Parseval's theorem has been applied. The ratio EZ/El
provides a measure of the signal distortion and is given by

Aw
) / {exp[-ZY(w)]+1-2exp[-Y(w)]cosu(w)}|P(w)|2dw
2 _
EI == Aw - (4-3)
IP(w) |%du
-Aw

Another figure which may be useful in judging the distortion is
the following upper bound for |sz(t)f, which is obtained by re-
placing the integrand in (4-2) with its absolute value.

Aw 1/2
/ {exp[-zwwnﬂ-z expl[-v(w)]cosu (@} |P(w)|dw
-Aw (4-4)

exp (-Zao)
|s,(t)] & ——0"
27

The usefulness of this information is l1limited, in that it can show
distortion to be acceptable but cannot show distortion to be un-
acceptable.

10



5. NUMERICAL ANALYSIS AND PROGRAMMING

The computations which will be considered are those indicated
by (eqs. 4-1, 4-2, and 4-3). The main programs given in appendix
sections B.1.1 and B.1.2 have been written to evaluate (eqs. 4-2
and 4-3). The one or two numerical integrations involved are
performed by a trapezoidal rule subroutine given in B.3.1.
Alternately, this subroutine can be replaced by the Simpson's rule
subroutine given in B.3.2. However, the potential improvement in
accuracy or computation time offered by Simpson's rule is realized
only for dense sample points. For either subroutine, the time
required for integral evaluation is roughly proportional to N, the
number of points.

The Fourier inversion embodied in equation (4-1) will be a
more lengthy process. Direct methods require that the integration
be re-performed for each point desired in the time domain. Such a
numerical integration is achieved by dividing the frequency inter-
val into N subintervals, so that if N points in the time domain
are computed, the total computing time required is proportional to
N2,
through the main program in B.1.3, which may be used with either
the integration subroutine based on the trapezoidal rule (B.3.1)
or the one based on Simpson's rule (B.3.2).

Such an inversion by direct integration is accomplished

The time required to complete the numerical inversion can be
reduced considerably through the fast Fourier transform (appendix
A.1), which does not treat points in time independently, and
thereby, performs the inversion in a time proportional to N log N.
However, it does lack the flexibility of direct integration because
of two additional constraints: (a) the number of sample points
must be ZM, where M is an integer, and (b) the sample points must
be equidistantly spaced. The main program in B.1.4 is based on
the fast Fourier transform and is used in conjunction with the
subroutine in B.3.2, which has been adapted from the IBM scientific
subroutine version.

11




The analysis which has been presented presumes that the
transfer function H(w) has been given, or that a means has been
provided for calculating it. For demonstration purposes, an
existing computer program written by NMSU for the GASL 1ine2 has
been used to generate H(w). That program is embodied in subroutines
given in B.2.1, B.2.2, and B.2.3.

The computations indicated by (eqs. 4-1, 4-2, and 4-3) must

be preceded by determination of ags bo’ bl’ Y(w), and p(w). There-

fore, all programs share the same subroutine (B.2.4) to find the

a bo’ and b1 which will minimize

o,
Aw
2
Y (w)dw,
“Aw
and
Aw
2
/ 12 (w)du
-Aw

Appendix A.2 describes the minimization technique on which this
subroutine is based. In implementing this approach, it has been
necessary to use double precision arithmetic to achieve
acceptable accuracy.

Input pulses with gaussian spectrum, and hence gaussian enve-
lope, were used in test cases, and it was verified that all pro-
grams are operational. Output pulses computed by the trapezoidal
rule (B.1.3) and the fast Fourier transform (B.1.4) were in agree-
ment, and these results reduced properly to gaussian pulses as
distortion approached zero. The results of the programs given in
(B.1.1) and (B.1.2) were consistent with those of the programs
given in (B.1.3) and (B.1.4).

12
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APPENDIX A: MATHEMATICAL BACKGROUND

A.1 FOURIER TRANSFORMS

The Fourier transform of f£(t) is defined by

(=]

F(w) =./[ f(t)exp(-jwt)dt,

-0
so that the inversion formula is

£(t) = +—

T F(w)exp(+jwt)dw.

8~

An important result which follows from this transform pair is
Parseval's theorem:

o] 0

/ Ifct)lz_dtﬁ—,rf |F () | 2do.

o -0

Although transforms or inverse transforms have been analyti-
cally determined for many well-known functions, most generally
they must be evaluated numerically. This can be accomplished to
any degree of accuracy (at least for integrals defined in the
Riemann sense) by approximating the integral with a sum over
sufficiently small subintervals. For band-limited spectra
(F(w)=o0; w<wl,w>w2), the inverse transform can be written

w
2
f(t) = %;—jr F(w)exp (+jwt)dw
w
1

A
= exp(+jw1t)../f S(v)exp(+j2mvt)dv,
0

17




wtw
S(w) = F<—2ﬂ—1>

Then for sufficiently large N,

A N-1
/ S(v)exp(+j2mvt)dv = Av. z S(n.Av)exp(+j2mn Av.t).
) n=o

Evaluation at the values of t given by tk=k.At, with At chosen
so that At-Av=1/N, yields

A N-1
j[ S(v)exp(+j2wvtk)dv x Av.ji S(n.Av)exp (+j2mnk/N).
o] n=o

This is part of the following discrete Fourier transform pair,
N-1

At 2 X(k)exp(~j21rnk/N) n=o0,1,-"",N-1
k=0

S(n)

N-1
Av > S(n)exp (+]2mnk/N) K
n=o

x (k) -,N-1

il
o
—

which can be evaluated by the fast Fourier transform algorithm.5

18
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A.2 FUNCTIONAL MINIMIZATION
A functional of the form

b

I =f sz(x)dx,

a

where

N
e(x) = £(x) - z
n=

can be minimized over {cn} by requiring that aI/ch=o for
m=1,2, »N. This results in the following set of simultaneous
equatlons which can be solved for the c,

:E YmnSn = m, m=1,2,...,n,

b
Q, =/ Mg ax.
a

This procedure is applied to the minimization of

Aw
I1 = J/. Yz(m)dw,
-Aw

where y(w)=w(m)-a , and gives

Aw
a, = 2—1—/ U (w)dw.
-Aw

Similarly, minimization of
Aw
_ 2
I, = 1 (w)dw,
-Aw

19




where u(w)=¢(w)-b0-b1w, gives the following values for bo and bl’

Aw
_ 1
bO - m ¢(U))dm,
-Aw
Aw
b, = 3 1 wo (w)dw
1 2 (Aw)3 :
-Aw

20



APPENDIX B
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R.1 MAIN PROGRAMS
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[aN el e

oCoOon

[aNaXe]

11

B.1.1 PROGRAM FOR DISTORTION BOUND

GASL TRANSMISSION LINE ,
DIMENSION M(J)

COMMON /XDEV/PSI(J;le)oPHl(3v513)ow(513)9GAM(39513)9XMU(30513)9
1 NVAL

COMMON /BLK1/ A0(4)sBU(3)9H1(J)

COMMON /BLK2/ DELF sP1+TWUPI+FOsF2eFMEAN

COMMON /BLK3/ NPT>

COMMON /INOUT/ IREAUsIRITE

COMMON /INPUT/ LZERUVSWRL»VSWRE9STDIKG

DOUBLE PRECISION PSIsPHIsWsGAMyAMU

DOUBLE PRECISION AUsb0sB81

DOUBLE PRECISION UELFsPIsTWOPIsF UsF2sFMEAN

DOUBLE PRECISION LZEKQsVSWKI1sVSWRZ

DOUBLE PRECISION SeXsTWPISUIREC2PI s X INTsDELWsSIGMA»S1OMSQ s COEFF o
1 POWRIKZ2WSQeSWIaY1(513) s VALUE yK2W

EQUIVALENCE (PST(1s1)sYL (1)) s (FHI(Lls1l)ev2(1))
S(X) IS THE TRANSFOKM UF THE PULSE ENVELOPE. GAUSSIAN S(X) TAKE
THE FORM COEFF # DEXP (=POWK # X##2),

S(X) = COEFF # DEAP (~POWR # X#up)

PI=3.1415926500
TWOPI=2.D0%P]
TWPISG = TwOPI##2
RECeP1l = 1.,DU/TwWOPI

Mi1l) = 5§
M(2) =0
M(3) = ¢

NN = THE NUMBER OF INTERVALS BE SURE THAT NN IS EVEN

NN = 64

NINT = NN
NPTS = NINT+1
XINT = NINT

READ (IREADs11) SIDsLZEROsVSWRIsVSWKZ9K6sSIGMA
FORMAT (4F1043+1109D20.7)

SIGMSQ = SIGMA##2
COEFF = DSQRT(TWOFI) * SIGMA
POWKR = 0.500 # SILMSQ

IREPT = 1

23




1 CONTINUE

C

C
READ (IREAD+33) FusFe

33 FORMAT(2020.7)

C
FMEAN = (Fu + F2)/2.00
DELF = (F2 = FO)/AINT
DELw = TWOPI®DELF

C
CALL XX1
CALL ULEV

C

WRITE(IRITEs111)
111 FORMAT(1H1+s5Xs20HDEVIATIONS ARE BELOW //)
WRITE (IRITE»220)
220 FORMAT(9Xs4H W »13Xs3HPSIs15Xs3HPHI» 15X 9 3HGAM s 15X s 2HMU)
DO $00 K=143
WRITE (IRITE+200)
200 FORMAT (1HO)
DU 500 I=1sNVAL
WRITE(IRITE+222) w(I)+PSI(Ks1) sPHI(Ks1)sGAM(KsI) s XMUKSI)
222 FORMAT (1X+5(2X+D1547))
500 CONTINUE

DO 800 K = 13

DO 600 I = 1eNVAL
K2WSQ = DEXP (=2.00 % GAM(KsI)) ¢ 1.U0 = 2.D0 # DEXP (~-GAM(KsI)) #
1 DCOS (XMU(KsI))
K2w = DSQRT(K2WSQ)
SWI = S(w(l))
Y1(I) = K2wSQ # Swl
600 CONTINUE

CALL DTRAP (DELWsYlseVALUE9SNVAL)
IF (K «GT. 1) GO 10 1000

WRITE(IRITEsB850) [REPTINPTS
850 FORMAT(1H19¢3X9e9HFUR CASE 12+3X929HTHE NUMBER OF POINTS USED IS

1 14 77)
C
WRITE (IRITEs22) STOsLZEROsVSWR1sVSWRZ2+sK69sSIGMA
22 FORMAT (1H1+3XsSHSTOD = F10.593X97THLZERO = F10.493X97HVSWR] = F10.5
193X9 THVSWR2 = F10.5 / 4X94HKE = [593X9THSIGMA = Di5.7//)
C
WRITE(IRITE +44) FusF29sFMEANSDELF sDELW
44 FORMAT (4Xs4HFO = D15e793X94HF2 = D15.793XsTHFMEAN = D15.7 7/
1 4Xs6HDELF = D154/93Xs6HDELW = D15.7)
[
1000 CONTINUE
o
< WRITE (69900) Ko VALUE
900 FORMAT (1X94HR = 9I11913Hy INTEGRAL = 4D15.7)
C
800 CONTINUE
C
[
IF (IREPT.EQ.4) SIOP
IREPT = IREPT + 1
GO 101
C
END
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B.1.2 PROGRAM FOR RATIO OF DISTORTION ENERGY TO SIGNAL ENERGY

GASL TRANSMISSION LINE .
DIMENSION M(3)

COMMON /XDEV/PSI(3+513)9PHI(39513)sW(513)9GAM(39513)9XAMU(3+513)
1 NVAL

COMMON /BLK1/ A0(s)sB0(3)+B1(3)

COMMON /BLKZ2/ DELFsPI+TWOPIsFOsF24FMEAN

COMMON /BLK3/ NPT>

COMMON /INOUT/ IREADSIRITE

COMMON /INPUT/ LZEROsVSWR1sVSWR2+S5TUsKE

DOUBLE PRECISION rSIsPHIsWeGAMyAMU

DOUBLE PRECISION A0yB0sB1

DOUHLE PRECISION UDELF +PI«TWOPIsFOsF29FMEAN

DOUBLE PRECISION LZERQOsVSWR19sVSWRZ

LOUBLE PRECISION 59X9TWPISUIRECEPI s XINTIDELWsSIGMASIGMSQyCOEFF o
1 POWRIK2WSQsSWISAsY1(513)9Y2(513)9YNUMy YDENOMy VALUE

EQUIVALENCE (PSI(le1)sY2(1))s(PHI(Llsl)aY¥2(1))

S(X) IS THE TRANSrORM OF THE PULSE ENVELOPE. GAUSSIAN S(X) TAKE
THE FORM COEFF # DEXP(~POWR # Xx##2),

S{X) = COEFF # DEAP(=POWR # Xx##2)

5
6

IREAD
IRITE

PI=3.,1415926500
TWOPI=2.D0#PI
TWPISQ = TWOPI##2

RECZP1 1.00/TwOr1
M(l) = 5
M(2) = 0
M(3) = 0

NN = THE NUMBER OF INTERVALS BE SURE THAT NN IS EVEN

NN = Z#8M (1)

READ (IREADs11) SIDsLZEROIVSWRLIVSWRZ9K69SIGMA
11 FORMAT (4F10¢3911usD20.7)

WRITE (IRITE22) STUsLZEROsVSWR]1+VSWR29K69SIGMA

22 FORMAT (1H193Xs5HSTU = F10e593Xs7THLZERO = F1l04493X97HVSWRL = F10.5
193X97HVSWRZ = F10.5 / 4Xs4HKE = I5¢3X97HSIGMA = D15.7//)
SIGMSU = SIGMA##2

COEFF = DSQRT(TWOPI) # SIGMA
POWKr = 0.5D0 # SIuMSQ

READ (IREAD+33) FusfF¢
33 FORMAT (2020.7)

FMEAN = (FO + F2)/2.00
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IREPT = 1

1 CONTINUE
NINT = NN
NPTS = NINT+1
XINT = NINT
DELF (F2 = FO)/XINT

DELW TWOPI*DELF
WRITE(IRITEs44) FusF2+sFMEANSDELF +DELW

44 FORMAT (4X9GHFO = DIS.793X94HF2 = D15.793Xs THFMEAN = D15.7 /
1 4Xs6HDELF = D15.793Xe6HUELW = U15.7)

CALL XX1
CALL DEV

WRITE(IRITE»111)
111 FORMAT (1H1+5Xs20HDEVIATIONS ARE BELOW //)
WRITE(IRITE»220)
220 FORMAT (9Xe4H W  913X93HPSI915Xs3HPHI»15X93HGAMs 15Xy 2HMU)
DO 500 K=1,3
WRITE(IRITE»200)
200 FOKMAT (1HO)
DO 500 I=1sNVAL
WRITE(IRITEs222) w(I)sPSI(KeI)sPHI(KsI)sGAM(KsT) ¢ XKMU (K1)
222 FORMAT(1X+5(2X+D15.7))
500 CONTINUE

DO 800 K = 193
DO 600 I = 1oNVAL

K2WSQ = DEXP (=2.00 # GAM(KsI)) + 1,00 = 2.D0 # DEXP (=GAM(K,I)) *#
1 DCOS (XMU(KsI)})

SWISQ = S(W(I))##e
Y1(I) = K2wSQ # SwlsQ
Y2(I) = SWISQ

600 CONTINUE

CALL DTRAP (DELWoY1lsYNUMsNVAL)
CALL DTRAP (DELWosY2yYDENOMsNVAL)

VALUE = YNUM / YDENOM
IF (K .EQe 1) WRITE(IRITEs850) IREPTsNPTS
850 FORMAT (1H1s3Xs9HFUR CASE 12+3Xs29HTHE NUMBER OF POINTS USED IS

1 14 77}
WRITE (6+900) Ky VALUE
300 FORMAT (1Xs4HR = oI1le13Hs INTEGRAL = 5D15.7)

800 CONTINUE
NN = 2 # NN
IF (IREPT.EQ.2) STOP
IREPT = IREPT + 1
GO TO0 1

END
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B.1.3 PROGRAM FOR ENVELOPE OF OUTPUT USING TRAPEZOIDAL RULE

GASL TRANSMISSION LINE .
DIMENSION M(3)

COMMON /XDEV/PSI(39513)+PHI(39513)9W(513)9GAM(3+513)9XMU(3+513)
1 NVAL

COMMON /BLK1/ AU(3)sBU(3)+B1(3)

COMMON /BLK2/ DELF +PI1+TWOPIsFO0sF2sFMEAN

COMMON /BLK3/ NPTs

COMMON /INOUT/ IREADsIRITE

COMMON /INPUT/ LZeROsVSWR1sVSWRZ2sSTD9KE

DOUBLE PRECISION FSIsPHIsWeGAMyXMU

DOUBLE PRECISION AOsB0sBl

DOUBLE PRECISION UELFsPIsTWOPIsFOsF2sFMEAN

DOUBLE PRECISION (L ZERQsVSWR1yVSWRZ

DOUBLE PRECISION 5eXsTWPISQeRECZPIoXINToDELWsSIGMAsSIGMSQ s COEFF &
1 POWRsK2WSQeSWISQsY1(513)sY2(513) 9 YNUMsYDENOM,s VALUE

DOUbLE PRECISION DELTsTowToSWIsWTMMUNSFACIFACLsFACZ29VALRsVALL S

1 AMPLI1+XN+PHASE

EQUIVALENCE (PST(Lel1)sY1(1)) e (PHI(Llsl)oY2(1))
S(X) 1S THE TRANSFORM UF THE PULSE ENVELOPE. GAUSSIAN S(X) TAKE
THE FURM COEFF # DEXP(=POWK & X##2),

S{X) = COEFF # DEXP(=PUWR # X#u#g)
IREAD = 5
IRITE = 6

PI=3.1415926500
TWOPI=2.D0%P1
TWPISU = TwOP[##2
RECZPI = 1.D0/TwOrl

=
~
nonoun
(=2 ]

NN = THE NUMBER OF INTERVALS BE SURE THAT NN IS EVEN
NN = 2##M(])

READ (IREADs11) STDILZEROVSWR1IVSWREsK6+SIGMA

FORMAT (4F10+3911us020.7)

SIGMSQ = S1GMA#u2

COEFF = DSURT(TwOrPI) # SIGMA

POWk = 0.5D0 # SIuMSQ

READ (IREAD+33) Fusfe
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33 FORMAT (2D20.7)

FMEAN = (FO ¢ F2)/2.00

IREPT =1

1 CONTINUE
XN = NN
NINT = NN
NPTS = NINT+1
XINT = NINT
DELF = (F2 - FO)}/AINT
DELW = TWOPI®#DELF
DELT = 0.3D-04/20,00
TIME STEP DELT THaAT IS ORDINARILY UStD IS GIVEN BELOw
DELT = 1.D0/ (XN#DELF)
CALL XxX1
CALL DEV

WRITE (IRITEs111)
111 FORMAT (1H1+5Xs20HUEVIATIUNS ARE BELOW //)
WRITE (IRITE»220)
220 FORMAT(9X94H W 913Xs3HPSI»15Xs3HPHI s 15X 9 3HGAMs 15K 2HMU)
DO 500 K=1,3
WRITE (IRITE+200)
200 FORMAT (1HO)
DO 500 I=1sNVAL
WRITE(IRITE»222) w(I)sPSI(KsI) yPHI(KsI)sGAM(KsT) 9 XMUIKsI)
222 FORMAT (1X35(2KsD1547))
500 CONTINUE

MM = NVAL - 1

WRITE (IRITE»22) STD9sLZEROsVSWR1eVSWRZ9K69SIGMA
22 FORMAT (1H193XeSHSTD = F10.5¢3Xe 7THLZERO = Fl04493XsTHVSWR]1 = F10.5
143Xs THVSWR2 = F10.5 / 4Xe4HK6 = IS593XsTHSIGMA = D15.17//)

WRITE(IRITE »44) FusFZsFMEANSDELF »DELW
44 FORMAT (4Xs4HF0 = D1S.793Xe4HFZ = D15.793Xe THFMEAN = D15.7 /
1 «X96HDELF = D15./793X+6HDELW = U15.7)

DO 800 K = 13

WRITE(IRITE s444)
444 FORMAT (1H1)
WRITE(IRITE.882)
882 FORMAT(1HO0»31Xs1SHI N T E G R A L//)
WRITE(IRITE1884)K
8B4 FORMAT(37Xe4hK = [1 /7)
WRITE(IRITE,883)
883 FORMAT(10Xs1hTs 15X s4HREAL 9 14Xe4HIMAGY 15X s SHAMPLITUDE 9 11 X9 SHFHASE)

T = 0.00
DO 825 L = 1s21

ORDINARILY THE DO STATEMENT IS AS GIVEN BELOW
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600

885
829

800

DU 825 L = 1NN

DO 600 I = 1sNVAL

WT = wi(l) & 1T

SWI = S(W(I))

WIMMUW = WT=XMU(K,1)

FAC = DEXP(=GAM(K,I)) * SwI

FACl = DCOS(WTMMUw)

FACZ = DSIN(WTMMUW)

Y1(1) = FAC ®* FAC]|

Ye(l) = FAC ® FACc

CONT INUE

CALL UTRAP (DELWeYlsVALRsNVAL)
CALL DTRAP (DELWoY29VALIsNVAL)
VALK = RECZPI # valLk

VALI = RECeZPI # vaLl

AMPLT = DSQRT(VALK®#cz ¢ VA J##2)
PHASE = DATANZ2(VALIsVALR)

WRITE(IRITE +885) Ty VALK VAL L yAMFL 1 sPHASE

FOKMAT( 3XoD15e7s IX9019,793H + s0I5eTs3H J
T =T+ DELT

CONTINUE

CONTINUE

1F (IREPT.EQ.2) SiUP

IREFT = JREPT + 1

NN = 2 # NN

GO TO0 1

ENU
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B.1.4 PROGRAM FOR ENVELOPE OF OUTPUT USING FFT

D245l 2 STC RUYAL=F (T) USING FFT 010 VU5

GASL TRANSMISSION LINE .
DIMENSION INV(128)+M(3)

COMMON /XDEV/PSI(39513)9PHI(3+513)9W(513)96AM(39513)9XMU(3+513)»
1 NVAL

COMMON /BLK1/ A0(3)s80(3)s81(3)

COMMON /BLK2/DELF sPI1oTWOPIsFOsF2sFMEAN

COMMON /BLK3/ NPTS

COMMON /INQUT/ [RrAUSIKITE

COMMON /INPUT/ LZERUsVSWR19VSWHZeSTDIKE

DOUHLE PRECISION HS1ePHIsWeGAMsXMU

DOUBLE PRECISION aUsBO+BIL

DOUBLE PRECISION uUtLFsPIsTWOPIoFOsF2yFMEAN

DousLE PRECISTON LZERQsVSWR1sVSWRZ

DOUBLE PKECISION 59XsTWPISQIREC2PIsXNsXINT9SIGMA9SIGMSQsCOEFF o
1 POWRDELTsCMUWS SMUWSFACISS(128) 9A(1024) 9T 9AMPL1+PHASE

EQUIVALENCE (PSI(Llsl)sA(l))

S(x) IS THE TRANSFORM OF THE PULSE ENVELOPEt. GAUSSIAN S(X) TAKE
THE FORM COEFF # DEXP (~POWR # x##2),

S(X) = COEFF # DEAP(-POWR # Xx##2)

IREAD 5

IRITE 6
P1=3.1415926500
TWOPI=2.D00%P1
TWPISQ = TwOP[##2
RECZPI = 1.D0/TwOrl

won

PREPARE DATA FOR DHANM

11

33

M(1)
M(2)

6
0
M(3) 0

READ (IREADs11) SiULsLZ2EROIVSWK]LIVSWRZIK69SIGMA
FORMAT (4F10.3+1109020.7)

SIGMSU = SIGMA®#2
COEFF = DSQRT(TwWOPRI) # SIGMA
POWR = 0.5D0 # SIGMSQ

READ (IREAD33) FusF2
FORMAT (2D020.7)

FMEAN = (FO + F2)/2.0D0

IREPT 1

30



(aXaNel

con

1 CONTINUE

NN THE NUMBER OF INTERVALS B8E SURE THAT NN IS EVEN

NN = 2##M(])

AN = NN
= NN

NINT + 1

NINT

4
'l
]
v
wouo

= (F2 = FO)/AINT
DELT = 1.0D00/ (XN®DELF)

CALL AX1
CALL DEV

WRITE(IRITEs111)
111 FORMAT(1H195X+20HUEVIATIUNS ARE BELOW //)
- WRITEC(IRITE220)
220 FORMAT(9Xs4H W 913X 3HPST 915X 9 3HPHI 915X 9 3HGAM s 15X s 2HMU )
DO 500 K=].3
WRITE(IRITE200)
20U FOKMAT(1HO)
LO 500 I=1sNVAL
WRITE(IRITEs222) WD) oPSI(KeI) oPHI(Ks1) sGAM (Ko I) 9 XMU (Ko 1)
222 FORMAT(1XeS(eXsD15.7))
500 CONTINUE
WRITE(IRITE+22) SIDsLZERQIVSWKI sVSWRZek6+SIGMA
22 FORMAT(1H193X9sSHSTD = F10.503Xs THLZERQ = Fl0.493X97NVSWR] = F10.5,
1 3XeTHVSWRZ = F10.5 / 4X94HKO = I5,3XsTHSIGMA = D15.177)
WRITE(IRITEs44) FUsF2eFMEANSDELF
44 FORMAT (4Xe4HF0 = DIS.793Xs4HF2 = D15.793Xs THFMEAN = D15.7 7/
1 4Xs6HDELF = D15.7)

SET UP VALUES FOR F (w)

DO 800 K=1,3
WRITE(IRITE»880)
AB0 FORMAT (1H1)
WRITE(IRITE682)
BB2 FORMAT(1HOs31Xs1SnI N T &£ G R A L//)
WHITE(IRITE »884)K
884 FORMAT(37Xs4nK = 11 //)
WRITE(IRITE,683)
883 FORMAT(lOXvlHTvlSA’QHRtALv14X'4hIMAGo15X99HAMPLITUDE!11Xv5HPHASE)

D0 900 I = lsNN
CMUw = DCOS(XMU(KsI))
SMUw = DSIN(XMU(K,1))
FAC = DEXP(=GAM(KsI)) * S({W(I))
A{z®] = 1) = FAC # CMyw
A(2#l) = = FAC * sMuw
900 CUNTINUE

CALL DHAKM (AsMsINVsSSs 1sIFERR)
IF (IFERR.NEWG) WrITE (IKITE+99Y) IFERRsK
999 FORMAT(//3Xs12HERKOK IN FFTsSXsBHIFERR = 9 I1393X94HK = 413 //)

NNDBLE = 2 # NN
T = 0,000
KNT = 0
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DO 700 L=1+NNDBLE»¢
KNT = KNT+1

IF (MOD(KNT+2) ,EQ,u) GO TO 1500
A(L) = DELF # A{L)
AlL+l) = DELF & A(L+D)

60 T0 1600
1500 CONTINUE

A(L) = =DELF®A(L)
A(L+1) = =DELF®*A(L+]1)
1600 CONTINUE
AMPLI = DSQRT (A(L)##2 + A(Le+]l)#®2)
PHASE = DATAN2(A(L+1)sA(L))
WRITE(IRITE+885)ToA(L) sA(L+1) s AMPLIvPHASE :
885 FORMAT( 3XeD15.7s 3XsD15.793H + »sD15.7+3H J » 3X9015.793X9015.7)
T =T +« DELY
700 CONTINUE

800 CONTINUE

IF (IREPT . EQe 1) STUP

M(1) = M(1)+1
IKEPT = IREPT + 1
60 TO0 1

END
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B.2 SUBROUTINES COMMON TO ALL MAIN PROGRAMS
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B.2.1 XXI (written by NMSU)

SUBROUTINE xX1
COMMON /NETYCM/BtTAL,COSHALvSINHALoLcAR(3)!AI(3)le!BETA’
1 ALPHA,YI!CUML!YRI’YIIOYR!RAN(aol)QKJ
COMMON/MATXCM/ GR{4)sG1(4)sRR(4) sRI1(4)sER(4) yEI (4)
COMMON /XDEV/PSI(J0513)oPHI(30513)9W(513)yGAM(31513)9KMU(39513)9
1 NVAL
COMMON /BLK2/DELFsPLsTWOPIFO9F2sFMEAN
COMMON /BLK3/ NPTS
COMMON /INOUT/ IREADsIRITE
COMMON /INPUT/ LZEROsVSWR1 s VSWR29STD K6
PN IS AN ARRAY OF 15 RANDOM NUMBERS USED AS INPUT TO A RANDOM
NUMBER GENERATOR ( wEF: EMPIRICAL TESTS OF AN ADDITIVE RANDOM NUMBER
GENERATOKR =BERT F. GREEN ET AL s JOURNAL OF THE ASSOCIATION FOR COM~-
PUTING MACHINERYs 0OCie 1959, VOL. S sNOe« 4),
INTEGER PNI(17)
REAL MAXU(Q)9MIND(4)!MAXT(4)’MINT(4)
DIMENSION DBS(3¢513)9TAS(3+513)
DOUBLE PRECISION AR,AIyERyEIyGR’GI’RR!RIyFR,FloHRv
1 HI'ALPHA'COSHAL’SINHAL’BETAL’L!ZO'YI'FREQ!BETA'
2 PIoTWOPI’YRIoYRZ,VSNRl’VSWRZvY09FOvF1QFZ’DELFoDBMI,YIlvYIZ’
3 CUMLcYR9WyYRRoZSyDENOMaEREGRvEHEGI9&REGA9XPSI;PSIQDB;EREGP’
4 DIFPHoPHIyTﬂUvTAUlyTAUOvTOTL!DBRFcSTPH(Q)vCOMPH(4)9
5 GAMsXMUsFMEANSLZERO
DATA PN/49319988766’84866911849v54960910959’22784’860379
1 72751’79241’43593,d9522y88836965905098552/
DATA STPH/Q”0.0DO/QCOMPH/Q“OcODO/
K6 IS THE NUMBEK OF LINE SECTIONS.
THE NEXT GROUP UF STATEMENTS GENERATES A RANDOM NUMBER »UNIFORM-
LY DISTKIBUTED IN THE INTERVAL FROM 0 TO 99999,
DO 101 I = l.K6
DO 102 U = 1,15
MJP1l8 = 18-y
MJP16 = 16~y
102 PN(MJUP1B) = PN{(MJUP16)

[sNaNaNeal

[eXeNe]

PN(2) = PN(3) + pN(LIT)
IF (PN(2)+sGT+9999%) PN(2) = PN(2)~- 100000
PN(1) = PN(2) + BN(l6) :

IF (PN(1).6T.99999) PN(1) = PN(1) - 100000
C THE NEXT GROUP OF STATEMENTS USES AN ANALYTICAL APPROXIMATION TO
o CONVERT THE UNIFORMLY DISTRIBUTED NUMBER TQ A GAUSSIAN DISTRIBUTED
c RANDOM NUMBER WITH MEAN ZERO (REF. HANDBOOK OF MATHEMATICAL FUNCT-
c IONS - ABRAMOWITZ s DOVER 1965 , p. 933 ).
IF (PN(1)4GE«5000u) GO TO 300
AN = FLOAT(PN(1))/1.E%

ANS = 1,
GO TO 301!

300 AN = FLOAT(PN(1) - 49999)/1.E5
ANS = =},

301 TNS = ALOG(l./ (AN®AN))

TN = SQRT(TNS)
C USE STD AS STANDAKD DEVIATION FOR THE GAUSSIAN DISTRIBUTION.
101 RAN(I)=STD #ANS# (TN=(2.30753 + 0.27061%TN)/ (1. + 0.99229%#TN +
1 0.044B1%TNS))

WRITE(IRITEs11)
11 FORMAT(1H1+5Xs14HRANDOM NUMBERS ’7)
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WRITE (IRITE«200) (RAN(L)sl = LlsKO)
200 FORMAT (6X96E12.4)
YRR 1S LINE TEXMINATION ADMITTANCE.
/S 1S GENERATOr SOURCE RESISTANCE .
20 1S LINE CHARACTEKISTIC IMPEDANCE .«
YO IS LINE CHARACTERISTIC ADMITTANCE (1 IF Zvu IS 1) .
YR1 IS REAL PAKT OF TYPE 1 DISCONTINUITY ADMITTANCE.
YRE 1S REAL PAxT OF TYPE 2 DISCONTINUITY ADMITTANCE.
K5 1S NUMBER OF TIMES FORMULATED LINE IS DOUBLEDs PLUS 1.
VSWR1 IS THE UNIT VSWR ASSOCIATED WITH THE TYPE 1 REFLECTION
DISCONTINUITY.
VSWR2 IS THE UNIT vSWR ASSOCIATED wITH THE TYPE 2 REFLECTION
DISCONTINUITY &
FO IS THE INITIAL VALUE FOR THE FREQUENCY ITERATION.
F1 IS A REFERENCE FREWUENCY FOR CALCULATING THE REFLECTION
ADMITTANCE.
F2 1S THE FINAL VALUE FOR ThE FREQUENCY ITERATION.
FREQ 1S THE RAULIO FREQUENCY VARIABLE.
DELF IS THE RADIU FREQUENCY INCREMENT .
DBMI IS THE LINE ATTENUATION IN 08 PER MILE .
k2 IS THE NUMBER OF LINE ELEMENTS ASSEMBLED .
YR IS THE REAL PART OF ThHE DISCONTINUITY ADMITTANCE.
YI IS THE IMAGINARY PART OF THE DISCONTINUITY ADMITTANCE o
YI1 IS THE IMAGINARY PARY OF THE TYPE 1 DISCONTINUITY ADMIT-
TANCE .
Yi2 IS THE IMAGINARY PART OF THE TYPE 2 DISCONTINULITY ADMIT-
TANCE .
ALPHA IS THE ATTENUATION CONSTANT IN NEPERS PER FOOT.
BETA IS TRE PHASE CONSTANT IN RADIANS PER FOOT.
CUML IS THE CUMULATIVE LENGTH OF THE FORMULATED LINE o
YR2=0.D0
K5=3
F1=3.609
K1l=0
Y0=1.L0
YRR = 1.0D0
25 = 1.0D0
20 = 1.D0
YRl = 0.00
YR = 0.D0
Yl = 0.00
FREG = FO - DELF
302 FREQ = FREQ + DELr
Ki = K1 « 1
wiKl) = TWOPI # (FREQ - FMEAN)
YIil = FREO“DSQRT(YO“(YRI*YO)“(VSWRI-Z.ODO’].ODO/VSNRI)-YRI“YRI)/FI
Yiz = FREO“DSQRT(YO“(YRZ*YO)“(VSWRZ-Z.ODO*I.ODOIVSNRZ)-YRZ“YRZ)/FI
ALPHA CURVE IS FKOM GASL DATA AND BETA CURVE 1S FROM GASL DATA
FOR FREQUENCY RANGE 3,60 TO 3.75 GHZ.
ALPHA = 8.,77287D-4 # (1,UD-9#FREQ) - 2.,9301420-3
BETA = (3.5136D-1 # (1.0D-9 # FREQ) + 5.19065)%(1.0D-9 *# FRE®)
DBMI = 4.02338D-8 # FREQ = 1.343810D2
S1 =0
WRITE (IRITE»201) FREQsVSWR19VSWR29YI1sYI12sDBMIsALPHA,BETA
201 FORMAT(1H09D17997D1244/71X)
K3 =0
Ka =0
CuML = 0.D0
303 K3 = K3 + 1
K& = K4 ¢ 1
CALL NETY
IF (Sle.EQels) GO TO 304
DO 104 1 = 1ls4
GR(I) =ER(I)}
104 GI(I) =EI(I)
S1 = 1.0

36



o0

OO0

o0

OO0

G0 0 303

CALL MATX

D0 105 I = 14

GR(I) = RRI(I)

Gl(1) = RI(I)

EVERY 6TH FLANGE JUINT [S AN EXPANSION JOINT.

304

105

IF (K4obLTe6) GO Tu lue
K4 = 0
YI = yvig
YR = YR2
106 IF  (K3.,LT.K6) GU TO 303
K =1
Ke = 0
TAUO = 0.D0

THE NEXT &4 STATEMENTS FOKM ThE TRANSFER FUNCTION FOR THE LINE TERMI-
NATION CONDITIONS WHERE FR AND FI ARE THE REAL AND IMAGINARY PARTS
OF THE NUMERATOR AND kK AND HI AKE THE REAL AND IMAGINARY PARTS
OF THE DENOMINATOK .
FR RR(1)#RK(4) = RI(1)®*RI(4)
FI RR{LY#RI(4) » RI(1)*RR(4)
HR LSHRR(3) + RR(1) + /SeYRR#RR(4)
HI ZS®KRI(3) + RI(1) + ZS#YRR®RI(4)
DENOM = HR#HR + H[#H]
EREGR AND EREG1 ARE THE REAL AND IMAGINARY PARTS RESFPECTIVELY OF ThE
TRANSFER FUNCTION » AND DB IS THE RELATIVE AMPLITUDE IN DB .
EREGR = (FR®#HMR + r I®*HI)/DENOM
EREGI (=FR®HI + FI®#hR)/DENOM
EREGA = DSURT(ERELR*ELREGR + EREGI#EREG])
XPS1=ULOG(EREGA)
PSI(KsK1)==XPSI
DB = B.68588D0%DLUG(U.SDU/EREGA)
EREGP IS THE PHASt OF ThHt TRANSFER FUNCTION s ANU DIFPH IS THE
PHASE CHANGE IN RADIANS SINCE THE PREVIOUS ITERATION FOR FREQUEN-

305 = KR(Z)#RR(3) + RI(2)*RI(3)
= KR{Z2)#RI(3) = RI(2)#*KR(3)
+ YRR#RR (2)

+ YRR#R](2)

Cy .
EREGP = DATANZ(EREGISEREGR)
DIFPH = EREGP = SIPHI(K)
STPH(K) = EREGP

THE NEXT STATEMENT CORRECTS FOk PHASE CYCLE AMBIGULITY ON SHORT
LINE SEGMENTS .
IF (D1FPH.GT.0.00)
COMPH(K) = CUMPHI(K)
PHI(KsK1)==~COMPH(K)
TAU IS THE ENVELOPE DELAY IN SECONLS .
TAU = =DIFPH/ (DELFr#TwuPI)
THE NEXT 5 STATEMENTS CORRECT FOK PHASE CYCLE AMBIGUITY FOR
LINE DOUBLING .
TWOKZ = FLOAT (2##K¢)
TAULl = TAU + DBLE(TwUK2)/DELF
IF ((DABS(TAUl=2,u0%TAUG)) .GE,
TAU = TAul
K2 = K2 + 1
TAUL = TAU
THE NEXT 3 STATEMENTS PLACE
DBS (KyK1) = DB
TAS(KsK1) = TAU®]1,006

DIFPH = DIFPH -

+ UIFPH

TWOPI

(DABS(TAU - 2.D0%TAUU))) GO TO 306

306
TRE DATA [N ARKAY STURAGE .,

NSEC 1S THE NUMBER OF FORMULATED L
AND TOTL IS TFE TOTAL LENGTH OF

NSECL = 2#s#(K - ])
FNSEC = FLUAT(NSECL)
TOTL = CUML * DBLc (FNSEC)

THE NEXT STATEMENT 1S A TEST OF
OF LINE AND THE PARTICULAR INP
UNITY o IF PRECISION IS INADEUW
IF (DABS(FR =14D0)sLEelo0=3)
WRITE (IRITE+202) FREQINSEC

202 FORMAT (1HO091XsD13,6976X519)

37

INE SEGMENTS OBTAINED BY DOUSBLING»
LINE UNDEKR LINE UOUBLING .

ADEQUATE PRECISION FOK THE LENGTH
UT CONDITIONS o FK 1S NURMALLY
UATEs THE PRINT FOKMAT IS ALTERED .

GO0 TO 3u7




C

307
203
308

108

309

405

GO 10 308
WRITE(IRITE»c03) tREGAOEKEGPOUB’EREGR’EREGI’COMPH(K)9TAU9K39NSEC
FORMAT (PR eD12etsF9e39F12.5940144691691X913)
IF (KeGE.KS) G0 TO 309
K =K + 1
THE FOLLOWING LUOP SETS INITIAL VALUES FOR LINE DOUBLING
DO 10 I = 194

GR(I) = RR(I)
GI(I) = RI(I)
ER(I) = RR(D)
EI(I) = RI(D)
CALL MATX
GO TO 305

THE NEXT STATEMENT IS THE BRANCH POINT FOR FREQUENCY ITERATIONS.
IF (KL.LT.NPTS ) ©0 T0 302
UBRF = TOTL®#DBMI/b5280.00
WRITE (IRITE+405) CUMLsTOTLsDBRFDELF
FORMAT (1HOs11X94D12.4)
WE NEXT USE 2 DU LOOPS TO FIND THE MAXIMA AND MINIMA OF THE

DB AND ENVELOPE DELAYs COMPH DECREASES MONOTONICALLY.

107

205

DO 107 I = 1KS

MAXD (D) DBS(I+1)

MIND (I} MAXD (I}

MAXT (D) TAS(I+2)

MINT (D) MAXT(I)

DO 107 = 24Kl

IF (MAXD(I).LT.DBS(I5J)) MAXD(I)
IF (MIND(I).GT.DBS(Isu)) MIND(I)
IF (MAXT(1).LT.TAS(I9J)) MAXT(I)
IF (MINT(I).GT.TAS(Isu)) MINT(I)
CONTINUE

NVAL=K1

WRITE (IKITE9205) (MAXD(J)sJd = 19KS5)
FORMAT (1HUs11Xs4cl2.4)

WRITE (IRITE»205) (MIND(J)sJd = 1l9KS5)
WRITE (IRITE»205) (MAXT(J)sJ= 1sKD)
WRITE (IRITE»205) (MINT(J)sJ = 1sK5)
RETURN

END

nuwian

o

LBS(IeJ)
DBS(IsJ)
TAS(I+J)
TAS(IsJ)
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B.2.2 NETY (written by NMSU)

SUBROUTINE NETY
COMMON /INPUT/ LZERU9sVSWR]sVSWRZsSTDeKE
COMMON /NETYCM/BETAL+COSHAL 9SINHALsL9AR(3) 9AI(3)9Z098ETA,
1 ALPHASYTIosCUMLOYRL9YI1sYRIRAN(3UL) ¢K3
COMMON/MATXCM/ GR(4)9CI(4) sRR(4)sRI(4)9ER(4)ET (4)
DOUBLE PRECISION BETALe COSHALsSINHALsLIARsAISERsEIvZ0+BETAsALPHA)
1 YIsSNBETLsCSBETLsGKRsGIsRRIRIsCUMLYRsYR1oYI19ARGXPOPOSyXPONEG
DOUBLE PRECISION LZEROsVSWRIsVSWRZ
Wt FORM A NEw VALUE OF THE LINE LENGTH CONSISTING OF 30 FEET
PLUS THE RANDUM ELEMENT .
L = LZERO + DBLE (KAN(K3))
CUML = CUML + L
BETAL = BETA#*L
ARG = ALPHA#L

XPOPOS = DEXP(ARG)

XPUNEG = DEXP (=ARUG)

COSHAL = 0.500 # (XPUPOS + XPONLG)
SINRAL = 0,500 # (XPOPOS - XPONEG)
SNBETL = DSIN(BETAL)

CSBETL = DCOS(BETAL)
THE NEXT GROUP uF STATEMENTS CALCULATES THE REAL AND IMAGINARY
GENERAL CIRCUIT CONSTANTS FOk THE LENGTH OF TRANSMISSION LINEsL

AR(1) = COSHAL*CSBETL
AI(1) = SINPAL#SNBETL
AR(2) = SINHAL#CSBETL®*Z0
AT(2) = COSHAL#SNBETL#Z0
AR(3) = AR(2)/(Z20%£0)

AT (3) = AI(2)/(20%20)

THE NEXT GROUP OF STATEMENTS CALCULATES THE REAL AND IMAGINARY
GENERAL CIRCUIT CUNSTANTS FOR THE LINE ELEMENT PLUS DISCONTI-
NUITY ADMITTANCE .

ER(L) = AR(1l) + Ar{(2)%YR =-Al(2)%#Y]
EI(l) = AI(1) + AL(2)#YR +AR(2)%®Y]
tk(2) = AR(2)

EI(2) = AI(2)

ER(3) = AR(3) + AR(1)#YR = AI(1)%Y]
EI(3) = AT(3) + AJI(1)#YR + AR(1)#Y]
ER{4) = AR(1)

EI(4) = AI(]1)

YI = vIl

YR = YR1

RETURN

END
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B.2.3

SUBROUTINE MaTX
THIS SUBROGUTINE PEwFOKRMS THE MATRIX MULTIPLICATION
CASCADES THE £ AnD L NETWORK BELEMENTS o

CUMMON/MATXCM/ GR(4) sClta) srR(4) sl (4) yER(4) st I (4)
VOUBLE PKRECISION erobtJoGReGIoRK ok

e (1)
HR ()
Fi(3)
He (4)
wI(l)
rilc)
PlE3)
LB R Y]
~E Turiy
eENb

LI L T I VI [ S [ I T

ER(1)8GRIy)
ER(L)¥GR ()
ER(3)%GKR(})
EX(3)%Gk i)
EI(L1)e6GRr(})
ET(L1)*GKk ()
EL(3)#GRrE)
EI(3)Y4GR()

LR I N

MATX (written by NMSIU)

tI€1)#61(1)
L1 (1) #GIl(c)
tI(3)#G1 (1)
E1(3)#GI(2)
tk(1)®G1(1)
LRl =6I(2)
cR(3)%#G1 (1)
eR(3)2GI(c)

40
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tk{c)#GR{3)
ek (2) %GR (4)
ER(4)#OR(3)
bk (4)#*GR(4)
el (2)#*GR(3)
el (2)#GR(4)
tI(a)*GR(3)
LI(4)#GR(4)

+ ¢+ ¢+ + )

K =

EI(2)#6I(3)
ellc) %Gl (4)
El(4)#6](3)
EI(a)#G] (4)
ER(2)#G]I (3)
ER(2)#GI(4)
ER(4)4#GTI(3)
ER(4) "G (4)

E X GswHICH



B.2.4 DEV

SUBKROUTINE DEV
CUMMON /XDEV/PSI(359513)ePHI(39513)ew(513)9GAM(39513)9AMU(3e513)
1 NVAL
COMMUN /BLK1/ AQU(3)eBU(3)eB1(3)
DIMENSION PSISUM(4) oPRISUM(3) 9PRIWSM(3)
VDIMENSION PHIBAR(J)
UOUbLE PRECISION FPSIsPHIswesGAMeAMUIPSISUMePHIWSMeADsBUIBl+PHIBARS
1 WSUMeWSQSUMy XVAL yWBARIPSTIBARIFHISUM
wSuM=u,.00D0
WSGSUM=0.0DUV
DO S0 K=]e3
PSISUM(K)=0.,0D0
PRIWSM(K)=u.UD0
PHISUM(K)=u.0D0

50 CONTINUE
DU 75 I=lsNVAL
WSUM=wSUM+w (1)
WSWOSUM=WSOSUM+W (T )#w ()

75 CONTINUE
DU 150 K=143
DO 10U I=1eNVAL
PSISUM(K)=PSISUM(R) +FST(Ke])
PHIWSM(K)=PHIWSM{(R) +FP1(Ke[)*w(])
PHISUM(K) =PHISUM(Rn) +Pnl (Kel)

1vu CUNTINUE

150 CONTINUE
XVAL=NVAL
WBAR=WSUM/XVAL
DO 200 K=143
PSIBAR=PSISUM(K) /AVAL
AQ (K)=PSIBAR
PHIBAR(K)=PHISUM(n) /ZXVAL
Bl (K)=(XVAL*PHIWSM (K)=PHISUM(K)#WSUM) / (XVAL#WSQSUM=WS5UM*WSUM)
BU(K)=PHIBAR(K) =B} (K) #WbBAR

200 CONTINUE
LU 350 K=1,3
DO 30U I=1sNVAL
GAM(Ks 11 =PST(KeI)=AU(K)
XMUIKe ) =PHI(Ks ) =80 (K)-B1(K)*W(])

300 CONTINUE

350 CONTINUE
RETURN
ENU
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B.3 SUBROUTINES FOR INTEGRATION AND FOURIER INVERSION

43






ool

(@]

10

B.3.1 DTRAP

TRAPEZOIDAL RULE

DIMENSION Y (1)

DOUBLE PRECISION HsYsVALINT9SUM
SUM = 0,5 # (Y(1) + Y(N))

NM1 = N = 1

DO 10 I = 2sNM1

SUM = SUM «+ Y (I)

CONTINUE

VALINT = H # SUM

RETURN
END
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AN N N

NN

1in

20

B.3.2 DSIvp

SUBROUTINE DSIMP(H,YsVALINTsN)

MODITIFD SIMPSON®*S RULE FOR N INTERVALS

IF N IS EVEN REGULAR SIMPSON®S RULE
IF N IS ODD MODIFIED SIMPSON'S RULE

DIMENSION Y(1)
DOUBLE PRECISION H,YsSUML »SUM2sSUM3,VALINT

IREM = N - 2 *® (N/2)
IF (IREMoeNE.O) GO TO 5

M = N

GO T0 6

M=N-1

CONTINUE

SUML = Y(1) + Y(M+1)
SUM2 = 0,0D0

DO 10 I = 24Ms2

SUM2 = SUMZ2 + Y(T1)

CONT ITNUE

SUM3 = 0,0DN

MM1 = M-1

DO 20 I= 3,MM1,2

SUM3 = SUM3+Y (1)

CONTINUF

VALINT = (H/3eD0)%* (SUM144,D0*SUM2+2,.D0*SUM3)

IF (IREM.FQ.0) RETURN
VALINT = VALINT + (H/2.D0) * (Y(N) +Y(N+1))

RETURN
END
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B.3.3 DHARM (ADAPTED FROM IBM SCIENTIFIC SUBROUTINE PACKAGE)

OoOnNCc COCOCOCCDO e OOC

KPOSFE
i PgiFORMS DIsLreft COMPLEA FOURLIEK TRANSEORMS UN A COMPLEX
DOURLE PRECISIUNSTHREE DIMENSIUNAL AKRAY
DESCRIPTIUN OF ParAMETEKS
A = A DuUbLE PRECISIUN VELIOR
AS INFUTs A CONIAINS THe COMPLEXs 3-DIMENSIONAL
ARRAY TG Bt THANSFOWRMED. Tht KEAL PAK1 UF
A(ILlelesl3) IS STURED IN VECTOR FASHION IN A CELL
WITn INBDEX 2% (I3%N1®NZ ¢ [2%NLl + [1) + | WHERE
NI = 2%2#M(1)s I=19243 AND 11 = OGelseserNl=1 ETC,
The IMAGINARY FAKT IS IN THE CELL IMMEUIATELY
FOLLOWING,
M = A TrrEk CELL vECTOR wHICH DETERMINES THE SIZES
OF The 3 DIMENSIUNS OF THE ARRAY A, THE S1ZE,
NIe UF THE I CIMENSIUN OF A IS 2H#¥M(1)e 1 = lecey
REMARKS
THIS SUBROUIINE IS TU BE USEL FOR CUMPLEAs DUUBLE PRECISIONS
3-UIMENSIONAL AKKAYS IN wrICH EACH DIMENSION IS A POWER OF
2. THE MAXIMUM M(I) MUST NOT Bt LESS THAN 4 Ok OREATER THAN
20 = o
SUBROUT IRNE DRARM Ca3is TNV So TFSET o TFERK)
DIMENSION A(L)oINVL)eSUL) oNU3) oM{3) eNP(3) oW (2) oWl (2) W3 (2)
DUUBLE PRECISION AsRsWIsAWIsTHETAIROUTZeSsToweWesF NoAWR
EQUIVALENCE (N1oNC(1)) o (NZoN(2)) s (N39iv(3))
10 IF( IABSUIFSET) = 1) SU0+s900012
12 MTT=MAXO(M(1)4M(2)eM(3)) =2
ROOT¢=DSORT (2,000}
IF (MTT=MT ) ldslasis
13 IFekR=1
RETURN
14 IFerR=0
Ml=M(])
MZ2=M(2)
M3=M(3)
Nl=g2#eM]
N2=2%#M2
N3=g%#M3
lo IF(IFSET) 18s18+2v
18 NX= NI#NZ2#N3J
FN = NX
DO 1Y T = leNX
A(2#]=1) = A(2%I=1)/FN
19 A(2%#]) = ~A(Z#])/tN
20 NP(L1)=N]L#®2
NP (2)= NP(1)%N2
NP (3)=NP{2) N3
DO 25U ID=]+3
IL = NP(3)=NP(ID)
ILL = IL+1
Ml = M(IV)
IF (M]1)25092504+30
30 1DIF=nP(ID)
KB1T=NP(ID)
MEV = 28 (M]1/2)
IF (ML - MEV )60s0Us40
C M IS GDD. DO L=1 (ASE
4y KBIT=KkBIT/2
KL=KBIT=2
DO S50 I=leILLsIDIF
KLAST=KL+1
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cocooe

el aloNaNeNeNaloNaNeNaRe]

50

b2

60

70

DU S0 K=1sKLAST e
KD=K+KHBIT

DO UNE STEP WITH L=4sJ=0
A(K)=A(K)+A(KD)
A(KD)=A(K)=A(KD)

T=A(KD)

A(KU)=A(K) =T
A(K)=A(K)+T

T=A(KU+])
A(RD*L)=A(KeL) =T
AlK+1)=A(Kel) T

IF (MI = 1)250s¢5095¢
LFIKST =3

DEF = JLAST = 2##(L=-2) =)
JLAST=]
GO 70 70

M I> EVEN

LFIRST = 2

JLAST=0

DO 240 L=LFIRSTsM],s2
JJDIF=KBIT
KBIT=KBIT/4
KL=KBIT=2

DO FOR U=0
DO 80 I=1leILLlsIDIF
KLAST=]+KL
DO 80 K=1+KLASTs?2
Ki=K+KBIT
K2=K1+KRIT
K3=K2+K8IT

DO TWO STEPS WITH J=0
A(K)=A(K) +A(K2)
A(KZ2)=A(K)=A(K2)
A(K1)=A(K]1)+A(K3)
A(KI)=A(K])=A(K3)

AlK)=A(K) +A(K])
A(K1)=A(K)=A(KL)
A(KZ)=A(K2)+A(K3)#]
A(K3)=A(K2)=A(K3)#u]

T=A(KZ2)
A(KZ)=A(K)=1
A(K)=A(K) T
T=A(K2+1)
A(Ke+l)=A(K*1)~T
A(K+1)=A(Ks1) T

T=A(K3)
A(K3)=A(K1)~-T
A(KL)=A(K])+T
T=A(K3+])
A(K3+1)=A(K1+]1)~-T
A(KL+))=A(K]l¢]l)T

T=A(K1])
A(K1)Y=A(K)=T
A(K)I=A(K)+T
T=A(Kl+1)
A(KL+1)=A(K*1l)=T
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[sNalNgl

80

82

85

9v

A(K+1)=A(Ke]l)+T

R==A(K3+1)

T = A(K3)
A(K3)=A(K2)=R
A(K2)=A(K2)+R
A(K3+*1l)=A(K2+1)-T
A(K2+1l)=A(K2+]1) T

IF (JLAST) 235+235.82
JJI=JJDIF +1

DO FOR J=1

ILAST= IL «JJ

DO 85 I = JJeILAST1DIF
KLAST = KL+«

DO 8BS K=]+KLAST.2

Kl = K+KBIT
K2 = K1+KBIT
K3 = K2+KBIT

LETTING W={1+1)/RU0T2+w3=(~1+1)/7R0OGTEvW2=1>
A(K)=A(KY+A(K2) #]

A(K2)=A(K)=A(KZ2Y#]{

A(KL)=A(K])#WeALK I} #u3

A(KI)=A(K]) #a~A(KI) #83

A(K)=A(K) +A{K])
A(K1)=A(K)}-A(KL}
A(KZ)=A(K2) +AIK3) &1
A(K3)=A(K2)=A (K3} *I

R ==A(K2¢1)

T = A(K2)

A(KZ) = A(K)=R
A(K) = A(K)+R
A(KZ+1l)=A(K+1) =T
A{K+1l)=A(K+1)+T

AWR=A(K])-A(K]lel)

AWI = A(K1+1)+A(K{)
R==A{(K3)=~A({K3+1)
T=A(K3)-A(K3+1)
A{K3)={AWR~R) /RQOI ¢
A(K3+1)=(AWI-T)/Ru0OTE
A(K1)=(AWR+R) /RQO12
A(KL+1)=(AWI+T) /RQ0TLZ
T= A(K1)

A(K1)=A(K)=T
A(K)=A(K) +T

T=A(K1+1)
A(KLI+1)=A(K+1)-T
A(K+1)=A(K+])+7
R==A(K3+1)

T=A(K3)

A(K3)=A(K2)=-R
AlK2)=A(K2) +K
A(K3+1)=A(K2+1)-T
A(K2+1)=A(K2+]1)+T

IF (JLAST=1) 2359245490
Jd= JJ + JJUIF

NOW DU THE REMAINING J S
DO 230 J=2sJLAST

FETCH W S
DEF= w=w##INV(J) e wWi=uw##2e W3I=w¥®3
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[sNaN ol aNall ol ol ol o

Yo
98

luv

lev

1340

| ]

150

160

17y

180

190

[=1viJde])

IC=NT=1

wil)=s(10)
wic)r=s1(1)

12=c¥]

1eC=nT-12
IF(i2L)12041104) 00

e#l IS IN FIRST QUAUNANT
w2 (l)=5(12C)

we(2)=St(l1e)

6O Tu 130

Weillr=0.

weiel=1le.

LU D 130

e*]1 1S I SECUND wUAUKANT
1eCC = 12C+n1T

1¢C=-12C

weli)==s{12C)
we(2)=S{12CC)

13=1+12

I3C=nT-13

IF(13C) 16091500 lbu

13 IN FIKST WUADRaNT
wi3ll)=Sej3C)
W3le)=5(13)

6L TO 200

w3ll)=0,.

wi(2)=1,

GU O 200

13CC=13CeNT
IF(I3CCY1GuslBUL 1Y

I3 IN SECOND OUADRANIT
13C==13C

w3 (l)==5113C)
w3{c2)=5(13CC)

G0 Tu 200

w3i{l)==1,

wile) =0,

GO 10 2006

%1 IN THIRD QUADKANT
I13CCC=NT+J3CL

I13CC = -I3CC
w3ll)==5(15CLC)

w3 (2)==5{14C0L)
ILAST=IL ey

DO 22u I=UJelLAST.lUIF
KLAST=KL+]

DO 22V K=T1eKLASTer
KI=K+nHTT

Ke=K1+KBIT

K3=K2+KBIT

V0 TWU STERS wiITh o NOT U
A(K)=A(K)+A(KSZ) #We
A(K2)=A(K)=A(K2) #42
A(KL)=A(K]1)*We+A(K3) ¥a3
A(KII=A (K1) #w=A(K3)®W3

A(K)=A(K) «A(R])
A(KL)=A(K)=A(K])
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o0

[sNeNalel OO0 o0

[gN el

220

230

235
240

250

350

360

370

380

450

460

AlRe)=A(KZ2)+A{(K3) %]
A(KI)=A(KZ2)=A(KI)%]

REA(KZIHWZ2 (1) =AlKee L) #uw2 (2)
T=A(K2)#W2(2) +A(KZ+ 1) ®W2 (1)
A(KZ)=A(K) =K

A(K)=A(K) +K
AlRg+1)=A(Kel) =T
A(K+1)=A(K+1)+T

R=A(KII#W3I (1) ~A(Ks+1)¥#W3(2)
T=A(R3)#W3{2) +A(KI+1)#w3 (1)
AWR=A(KL)#W (1) =A(KL+1)*W(2)
AWI=A(K])I#W(2)+A(R]1+1)*W(])
A(nR3) =AWR=-R

A(K3+1)=AW]-T

A(RL)=AWR+R

A(Kl+1)=AW]+1

T=A(K1)

A(K1)=A(K) =T

A(K)=A(K)+T

T=A(K1+1)

AlKL+1l)=A(K+1)~T
A(K+1)=A(K+]1)+T

R==A(K3+1)

T=A(K3)

A(K3)=A(K?) =k

A(KZ2)=A(K2) +R
AlK3+l)=A(K2+]1)=T
A(K2+1)=A(K2+1)+T

END OF T AND K LOUPS

JJ=JJDIF+Jy
END OF J=-LOOP

JLAST=44JLAST+3
CONTINUE
END OF L LOOP

CONTINUE
END OF ID LOOP

WE NOW HAVE THE CUMPLEX FOURIER SUMS BUT THEIR ADDRESSES ARE
BIT-REVERSED. TH: FOLLOWING ROUTINE PUTS THEM IN ORUER
NTSU=NTH#NT

M3MT=M3-MT

IF (M3MT) 37093609360

M3 GR. OR EQ. MT
1603=1
NIVNT=N3/NT
MINN3=NT

GO 70 38u

M3 LESS THAN MT
16L3=2

N3VNT=1

NTVN3=NT/N3

MINN3=N3

JJDI = NTSW/N3
M2MT=M2=MT

IF (MZMT)4709+4604460

M2 GRe OR EQ. MT

1G02=1
NZ2VNT=N2/NT
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[aX gl

470

45U

SHu

560

570

580
60V

MINNZ=NT
60 TO 480

MZ LESS THAN MT
IGue = 2

NEVNT=1

NTVNZ=NT/NZ
MINNZ=N2
JILE=ENT SO/ Ne
MIMT=M]=MT
IF(MIMT)IST70+45609500

Ml GKe. OR tQe MT
16ul=1
NIVNT=N1/NT
MINN1=MNT

GO TO 5S40

M1 LESS THAN MT
16VU1=¢

NIVNT=]
NTVN1I=NT/N]
MINN1=N]
JJIDLI=NTSW/N]
JJ3=1

J=1

DU BB0 JPP3=14N3VNT

610
62v

630
700

720
730
800

810

820
830

84y

850
860

870

IPP3=INV (0U3)

DO 870 UP3=1sMINNY
00 1O (610+620)s1003
IP3=INV(JP3)#NIVUNT
6L TO 630
IP3=INV(JP3)/NTVNS
I3=(IPP3+1F3)uNne
Jue=1

DO 870 JPP2=14¢N2VNT
IPPe=INV(JJ2)+13

DO 86U JP2=1sMINNZ
G0 TO (710+720) 91002
IP2=INV (JP2) #N2VN1
GO To 730
IP2=INVIJPZ) /NTVNe
[2=(IPP2+1IP2)#N]
JJl=l

DO 86V UPPLi=1yNlVNT
IPPL=INV(JUL)+]2

DO 85U JP1=1sMINN,
GU 10 (810y820)s100UI
IPI=INV(JPL)®NLVN|
60 TO 830
IP1=SINV(JPL)/NTYNL
[=29(1PPL1+IP1l) ¢}

IF (J=1) B4Us850eub5U
T=A(])

ACl)=ALJ)

A(J)=T

T=A(]1+1)
A(I+l)=A(J+])
A(J+1)=T

J=J+2

FNRENNIRNR)]

END OF JUPP1 AND uJre

JJd2=JdJe«Jupe

END OF JUPPZ AND Jr3 LOOPS
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coo

[sNeXe]

880

854y
891
892
895

800

904
906

910

Scu

940
950

Y70

980
982

JJ3 = JJ3+0J03
END OF JPP3 LOOP

IF(IFSET)8Y19895+895
DO 892 I = 1sNX
A(2#]) = =A{(Z#])
RETURN

THE FOLLOWING PROURAM COMPUTES THE SIN AND INV TABLES.

MT=MAXO (M(1)sM(2)sM(3)) -2
MT = MAX0(2+MT)

IF (MT7-18) 906+900913
IFERR=0

NT=2##MT

NTVZ=NT/2

SET UP SIN TABLE
THETA=PIE/2%#%#(L+]1) FOR L=1
THETA=,7853981633y744E3

JSTEP=2## (MT=L+1) FORrR L=1
JSTEP=NT

JUIF=2%4 (MT-L) FOx L=1
JDIF=NTVZ

S(JUIF)=DSIN(THETA)

DO 950 L=2+MT
THETA=THETA/2,000
JSTEP2=JSTEP

JSTEP=JDIF

JDIF=JSTEP/2
S(JOIF)I=DSIN(THETA)
JC1=NT=JDIF
S(JC1)=DCOS{THETA)
JLAST=NT=JUSTEP2

IF (JLAST - JUSTEP) 95049204920
DO 940 J=JUSTEP+JLAST9USTEP
JC=NT=J

JLU=U+JDIF

SJLI=S{UI#S(JCL) +SIJLIFI#S(UC)
CONTINUE

SET UP INV(J) TaABLE
MTLEXP=NTVZ

MTLEXP=2##(MT-L) . FOR L=1
LMlEXP=]

LMIEXP=2##(L=1). FUR L=1
INV(1)=0

DO 980 L=1.MT
INV(LMIEXP+1) = MJLEXP
DO 970 J=2,LM1EXP
JJ=J+LMIEXP
INV(JJY=INV(J) +MTLEXP
MTLEXP=MTLEXP/2
LMIEXP=LM1EXP®#2
IF(IFSET)12+8951¢

END
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