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" PROGRAM FOR PROCESSING STANDING WAVE MEASUREMENTS

Description This subroutine processes standing wave measurements wiﬁh or
without line loss on a transmission-line or waveguide load leading to its
one-port characterization., '

Langpage FORTRAN IV

Author J.W. Bandler, Electrical Engineering Dept., Univefsity of Manitoba,

Winnipeg, Canada,

Availability [Listing presented with description.,

The subroutine to be described processes the actual experimental
readings obtained from the well-known slotted-lime standing wave measurement
of a transmission-line or waveguide load and evaluates its one-port parameters.
The érogram was devised to enable rapid and precise evaluations to be made with
the minimum of effort on the part of the experimenter. The load can be assumed
to be either a complex or purely'imaginary function of frequency and the measure-
ments can be corrccted for loss in the measuring system which would otherwise
result in underestimating the stanéing wave ratio at the load. The subroutine
is fairly versatile in its capability of handling the various forms that the
measured daﬁa might be presented in. Also, the variable data set reference
numbers permit data to be read in or results to be printed out(optional) on any
desired 1I/0 unit.

The user calls the subroutine from his own program as follows:
CALL ONEPRT (F, Z, SWR, N, UL, FC, TYPE, UNIT1l, UNIT2, PRINT)

The variables in the argument list are defined as follows.

Output Variables

F one-dimensional array of real frequencies in GHz calculated from the

measured data



SWR

2
one-dimensional complex array éf corresponding normalized load impedances
calculated from the measured data
one-dimensional array of corresponding voltage standing wave ratios

calculated from the measured data

Input Variables

N

UL

TYPE

UNIT1

UNIT2

PRINT

the number of sets of data to be read by the subroutine

the location in cm of the load reference plane consistent with the scale
on the slotted line

the cutoff frequency in GHz of the waveguide (= O for transmission lines)
an integer which can be 1, 2, 3, 4 or 5 specifying the form of the data
and defining the type of calculations to be made by the subroutine

an integer specifying the data set referegce number of the input unit

an integer specifying the data set reference number of the output unit

a logical variable; when .TRUE. instructs the subroutine to print out
résults on the output unit; when ,FALSE. instructs the subroutine not
to print out any results (which are essentially contained in F, Z and SWR
anyway) .

The variables F, Z and SWR should be suitably dimensioned in the calling

program (the number is up to the user) and also the variables TYPE, UNIT1, UNIT2

and PRINT should be appropriately defined.

Types of Measured Data

TYPE =

TYPE =

TYPE =

TYPE =

1

specifies that the load is expected to be purely reactive (i.e. VSWR = ¢0)
so only positions about the standing wave minima are to be processed,
specifieé that the load is expected to be complex. In this case values
of VSWR are to be processed as well as positions about the minima.

is the same as TYPE = 2 but the VSWR readings are in dB.

specifies that instead of measuring the VSWR directly the power ratio p
in dB between the minimum and two corresponding points about the minimum

wvas measured. The VSWR in this case is given by [1,2]



{ exp (0.23026p) - cos” (ﬂd/lg) }1/2

in md/A
sin md/ .

where d is the distance in cm between the corresponding points and A
is the wavelength in cm along the slotted line. This type is, therefore,
particularly useful when the VSWR is large,say greater than 10, and when
direct measurement may be difficult.

TYPE = 5 is the same as TYPE = 4 except that line loss is to be taken into account
for greater precision. Full details of the theory and measurement
procedure for this type have been published[2].

Preparation of Measured Data

As shown in Fig. 1, integers are read by the subroutine in format I5.
All other numbers are read in format F10.l which, incidentally, allows the decimal
point to be placed anywhere within a field of 10 characters.

The subroutine will read N sets ‘of data. Each set must be preceded
by a specification of the number of actual positions meésured (= 2x the number of
standing wave minima); the number must lie between 4 and 24 inclusive. Following
this line/card must be the actual readings in ecm (8 per line/card) working sequent-—
ially down the scale towards the load without omitting any intermediate minima.
If TYPE = 1 no further data is expected for this set. | If TYPE = 2 or 3 then as
many values of VSWR must follow on the next line/card as the number of minima
employed (for averaging purposes). If TYPE = 4 only one value of p is expected
on the next line/card. If TYPE = 5 proceed as for TYPE = 4 but an additional
line/card is expected containing (i) the 1oca£ion of the attenuation reference
plane, (ii) the slotted-line attenuation in dB/cm and (iii) the total attenuation
between the above reference plane and the load reference plane. See reference [2]
for details on the meaning of these values and how to obtain them.

Evaluation and Presentation of Results

If PRINT = .TRUE. then the subroutine will print out results as indicated



in Fig. 2. Whenever the VSWR is greater than or equal to 104, the load impedance
is aséumed to be purely imaginary, the reflection coefficient and return loss
are taken as 1 and 0, respectively, and the standing wave ratio and transmission
loss are set to 104, for convenience., Otherwise the calculations are made in
the conventional manner[2]. The output variables F, Z and SWR may, of course,
be used in further calculations which the user wishes to make.

The program has been tested on the IBM 360/65. Storage requirements
are about 3500 bytes and running times after compilation are almost insignificant
on all the runs made to date.
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SUBROUTINE ONEPRTU(F, Zy SdRy Ny UL, FCy TYPE, UNIT1l, UNITZ,
XPEINT) ) :

coeMpPLEX Z2(1), Y

INTEGER TYPE,y RDNGS, SETS, UNITLl, UNITZ

LOGICAL 0ODD, PRINT

DIMENSION X(24), U(12), S{12), F{1), SWRI(1)

DATA C/29.974%25/y P1y PIBY2/3.141593, 1.5707596/, AVAL1,

XAVALZ2/ 42302585y 1151293/

ILF (PRINT) wWrITE (UNITZ2, 1) N, UL, FC, TYPE

FORMAT {('1ITRANSMISSION-LINE ONE—PORT PARAMETERS FROM EXPERIMENTAL
XRESULTSY/'0N =14, 3X, 'YL ='G13.6, * CM!'3X, 'FC ='G16.9, ' GHZ!?
X3X,y 'TYPE ='12/'0 FREQ LAMBDAG VSwR RHO RETURN TR
XANSHM RES REAC CON SUSC'/6X,y, 'GHZ ‘ CM

X LOSS DB LCSS DB NLZD NLZD NLZD NLZD!?
X) : :

DG 14 L = 1, N

F(L)Y = 0.

Z(L)y = 1.
SWR(L)Y = 1.

KEAD (UNITL, 2) RDNGS

FGRMAT (1I5)

SETS = RDANGS / 2 :

IF {FDOMNSS «GE. 4 JAND. RONGS (EQ. SETS + SETS AND. RDNGS .LE. 24
X) GG T0 4

IF (PRINTY wRITE (UNITZ2y 3)

FORMAT (YOTHIS MNUMBER OF READINGS CANNUOT BE HANDLED')

GG TU 14

gpn = SETS JNE. SETS / 2 x 2
READ (UNITLy 5) (X{I)y, I = 1, RDNGS)
FORMAT (8F10.2)

UTHETA = J.

bo &6 I = 1,y SETS

J =1 +1

H = C¢.5 % (X(J = 1) + X(J))

utl) = H

UTHETA = UTHETA + H :

AVLG = 2. * (Ull) = UlSETS)Y) /7 (SETS - 1)
UsArR = UTHETA / SETS

UTHET A = UBAR

IF { JM3T. GOU) UTHETA = UTHETA — 0.25 * AVLG
DUVLG = (UTHETA = UL)Y / AVLG

IF (TyPE LGT. 3) GO TC &

VSWR = 1.EBE4

IF (TYPE +E9. 1) GO TC 10

READ (uUMITLl, 5) (S(I1)y I = 1, SETS)

VS¥R = 0.

DG 7 1 =1, SETS

VSiirke = VSHR + S{I)

VSuRr = VSwWR / SETS :
IF (TYPE JE0. 3) VSWR = EXPIAVAL2 = VSWR)
GU TU 10

READ (UMNITLl, 5) P

DbAR = 0.

DU 9 1T = 2, RDNGS, 2

DEAR = DuAR + X(I.- 1) = X(I1)

“DRAR = DBAR / SETS

THETA = PI x DBAR / AVLG
COSqg = CUS(THETA)

Fig., 1 FORTRAN IV listing of SUBROUTINE ONEPRT

¢

0001

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
Q026
0027
0028
0026
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
00532
0054
0055
0056
0057
0058



VSwi = SGRTIEXP(AVALL * P) — COSQ * C0SQ) / SIN(THETA) 0059

IF (TYPE .NE. 5) GO TO 10 : 0060
RCAD (UMITL, S5) UALFA, ASL, AT 0061
VSWE = VSWR % (1. + VSWR 3 ASL * AVAL2 * (URAR — UALFA)) 0062
VSR = 1. / TANHIO.5 % ALOGI(VSWR + 1.) / (VSWR = 1.)) - AVAL2 * 0063
XAT) : 0064
T = TAN(2. * PI * DCVLG) 0065
IF (VSWR .GEF. l.E4) GO TO 11 0066
Z(L) = CHMPLX(Ley — VSWR % T) / CMPLX(VSWR, = T) 0067
RHO = (VSYWR — 14) / [VSKHR + 1.) 0068
RL = — 20. % ALUGLO(RHD) 0069
TL = - 10. * ALOG1lO0(l. — RHO % RHO) : ' 0070
GO TC 12 0071
Z(L) = CIPLX{0ey = T) , 0072
RHO = 1. 0073
RL = 0. 0074
TL = L.E4 ' 0075
VSWR = 1454 0076
SWRIL) = VSR ’ 0077
Y = 1. / 7(L) ’ 0078
FiL) = SORTIFC = FC + C = C / (AVLG * AVLG)) 0079
IF (PRINT) “RITE (UNITZ2, 13) F(L), AVLG, VSwR, RHO, PL, TL, Z(L), 0080
XY 0081
FORMAT (1OF 944, 2X) 0082
CONTINUE , D083
RETURN _ 0084
END ‘ 0085

Fig., 1 FORTRAN IV listing of SUBROUTINE ONEPRT
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