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ABSTRACT

A radial transmission line material measurement apparatus has been proposed, analyzed,
designed, constructed, and tested. The purpose of the apparatus is to obtain accurate
surface impedance measurements of lossy, possibly anisotropic, samples at low and
intermediate frequencies (VHF and low UHF). The samples typically take the form of
sections of the material coatings on conducting objects. Such measurements thus provide
the key input data for predictive numerical scattering codes. Prediction of the sample
surface impedance from the coaxial input impedance measurement is carried out by two
techniques. The first is an analytical model for the coaxial-to—radial transmission line
junction. The second is an empirical determination of the bilinear transformation model of
the junction by the measurement of three full standards. The standards take the form of
three offset shorts (and an adaitional lossy Salisbury load), which have also been
constructed. The accuracy achievable with the device appears to be near one percent.
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SUMMARY

Surface impedance is a fundamental quantity in characterizing, coatings on
‘conducting objects. This quantity is often the necessary input parameter for numerical
scattering codes. However, the measurement of surface impedance, using standard
microwave measurement techniques, is often difficult. For example, the materials are often
too lossy to use resonant material measurement techniques. Alternatively, standard
nonresonant impedance techniques typically use inconvenient sample shapes, such as coaxial
sample holders. Furthermore, the materials could be anisotropic, confounding the
interpretation of results when such sample holders are used.

This report introduces a different type of sample holder, which exhibits several
advantages for this type of measurement. The concept is to use a junction of coaxial and
radial transmission lines. The measurements are performed at the coaxial port, while the
sample is placed in the radial port. Typically a sample, in the form of a coating material,
would be placed around the circumference of the radial transmission line against a
terminating short circuit. Measurement of the coaxial input impedance can then be used to
infer the surface impedance at the surface of the sample.

The advantages of such a sample holder are: the technique can measure lossy
samples, the incident wave is linearly polarized and normally incident allowing anisotropic
samples to be measured, there is no low frequency cutoff, convenient sample shapes are used
(for certain applications), and relatively simple coaxial cable to sample holder
transformations are available.

Practical considerations along with sensitivity calculations are used to choose a set of
dimensions for the apparatus. For example, use of a standard 7 mm coaxial connector
dictates the dimensions of the coaxial port. Reasonable sample size and higher order radial
mode cutoff constraints were used to choose the dimensions of the radial port. A design to

obtain highly idealized junction geometry, but using commercially available 7 mm air lines,
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refined the radial port dimensions. Sensitivity analyses confirmed that these dimensions
were compatible with the desired electrical design of the device (yield reasonably good
accuracies with the types of load impedances envisioned).

The model for the coaxial—to—radial transmission line junction is a bilinear
transformation. Accurate analytical approximate solutions for this idealized junction exist.
These approximations typically assume a radial electric field at the end of the coax which
varies inversely with radial distance. However, a correction to this approximation exists,
and its small magnitude provides convincing evidence of the accuracy of the analytical
model. An alternative empirical approact has been used to determine the bilinear
transformation model. This approach makes use of three full standards with the same
junction geometry as the sample holder. If there were deviations of the junction from
idealized geometry this approach would include the effect if the standards were constructed
identical to the sample holder. In any event, a comparison of this empirical approach with
the analyticai approach indicates the accuracy of the junction model.

The analytical model of the coaxial-to—radial junction was used to carry out a
sensitivity analysis of the device. It was found that for typical maximum expected
uncertainties in the measured reflection coefficient, uncertainties in the inferred sample
surface impedance were acceptably small.

Sample holders and four standards were constructed. Drawings of the hardware are
included in the report. Three of the standards are offset shorts (terminating shorts in the
radial transmission line occur at different radial locations). A fourth standard was a
Salishury load. The Salisbury load provides an alternative lossy standard. The Salisbury
load was constructed by placing a cylindrical resistive sheet at the sample radius, with an
offset short terminating the radial transmission line. A step height discontinuity was placed
at the sample radius to allow mounting of the resistive sheet. Analysis of the expected
surface impedance for both the offset shorts and the Salisbury load (including step height

discontinuity) were carried out. Radial slots were cut in the radial transmission line top and
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bottgm cover plates of both the Salisbury load and the largest offset short, for suppression of
higher order circumferential modes.

Software was written for a Hewlett Packard QS/20 Vectra computer to allow
automated measurements on a Hewlett Packard model 8753C vector automatic network
analyzer. The computer and network analyzer were procured. Descriptions of the
instrumentation and the software are given in the report. A listing of the software is
included.

The Salisbury load was used as a canonical test sample; the measured surface
impedance was thus compared with its "known'" value. When the resistive sheet was
removed from the Salisbury load, the measured results for the surface impedance agreed with
the expected results to within one percent. Unfortunately, several iterations were needed
with the resistive sheet present. At first, contact problems prevented a DC calibration
measurement of the resistive sheet impedance. Contact problems are thought to have caused
problems with the dynamic measurements as well. The final iteration used an elastically
stressed plastic tape to secure the resistive sheet to the step discontinuity in the Salisbury
load. Furthermore, vapor deposited gold edges were incorporated on the resistive sheet to
allow repeatable DC calibration measurements to be made. Note that, because of 50%
variations in this DC calibration measurement, a dozen such resistive sheets were treated in
this way, and three (each covering 120° of circumference) with relatively close (7%)
resistance values were chosen to be inserted into the Salisbury load. The final measured
results were within seven percent of the expected surface impedance results. But, more
importantly, the analytical junction model and the empirical junction model (based on the
three offset shorts) yielded results within one percent of each other in all cases. It is thought
that this is the achievable accuracy of the device if an ideally seated, uniform, sample is
used. The Salisbury load is not yet suitable for use as a standard because of the remaining
uncertainty in its surface impedance value. However, mesurements of the Salisbury load do

indicate that reasonably accurate measurements of lossy samples (even with uniformity and



12

possible contact concerns remaining) can be made.

In conclusion we believe the radial transmission line measurement apparatus is
capable of yielding surface impedance measurements with accuracies approaching one
percent. A complete system, including sample holders, offset short standards, measurement
software and instrumentation, is available to make surface impedance measurements on
lossy, possibly anisotropic samples in the frequency range of 50 to 250 MHz (the sample
holder and analytical junction model can be used perhaps up to 500 MHz). This frequency
range can be extended at least to 1 GHz by reducing the size of the offset shorts and sample
holder. Future work should include considerations of an alternative, more accurate, lossy

reference standard design.
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I. INTRODUCTION

Standard microwave material measurement techniques fall into two general
categories: resonant techniques and nonresonant impedance techniques.

Resonant techniques typically involve the insertion of a small sample of material into
a resonant cavity and subsequent measurement of the change in -avity quality factor and
resonant frequency. Next, either cavity perturbation theory or, in special geometries, exact
field descriptions of the cavity—sample geometry are used to infer the sample electrical
properties. However, if the sample is sufficiently lossy, the determination of the resonant
properties of the cavity becomes difficult as well as inaccurate.

Nonresonant impedance techniques involve the measurement of the impedance
properties of a sample holder containing the sample. A field description of the sample holder
(with sample) is then used to infer the sample electrical properties. The most common
sample holder is the coaxial sample holder. However, in cases where the samples are
anisotropic, use of such a sample holder yields some combination of elements of the tensor
electrical properties of the sample. Furthermore, for certain sample types such as thin layers
or coatings, the coaxial sample geometry may be inconvenient and in addition force such
large deformations of the sample from its intended geometry that the results become
questionable. Impedance measurements may of course also be performed on other sample
holders, such as rectanglular waveguides. However, drawbacks still exist such as: the
transformation from coaxial cable to rectangular waveguide is far from simple, the angle of
incidence of the exciting waves depend on frequency, and, because of the cutoff frequency of
the waveguide, low frequency measurements are either eliminated or require very large
waveguide structures and samples. An alternative sample holding structure, which is the
subject of this report, has certain advantages, including: no cutoff, normally incident linearly
polarized excitation, convenient sample shapes (for certain applications), and relatively

simple coaxial cable to sample holder transformations.
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A radial transmission line measurement apparatus has been proposed by the authors
as a means to obtain accurate surface impedance measurements of very lossy, possibly
anisotropic, samples. Figure 1.1 shows the geometry of the apparatus. Figure 1.2 shows a
cross sectional view. The apparatus is rotationally symmetric. The sample lines the outer
radial backing conductor as shown in Figure 1.2. Measurement of the input impedance at
the coaxial port is used to determine the surface impedance of the sample.

Section II discusses the choices of geometrical parameters for the device.

Appendix I reviews the theory of a coaxial to radial transmission line junction when
the simple assumption of a radial electric field inversely proportional to the radial distance is
placed at the junction. Appendix II reviews a junction capacitance correction which can be
incorporated in the model or used to estimate the accuracy of the previous simple
assumption of the radial electric field dependence at the junction. Section III gives results
for the apparent admittance at the junction as well as the coaxial reflection coefficient.

Section IV uses the theoretical model of the device in addition to estimated maximum
errors in the measurement of the reflection coefficient in the coax, to predict uncertainties in
the predicted sample surface impedance. These results give a feel for the accuracy
achievabie by use of the apparatus.

Appendix III reviews the experimental approach of constructing a bilinear
transformation model of the apparatus from the measurement of three full (complex)
standards. Section V briefly gives the results in the appropriate notation.

Appendix IV reviews the impedance transformation formula in a radial transmission
line. Section VI uses this result to determine the offset short impedances at the appropriate
radial location.

Section VII discusses a fourth reference standard, the Salisbury load. Appendix V
provides a formula for lumped capacitance representing a step discontinuity in the radial line
at the location of the impedance sheet load. Appendix VI provides an estimate of the

effective impedance of the Salisbury load impedance sheet in the limit of high impedance.
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Section VIII discusses the transformation of the sample impedance to different radial
reference locations. Appendix VII discusses the detailed philosophy of the application of this
transformation. Section IX gives the coaxial impedance transformation required to
transform from the coaxial connector to the coaxial to radial transmission line junction.

Section X gives a brief description of the instrumentation layout. Appendix VIII
gives mechanical drawings of the apparatus.

Section XI gives a brief description of the computer software for the apparatus. This
computer software implements both the theoretical and experimentally determined models of
the device. Appendix IX gives listings of the software.

Section XII gives measurements made with the apparatus on the Salisbury load.
Appendix X estimates the effect of airgaps at the terminations of the Salisbury load
impedance sheet.

Section XIII gives conclusions.

The notation used in Appendicies I through TV has been chosen to conform to the
source references. The notation in the main text, however, has been modified where
necessary so as to be self consistent and to avoid confusion. Harmonic time dependence ejwt
will be suppressed throughout. (Note that e”i""t time dependence was originally used in the
theoretical calculations. Rather than replotting the figures of Sections III and IV, minus
signs were simply introduced in the labels of the imaginary parts of the impedance and

admittance quantities.)
II. CHOICE OF DIMENSIONS

The dimensions chosen for the apparatus, shown in Figure 1.1, will now be given and
very briefly discussed. The coaxial region is chosen as the standard 50 ohm 7 millimeter

airline with inner and outer diameters
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2a = 0.11970 inches (IL.1)

2b = 0.27560 inches (11.2)

(Note that original considerations involved 50 ohm GR900 airline with 2a = 0.244 inch and
2b = 0.5625 inch. When consideration shifted to a 7 mm airline, these dimensions were
simply divided by a factor of two. These values were used in the figures of Sections III and
IV. Although these dimensions are not identical to the exact values given above, they are
very close. It was therefore decided not to replot these figures.)

The radial line dimensions are height h and radius p = c at the sample surface. It is
desirable to have the higher order modes cutoff in the operating frequency range. The
frequency range of interest is below, say, 200 MHz. The higher order modes with variations
in the h dimension are cutoff if h < A/2 [1]. The higher order circumferential modes are
cutoff if the circumference is roughly smaller than a wavelength 27c < A [1]. A set of
dimensions consistent with these cutoff requirements, which also lead to reasonably sized

samples, are

h = 1.861 inches (IL.3)

¢ = 4 inches (11.4)
(Note that original considerations used the value h = 2 inches, which was a convenient
choice for material sample sizes and also satisfied the cutoff constaints. The figures of
Sections IIT and IV have not been replotted with the final cheice of h given above, because
the sensitivies of the apparatus will not change in any significant manner as a result of this
change.) The height (I1.3) results from the use of standard 7 mm airline lengths of 5 cm and
10 cm to form the inner coaxial conductor in the radial transmission line section as shown in

Figure II.1. Also included is a 0.1 inch wall thickness so that h = (9.9771 cm — 4.9967 cm —
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0.1 inch = 1.861 inch), where 9.9771 cm and 4.9967 cm are the exact lengths of the 10 cm
and 5 cm lines, respectively. Note that the choices of height (II.3), and sample radius (I1.4),
result in considerable decay of the higher order modes, which have variations in the h
dimension, from the coaxial-to—radial junction to the sample load. (Higher order modes in
a planar parallel plate waveguide, of height two inches, decay by approximately e—'27r over a
four inch length.) This is important because the model for the device assumes the junction
and load only interact through the fundamental radial transmission line mode.

Four standard reference fixtures are also required, in addition to the above defined
sample measurement fixture. Three of these fixtures are simple offset shorts. Offset short
#1 has the same dimensions as the above sample fixture except that a short circuit

condition exists at
p=d=4inches =¢ (I1.5)

rather than the surface of a lossy sample of material. Offset short #2 has the same set of

dimensions except that a short circuit condition exists at radius p = d where

d = 9 inches (11.6)
Offset short #3 has a short circuit condition at

d = 15 inches (11.7)
We note that the radius (I1.6) is near the cutoff radius of the first higher order
circumferential mode. Thus offset short #3, with outer radius (I1.7), exceeds this limit.

This first higher order circumferential mode is supported by circumferential currents as well

as the usual radial currents associated with the transmission line mode. Thus to suppress
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the circumferential currents associated with this higher order mode, nine radial slots were
cut in the top and bottom plates of the radial transmisuion line from radius (I1.6) to radius
(11.7).

The fourth reference standard is a Salisbury load depicted in Figure I1.2. The
purpose of this standard is to provide a known lossy impedance reference in contrast to the

three approximately lossless standards. A lossy sheet impedance ZSS

Zyg ® 1, (I1.8)

where 7 o = ,]m ~ 1207 ohms is the impedance of free space, is placed at p = ¢c. We
cannot place a short circuit boundary condition directly behind the lossy sheet because
current will then primarily flow on the short. Thus displacement of the short a significant
electrical distance behind the sheet is desired. The short is placed at p = d, given by (IL7).
Again radial slots are cut in the walls of the radial transmission line from radial distance
(I1.6) to (I1.7) to suppress the circumferential currents associated with the higher order
circumferential modes. The attachment of the lossy impedance sheet at p = ¢, is
accomplished by placing a step in the height of the radial transmission line at this radius.

Thus for p < ¢ the height is h given by (I1.3), and for p > c the height is h'
h' = 2.341 inches (I1.9)
This value results from a 0.24 inch wall thickness forming each side of the step transition.
Thin resistive sheets are commercially available with advertised impedance per
square values of free space given by (I1.8), and 50 ohms. Thus an alternative value to (I1.8)

is

Zyg ~ 50 ohms (11.10)
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The geometries of the sample holder and four reference standards have now been

described.

III. THEORY OF COAXIAL TO RADIAL TRANSMISSION LINE JUNCTION

The typical analysis of the coaxial to radial transmission line junction of Figure I.1
leads to a value of the apparent admittance Y at the end of the coaxial line in terms of the
surface impedance ZS at the radial transmission line boundary p = c. Appendix I gives the
relationship between Y and ZS when the simple inverse radial distance form is assumed for
the radial electric fieid at the coaxial to radial line junction. Appendix II gives an additional
small parallel capacitance CT, which serves to correct the apparent admittance for the true
radial electric field distribution at the junction (the effect of this capacitance is typically
negligible). From Appendicies I and II, this relationship can be written as
A'ZS + B'

Y._

=—85  E4+F (I11.1)
[} [
C'Z, + D

where

21§ 7, ]}{(()2)(kb)

F'=jB, +jB +[, + jwC
1821738y |khy, 7n(b/a) H(()z)(ka) Wb
(111.2)
2mj 7,
B =[ 0 ] (ITL.3)
1, ¢n(b/a

D' = 5, B (ka) {J(ka)Y,(ke) — J(ke) Yy (ka)} (111.4)
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C' = j H{?(ka) (I (ka)Y (ke) — I (ke) Yo (ka)} (ITL.5)
B' = 5, H{?(ke) {J4(kb)Y(ka) - Jo(ka)Y,(kb)} (I1L.6)
A" = HP(ke) (3,(kb)Y y(ka) — Jo(ka)Y (kb)) (IIL.7)

where n_ = {u_fe_ is th~ impedance of {ree space, 7o I8 given by (AL9), By is given by
(AL3), B, is given by (AL.4), (AL5), and (AL10), and Cr. is given by (AIL2) and for 50
ohm coax by (AIL3).

Figures I1I1.1 to III.4 give contour plots of the real and imaginary parts of the
apparent admittance Y (t!:2 scale is limited to values less than 0.04 Siemens in magnitude)
in terms of the real and imaginary parts of Z  in the range 0 < Re(Z) < 500 ohms, — 500
ohms < Im(ZS) < 500 ohms. These figures give a feel for typical expected variations in the
admittance (and reflection coefficient in the 50 ohm coax) with respect to variations in the
surface impedance at p = c. We note that if we had set CT = 0 in these figures, there would
be little effect on the graphical results since this term is a small contribution to the
admittance. Figures II1.5 to II1.8 give the corresponding real and imaginary values of the

reflection coefficient

Zin o ZO
R = Z. ¥ Z. (I11.8)
in 0
where for the coax
Zy = 50 ohms (I11.9)

and the input impedance to the radial transmission line at the end of the coax is
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Z. =1/Y (I11.10)

The desired form of the theory is the inverse of (II1.1) which can be written as

AZin + B
Z =—"2 (I1.11)
Cz,, + 1
Comparing (III.1), (I11.10), and (II1.11) we obtain
A = (B'E' + F'D")/C' (I1.12)
B =-D'/C' (111.13)
C=-(A'E'+F'C")/C (I11.14)

IV. SENSITIVITY OF THE SURFACE IMPEDANCE TO UNCERTAINTIES IN THE
REFLECTION COEFFICIENT

One important consideration before building such an apparatus is: how accurate a
value for the surface impedance do we expect to be able to deduce from a measurement of
input impedance to the device? The typical way this question is posed is: given an
estimated maximum uncertainty AR in the measurement of the reflection coefficient R in
the coax what is the uncertainty in the value of surface impedance ZS?

An estimate of the maximum uncertainty expected in the reflection coefficient was

taken to be [2]

|AR| = + 0.007 (IV.1)
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arg(AR) = 4 1 degree (Iv.2)

where (IV.1) are uncertainties in magnitude and (IV.2) represent phase uncertainties. These
uncertainty estimates were deduced by assuming the reflection coefficient magnitude had a
mid value |R| = 0.4 at a frequency of 100 MHz [2]. They were nevertheless used as
reasonable values for the entire range of frequencies about 100 MHz as well as the entire
range of surface impedances.

An incremental uncertainty analysis was carried out by writing

AZ ~ (30) AR (IV.3)

where it is convenient for current purposes to evaluate the derivative in (IV.3) by finding

B as a function of Z by use of (IIL.1), (I11.8), and (IIL.10). Given that R = |R] el arg(R)
S

we can write for the magnitude uncertainty (IV.1)
AR = + 0.007 & 218(R) (IV.4)

or for the phase uncertainty (1V.2)

o .
AR~ +j 170 R (IV.5)
The value (IV.3), for a given value of Zg, i added to Zg for each of the values (IV.4) and a
line segment is drawn between them. Similarly the value (IV.3), for a given value of

Z, is added to Z for each of the values (IV.5) and a line segmient is drawn between them.
Figures TV.1 to IV.4 show these line segments at the same frequencies and range of values of

Z discussed in Section I1I. These figures thus give a feel for the uncertainties one would
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obtain in the surface impedance ZS given the expected maximum uncertainties in the
reflection coefficient (IV.1) and (IV.2).

As a check on this incremental uncertainty analysis, which used the approximate
formula (IV.3), an exact uncertainty analysis was also carried out. A given value of Z, was
used to obtain a value of R via (I11.1), (II1.8), and (III.10). The uncertainties (IV.4) or
(IV.5) were added to R and Zg was determined by means of (II1.8) and (III.11). There was
essentially no graphical difference in the exact results from the approximate results in

Figures IV.1 to IV 4.

V. EXPERIMENTAL APPROACH OF CHARACTERIZING COAXIAL TO RADIAL
TRANSMISSION LINE TRANSITION

Appendix III discusses in a general setting the determination of a bilinear
transformation model by measuring three full (complex) standards. The appropriate
notation here is given by (III.11). Using (AIIL.4) to (AIIL.8), we can write the A, B, and C

parameters of (I1I.11) as

A= (Z(l) - Zgz))zgg)(z(z) — 7(3)) - (7(2) - 2(3)) (1)(2(1) - Z(Q))

r
(L

s in  “in ’s s /7s ‘Vin in
(V.1)
3 1 2 2 3 1 1 2 3 1 2 3
B= Zgn)(zgn) - Zgn))(zg ) Zg ))Zg - Zgn)(zgn) B Zgn))(zg N Zg ))Zg )
(V.2)

(V.3)
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b= 2z -2 - ¥ -2l - dhh - 2

(V.4)
A=X/D;B=8/D;,Cc={/D (V.5)

where Zi(ri1) are the input impedance measurements of the known standards Zgi) at p = ¢, the
sample surface location. Values for ng) for the three offset shorts are discussed in the next
Section and for the Salisbury load are discussed in Section VII. These values are denoted

simply by Z SR (R for reference load impedance) in the next two sections.
VI. REFERENCE OFFSET SHORT STANDARD IMPEDANCES

Three of the standards are reference offset shorts. Short #1 has a short circuit
condition at p = d = ¢ (I1.5) and thus for this reference load
Zgp =10 (VIL.1)
Offset shorts #2 and #3 have short circuit conditions placed at p = d given by (I1.6) and
(IL.7). Appendix IV discusses the impedance transformations in a radial transmission line.
Setting Z; = 0 in (AIV.14), and changing the sign because Z_p = — E (0= c)/H‘p(p =)
(where E_ is the electric field in the h direction and H 0 is the magnetic field in the

azimuthal direction) for a wave impinging from p < c, gives

Zop = — Zylke) j sin[6(ke) — 6(kd)]/cos[y(ke) — O(kd)]
(V1.2)

where the radial line characteristic impedance is a function of kp
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_ Go(kp)
Zy(kp) = 1, (e (7)) (VL3)

and we define the real functions GO’ Gl’ 6, and ¢ by means of
H{? (x) = 340 = Yo(x) = Gylx) e 3 (VL4)
JEP ) = Y, (0 +§3,(x) = - G, (x) I (VL5)

Formula (VI1.2) provides the offset short standard surface impedance at the p = ¢ reference

location.
VII. SALISBURY LOAD STANDARD IMPEDANCE

The fourth standard, a Salisbury load, is shown in Figure I1.2. A load impedance
sheet with impedance per square Z 5§’ given by (I1.8) or (IL.10), is placed at p = ¢ and an
offset short is placed at p = d, given by (Ii.7). However there is a step discontinuity in the
height of the radial guide at p = ¢ from h, given by (IL.3), to h', given by (I1.9). Let us
denote by ZéR the value determined from (V1.2) for p = ¢ + 0. Let us also denote by Z p
the value of the wave impedance for p = ¢ — 0. Continuity of the voltage V.= —E_h (or V
=— Eéh') and current I = 27pH 0 (ignoring for the moment the parasitic capacitance
associated with the junction) means that the effective wave impedance can be continued
across the junction as

Zp =L 2p (VIL1)

An added capacitance associated with the junction is determined from conformal



26

mapping in Appendix V. This capacitance, from (AV.26), is

AC, ;= ce, [—% (1-p)® (1 —p) + % (1 +p)* a1 + p)
—2(2) -2 en(2p)] (VIL2)
where
p=h/h (VIL3)

Converting to an effective wave impedance 1/(jwAC) this becomes

he
AC =52 [—%(1 —p)? (1 —p) + 2 (1 + p)® ta(1 + p)

1
P
—2f(2) =2 en(ap)] (VIL4)

Of course the small capacitance (VIL.4) typically has negligible effect.

Thus the parallel combination

N 1
sR ™ (R/R]Zig + JWAC F 1/Zg (VIL5)

is the effective wave impedance at the reference location p = c in this case. Note that,
adding the offset short (including parasitic step capacitance) in parallel with the reference
load sheet impedance represents an approximation. Strictly speaking, there is an interaction
between the step discontinuity and the reference load sheet impedance. Because the step

will be relatively small with respect to h, it appears reasonable to use this approximation.
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The accuracy of this approximation can be assessed by the following consideration.

First consider the case of an impedance sheet with Zyg - 0. The region with height h'
plays little role and the total impedance -2—% ZSS (derived from assuming a uniform electric
field in the height) is a good approximation. This of course corresponds to an effective wave
impedance Z g as assumed in (VIL5).

Next consider the case of an impedance sheet with ZSS - . The electric field in this
case assumes its value when the impedance sheet is not present. An effective conductance

for the sheet can be estimated by the equivalence of power

h/2

1 2 _12rc 2
—h/2

where ZqS is a purely real quantity here, and the effective wave impedance of the sheet is

ff 2 me . . . . .
78 = I In principle the conformal mapping solution of Appendix V could be used in
53 eff

this integral for E . However because the integration is off the conductor surface, this is
difficult to carry out directly (Appendix VI gives an alternative approach). Using (VIL.6),

as h approaches h', Zeff approaches Z_o. Appendix VI gives the value
sS sS 5

7802, o % 0.940 (VILT)

in the high impedance limit with parameters (I1.3) and (I1.9). This represents a 6% decrease
in the value of the sheet impedance. The impedance values (I11.8) and (II.10) are expected to
result in values of Zgéf/ZSS closer to unity. Of course, in the limit of high impedance, the
offset short behind ihe sheet will typically dominate anyway. Although these corrections are
not totally negligible, and they are typically larger than the capacitive correction (VII.4),

they are nevertheless small enough that the device should be a useful standard. Because we
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do not have the value of the effective impedance for arbitrary (midrange) values of Zygr we

have taken ZeSf

= Zg in (VIL5) as au approximation.
VIII. TRANSFORMATION OF SAMPLE SURFACE IMPEDANCE TO OTHER
RADIAL REFERENCE LOCATIONS

It may not always be desirable for the free surface of the sample to be required to end
up at radius p = ¢. For example, this requires removal of an exact thickness of metal from a
fixed set of sample holders with inner radii p = ¢ so that the addition of the samples then
results in p = ¢ being the inner surface of the samples. It is probably more convenient to

allow the free surface of the sample to vary from p = ¢ to say
p=c #c (VIIL.1)

The above procedures are then followed (either the experimental calibration technique or the
analytical model tect.nique) to obtain a fictitious surface impedance ZS at p = ¢ from
(I[.11). Next the appropriate surface impedance Zé at p = c¢' is determined by applying the

radial transformation formuia (AIV.14). This becomes

-Zg)cos(B(ke') - pke)) + j Zg(ke) sin(0(ke') — 6(ke))
(kc) cos(P(ke’) — O(ke)) + J(-Zg)sin(glke’) - %b(kcj)—}

(VIIL2)

r (-
ke) |z, ke

where the appropriate sign changes have been introduced for ZS and Zé, because these wave
impedances are d.fined as — Ez/ H o (the wave impinges from smaller p values). The reason

this transformation approach is valid is discussed in Appendix VII.
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IX. COAXIAL AIR LINE OFFSET IMPEDANCE TRANSFORMATION

Figure II.1 shows the 7 mm airline junction. There is a well calibrated offset between
the connector on the air line and the radial transmission line junction. The transformation

. o . e . conn
from Zin’ at the radial transmission line — coaxial transmission line junction, to Zin

]

referenced to the coaxial 7 mm connector, is accomplished by an impedance transformation

(1]

conn . .
7 = O[Zin cos(3¢) ioig sm(ﬂt’)] (1X.1)
Z, cos(Be) -j Zin sin(G¢)
where Z, is given by (I11.9) for the 7 mm airline, and
¢ = (4.9967 cm + 0.1 inches) (I1X.2)

and = w{p e where p =47 x 1077 H/m and 1/{p €  ~ 2.997925 x 108 m/sec. The

conn

transformation (IX.1) is applied to all data Z;,  in order to transform them to the radial

transmission line junction.
X. INSTRUMENTATION LAYOUT

Figure X.1 gives a block diagram of the hardware configuration used. A typical
sequence for measuring the radial line devices (shown at the bottom of the figure) is as

follows:

1. Initialize the HP8753C network analyzer system at the 7 mm test port, at the

frequencies of interest, using an HP85031B calibration kit.
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2. Measure the radial line reference short #1, offset short #2 and offset short #3 in
order to determine the A, B, C parameters of the coax—to—radial—line transition

section of the sample fixture.

3. Measure the reference/unknown Salisbury load and compare the results with the
theoretical value for the Salisbury load in order to assess the quality of the

determination in step 2.

4. Measure a loaded sample fixture to determine the impedance of a radial load of

interest.

In practice, it is best to measure offset short, #3 and the reference/unknown Salisbury load
in the vertical position to eliminate problems due to sag in the top plate of the radial line.
In principle the Salisbury load can also be substituted for one of the three calibration
standards if confidence develops in its measured effective surface impedance properties.
Figure X.2 is a photograph of the reference short, two offset shorts, and the Salisbury
load (step discontinuity in top plate is evident in the photograph). Figure X.3 shows the HP
8753C network analyzer and the reference short. Figure X.4 shows the system consisting of

the HP 8753C network analyzer, HP QS/20 Vectra computer, printer, and reference short.

XI. DESCRIPTION OF MEASUREMENT SOFTWARE

The BASIC 5.1 program RLMS__al (see listing in Appendix IX) consists of a main
program and 32 subprograms and functions as shown in Figure XI.1. (Three additional
subprogram stubs are included for ease of future expansion.) The functional purpose of each
subprogram/function is given in comments at the beginning of its source code.

The major purpose of the code is to determine the total and surface impedances of a
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radial load as viewed looking outward from the radial line port of a radial—line/coaxial—line
junction (RL/CL J). The desired impedances are computed from measurements made at the
coax port of the junction by a Hewlett Packard model 8753C vector automatic network
analyzer (VANA). In order to compute the total and surface radial line impedances, the
network parameters of the RL/CL J must be known. RLMS_ al utilizes a bilinear fraction

characterization of the transition section viz.

AZ_+B
L=tz FT (XL1)

m

where ZS is the surface impedance as observed by looking outward from the radial line port
of the RL/CL J; Z _ is the impedance measured looking into the RL/CL J from the interface
between the coaxial line and the radial line; A, B, and C are frequency dependent complex
network parameters which characterize the RL/CL J. These parameters are determined by

the geometry of the section and the frequency of interest.
A Functional Walk—Thru of the Code RLMS_al

The following paragraphs give a narrative of the functions performed by the code as
guided by the options offered on the main menu of RLMS__al. See Figure XI.2.

Option 1 invokes subprogram Meas__abc__par which directs the process of
determining the A, B, and C parameters of a RL/CL J. It makes use of the anharmonic
ratio (in subprogram Abc__anharm) to compute the ABC values from (1) the computed
impedances (using subprogram Radial_line and function FNZi) of three well—characterized
radial line offset short standards at the radial line port of the RL/CL J and (2) the 3
corresponding measured impedances (from subprogram Acq _dat__abc_ par) at the

coax—radial line interface. The code then generates a hardcopy report (using subprogram
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Type__abc__rept) of the ABC parameters and a file of the same on a diskette in HP BDAT
format and, optionally in DOS format. The report is shown at the top of Figure XI.3 and a
print out of the DOS file is at the bottom.

The file of A, B, C parameters is subsequently used under option 2. (Digressing a
moment, a Salisbury load (see Section VII) can be substituted for one of the offset short
standards. Subprogram Salis_ld_z and function FNstep cap_w (see Section VII) are used
to compute its impedance from its dimensions, space cloth film resistivity and the
frequency.) Optionally, the ABC parameters can also be recorded in an MS—-DOS
(henceforth referred to as DOS) text file by using subprogram Abc__dos_ dat_ file.

Option 2 invokes subprogram Z_via__abc which uses the network method (henceforth
referred to as the "ABC method") to determine the surface impedance, ZS. Z__via_abc uses
the ABC parameters (as determined by use of option 1) and Z., (from subprogram
Acqdat__zmeas) in equation (XI.1) (in function FNBilinear) to compute Ly Subprogram
Type lod_z_rept is called to print a hardcopy report of the values of Zs' A typical report
appears in Figure XI.4. Here also, one has the option of using subprogram Z_ dos_ dat__fil
to record the results in a DOS text file. Subprogram Type_lod_z_rept (which is utilized in
both options 2 and 3) allows the operator to specify that the surface impedances, ZS, be
reported at terminal cylinders of either greater or smaller radius than that of RL/CL J.

This feature, embodied in subprogram Z__r_xform, is of obvious utility if the inner radius of
the radial load being measured is not identically equal to the radius of the radial line port of
the RL/CL J.

Option 3 invokes subprogram Z__via_ will which uses the "Williamson method" based
on the field theory of Section I1I to compute ZS from the frequency, transition section
dimensions, and Zm. Z_via_ will employs FORTRAN executable code WILL.EXE to
compute the values of ZS. The source for WILL.EXE, WILL.FOR, was written in
FORTRAN (before RLMS__al was written) in order to utilize library routines for Bessel

functions which are not readily available in a BASIC environment. A listing of WILL.IFOR
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is included in Appendix IX (note that WILL.FOR was originally written using time
dependence e 19 and thus conjugates of both the input impedance and the output surface
impedance, to convert to eiwt, can be found in the listing.) The use of WILL.EXE proceeds

as follows:

1. When the operator chooses to use the Williamson method, the measurement
frequencies and the impedance measurements, Zm, made on the loaded
coax—to—radial-line transition section (as well as its dimensions) are written (from
BASIC) into a DOS text file named DOSIN.DAT. Utilizing compiled subprograms
(FNB1p_lock, Blp_enable, FNB1p backround, Blp_send, and Blp_send_ key)
from the HP BASIC Multi—Com library, the BASIC code then places the BASIC
language coprocessor into background mode and calls for execution of the DOS batch

file SEQ.BAT.

2. The first command in SEQ.BAT calls for the execution of WILL.EXE which, in
turn, reads file DOSIN.DAT. WILL.EXE then computes the surface impedances at

the radial line port, and writes them along with their corresponding frequencies into

DOS text file DOSOUT.DAT.

3. When execution of WILL.EXE is completed, SEQ.BAT issues a command to place
the BASIC language processor back into foreground mode. Z_ via_ will then reads
file DOSOUT.DAT and prints out a report of the surface and total impedance
results. The report shown in Figure XI.5 shows a set of ZS values as determined by
Williamson from the same input data that was used to produce the report in Figure
XI1.4 using the ABC method. As before, the results can also be written to a DOS

text file.
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Option 4 displays (on the CRT) the theoretical surface impedances looking into a
Salisbury load from its radial line input port. Of course, before this display, the operator is
prompted to enter the mechanical dimensions of the Salisbury load, the properties of its
resistive film, and the frequencies of interest. Figure XI.6 is a copy from the CRT that
resulted after invoking option 4 for the case when the surface resistivity of the film is 363.26

ohms per square.

Miscellaneous Comments about RLMS_ al

1. Instructions for use of RLMS_ al, its required environment, etc. appear in a user's
guide which is listed as comments at the beginning of the source code. During

execution, the operator is guided by menu choices and prompts on the CRT.

2. Several subprograms and functions included in RLMS_al were not mentioned in
the above discussion of the options offered by the code. These are discussed briefly in

the paragraphs which follow.

3. Subprogram Acq_meas_ par sets up the measurement parameters of any
measurement performed under main menu options 1, 2, or 3. These measurement
parameters include the measurement frequencies, identities of the radial transmission
line components involved, setup of the HP 8753 VANA, etc. This information may
be entered from the keyboard then saved in an HP BDAT SUPport file, or it may be
read from an already existing SUPport file. Subprogram Sup__fil_id is used during
specification and validation of the appropriate SUPport file. Subprogram Mf_ gen
sets up the desired list of measurement frequencies. Subprogram Choose_ cals allows
the operator to select the appropriate calibration set for the HP8753 VANA and

subprogram Mf_vf _fit verifies that the HP8753 VANA is calibrated to measure at
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all the desired measurement frequencies.

4. Subprogram Acq_8753 _dat acquires the raw measured impedances at the APC—7
coaxial connector of a RL/CL J. Since the APC—7 connector port is approximately
5.25 cm from the interface between the coaxial line and the radial line,

Acq_ 8753 __dat transforms the raw impedance to the interface plane; this
transformed impedance is Z m° Acq_8753_dat gives the operator the option to
record in a DOS text file (by use of subprogram Raw_z dos_dat) the values of Z,

at each frequency.

5. While measuring ZS by the ABC methoa (under main menu option 2), one must
utilize a file of ABC parameters previously measured under option 1. If ZS
measurements are being made at a subset of the frequencies for which the ABC
parameters were determined, subprogram Fmatch__abc_ file extracts the correct set

of ABC parameters to use during the Z ¢ Measurements.

6. Function FNAng2 computes the angle determined by an x, y coordinate and
places that angle in the correct quadrant. It is analagous to the FORTRAN function

ATAN2.

7. Function FNStp_cap_wk is a (unused) function for computing the step
capacitance associated with a change in separation of the plates of a radial
transmission line. It is based on an iterative technique described in [3]. Its results

are virtually identical to those from subprogram FNStep_cap_ w.

8. Dummy subprogram Comdef gives the definitions of all variables appearing in

COM.
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XII. STANDARDS MEASUREMENTS

The testing of the apparatus was carried out by using the Salisbury load as the test
object and the three offset shorts as the three complex standards.

The first test series made use of the Salisbury load with the resistive sheet removed
(ZSS = ®). This is not a trivial test case, however, because the combination of large offset
short and step discontinuity results in a different surface impedance (at the step radius) than
any of the offset short standards. The expected values of the Salisbury load surface
impedance are determined from (V1.2), (VL.3), (V1.4), (VL5), (VIL.4), and (VIL5), with Z g
= o and the dimensions given by (I1.3), (II.4), (11.7), and (I1.9). Figure XII.1 shows the
magnitude and phase of the surface impedance at the radius (I1.4). Four curves are shown.
The long dashed curve represents the expected result, the short dashed curve represents the
measured result using the Williamson theory to theoretically determine the surface
impedance from the measured coaxial impedance, the dotted curve (nearly overlays the short
dashed curve) represents the Williamson theory measured result with the junction
capacitance correction included, and the solid curve represents the empirical ABC technique
(using the three offset shorts as standards) to determine the surface impedance from the
measured coaxial impedance. The agreement is excellent: the maximum deviation of the
three curves for the magnitude is less than one percent, the maximum deviation in phase of
the three curves is less than one degree. We believe these test results indicate the type of
accuracy achievable with the apparatus.

The fact that the Williamson results, and the Williamson results with the capacitive
junction correction included, nearly overlay, gives us confidence in the accuracy of the model
(the assumption of junction radial electric field inversely proportional to radial distance is
not contributing to any significant discrepancies). Another possible source of error in the
model is the fact that the radial load and coaxial-radial junction are assumed to interact

only through the fundamental radial transmission line mode (of course higher order modes
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are incorporated at the junction as weil as at the load, Appendix V). However, the choice of
the height of the radial transmission line results in large decay of the higher order modes (in
addition, the empirical ABC technique assumes there is interaction only through the
fundamental radial mode). The fact that the empirical ABC technique gives results closer to
the expected results is thus thought to be the result of small but unquantified differences
between the measurement system and the assumed model.

Several iterations were carried out when the resistive impedance sheet was inserted
into the device. We briefly describe the sequence of iterations before presenting the final
results.

The resistive sheet was made up of three strips, each covering 120° of the
circumference at the (I1.4) radius. This was done because of the limited lengths that could
be obtained from the manufacturer. A DC calibration measurement was carried out on the
resistive strips before they were inserted in the apparatus. The procured resistive strips were
slightly longer than required, and had a conductive silver edge deposited on the ends. (The
resistive material consists of a 0.001 inch thick mylar backing with vapor deposited
Nichrome resistive material.) Unfortunately, this DC measurement could only be made in
the length direction of the strips, using this silver edge coating to provide contact. Contact
problems prevented accurate DC measurements in the transverse direction, which is of
course the direction of current flow in the apparatus. The average of the three strip
resistance per square values was used for ZSS to give the expected surface impedance result
in the apparatus. Scotch tape was used to secure the resistive strips to the midpoint in the
step of the Salisbury load fixture. Discrepancies of the measured surface impedance with the
expected result were as large as thirty percent. The expected result was smaller than the
measurements yielded, however, the phase was more accurate than the magnitude. (Note
that the Williamson and ABC measurement techniques agreed to about one percent.)
Contact problems at the resistive sheet attachment were suspected.

Appendix X considers the effect of an air gap beneath the resistive sheet and the step
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in the Salisbury load height. Because the resistive strip was only secured by tape at the
outer edge, it was possible for an approximately linear air gap to form if the height of the
fixture decreased slightly after mounting. Appendix X indicates, however, that if the air gap
is small enough, say, small compared to the thickness of the sheet (0.001 inches), then the
capacitance is large enough that conductive contact is not necessary (above 100 MHz) to
eliminate contact problems.

A second iteration thus made use of a plastic tape elastically loaded (elastic over 1
inch circumference) to place pressure on a new set of resistive strips and thus attempt to
minimize or eliminate the air gaps. A new set of resistive strips was used because the first
set was slightly damaged in an attempted post—test DC evaluation of their transverse
resistance per square. Discrepancies of the measured values of the surface impedance
relative to the expected surface impedance were less than about fifteen percent. Again the
expected value was less than the measured results indicated. (Again the Williamson and
ABC measurement techniques agreed to about one percent.)

The final iteration involved better DC calibration measurements of the resistive
strips. Questions about the isotropy of the resistive strips could not be eliminated without
calibrating the resistance per square in the direction of interest. To obtain reliable
measurements of the transverse resistance per square, gold contacts were vapor deposited on
the edges of the strips. These contacts allowed repeatable measurements of the transverse
DC resistance per square to be obtained. These contacts also remain in place when the
strips are inserted into the apparatus, reducing contact problems. Unfortunately, the first
set of gold edged strips showed wide variations in the transverse resistance per square (one
having nearly twice the free space impedance value). It was thus decided to treat a total of
twelve strips and pick three with the closest resistance per square values. Fortunately, three
strips were identified with similar resistance per square values, and furthermore, these three

values were near the free space value. The three values were
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Zgé) ~ 383.60 ohms/sq
22 = 357.07 ohms/sq (XIL1)
Zgg) ~ 359.64 ohms/sq
The average of the three values (XII.1) is
Zyg ~ 366.77 ohms/sq (XI1.2)

Of course, the average is the appropriate quantity to use for calculations with the
axisymmetric mode. These three strips were again secured by the elastically stressed plastic
tape to reduce or eliminate air gap problems. Figure XII.2 shows the amplitude and phase
of the surface impedance at radius (I1.4) (the small junction capacitance correction is now
left out). The fourth curve (dash—dot) shows the "expected result" if the sheet impedance
(XI1.2) is increased to obtain a better fit of the magnitude with the measured results.
Discrepancies of the measured results with the expected result (with Z oS ¥ 366.77 ohms) are
less than seven percent in magnitude and two degrees in phase.

The final results of the Salisbury load tests are greatly improved over the initial
results. The remaining discrepancies, although perhaps acceptable as errors in an unknown
sample, are not sufficiently small to allow the Salisbury load to be used as a standard itself.
It must be noted however, that the agreement in Figure XI1.2 between the Williamson
theoretically interpreted results and the ABC empirically interpreted results is excellent
(less than one percent in magnitude and less than one degree in phase). The comparison
between these two interpretation techniques is believed to be an indication of the accuracy
to which the coax—to—radial transmission line junction is being modeled. Thus the

remaining discrepancies are believed to be associated with remaining uncertainties in the
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resistive sheet impedance (note that the DC calibrations only yield average values for each
strip), possible higher order circumferential modes generated by the remaining azimuthal
nonuniformity of the load (these may not decay rapidly with radial distance), or remaining
contact problems. It is thus believed that the accuracy achievable with an ideally seated
and uniform sample is approximately one percent in magnitude and one degree in phase.
Firures XII.3 and XII.4 give listings of the expected results, measurements using
Williamson theory, and measurements using the ABC technique, for the Salisbury load both

without the resistive sheet and with the resistive sheet (final iteration).

XIII. CONCLUSIONS

A coaxial—to—radial transmission line sample holder, three offset shorts, and a
Salisbury load were constructed. The Salisbury load was used as a canonical test sample.

An analytical approximation (Williamson), and an empirical experimental technique
(ABC) with three standards, were used to model the coaxial-to—radial junction. Either
technique is used to transform the measured coaxial input impedance to the sample surface
impedance. Both techniques yielded answers within one percent of one another when used
on the Salibury load test sample (with the three offset shorts used as standards in the ABC
technique). It is believed that this small discrepancy is an indication of the accuracy
achievable by the apparatus.

The Salisbury load measurements were within one percent of tae expected surface
impedance values when the resistive sheet in the Salisbury load was removed. The
measurements with the resistive sheet present were within seven percent of the expected
surface impedance values. These expected values were predicted using radial transmission
line theory and DC calibration measurements of the sheet resistance. It is possible that
remaining contact problems and remaining uncertainties about the resistive sheet are

responsible for the discrepancies. These discrepancies, although perhaps acceptable as a
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practical sample error, render the Salisbury load unusable as a reference standard.

The current apparatus, with the offset short reference standards is applicable for the
frequency range below, say, 250 MHz. The sample holder and analytical model are
applicable to the frequency range below about 500 MHz. It appears possible to extend the
range to at least 1 GHz by reducing the dimensions of the sample holder and reference
standards. Future work should include considerations of an alternative, more accurate, lossy

reference standard design.

REFERENCES

(1] Fields and Waves in Communication Electronics, S. Ramo, J. R. Whinnery, and T. Van

Duzer, John Wiley and Sons, 1965, Sections 1.18, 8.12, and 8.13.
[2] Private communication, R. D. Moyer, Sandia National Laboratories, August 1991.

[3] Electromagnetic Theory for Engineering Applications, W. L. Weeks, John Wiley & Sons,

Inc., New York, 1964, p. 431.



[

42



43

APPENDIX I. THEORY OF COAXIAL TO RADIAL TRANSMISSION LINE
APPARATUS

There have been several theoretical investigations of the transition between coaxial
and radial transmission lines. We will summarize the results in [A.1] with an arbitrary
terminating load impedance ZL in the radial transmission !ine. The formulas for apparent
admittance in the coaxial line Y will be evaluated by use of the typical approximation for

the radial electric field at the junction
E,=V/lp ta(b/a)] (AL1)

where V is the voltage from the center conductor of the coax, of radius a, to the outer
conductor, of radius b, the distance between parallel plates in the radial line is h, and Yl/p
is used to denote this apparent admittance when the approximation (Al.l) is used. Note
that the case of an infinite radial line, which includes discussions of how to improve the
approximate junction field (AlL.1) is given in [A.2].

The apparent admittance from [A.1] is given by

Yl/psz1+jBQ+Y' (AL2)
where
B, = — —2T___cot(kh) (AL3)
1 Mo ?niB?ai ’
[0} .
B. = _ 47 2 1 KO(qm]‘b) y (AL4)
2 17, ¢n(b/a ; q2 Koiqmﬁ'ai m
m=1 "m
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(2)
, H'%)(kb)
v /[ niw _ 70] _ HZ > + {Jg(kb)Yo(ka) — J(ka)Yo(kb)}

G 2D (ko) + 7 HP (k)

[j(gg—c 7, )82 (ka) (3(ka)Y (ke) — 3, (ke) Y g(ka))

-1
+ nH{2) (ka) {J(ka)Y(ke) - Jo(kc)yo(ka)}] (AL6)

b
=3 J {3,(kp") Y (ka) — J(ka)Y(kp")} ko' E j(p")/V dp
a

(AL7)

b
T = J {Iy(a,ka)K, (a ko) + Ty{ap ko' Ko(a ka)} ap, k' E 0]V dp'

a
(ALS)

Note that in the above form Ep’ at the junction, is arbitrary. Inserting (AL1) into (ALT)

and (AL8) yields

1= ﬂi’(fw {J(ka)Yy(kb) — Jo(kb)Y(ka)} (AL9)

T = 7077 o AinkPVK A ke) — Lo(apyka)K (o kb)}
(AL10)
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The quantity ZL is the total load impedance at p = ¢c. The wave impedance or

surface impedance ZS atp=cis

_2m
APPENDIX II. COAXIAL TO INFINITE MONOPOLE JUNCTION CAPACITANCE
CORRECTION

The usual assumption for the radial electric field at the end of the coaxial
transmission line E 0= V/[p fn(b/a)], discussed in the previous section, is assummed to be a
very good approximation although it is of course not exact. The correction to this field
distribution, in the case where there is no plate at z = + h/2, that is an infinite monopole
antenna (h - o), will be tabulated in this appendix. This correction can be applied to the
case of finite h provided that h >> b.

The correction to the apparent admittance of the junction can be written as [A.3]
Y = Yl/p + ijT (AIL1)

where Yl/ is the apparent admittance assuming Ep = V/[p fn(b/a)], given in Appendix I,

p
and CT is a correcting capacitance resulting from deviations of the exact Ep distribution

from this simple assumed form. This capacitance can be written in the form [A.3]

47raco

C1 = A(a7H] (AIL2)

where the value of the function A(x) for a 50 ohm coax is [A.3]
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— A(0.43421624) ~ 11.466824 (AIL3)
The value of the function A(x) at unity from a conformal mapping approximation [A.3] is
— A(1) = — 7/[fa(7/4)] ~ 13.005193 (AIL4)
We also note [A.4]
—A'(1)=0 (AILS)
Furthermore a perturbation method for small x yielded the asymptotic form [A.4]
— A(x) ~ 5x £’n2(x) — 14x fn(x) + Tx ,x =0 (AILS)
Thus the accurate approximate fit [A.5]

— A(x) % 5x €n2(x) — 14x fn(x) + 7x + A2x2 + A3x3 + A4x4
(AILT)

can be used for 0 < x < 1. Using (AIL.3), (AIl.4), and (AIL5) we obtain the coefficients
A2 ~ 13.97311535 (AILS8)
A3 x —10.92545814 (ALL9)

A, & 2.957535929 (AIL10)
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APPENDIX III. BILINEAR TRANSFORMATION AND ANHARMONIC RATIO

The bilinear transformation

occurs frequently as a model for reflectometer systems [A.6]. The three complex constants
(which are of course frequency dependent) a, b, and ¢ can be determined from the
measurement of impedances Z, of three complex (full) standards Wi' (Of course we can also
take Z, to represent the standard values and W; to be the measured impedances.)

Invariance of the "anharmonic ratio" [A.6] (or "cross ratio") gives

(2, — Zo)(Zq — Z,) (W, — W, }(W, — W)
1~ 2%y m 8y U 2\W3 Wy (AIIL2)
(Zg = Z3)(Zy = 7)) (Wy — W3)(W, — W)
Solving (AIIL.2) for Z, gives [A.6]
AW4 + B
where
A = (L) — Zo)Zg(Wy — W) = (Zy = Z3)Z (W = W,) (AIIL4)
B = Wy(W, — Wo)(Zy — Za)Zy = W (Wy — W,)(Z) — Z5)Zs

4

(AIIL5)
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C=(Wy— W3)(Z1 —Zy) - (W1 = Wy)(Zg - Zg) (AIIL6)
D = Wo(W, — Wo)(Zg — Zg) — W, (Wy — W3)(Z, — Zo) (AIIL7)
Comparing (AIIL.3) and (AIIL.1) we see that [A.6]
a=A/D;b=B/D;c=C/D (AIIL3)
APPENDIX IV. RADIAL TRANSMISSION LINE IMPEDANCE TRANSFORMATIONS
The radial transmission line mode has field components E_ and H 0 [A.T]. The

electric field EZ satisfies the Helmholtz equation and is independent of ¢ and z. Thus it has
the form [A.7]

E, = A H{V(kp) + B 1 P(kp) (AIV.1)

0 0

where k = wj €, and p and e are the magnetic permeability and electric permittivity of

free space. The corresponding magnetic field is given by

ms
il

A= E, =L an{Vw) + BP0 (AIV.2)

AS)
=
o

where = J,uo] o % 1207 ohms.
Defining amplitude and phase by means of [A.7]

H{V(x) = Jy(x) + § Yy(x) = Gy(x) &) (AIV.3)
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H{D(x) = Jy(x) = Yq(x) = Go(x) ¢ I8(x) (AIV.4)

D) = - ¥, (x) + 3, (x) = G, (x) ¥ (AIV.5)

JED ) = Y,(x) + 3,00 = - G, (x) eI (AIV.6)

where

Go(x) = 435 n Y3(x) (AIV.7)

f(x) = Arctan[Y 4(x)/J4(x)] (AIV.8)

G,(x) = {3%x) + Vi) (AIV.9)

Y(x) = ArctanJ (x)/{~ Y, (x)}] (AIV.10)

The fields can thus be written as [A.7]

E, = Gy(ke) [Acl®k0) 4 BeTIf0) (AIV.11)
H,= ;gékr:% (aed¥ke) _ gemivlke)) (AIV.12)

where the characteristic impedance is
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Defining input wave impedance at reference location p = c as Z, = Ez(c) /H (p(c) and
load wave impedance at radial location p = d as Z; = Ez(d)/H(p(d) we can write the

impedance transformation formula as [A.7)

ZizZ

{ZL cos(0, — ¥p) + %y, sin( 0, — OL)}
0i

Zop Cos(¥ — 01) +17 2y, sin(y; — ¢p) (AIV.14)

where Z, = ZO(kc), Zor, = ZO(kd), 0, = O(ke), 0; = o(kd), ¢, = Y(ke), and ¢y = P(kd).
APPENDIX V. STEP CAPACITANCE IN RADIAL TRANSMISSION LINE

We will apply a planar solution of the step discontinuity problem as an
approximation to the cylindrical geometry. We use a perfect electric conductor symmetry
plane in between the two plates and denote the two half heights by s = h/2 and s' = h'/2.

A cartestian coordinate system is chosen so that the x axis is aligned with the
symmetry plane and x = 0 placed at the location of the step. Thusy =0 corresponds to the
symmetry plane and y = s (x < 0), y = s' (x > 0) is the upper plate. Let us take the top
plate to be at potential V and the bottom symmetry plane to be at potential 0. The electric

field E is found from a scalar potential ¢ by means of

E=-V¢ (AV.1)
where ¢ satisfies Laplace's equation

V=0 (AV.2)

The potential can be taken as the imaginary part of a complex potential W
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¢ = Im(W) (AV.3)

The Schwarz—Christoffel transformation which maps the region interior to the

conducting plates in the complex z = x + iy plane to the upper half of a complex z plane is

1@_1 dm/i2_, 0_4
2
fd—z——=Cl(zl+1)7r (zl+p)7r z17r

I
Q
4+ +
o =]

NI»—A

(AV.4)

N| N
|

where 0 < p < 1. Integrating and noting that z) = —1 maps to z = is' gives

z; + p2 dz1

z1+1z1

21

z—-—C1 J

-1

+ is' (AV.5)

Note that 2y = + o maps into z -+ + w if C1 is real and positive.
The solution for the parameters C1 and p is accomplished simply by means of the
following procedure [A.8]. When the magnitude of z,, |z;| = Ry, is large (and the real part

of z, Re(z) = R, is large and positive) we can expand (AV.4) as

C
dz ~ — dz
21

| (AV.6)

Integrating from one plate to the other yields
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ir
R+is' Re d
1
dz ~ C, J o (AV.7)
R+i0 R. il
1
which gives
§' = 7G4 (AV.8)
Similarly for 2z, small, |z1| = €], (and the real part of z, Re(z) = — R, large and negative)
we can expand (AV.4) as
dz1
Integrating from one plate to the other yields
ir
—R+is €1° dz
J dz = C,p J - (AV.10)
—R+i0 3 ol0
which gives
s=1Cp (AV.11)

Solving (AV.8) and (AV.11) gives

C =¢/n (AV.12)
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p = s/s' (AV.13)

Note that the point z)=— p2 maps to z = is.

The complex potential can be taken as (insulated hinge problem)
_V
W = — fn(z,) (AV.14)

Because we ultimately intend to compute net charge on a conductor, it is convenient

to use the electric vector potential —Ae’ where
D=-VxA,=¢E (AV.15)

where D is the electric displacement vector, € is the electric permittivity of free space, and
for this two—dimensional static problem we only require the component A oz 10 be nonzero.

This component can be taken as

A, =— ¢, Re(W) (AV.16)

The electric surface charge Q, on a conductor, can thus be written as (by Stokes theorem)

f A, . dt (AV.17)

Q=l2.l_lds=—'
C

where the contour C bounds the surface S on the conductor. The charge on the top
conductor between z = — R + is and z = R + is' (R - +) will be denoted by Qg. Thus
using (AV.17) we obtain
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Qp = Aez(z =R +is') - A, (—R+ is)
Y, ZI(Z = R + is') Vv

where z) = —R; (R| - +o) whenz = R + is' and 2y = —¢; (¢ = +0) when z = — R + is.
The conformal transformation (AV.5) must be expanded to obtain the relation

between R and R, or ¢;. Letting z; = —R, (and z; = —t in the integrand) we obtain

1
-r] e
s t — 1t
1
2 2
2 1 p
=Z2g | ( - ) du (AV.19)
T J 21 - p?
u

2
2 R, —0p
where u? = %_:Jl)— , u% = Ei—_:—l— , and partial fractions have been used. Evaluation

using partial fractions yields

g! uy + 1 _ u;p +p
R=% [zfn(u1 —) p&(il—_—p)]
4R
s 1,1 +p
] [&1(1 ) —p = p)] (AV.20)

Letting z; = — ¢ (changing the lower limit in (AV.5) from —1 to — p2, changing + is' on

the right of (AV.5) to + is, and changing the integration variable to z; = — t) we obtain
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(AV.21)

where u” = ?”—T y U] = 7—— » and partial fractions have been used. Evaluation using
1

partial fractions yields

Solving (AV.20) for fn(R,) and (AV.22) for (1/¢,) gives

m(R) ~ LR+ p en(-{—j—g) + (LB

fm(1/e)) ~ TR+ -[1; &(H——g) + fn(—1—4—_79——)
p

Now from (AV.18) we obtain

(AV.22)

(AV.23)

(AV.24)
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1,1 %y [1 2 1 2
QR~COV(§+§,)R+W—v[5(1+p) (1 +p) -5 (1 =p)> a1 ~p)

_9 gn(4p)] (AV.25)

The first term in (AV.25) represents the charge per unit length resulting from
uniform fields in both sections of the strnrture out to a distance R from the origin. The
second term is thus the voltage V times the step capacitance per unit length. The length in
this case is the circumference 27c¢ at which the junction is placed. However, because we are
interested in the full problem extending from —h/2 < z < h/2 rather thzn the planar
geometry with symmetry plane extending from 0 < y < h/2, the result in (AV.25) must also
be divided by two (1he two identical capacitances are in series). Thus the total step
capacitance of interest is

1

ACyg = gt [0+ B (1 + p) = (1 =) (1 =)

i en(4p)] (AV.26)
where p = h/h".

APPENDIX VI. EFFECTIVE IMPEDANCE OF SALISBURY LOAD IMPEDANCE
SHEET

The power absorbed in the impedance sheet, with real ZSS’ Lan be written as

h/2
2rc

1 2 1
P=gGe Viot] =22 g

—~h/2

2 4z (AVL1)

E
z
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where G off 18 an effective sheet conductance, V. . is the voltage between the top and bottom

tot
plates, and we can take

eff _ 2mc
Zss = B_Gg- (AVIL.2)

where Zgéf is the effective sheet impedance, leading to the same absorbed power when the

electric field has a uniform distribution.

If the sheet impedance is sufficiently large then the electric field distribution E
approaches its form without the sheet present. This form was solved for by means of
conformal mapping in the previous appendix. Note that the variable y replaces z in the

conformal mapping solution. Here also we will make that replacement and write

2
eff _ Vs
Zgg /ZSS =3 (AVL3)

2
ES d
y &

O

where Vt ot = 2V and V is the voltage from the top plate to the symmetry plane, h/2 =s,
and symmetry of Ey about the symmetry plane has been used. Unfortunately, it is difficult
to directly use the conformal mapping solution to carry out the integration in (AVI.3),
because the integration contour is not on the conductors. Let us instead introduce the modal

expansion
v} MX
p=tv+ Y A e’ sin"ly) (AV1.4)

n=1

where
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E=-YV¢ (AVL5)

The expansion (AVL.4) is to be used only in the region x < 0,0 < y < s. The change in

height occurs at x = 0. The vertical electric field is given by
® nmw

—X
B, =—v- ) Ale® cos(iLy) (AVL6)

n=1

where

Al=Ay ) (AVLT)

Setting x = 0, inserting (AVL.6) into (AV1.3), and using the orthogonality of the modes

yields
2881/2 o = L (AVLS)
1 02
1+ 5 ) Al
n=1
where
Al =Als/V (AVL9)

The conformal mapping solution, from Appendix V yields

dw
E, = — Re(g) (AVL10)
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W-——Eln(zl)

Z
g! zy + D dz1 _

z == - —— + is

T J Zl+1 2

2

—P
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(AVL11)

(AVL12)

where p = s/s'. Taking y = s in (AVIL.6) and in the above conformal mapping solution

taking z = x + is and zZ) = X, gives

00
__V n_s*__v |[bt ¥
By=-5- ) Ay(D) ==y |z
n=1 Pt x
and from (AVI1.12)
]
g X +p dxl
=T F1 x,
4 J 1 1
2
mY
Multiplying (AVI.14) by 1/p and letting
2
2 _P X
R

gives

(AVL13)

(AVL14)

(AVL15)
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1
= ol BD+5 L (i) (AVLL6)
Taking the exponential of both sides yields
Ty /
s© _p — uy 1 + ul/p
e —(p T D = 7 (AVIL17)
Equation (AVI.13) can be written as
\ 5
B, = §g=--—— ‘2 Al ()" ()" (AV1.18)
n=1
Ix

If we takez = % and w = e° , then these two equations take the form

w=al) = G5 EEDP (AVL19)
z=gw)=1+ § A(1)"w" (AVI.20)
n=1

The Lagrange inversion formula [A.9] can be used to determine the coefficients as
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n—1 n
nA" ()= L 4 [((-1) (AVL21)
n (=17 g0t [{q(c)}“ ]c =1
Inserting the function (AVI.19) thus yields
n—-1
n! A" (-1)" = (—‘;C—n_-r [(g +1)" (é—g—g)n/ p] - (AV1.22)

The coefficients provided by (AVI1.22) and (AVI1.8) thus yields the effective sheet impedance.
Unfortunately the slow convergence of the resulting series, and the tedious nature of
(AV1.22) for large n, forces one to consider the asymptotic nature of the coefficients for large
n. The slow convergence results from the singular nature of the field as one approaches the
edgeat x =0,y =s.
We can obtain the asymptotic form of the field E y as y - s from the conformal

mapping solution. As 22— p2 in (AVI.12) we can use the approximations

(2, + p?)
L1 1™ o 2,2
T+ 7z Jl—pQ[ 7(1—I>)+ ((Zl+p))]
(AVL.23)
11 (2 + ") 2.2
e [1 A O((z, + p) )] (AVI.24)

Thus from (AVI.12)
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‘ ——— a2
2 — s~ — — J lz, +»p [1+%——§E£—2—1(z1+p2)+0((21+p2)2)] dz,

—p
s 2 232 .3 (1=30%2) , 2 X
—————mzh___pfg<1+p> [1+gf)'2—(-1—_2;)‘%1(1+13)+0((1+1>))]

(AVI.25)

where 0 < arg(z1 + p2) < 7. Therefore setting z = iy and solving for le + p2 gives

. — 1/3 a2
le N p2~e”r/6 [%%rp2h — p2 (S—y)] [1_%§1 3p 2{2gel7r/3

pe(1 - p)
2/3
B_gf pQJl - p? (S—Y)] + 0((S—y)4/3)] (AVI.26)
From (AVI.11), (AVL.12), and (AVI.23)
aw _v |2 F !
dz = s Zq + p2
- = Lt ) o ?)
vgTAl = P ———— |1 +3 +0((z; +p
S l2) +p - :

(AVI.27)

Using (AVI.26) in (AVI.27) gives
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W Y [T R o] g
p(1 - p
— 2/3
[23—;2 o2l - p (S~Y)] / +0((S—y)4/3)] (AVI.28)

Thus the asymptotic form of the electric field at the edge from (AVI.10) is

By(x=0) v =By (s=y) 3B 5= 9!/} + 0 -y)
(AV1.29)

where y - s and

By = lsugh - p? [%rr 1 - p2|—1/3 (AVL30)

2 1/3
E =_rV 3(1+ p7) {T37r pz,ll - p2 (AVIL31)
P - P

S
Al = \?,J E,(x = 0) cos(2Ty) dy (AVL32)
0

where (AVI1.9) has been used. Noting the asymptotic form of Ey(x =0)asy-s (AVIL.29),

the asymptotic form of A} as n - « is given by [A.10]
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_ry_r)—4/3

g 06 cos(-§ 4 nm) By B/ 4 7P cost= 2 4 nm By (2

n

+ O(n‘z)] (AVL33)

Note that the O(n—z) results only from the end point y = 8. Inserting (AVI.31) and
(AVI1.32) gives

1

wom 38 o aq/3 g3 T(3) 1+ p2)  —4/3

A (D" 5973—”1“(3) (=7 317651310, (1 — p) 13"
+0(nY (AVL34)

Evaluating the constants in (AVI.34) gives

A" (—1)" ~ 0.32609201 (1 — p)1/3 0723 _ 0.05635719 L1+ 21 n4/3
(1= p%)
+0(n %) (AVI.35)
Inserting the value
p = h/h' = 0.79495942 (AVL36)

from (I1.3) and (I1.9) gives

Al (=1)" ~ 0.23368902 n~ /3 — 012833064 /3 1 o™
(AVL37)
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Table AVL.1 gives the evaluation of (AVI.22) for A} fromn = 1 to n = 23. This
table was created by using the symbolic manipulation software Mathematica. The structure
of the table is as follows: first the expression for A} from (AV1.22) is given for general

parameter p; next n is given followed by the value of A;; with the value (AVI.36); finally the

n

value of the sum 2 Aié2 is given. Using (AV1.37) for n = 23 we obtain

k=1

Al ~ — 0.02693269 (AVL38)

The last value of n in the table gives
Agg = — 0.026939469 (AVI1.39)

The sum from the last entry in the table is

23
Y A2 = 0.071904653 (AVL1.40)
n=1

If we let O(n"'z) =D /n2 and estimate D from the difference between (AVI.38) and
(AVI.39) we obtain D ~ 0.0035848. This empirical term will be used as a gauge of the error.

We first note the Euler—Maclaurin sum formula [A.11] can be written as

i
f(x) dx + SEN) = ¥ D—fn—%f@m—l)(m Now

m=1

92}

Z,

il
I &~ 8

=

2

P4
Z——8

(AVLA41)
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where B,  are the Bernoulli numbers. Applying this formula gives

[¢ o

[e 0]
B
_ —a l1—o 1 11 2m —2m
SN = 2 n=~N [a—l+§N + Etﬁmi!(a)2m—1N ]’N_'w
1

n=N m=
(AVI1.42)
where (a)g, 1 = o(a+ 1) ... (a+ 2m—2). This can be written as
l—a 1 1 y—1 Q2 —4
(AVI.43)

Using (AVI1.37) we can write

¢ 0
2 2 —4/3 -2/3
b= ) An%~(0.23368902)° ) n / [1——2(0.54918985)n /
n=24 n=24

+ {(0.54918985) + 2(0.01534004)} n~%/ 3} (AVL44)

where the last numerical value results from the empirical term D/ n2. Using (AVI.43), this

can be written as
854 ~ (0.05461056) [1‘04733130 —0.04673252
+ {0.30160949 + 0.03068009} 0.00311095] (AVI1.45)

It appears possible to calculate S% 4 %0 approximately four significant figures. Therefore, from

(AV1.45), we obtain
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by % 0.05470 (AVI1.46)

Adding (AVI1.40) and (AVI1.46) gives

[¢ o]
S= Y A'?x0.1266 (AVL4T)
n=1

From (AVI.8) the effective impedance is thus

eff _ 1 o
Zgg /ZSS =T ¥52® 0.940 (AV1.48)

Thus there is a 6% decrease in the value of the impedance sheet in the high impedance limit

with the dimension (AVI1.36).

APPENDIX VII. POST TRANSFORMATION OF SAMPLE IMPEDANCE
REFERENCE CYLINDERS

Section VIII gave the transformation to be applied to the surface impedance ZS at
reference location p = ¢ to obtain the surface impedance Zé at reference location p = ¢'. The
purpose of this final transformation is to obtain the surface impedance at the actual radial
location of the sample free surface. The original analysis, in general, yields a fictitious
surface impedance Zs’ because p = ¢ may be either less than or greater than the actual
sample free surface at p = ¢'. This appendix discusses the rationale behind this procedure.

Consider the two networks in Figure AVIL.1. The first network is characterized by

the transformation
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PZ12 + Q

Z
where Zi 1 is the input impedance at port 1 and Z12 is the load impedance at port 2. The

second network is characterized by the transformation

EZ, + F
43=TL, ¥ 1 (AVIL2)

where Zi3 is the input impedance at port 3 and Zl 4 is the load impedance at port 4. We
have in mind that the first port (Zil) represents the coaxial port on the radial transmission
line measurement apparatus, that the location of the second and third ports (le = Zi3) will
be specified below, and that port 4 represents the reference surface of the calibration loads.

Attaching the two networks together (le = Zi3) gives the overall transformation

AZ14 + B

where

_PE + QG ., _PF + .~_RE + G
A=TEARRS B =T O = Toripr (AVIL4)

Now suppose A, B, and C are determined experimentally by measuring three full
standards as discussed previously. Let us further assume that E, F, and G can be easily
calculated (radial transmission line theory). However let P, Q, and R be unknown or at
least difficult to calculate (coax to radial transmission line junction). Next let an unknown
structure X (the sample to be measured) be inserted into the E, F, G network such that the

second and third ports (Zl‘> = Zi3) represent the actual surface of the sample, and let Zilx
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be measured. If P, Q, and R were known we can invert (AVIL1) to give

Zijx —Q
Zigx = Ziox = P- R, (AVILS)
11X

Instead let us invert (AVIL3) (even though it no longer characterizes the complete network)

to obtain the fictitious load

Z —%Bég— (AVILS6)
l4f — A - ilx .

Note that if the load (AVIL6) were applied to port 4 with the structure X removed, we
would measure the same input impedance Z,, at port 1. Now we apply (AVIIL.2) (with the

original calculable parameters E, F, G) to (AVIL.6)

EZy + F
i3f = QZ,; + 1 Zix (AVILT)

Z
where the second identity follows by inserting (AVIL.6) and the definitions (AVII.4) to show
that (AVILT) is identical to (AVIL5). Of course we could have also carried through the
above analysis with the beginning bilinear transformations, (AVIL1), (AVIL.2), and
(AVIL3), inverted to correspond more closely with the main body of the report. The

conclusions are obviously the same.
APPENDIX VIII. MECHANICAL DRAWINGS OF APPARATUS

Figures AVIIL1 through AVIIL3 show the assembly and detail drawings of the radial

line reference short and two offset shorts which may be used to characterize the
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radial-line/coaxial-line junction (RL/CL J). (The reference shorts were discussed in

sections II, VI, and IX.) Due to the mechanical similarity of the three shorts, the tabular

definition system appearing on sheet 1 of drawing R36877 was used to describe the three

shorts.
Tbe terminal cylinder at the radial port of the coax—to—radial-line transition was
defined by the 4 inch inner radius of the reference shorting barrel (PN R36297—009) as

embodied in assembly R36297—200. Replacing the reference shorting barrel by a radial load

of interest constitutes a terminated RL/CL J.
In the absence of a repeatable, reliable connector at the radial port of the transition,

each offset short was constructed with its own, built—in RL/CL J. (See assemblies

R36297—000 and R3: 297—100.) As justified by the small tolerances on the critical
dimensions of each assembly, the follownis measurement assumption was made: The actual

impedance, Zg, measured at the coax po:t of, say, the 9—inch radius offset short assembly
was assumed to be identical to the impedance, Z 45" that would be measured at the coax

port of the actual RL/CL J which was terminated at its (4—inch radius) radial line port by a

radial short 5 inches away. Of course this would require that a PERFECT radial line

connector exist at the 4 inch radius port.
Figures AVII1.4 though AVIIL6 are the assembly and detail drawings of the radial

Salisbury load which was discussed in Sections II, VII, and IX. The Salisbury load also

incorporated its own built—in RL/CL J for the same reasons discussed above.
Items 6, 7, and 8 (as defined on drawing R36877) facilitate mounting the resistive

film to the outer peripheries of items 3 and 4. The assembly procedure is outlined as follows

1. The radial load is fully assembled as shown at the bottom of sheet 1 EXCEPT

that the resistive film is not mounted and the six plugs (item 6) are not installed.

9. Three of item 8 are fully threaded into the three .25—20 holes in item 3.



71

3. Usingitem 5, the outer conductor of a 5 (4.9967) cm air line is assembled on

item 4.

4. The center conductor from a 10 (9.9771) cm air line is inserted through the 5

(4.9967) cm air line outer conductor and seated in the .043 diameter hole in item 3.

5. Two .25—20 nuts are screwed fully onto each item 7.

6. Each item 7 is then threaded into a .25—20 hole in item 4.

7. The three item 7's are adjusted until the end of the fully seated center conductor

is flush with the end of the outer conductor of the 5 ¢m air line.

8. The two nuts on each item 7 are tightened to lock each item 7 into the adjusted

position.

9. Item 1 is carefully removed from the assembly and temporarily set aside.

10. Three strips of resistive film (of the user's choice — typically 377 ohms per

square) are cut to be 8.38 inches long and approximately 2 7/32 inch wide.

11. The three strips are then mounted (with the conductive side facing the center of
the assembly) to the peripheries of items 3 and 4 to form a closed cylinder of 8 inch
diameter. (Small pieces of removable Scotch tape may be used to hold the film strips

in place until step 12 is completed.)
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12. Secure the films to the peripheries of items 3 and 4 with 7 by 1/8 inch elastic
bands.

13. Carefully re—install item 1 to the assembly.

14. Stand the assembly on edge and remove items 7 and 8 from the assembly.

15. Install each item 6 into its marked .25—20 hole.

16. Keep the assembly on edge as much as possible — particularly during

measurements.

All parts of the radial shorts and radial load (except for the resistive film and air
lines) were constructed of brass to facilitate possible silver plating to reduce the effects of

parasitic losses in the reference shorts and load.

APPENDIX IX. COMPUTER SOFTWARE LISTINGS

This appendix includes listings of RLMS__al (see listing AIX.1), the auxiliary code
SEQ.BAT, and the source code WILL.FOR (see listing AIX.2).

RLMS _al was written in HP BASIC 5.0 to run on an HP QS/20 Vectra computer
equipped with an HP 82300C language processor co—processor board. It occupies 170
kilobytes of memory on the co—processor board. Further details of the environment required
by RLMS_al are given in the user's guide which appears as comments at the beginning of
the source code listing of RLMS_ al.

SEQ.BAT is a two—line MS—DOS batch file which calls executable file WILL.EXE

(whose source is written in FORTRAN) then places HP BASIC back into foreground mode.
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The two commands in SEQ.BAT are:

C:\ DOS\WILL.EXE
C:\ BLP\BASIC

APPENDIX X. EFFECT OF AIR GAPS AT SALISBURY LOAD IMPEDANCE SHEET
TERMINATIONS

Figure AX.1 shows the upper half of the stepvregion of the Salisbury load. Note that
the impedance sheet ZsS was originally attached by dielectric tape at the midpoint of the
step (it is assumed, however, that no contact is made at this attachment point, but, of
course, the capacitance is large here). Figure AX.1 also shows this step region expanded
with an assumed linear air gap of maximum dimension g, minimum dimension A, and extent
w = (s' —s)/2. Figure AX.2 shows an R—L—C ladder network transmission line model of

this region. The capacitance and resistance per unit length can be written as

2mc €
C=gi =2~ ¥ AW (AX.1)
Z
R= Q_jr% (AX.2)

where c is the radius of the step and 0 < z < w. The inductance per unit length is
determined by (AX.1) and LC = p_¢_. The propagation constant along the transmission

line e 377 (assuming L and C are independent of z or slowly varying) is

v={=wCR + juwL)~ (1 —j){wCR/2,R >> wL (AX.3)
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The decay length (this is being used even with varying C to obtain a feel for the size of the

decay length) is thus

o T BT xs

Taking average parameters f = (100 + 200)/2 = 150 MHz, z = w/2, and assuming values
ZSS =1, ~ 1207 ohms, w = 1/8 inches, g = 0.01 inches, and A = 0.001 inches (equal to the

sheet thickness), gives

JR%H ~ 0.37 inches (AX.5)

Because this decay length is several times larger than w, it is reasonable to ignore the decay

and take the voltage along the R—C transmission line to be approximately uniform.

The transmission line equations (ignoring wL compared to L) are

&V =—rI (AX.6)
dl _ _juc(z)v AX.T
=) (z) (AX.7)
Eliminating I gives the second order equation
d2
[-—-2-— ij(z)R]v ~0 (AX.8)
dz

The boundary conditions are
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I(w) =0 (AX.9)

V(0) = A (AX.10)

Because the decay length is large compared to w, we can regard the term jwC(z)R as a small

perturbation. Expanding V and I in asymptotic series

V=Vt V) + Vot (AX.11)
I=Ig+1 +1g+ .. (AX.12)
we obtain
92—2v = jwC(zRV.  =-RI1 (AX.13)
dz2 0 n—1 dz 'n

where for n = 0 we take V_; = 0. Thus, using (AX.9) and (AX.10), the leading term is
0= A (AX.14)
and from (AX.6)

0="0 (AX.15)

From (AX.14), (AX.13), and from (AX.9) noting that In(w) = 0, the next term of the

current is

ERE N CL)
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Using (AX.16) in (AX.13), and noting from (AX.10) that Vn(O) = 0 for n 1,2,

Z
V, = juRA J C(z") dz" dz'
0

E——N

Integration by parts yields

w Z
V, = — juRA [z J C(z') dz' + Jz' c(2) dz']
Z 0

= — juRA C(z") dz'

24

Ot—— =

where z_ = min(z,z'). From (AX.13) with n = 2, we obtain
z w
1, = - *RA J C(2") J 2, C(z") dz" dz
w 0
where z_ = min(z',z") in this equation. Integration by parts yields

<

(AX.16)

vy BiVes

(AX.17)

(AX.18)

(AX.19)

e
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w w w W
I, = W’RA J C(z") dz J 2. C(2) da' + J [J C(z") dz"]2 dz'}
z 0 z z'
(AX.20)
where here againz _ = min(z,z'). Taking z = 0 we obtain
Yiot = 1(0)/A = [1;(0) + I,(0) + /A
# jwCyyy + Giot (AX.21)
where
w
Cpop = J C(z) dz (AX.22)
0
w W 9
2
Gy =R J ” C(2") dz'] dz (AX.23)
ot
0 z
Note that (AX.23) could have been obtained from the dissipated power
w
p. =Lla v 2xir | |1,(2)|2 dz (AX.24)
diss ~ 2 “tot "2 1 '
0
Considering the case where C(z) = C = constant we obtain
C, . =Cw (AX.25)

tot
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2.1 ‘
Gyt = (WCw)” (3Rw) (AX.26)
The equivalent series circuit can be written as in Figure AX.2 with total series resistance
_1
R, = 3Rw (AX.27)

If the capacitance per unit length increases with increasing z as truly expected then
for a given total capacitance Ct ot there will be a greater dissipation and therefore a greater
Ry ot (of course Rii < Rw). This increase is to some extent offset by the expected decrease
in the effective sheet impedance Zgéf resulting from the step change in the height, as
discussed in Appendix AVI. Note that the total capacitance from (AX.22) of the linear
profile (AX.1) is C, \, = 2mc(W/8gpp) €, Where g e = (g — A)/fn(g/A). The capacitance with
a uniform profile of gap g is C; . = 2mc(w/g)¢ .

Let us therefore use this constant C case to see what the size of 1/ (th ot) is
compared to the one half (because we are only considering the geometry above the symmetry

plane) the total resistive sheet impedance
.S (AX.28)

Taking Zs‘S ~ n, & 377 ohms (the nominal manufacturers value), midpoint frequency 150
MHz, w ~ 1/8 inches, s = h/2 = 1.861/2 inches, and assuming a uniform gap g ~ 0.001

inches (thichness of resistive sheet) gives 1/(“’Ctot) = (T;E)(%/EY:“S') N (5%6) (40 ohms). Note

e : S S

that the resistive component from (AX.2) and (AX.27)is R, . = (%)LSS(%) N ('27r?:') (17
ohms). Thus, if g is substantially larger than the thickness of the resistive sheet, this
capacitance substantially increases the surface impedance of the sheet load. Alternatively, if

g is substantially less than the thickness of the resistive sheet, this capacitance can be
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treated as a short.

The addition of the elastically loaded plastic tape should reduce this gap to the point
where either contact is made or the capacitance is so large that contact is not essential.
Furthermore the addition of the vapor deposited gold edges, which are placed exactly

dimension h apart, fix the total resistance of the sheet at twice the value (AX.28).
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Three dimensional view of radial transmission line material measurement
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Figure 1IL.1. Analytical predictions of input coaxial adimittance as a function of radial load

Y Mz a) Real nart of admittance. b) Imaginary part of

admittance.
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Figure 1.2, Analytical predictions of input coaxial adimittance as a function of radial load
surface impedance for 100 MHz. a) Real part of adimittance. b) maginary part of

admittance.
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2a =10.244/2 inch, 2b = 0.5625/2 inch, ¢ = 4 inch, h = 2 inch
f =150 MHz, Re(Y) (Siemens)
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Figure 111.3. Analytical predictions of input coaxial adinittance as a function of radial load
surface impedance for 150 Mllz. a) Real part of adimittance, b) Imaginary part of

admittance.
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Figure IT11.5. Analytical predictions of input coaxial reflection coefficient as a function of
radial load surface impedance for 50 MHz. a) Real part of reflection coefficient, b)

Imaginary part of reflection coefficient.
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Figure I11.6. Analytical predictions of input coaxial reflection coefficient as a function of
radial load surface impedance for 100 MHz. a) Real part of reflection coefficient, b)

Imaginary part of reflection coclficient.
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Figure 111.7. Analytical predictions of input coaxial reflection coefficient as a function of
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Imaginary part of reflection coefficient.
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Figure 1I1.8. Analytical predictions of input coaxial reflection coefficient as a function of

radial load surface impedance for 200 MHz. a) Real part of reflection coefficient, b)

Imaginary part of reflection coelficient.
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AVAILABLE ENTRIES

Figure XI.1. Directory of BASIC 5.1
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BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
BASIC
COMPILED
COMPILED
COMPILED
COMPILED
COMPILED

UTILITY
UTILITY
UTILITY
UTILITY
UTILITY

program RLMS_ al.
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ENTER CODE OF YOUR CHOICE

CODE OPERATION TO BE PERFORMED

1.

2.
3.

4.

For the model Zs = (a*Zm + b)/(c*Zm + 1), determine the a,b,c parameters of
a coax-to-radial line transition at frequencies of choice and store in BDAT
format on a HP LIF volume and, optionally, on a DOS format volume. (Zm is
measured impedance at the coax/radial line (C/RL) interface; Zs is the
surface impedance at the radial port.)

Measure surface and total impedance seen by radial line test port, at
frequencies of choice, using a,b,c parameters.

Measure surface impedance seen by radial line test port, at frequencies of
choice, using Williamson theory.

Compute the theoretical impedances looking outward from the radial line port
into a radial line Salisbury screen at the frequencies of choice.

Figure X1.2. Main menu options of BASIC 5.1 program RLMS_al.



Test Fixture Serial Number:

1

Property Number: 00000

Measured:

Measured abc parameters of transformation Zs

Frequency

100.00
110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00
190.00
200.00

11, 1
1
4342
100.0,
110.0,
120.0,
130.0,
140.0,
150.0,
160.0,
170.0,
180.0,
190.0,
200.0,

11 May 1992

DATA SHEET

a
.1959E+02 -.4150E+00 -.1139E+02
.1937E+02 -.3891E+00 -.1194E+02
.1948E+02 ~.3515E+00 -.1168E+02
.1945E+02 -.4515E-01 -.3020E+01
«.1940E+02 ~.2221E+00 -.,9492E+01
.1952E+02 -.8971E-01 -.5307E+01
.1963E+02 -.3182E+00 ~.1536E+02
.1980E+02 .4611E-01 -~.4191E+00
.1998E+02 -.1714E-01 -.2981E+01
.2036E+02 -.5334E-01 -.4488E+01
.2081E+02 -.6713E-01 -.554BE+01
C:\BLP>type A:ABCPMA1ll.DAT
No. Fregs, Measurement option
, 00000 ! SN, Prop No.

, 11 May 1992 ! Owner, Me
19.593, -.415, -11.394,
19.367, -.389, -11.938,
19.478, -.352, -11.682,
19.454, -.045, -3.020,
19.399, -.222, -9.492,
19.515, -.090, -5.307,
19.626, -.318, -15.356,
19.799, .046, -.419,
19.982, -.017, -2.981,
20.363, -.053, -4.488,
20.814, -.067, -5.548,

REAL(a) IMAG(a) REAL(Db)

Freq

C:\BLP>

Owner: 4342

b

-.4950E+03
-.5393E+03
-.5930E+03
-.6451E+03
-.6939E+03
-.7497E+03
-.8069E+03
-.8681E+03
-.2314E+03
-.1005E+04
-.1085E+04

as. date
-494.998,
~-539.325,
-592.966,
-645.091,
-693.861,
-749.689,
-806.886,
-868.091,
-931.435,
-1005.416,
-1085.361,
IMAG(Db)

C

-.1141E-02
~-.9770E-03
-.8331E-03
-.2155E-03
-.5183E-03
-.2542E-03
~-.6028E-03
~.3288E-04
-.9499E~-04
~-.1447E-03
-.1487E-03

-.001,
-.001,
-.001,
-0.000,
-.001,
-0.000,
-.001,
-0.000,
-0.000,
-0.000,
-0.000,
REAL({c)
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(a*Zm + b)/(c*Zm + 1) are:

-.1775E-01
-.1612E-01
-.1550E-01
-.1485E-01
-.1423E-01
-.1403E-01
-.1391E-01
-.1395E-01
~.1401E-01
~-.1442E-01
-.1496E-01

-.018
-.016
-.016
-.015
-.014
-.014
-.014
-.014
-.014
-.014
-.015
IMAG(c)

Figure XI.3. Hard—copy report and DOS lile printout of ABC parameters.
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DATA SHEET

Item: Salisbury Load #2 w/o space cloth ir vertical position

Item Serial Number: 2

Measured: 9 May 1992

The impedances (as measured by the abc technique) are as follows:

Frequency zt Z_p_sqg
Mag. Ang. Mag. Ang.
100.00 10.61 89.80 143.25 89.80
110.00 11.82 89.83 159.69 89.83
120.00 13.11 892.79 177.11 89.79
130.00 14.45 89.84 195.11 89.84
140.00 15.86 89.86 214.17 89.86
150.00 17.38 89.87 : 234.73 89.87
160.00 18.97 89.93 256.24 82.93
170.00 20.73 89.97 279.90 89.97
180.00 22.62 89.97 305.52 89.97
190.00 24.71 89.96 333.68 89.96
200.00 27.02 89.97 364.89 89.97

Figure XI.4. Typical output of measured surface impedances using the ABC parameter

method.
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DATA SHEET

Item: Salisbury Load #2 w/o space cloth in vertical position

Item Serial Number: 2

Measured: 9 May 1992

The impedances (as measured by the Williamson technique) are as follows:

Frequency Zt Z_p_sq
Mag. Ang. Mag. Ang.
100.00 10.71 89.51 144.61 89.51
110.00 11.94 89.54 161.20 89.54
120.00 13.22 89.63 178.58 89.63
130.00 14.69 89.45 198.42 89.45
140.00 16.10 89.52 - 217.38 89.52
150.00 17.61 89.50 237.79 89.50
160.00 19.24 89.50 259.89 89.50
170.00 21.03 89.54 284.06 89.54
180.00 22.95 89.65 309.92 89.65
190.00 25.02 89.70 337.93 89.70
200.00 27.32 89.73 368.96 89.73

Figure X1.5. Typical output of measured surface impedances using the Williamson method.
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For Salisbury Load parameters as follow:

Test port radius = 4 ; Short radius = 15 ; Height = 2.341 inch
Top step = .24 ; Bottom step = .24 inch

Film surface resistivity = 363.2585 Ohms per square

Frequency Total Z of Salisbury Load Surface Z of Salisbury Load

(MHz) Magnitude Angle Magnitude Angle

(ohms) (deg.) (ohms/sq) (deg.)
100.00 9.80 68.63 132.37 68.63
110.00 10.76 66.41 145.37 66.41
120.00 11.72 64.17 158.28 64.17
130.00 12.67 61.90 171.11 61.90
140.00 13.61 59.60 183.84 59.60
150.00 14.55 57.26 196.45 57.26
160.00 15.47 54.89 208.94 54.89
170.00 16.39 52.47 221.29 52.47
180.00 17.29 50.01 233.46 50.01
190.00 18.17 47.49 245.45 47.49
200.00 19.05 44.92 257.22 44.92

Press CONTINUE to continue.

Figure X1.6. Typical (CRT displayed) "expected" or theoretical values of the surtace

impedance of a Salisbury load.
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400
375 —— ABC Technique
. ---- Wiliamson Z
0 -
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(b)

Figure XIL.1. Measurcd surface impedances. using both the ABC technique (with three
offset shorts as standards), the Williamson method. the Williamson method with capacitive
junction correction, and the expected results for the Salisbury load with resistive sheet

removed. a) Magnitude of surface impedance, b) Phase of surface impedance.
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300 r
ogo |l T ABC Technique
. ---- Wiliamson
260 1 — — Expected(Zss=366.77)
—240F T~ Fit(Zss=420 ohms)

E220|
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:;0200 i
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100 — A L 1 . 1 " 1 " 1 " N N 1 : i . L n ]
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(a)
)
Q
et
(@]
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©
55}
N —— ABC Technique
‘.'c‘;so L ---- Williamson . -
. — — Expected(Zes=366.77) ~
45} — - Fit(Zgs=420 ohms) ~
40 [ | . L o . 2 A i i L 1 | N 1 L J
100 110 120 130 140 150 160 170 180 190 200
f(MHz)
(b)

Figure XI1.2. Measured surface impedances, using both the A BC! technique (with three
offset shorts as standards) and Williamson method, and the expected results (366.77 ohms is
the average DC calibration measurement of the resistive sheet, 420 ohms is an artificial
resistive sheet value obtained by fitting the magnitude of the measured surface impedance).

a) Magnitude of the surlace impedance, b) Phase of surface impedance.
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For Salisbury Load parameters as follow:

Test port radius = 4 ; Short radius = 15 ; Height = 2.341 inch
Top step = .24 ; Bottom step = .24 inch

Film surface resistivity = 1.E+15 Ohms per square

Frequency Total Z of Salisbury Load Surface Z of Sal’ 'bury Load

(MHz) Magnitude Angle Magnitude Angle

(ohms) (deg.) (ohms/sq) (deg.)
100.00 10.53 90.00 142.15 90.00
110.00 11.75 90.00 158.62 90.00
120.00 13.02 90.00 175.85 90.00
130.00 14.36 90.00 193.98 90.00
140.00 15.78 90.00 213.15 90.00
150.00 17.29 90.00 233.55 90.00
1€0.00 18.91 90.00 255.42 90.00
170.00 20.66 90.00 279.03 90.00
180.00 22.56 90.00 304.73 90.00
190.00 24.65 90.00 332.95 90.00
200.00 26.97 80.00 364.26 90.00

Press CONTINUE to continue.

(a)

Figure XII.3. Listings of surface impedance data for che Salisbury load with resistive sheet

removed. a) Expected values of surface impedance. h) Measured values of surface impedance

impedance using Williamson method.
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DATA SHEET

Item: Salisbury Load #2 w/o space cloth in vertical position
Item Serial Number: 2

Measured: 9 May 1992

The impedances (as measured by the abc technique) are as follows:

Frequency Zt Z_p_sq
Mag. Ang. Mag. Ang.
100.00 10.61 89.80 143.25 89.80
110.00 11.82 89.83 159.69 89.83
120.00 13.11 89.79 177.11 89.79
130.00 14.45 89.84 195.11 89.84
140.00 15.86 89.86 214.17 89.86
150.00 17.38 89.87 234.73 89.87
160.00 18.97 89.93 256.24 89.93
170.00 20.73 89.97 279.90 89.97
180.00 22.62 89.97 305.52 89.97
190.00 24.71 89.96 : 333.68 89.96
200.00 27.02 89.97 364.89 89.97
(b)

EgmeXHB.LmﬁmﬁohmﬁmemmaMmmdMabrUWSMMMHykmdwhhmﬁﬂheﬂmm
removed. a) Expected values of surface impedance, b) Measured values of surface impedance
using ABC technique (with three offset shorts as standards), ¢) Measured values of surface

impedance using Williamson method.
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DATA SHEET

Item: Salisbury Load #2 w/o space cloth in vertical position
Item Serial Number: 2

Measured: 9 May 1992

The impedances (as measured by the williamson technique) are as follows:

Frequency zt Z_p_sq
Mag. Ang. Mag. Ang.
100.00 10.71 89.51 144.61 89.51
110.00 11.94 89.54 161.20 89.54
120.00 13.22 89.63 178.58 89.63
130.00 14.69 89.45 198.42 89.45
140.00 16.10 89.52 217.38 89.52
150.00 17.61 89.50 237.79 89.50
160.00 19.24 89.50 259.89 89.50
170.00 21.03 89.54 284.06 89.54
180.00 22.95 89.65 309.92 89.65
190.00 25.02 89.70 337.93 89.70
200.00 27.32 89.73 368.96 89.73
(c)

Figure XII.3. Listings of surface impedance data for the Salisbury load with resistive sheet
removed. a) Expected values of surface impedance, b) Measured values of surface impedance
using ABC technique (with three offset shorts as standards), c) Measured values of surface

impedance using Williamson method.
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For Salisbury Load parameters as fo

Short radius
24

Test port radius = 4 ;
Top step = .24 ; Bettom step = .
Film surface resistivity =

llows

15 ; inch

inch

Height = 2.341

366.77 Ohms per sgquare

Frequency Total 2 of Salisbury Load surface Z of Salisbury Load

(MHz) Magnitude Angle Magnitude Angle
{ohms) (deg.) (ohms/sq) (deg.)
100.00 9.81 68.82 132.54 68.82
110.00 10.78 66.61 145.59 66.61
120.00 11.74 64.38 158.57 64.38
130.00 12.70 62.13 171.47 62.13
140.00 13.65 59.84 184.29 59.84
150.00 14.59 57.51 197.00 57.51
160.00 15.52 55.15 209.60 55.15
170.00 16.44 52.74 222.07 52.74
180.00 17.36 50.28 234.39 50.28
190.00 18.25 47.77 246.52 47.77
200.00 19.14 45.20 258.46 45.20
Press CONTINUE to continue.

For Salisbury Load parameters as follow:

Test port radius = 4 ; Short radius = 15 ; Height = 2.341 inch

Top step = .24 ; Bottom step = .24 inch

Film surface resistivity = 420 Ohm

S per square

Frequency Total Z of Salisbury Load Surface Z of Salisbury Load

(MHZz) Magnitude Angle Magnitude Angle

(ohms) (deg.) (ohms/sq) (deg.)
100.00 9.97 71.30 134.64 71.30
110.00 10.99 69.31 148.39 69.31
120.00 12.01 67.28 162.21 67.28
130.00 13.04 65.21 176.10 65.21
140.00 14.07 63.09 190.07 63.09
150.00 15.11 60.92 204.12 60.92
160.00 16.16 58.69 218.24 58.69
170.00 17.21 56.40 232.42 56.40
180.00 18.26 54.04 246.65 54.04
190.00 19.32 51.59 260.91 51.59
200.00 20.38 49.07 275.19 49.07

Press CONTINUE to continue.
(a)

Figure X11.4. Listings of surface impedance da

ta lor the Salisbury load with resistive sheet

DC calibration yielded 366.77 ohms/sq,

present. a) Expected values of surface impedance (
artificial fit yielded 420 ohis/sq), |
technique (with three offset shorts as standards). ¢)

using Williamson met hod.

») Measured values of surface impedance using ABC

Measured values of surface impedance
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DATA SHELT

Item: Salis. Load 2 w/ films 41, 42 & 72 (RF Ind.) w/ Au contacts

Item Serial Number: 2

Measured: 7 Jan 1993

Impedance at 4 inch radius as measured by abc technique:

Frequency Zt Z_p_sqgq
Mag. Ang. Mag. Ang.
100.00 10.12 70.80 136.72 70.80
110.00 11.15 68.69 150.64 68.69
120.00 12.18 66.48 164.44 66.48
130.00 13.19 64.22 178.16 64.22
140.00 14.25 61.98 192.38 61.98
150.00 15.26 59.72 206.10 59.72
160.00 16.23 57.39 219.21 57.39
170.00 17.26 54.98 233.08 54.98
180.00 18.28 52.49 246.90 52.49
190.00 19.28 49.95 , 260.34 49.95
200.00 20.29 47.31 274.05 47.31
(b)

FgmeXHA.me@sdsmhuﬂnmahmmdﬁabrﬂmsmmmuykmdwnhmeWeﬂma
present. a) Expected values of surface impedance (DC calibration yielded 366.77 ohms/sq,
artificial fit yielded 420 ohms/sq), b) Measured values of surface impedance using ABC

technique (with three offset shorts as standards), ¢) Measured values of surface impedance

using Williamson method.
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DATA SHEET

Item: Salis. Load 2 w/ films 41, 42 & 72 (RF Ind.) w/ Au contacts

Item Serial Number: 2

Measured: 7 Jan 1993

Impedance at 4 inch radius as measured by Williamson technique:

Frequency it Z_p_sqg
Mag. Ang. Mag. Ang.
100.00 10.19 69.90 137.62 69.90
110.00 11.21 67.91 151.41 67.91
120.00 12.24 65.90 165.30 65.90
130.00 13.37 63.71 180.56 63.71
140.00 14.39 61.55 194.28 61.55
150.00 15.40 59.29 207.95 59.29
160.00 16.43 57.03 221.84 57.03
170.00 17.46 54.76 235.84 54.76
180.00 18.47 52.40 249.44 52.40
190.00 19.45 49.90 : 262.71 49.90
200.00 20.42 47.31 275.80 47.31
(c)

ﬁgueXHA.megsdsmﬁwemmWMMﬁdMaRwﬂwSMEMMykmdwhhmﬁMWeﬂwﬂ
present. a) Expected values of surface impedance (DC calibration yielded 366.77 ohms/sq,
artificial fit yielded 420 ohms/sq), b) Measured values of surface impedance using ABC

technique (with three offset shorts as standards), ¢) Measured values of surface impedance

using Williamson method.
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Table AVI.1. Modal coefficients determined from the conformal mapping solution for use in

evaluating the decrease in effective resistive sheet impedance.

, -0.13055504
017044618

o -

on
o
-
(=)
pry
pury
&»
o
pery
w

1-p3sp 2 4

1-pé/p 2 4 6
2 (- ) (-539+425p -8lp +3p)

3¢1+p) (1+p)

4, 0.073333041
0.039777638
1-p5S/p 2 4 6 8
s2 (e ) (3467 - 3828 p + 1258 p - 132p +3p)
1+p
& 4

3¢1+p) (1 +p)

S, -0.065351876
0.044048506

1-p6/p 2 4 6 8 10
(=== ) (-38081 + 54265 p - 25834 p + 4850 p - 325p +5Sp )
1+p
5 5
5(¢1+p) (1+p)
6 , 0.059271609
0.047561629
1-pT7/p 2 4 6 8
(-2 (----- ) (2297425 - 4018178 p + 2526955 p - 704652 p + 86775 p -
1+p
10 12 6 6
> 4050 p + 45 p )/ (WS (-1 +p) (1 +p))
7 , -0.054454077
0.050526876
1-p8/p 2 4 [
2 (----- ) (-109167851 + 226527581 p - 177836743 p + 66701329 p -
1+p
8 10 12 14
> 12436641 p + 1088535 p - 37485 p +315p )/

7 7
> (315 (-1 + p) (1 + p))
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8 , 0.050523727
0

.053079523
1-p9 2 4 6
(-2 (=m=-- ) (83141299 - 199746920 p + 188457892 p - 89450168 p +
1+p
8 10 12 14 16
> 22757954 p - 3061912 p + 200900 p - 5320 p ¢+ 35p N/

8 8
> (35 (-1+p) (V1+p))

9 , -0.047243654
0.055311485

1-p 10/p 2 4
2 (----- ) (-9303339907 + 25407243183 p - 28036799148 p +
1+p
6 8 10 12
> 16164396172 p - 5262913530 p + 977595858 p - 99812412 p  +
14 16 18 9 9
> 5100732 p - 107163 p + 567 p )) / (567 (-1 +p) (1+p))
10 , 0.044456285
0.057287847
1 -p N/p 2 4
(-2 (----- ) (1616609002771 - 4947190723130 p + 6256557176643 p -
1+p
6 8 10
> 4255226730520 p + 1698017766086 p - 407424279420 p  +
12 14 16 18
> 57992226750 p - 4658494680 p  + 190866375 p - 3260250 p  +
20 10 10
> W75 p )/ (16175 -1+ p) (L +p) )
11, -0.042052332
0.059056245
1-p 12/p 2 4
2 (----- ) (-4601669466615 + 15599947025157 p - 22256690205585 p +
1+p
’ 6 8 10
> 17470568556331 p - 8284449342950 p + 2454873476562 p -
12 14 16 18
> 454944072770 p  + 51367857750 p - 3336472755 p  + 112121625 p
20 22 1 1
> 1588125 p  + S775 p ) / (5775 (-1 + p) (1 +p) )
12 , 0.039953377
0.060652518
1 - p 13/p 2
-2 (----- ) (2615671672444983 - 9731245377590668 p  +
1+p
4 6 8
> 15467228096736966 p - 13777514582728204 p ¢+ 7586414230374529 p -
10 12 14
> 2688359880172248 p  + 619331740216692 p - 91665587538360 p  +
16 18 20
> 8427526132905 p - 452220296220 p  + 12695725350 p -
22 24 12 12
> 151559100 p  + 467775 p )) / (467775 (-1 + p) (1+p) )

13, -0.038101547
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0.062104246
1-pl/p 2
(2 (--=-- ) (-34216519493594561 + 138612327277811985 p -
1+p
4 6
> 262945659626296302 p + 242291240440262422 p -
8 10
> 152179712141408523 p + 62955811620076531 p -
12 14 16
> 17440289677973364 p  + 3227135582212932 p - 391210420507335 p  +
18 20 22
> 29893973793255 p - 1348466566590 p  + 32110971750 p -
24 26 13 13
> 327509325 p  + B6B725 p ) / (868725 (-1 + p) (1 +p) )
14 , 0.036453112
0.063433075
1-p 15/ 2
(-2 (----- ) (5850843487524849 - 25638474077357946 p +
1+p
4 6 8
> 49133276992806279 p - 54265714980881716 p + 38329689475061985 p -
10 12 14
> 18169824037715350 p  + 5903940910775679 p - 1320062690751000 p  +
16 18 20
> 201065190426555 p - 20362878750214 p  + 1314949817181 p -
22 24 26 28
> 50585018484 p + 1034884851 p -~ 9123114 p + 2102% p )) /
1% 14
> (21021 (-1 + p) (1 ¢+ p) )
15 , -0.034974347
0.06465628
1 - p 16/p ' 2
2 (----- ) (-1259425185539653127243 + 5935978400818730012485 p -
1+p
4 6
> 12349388658230081037251 p + 14968711750056008063405 p -
8 10
> 11753827469470943846119 p  + 6290718556993758050345 p -
12 14
> 2351762420612696158287 p  + 619349099706931414305 p
16 18
> 114480949290179004225 p + 14631905101723972335 p -
20 22
> 1257956654546817225 p  + 69599603268570375 p -
24 26 28
> 2311214028648525 p  + 41068083931875 p - 316063873125 p  +
30 15 15
> 638512875 p )) / (638512875 (-1 + p) (1 ¢+ p)

16 , 0.03363879
0.065787848

P 2
(-2 (---- ) (8947252437797093332235 - 45136089071136363362384 p +
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4 6
> 101319842164753454618440 p - 133756948464607101321648 p +
8 10
> 115652708729932520013140 p - 69049308017415550566352 p  +
12 14
> 29248086608384685590200 p - 8894522534486357943216 p  +
16 18
> 1943715252789321489570 p - 302635432044737996400 p  +
20 22
> 32965150237717010040 p - 2438017194185773200 p  +
24 26 28
> 116918909067460500 p - 3386404624402800 p  + 52758190485000 p -
30 32 16 16
> 357567210000 p  + 638512875 p ) / (638512875 (-1 + p) (1 +p) )
17 , -0.032425356
0.066839252
1 - p18/p 2
2 (----- ) (- 1485547554992474914367 + 7986764129380780753987 p -
1+p
4 6
> 19242838553127386429432 p + 274B8B76773944334776184 p -
8 10
> 25963491513871213241012 p + 17121038234382254734276 p -
12 14
> 8115303802608921578792 p  + 2B05199985361820484968 p -
16 18
> 710199992501647957642 p  + 131171171526005335490 p -
20 22
> 174656937246022681480 p  + 1642346643346365320 p
24 26 28
> 105660848098105300 p  + 4435852253732900 p - 113069589232600 p 4
30 32 34
> 1557242687000 p - 9365731375 p  + 14889875 p 1)) /
17 17

> (14889875 (-1 + p) (1 +p) )

18 , 0.031317016
0.067820007

1-p19/p
(-2 (----- ) (69532546869173713149501223 -
1+p
2 4
> 396897818084037294130495770 p + 1021664822872624087045269723 p -
6 8
> 1570489636006023643132377776 p + 1609340571717933973018958988 p -
10 12
> 1162390495153452452422299672 p  + 610225387032090388307241388 p -
14 16
LY 236709370291940965118787408 p  + 68316424797332526630261858 p -
18 20
. > 14661483970093220447366364 p  + 2322807872070985880626890 p -
22 24
> 267824701591980787895760 p  + 21977184152662309787580 p -

26 28
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> 1241765634497302114200 p  + 46030839440501015100 p -
30 32
> 1040727416363434800 p  + 12763032726819375 p -
34 36
> 68580113852250 p  + 97692469875 p )) /
18 18

> (97692469875 (-1 + p) (1 +p) )
19 , -0.030299855

0.068738089
1 - p 20/p
(2 (----- ) (-75532307157884600895184261 +
1+p

2 4

> 456214894616152508169818279 p - 1249612271989878670970337495 p +
) 8
> 20569724464 17842792474478245 p - 2273529200010244207279507636 p +
10 12

> 1785899790448574891894466876 p - 1029445360956187965509862124 p  +

14 16
> 443392234149382099895852420 p - 143974319003250978742299702 p  +

18 20
> 35316427969158506521847730 p - 6518956926262942367361090 p  +

22 24
> 896806924224408254213190 p - 90489629173153229556516 p  +
: 26 28
> 6540078465264060822924 p - 327239249652638134812 p  +
30 32
> 10791618722676972180 p - 217920322177162605 p  +
34 36 38

> 2395051256108511 p - 11567569972959 p  + 14849255421 p 1)) /

19 19
> (14849255421 (-1 + p) (1 + p) )

20 , 0.029362375
0.069600238

- p2i/p 2
(-2 (----- ) (9459879575530132540188189 - 60278565712462056028195740 p  +
1+p
4 6
> 175061056861340715755939454 p - 307266508983927363165324780 p  +
8 10
> 364444971617290280007859329 p - 309447879082354596441547440 p +
12 14
> 194423017050280227193382824 p - 92155989248484000321495600 p  +
16 18
> 33303109083549495651149354 p - 9212763215395525831345160 p  +
20 22
> 1948397949062679602621300 p - 313064047797356161466280 p  +
24 26
> 37783863455542159841850 p - 3366508521729298470000 p  +
28 30
> 216028118339227420200 p - 9641772994983558000 p  +

32 34 36
> 284756707764725625 p - 5167479154909500 p  + 51190980018750 p -
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>

21,

38 40 20 20
223439287500 p  + 259813125 p )) / (259813125 (-1 + p) (1 +p) )

-0.02849499

0.070412202

1 - p 22/

>

[
=) (-4624490049448078178643779575615 +

2
310032734 10234093098692557020879 p -

4
95162900923033453889630549116350 p +

6
177429507340421407527576968224054 p -
8
224825485373853531415993349731735 p  +

10
205255597704656196519944131540839 p -

12
139676124578901852618487133825480 p  +

14
72310061187923889640713364443944 p -

16
28817507632398980201684820161550 p  +

18
8890982670078862573725986632734 p -

20
2125168483645052415923169477780 p  +

22
392099400424650079868331032100 p -

24
55396611681879210703389773190 p  +

26 28
5917349461503640547986518150 p - 469204747B79448786558661000 p +

30 32
26920957315542920699869800 p - 1078658933098757503822875 p  +

34 36
28698801369665108101875 p - 470601057467318982750 p  +

38 40 42
4223879141580393750 p - 16743379194871875 p  + 17717861581875 p ))

21 21

/ (17717861581875 (-1 + p) (1 + p) )

22 , 0.027689634
0.071178918

>

>

>

23/p
---) (401655 1943902862119978017069801911 -

2
28261930478012123112629618616281886 p  +

4
91621936895026127762093364838612725 p -

6
180459816825662628386682016014015556 p +
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8
> 243325428403175337171999448545115005 p -
10
> 237744827292987565765980814132460726 p  +
12
> 174268804 7T3434276170902731311385335 p -
14
> 97896461201451522124509879728842416 p - +
16
> 42691891122387079370555163063253750 p -
18
> 14553634482143304353462999140616796 p  +
20
> 3887368136127544675700068694520834 p -
22
> 812237015658426186534231799710360 p  +
24
> 132038779721346634580709783577290 p -
26
> 16544729718176819550771303984060 p  +
28
> 1576092120414101908973191648350 p -
30
> 111981444918435911260608289200 p  +
32 34
> 5780541378211068981529692675 p - 209116118060845286212671750 p  +
36 38
> 5038830079179033441929625 p - 75033715130102687458500 p  +
40 42
> 613042127182715855625 p - 2216752533954708750 p ¢
44 22 22
> 2143861251406875 p ) / (2143861251406875 (-1 + p) +p) )

23 , -0.026939469
0.071904653
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> ¢

D

Figure AVIL.1. The coaxial-to—radial transmission line apparatus is decomposed into two

cascaded two—port networks. One network represents the junction and the other represents

a section of the radial transmission line attached to the load.
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Listing AIX.1. The BASIC 5.1 program RLMS_al.

L

B R R R R R X 2 Ty s e R T e s E S St R e TPt S e

10 ! RLMS_al
20 OPTION BASE 1
30 ! Master program making impedance measurements in radial lines.
40 ! Written by Robert D. Moyer, Sandia National Laboratories
50 ! Electrical Standards Division 4342,
60 ! .
70 ! Upgraded from RLMS a0 to RLMS_al on 5/31/92 by RDM. Changes are:
80 ! 1. FORMAT ON added to path ASSIGN statements in lines Ul, U2 & U3 in
90 ! SUBS Z_dos_dat_fil, Abc_dos_dat_fil & Raw_z_dos_dat, respectlvely
100 ! 2. SUB Acq_8753 dat sends HP8753 test port impedance to CRT now instead
110 ! of coax/radial line interface impedance.
120 !
130 | dkbkkkdkbhdd ik kkkdkrrkdhddrrrr User's Guide rkkkkkkdddkkiidkhhkikhhihkik
140 !
150 ! User’'s guide to RLMS_*j program.
160 !
170 ! This program is menu/prompt driven so very few auxiliary instructions
180 ! are required to run it; however, the following specifies the resources
190 ! which will be required during a measurement run.
200 ! A. RIMS *# will run on an HP Vectra Personal computer with HP model
210 ! 82300C Coprocessor (BASIC Language Processor) with BASIC 5.0.
220 ! Operating System DOS 5.0 is used. Files SEQ.BAT and WILL.EXE must
230 ! reside on the DOS system disc.
240 !t B. Configuration informstion is as follows:
250 ! 1. COM1:9600,N,8,1,P
260 ! 2. COM2:9600,N,8,1,P
270 ! 3. LPT1:=COM2
280 ! 4. LPT1l: rerouted to COM2:
290 !
300 ! 5. HP-1IB (Meas. Coproc.) at : 7
310 ! 6. Serial (COM1l) at: 9
320 ! 7. Disk Drives (LIF) at : 15
330 ! 8. DOS port at : 19
340 ! 9. Serial (COMZ) at: 23
350 !
360 ! An HP model 3630A Paint Jet printer is used at serial COM2 port 23.
370 ! The HP8753 VANA has HP-IB address 716.
380 !
390 ! C. The Master program, RLMS_*#, appears on the Bernouli disc
400 ! of the same name.
410 ! D. A "SUPport" microfloppy (HP LIF format), with the label "SUP", is
420 ! sometimes required & is usually loaded from drive :,1500,0. It
430 ! receives and/or contains files which store a,b,c constants in BDAT
440 ! FORMAT for various 7mm to radial line transitions. ( To label a disc
450 ! in drive 0, use command PRINT LABEL "SUP" TO ":,1500,0")
460 ! E. A1l files on the SUPport disc are both generated and accessed as
470 ! directed by prompts in the program, RLMS_*{.
480 ! F. If the operator chooses - in response to prompts - the results of:
490 !
500 ! a. raw impedance measurements at the coax line/radial line interface;
510 ! b. abc parameter measurements and
520 ! c. measured radial load impedance results
530 !
540 ! may be stored on microfloppy disc in DOS format. This allows
550 ! subsequent machine analysis of results at many frequencies.
560 ! G. All variables in COM are defined in a subsequent dummy SUBprogram
570 ! named Comdef .
580 !
1

590
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600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
300
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190

!

COM /Misc/ In$(25],@Nwa,@Nwa_datal,@Nwa_data2

COM /Freq/ Meas_freq(101), INTEGER To_no_mf

COM /Abc_freq/ Abc_file_freq(10l1), INTEGER To _no_abc_£f,Indx_abc(101)
COM /Rawdat/ Rz(101,3,2),Qz(101,3,2),COMPLEX Mw(101,3),Tsz(101,4)

COM /Abc/ COMPLEX A_par(lOl) B_par(lOl) C_par(101)

COM /Stds/ Std_name$(4)[25],Nom_std_radius(4)

COM /Short_dims/ Rad4,Height4,Rad9,Height9,Radl5,Heightl5

COM /Salis/ O_rad _salis,I_rad_salis,Hite_salis,Topdisk_thk,Botdisk_thk
COM /Salis2/ Rs_film

COM /Sysid/ Serial 8753$[10),Model_ts$[5],Serial_ts$[10]

COM /Ctorl/ Ser_ctorlt$[12),Prop_ctorlt${8],0wn_ctoxrlt$[15]

COM /Vana/ INTEGER If_avg factor,If band_width

COM /Meas param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
COM /Progid/ Version_date$[18],Prog_name$[10]

COM /Rad4_p/ Z0s4(101),Theta4(101),Psi4(101)

COMPLEX T _salis(101),S_salis(101)

INTEGER I,J,K,L,M,N

! NOTE: To list the code, or sections of it, on an HP Desk Jet at select
! code 9, with top, bottom and left margins, follow these steps:

! 1. Temporarily replace the exclamation point in line List by a space.

! 2. RUN the program.

! 3. Type LIST or LIST F1,Ll1 (where F1 and L1 are the first and last line
! numbers, respectively, to be listed.)

! 4. After the listing is complete, CONTINUE the program.

! 5. Follow the instructions in the prompts.

List: CALL Code_list

!

Mem$=SYSTEMS$ ("AVAILABLE MEMORY")
DISP "Available memory = ";Mem$
! Write to HP8753 HP-IB
ASSIGN @Nwa TO 716
! Read ASCII Data to/from HP8753 HP-1IB
ASSIGN @Nwa_datal TO 716;FORMAT ON
! Read non-ASCII data to/from 8753 HP-IB
ASSIGN @Nwa_data? TO 716;FORMAT OFF
REMOTE 7
OUTPUT @Nwa ; "MARKDISC;" ! Sets 8753 markers to discrete
Prog_name$="RIMS_al"
Version_date$="31-May-1992"
Sim=0
Serial 8753$="3135A01643"
Serial ts$="3033A04720"
Model ts$="85046"
Jet=23 ! Selects PaintJet
No_runs=1
No _copies=1
1f_avg_factor=32
If band_width=300
Ser_ctorlt$="2"
Prop_ctorlt$="00000"
Own_ctorlt$="4342"
Tech_cons$="R. D. Moyer - 4342"
G:SYSTEM KEYS
CLEAR SCREEN
PRINT "Measurement date is ";DATES$(TIMEDATE)
WAIT 1
CLEAR SCREEN
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1 to retain current hardware dimensions and values stored

OR™
0 to work with default hardware dimensions and values in c

1200 IF Rad4>0 THEN
1210 PRINT " Enter
in COM"

1220 PRINT "

1230 PRINT " Enter
ode. ";

1240 BEEP

1250 INPUT Com_dim
1260 PRINT Com_dim
1270 ELSE

1280 Com_dim=0

1290 END IF

1300 IF Com _dim=0 THEN
1310 Radé4=4.

1320 Height4=1.861
1330 Rad9=9.

1340 Height9=1.861
1350 Rad15=15.

1360 Height15=1.861
1370 0_rad_salis=15.
1380 I_rad_salis=4.
1390 Hite_salis=2.341
1400 Topdisk _thk=.240
1410 Botdisk_thk=.240
1420

Rs_film=363.2585 ! Surface resistivity of space cloth in ohms/square

1430 END IF

1440 H:CLEAR SCREEN

1450 BEEP

1460 PRINT " ENTER CODE OF YOUR CHOICE"

1470 PRINT ""

1480 PRINT "CODE

1490 PRINT "

"

OPERATION TO BE PERFORMED"

1500 PRINT " 1. For the model Zs = (a*Zm + b)/(c*Zm + 1), determine the a,b,c p

arameters of"
1510 PRINT "
tore in BDAT"
1520 PRINT "
me. (Zm is "
1530 PRINT "
is the "
1540 PRINT "
1550 PRINT "
rt, at"
1560 PRINT "
1570 PRINT "
quencies of"
1580 PRINT "
1590 PRINT "
ial line port"
1600 PRINT "
e."

4.

a coax-to-radial line transition at frequenciés of choice and s
format on a HP LIF volume and, optionally, on a DOS format volu
measured impedance at the coax/radial line (C/RL) interface; Zs

surface impedance at the radial port.)"
Measure surface and total impedance seen by radial line test po

frequencies of choice, using a,b,c parameters.”
Measure surface impedance seen by radial line test port, at fre

choice, using Williamson theory."
Compute the theoretical impedances looking outward from the rad

into a radial line Salisbury screen at the frequencies of choic

1610 C:INPUT Meas_option

1620 PRINT Meas_option

1630 IF Meas_option>0 AND Meas_option<5 THEN
1640 SELECT Meas_option

1650 CASE 1

1660 CALL Meas_abc_par

1670 CASE 2

1680 CALL Z_via_abc

1690 CASE 3
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1700
1710
1720
1730
1740
1750

CALL Z_via_will
CASE 4
CLEAR SCREEN
IF Com dim=0 THEN
PRINT ™ "
PRINT "Enter 1 to MODIFY default hardware dimensions and values spec

ified in code;"

1760
1770
1780
1790
1800
1810
1820
1830
1840
1841
1843
1844
1852

PRINT "Enter O otherwise.";
INPUT Mod_def_dim
PRINT Mod_def dim
END IF
CALL Mf gen
FOR Jf=1 TO To_no_mf
CALL Salis_1d_z(Jf,Com_dim,Mod_def dim,T_salis(Jf),S_salis(Jf))
NEXT Jf
CLEAR SCREEN
! PAUSE
PRINT "For Salisbury Load parameters as follow:"
PRINT " "
PRINT "Test port radius =";I_rad_salis;"; Short radius =";0_rad_salis;

“; Height =";Hite_salis;" inch"

1853
1854
1855
1859
Load"
1860
1870
)"
1880
1890
1900

PRINT "Top step =";Topdisk_thk;"; Bottom step =";Botdisk_thk;" inch"
PRINT "Film surface resistivity =";Rs_film;" Ohms per square"

PRINT * *
PRINT "Frequency Total Z of Salisbury Load Surface Z of Salisbury

PRINT " (MHz) Magnitude Angle Magni tude Angle
PRINT " (ohms) (deg.) (ohms/sq) (deg.
PRINT " "

FOR Jf=1 TO To_no_mf
PRINT USING Fmtl;Meas_freq(Jf),ABS(T_salis(Jf)),FNAng2(T_salis(Jf)),

ABS(S_salis(Jf)),FNAng2(S_salis(Jf))

1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160

Fmtl: IMAGE 5D.2D,5X,5D.2D,6X,4D.2D,9X,5D.2D,6X,4D.2D
NEXT Jf
PRINT " "
PRINT " "
PRINT " Press CONTINUE to continue."
BEEP
PAUSE
END SELECT
ELSE
BEEP
PRINT " "
PRINT " INVALID ENTRY; PLEASE TRY AGAIN"
GOTO C
END IF
GOTO G
END
!
B R R R R R T s
1
Meas_abc_par:SUB Meas_abc_par
! LEAD SUBPROGRAM FOR MEASURING a,b,c PARAMETERS OF COAX TO RADIAL LINE

! TRANSITION.
!
!

OPTION BASE 1
COM /Misc/ In$[25],@Nwa,@Nwa_datal,@Nwa_data?2



2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310

2320
2330
2340
2350
2360
2370
2380
2390
2400
2410

0 then

2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
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COM /Freq/ Meas_freq(*),INTEGER To_no_mt

COM /Abc_freq/ Abc_file freq(*),INTEGER To_no_abc_f, Indx_abc(¥)
COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(%*)

COM /Abc/ COMPLEX A_par(¥*),B_par(¥*),C_par(¥*)

COM /Vana/ INTEGER If_avg_factor,If_band_width

COM /Sysid/ Seria1_8753$[10],Model_ts$[5],Serial_ts$[10]

COM /Ctorl/ Ser_ctorlt$[12],Prop_ctor1t$[8],Own_ctorlt$[15]

COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER Nc¢_copies,Meas_option
COM /Progid/ Version_date$[18],Prog_name$[10]

INTEGER I,J,K,L,M,N

DEG

CLEAR SCREEN

: PRINT ""

IF Sim=0 THEN
PRINT "Do you want to re-process previous measurement data in Computer

PRINT "COM? (Y or N)"

BEEP

LINPUT In$

PRINT In$

IF In$="Y" OR In$="y" THEN GOTO C
END IF
! DEFINE PARAMETERS OF CALIBRATION
PR INT n ”

CLEAR SCREEN

PRINT "Place Measurement Parameter SUPport disc (HP LIF format) in drive
press”

PRINT "CONTINUE"

BEEP

PAUSE

: CALL Acq_meas_p

CLEAR SCREEN

IF Sim=0 THEN

! Acquire measurement data to determine a,b,c parameters
CALL Acq_dat_abc_par

ELSE
CALL Abc_meas_sim

END IF

! Process data to get a,b,c parameters.

: FOR Jf=1 TO To_no_mf

CALL Abc_anharm(Jf)
NEXT Jf
! Output the Results
CALL Type_abc_rept

D:SUBEND ! Meas_abc_par

1 *************************************************************************

Acq_meas_p:SUB Acq_meas_p
! SUBPROGRAM TO ACCESS OR GENERATE MEASUREMENT PARAMETERS FILE ON SUPPORT

! bISC.

OPTION BASE 1

COM /Misc/ In$[25],@Nwa,@Nwa_datal,@Nwa_data2

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(*)

COM /Vana/ INTEGER If_avg_factor,If band_width

COM /Sysid/ Serial_8753$[10],Model_ts$[5],Serial_ts$[10]

COM /Ctorl/ Ser_ctor1t$[12],Propﬁctor1t$[8],Oanctorlts[ls]

COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
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2750 COM /Progid/ Version_date${18],Prog name${10]

2760 DIM New_file$[1],Mp_f nam${10],First_3let$[3],1d$[1],Learn_string${3000]
2770 DIM Mod_rep$[1]

2780 INTEGER I,J,K,L,M N,Size,File_size,Flag,Temp

2790 INTEGER Prob,L1,L2

2800 G: First_3let$="MP_" ! First 3 letters of Measurement Parameter
2810 ! support file name.

2820 REMOTE 7

2830 Id$="N"

2840 Mod_rep$=" "

2850 CALL Sup_fil_id(New_file$ ,Mp_f nam$,First_3let§,Id$)

2860 IF New_file$="N" OR New_file$="n" THEN

2870 ! Acquire Measurement Parameter file from SUPport disc.

2880 ASSIGN @Path_2 TO Mp_f nam$&":,1500,0"

2890 ENTER @Path 2;Ser_ctorlt$

2900 ENTER @Path_2;Prop_ctorlt$

2910 ENTER @Path_2;0wn_ctorlt$

2920 ENTER @Path_2;Tech_cons$

2930 ENTER @Path_2;Serial 8753$

2940 ENTER @Path_2;Serial_ts$

2950 ENTER @Path_2;If avg_factor,1f_band_width

2960 ENTER @Path_2;To_no_mf ,No_copies,Learn_string$

2970 FOR I=1 TO To_no_mf

2980 ENTER @Path_2;Meas_freq(I)

2990 NEXT I

3000 ASSIGN @Path_2 TO * ! Closes I/0 path

3010 ! Qutput INSTRUMENT STATE to 8753

3020 PRINT " "

3030 PRINT "Setting up 8753 INSTRUMENT STATE "

3040 PRINT " "

3050 OUTPUT @Nwa; "HOLD; INPULEAS";Learn_string$

3060 ! Assure that 8753 frequencies are compatible with measurement

3070 ! frequencies.

3080 REMOTE 7

3090 CALL Mf vf_fit(Flag)

3100 IF Flag=1 THEN

3110 BEEP

3120 GOTO G

3130 END IF

3140 CLEAR SCREEN

3150 PRINT "Do you wish to merely LOOK AT operating parameters ON 8753 CRT?
(Y or N)"

3160 LINPUT In$

3170 PRINT In$

3180 IF In$="Y" OR In$="y" THEN

3190 OUTPUT @Nwa;"OPEP;"

3200 PRINT " "

3210 PRINT "Press CONTINUE to see second page on 8753 CRT and other CALIB

RATION parameters"

3220 PRINT "on computer screen."

3230 BEEP

3240 PAUSE

3250 OUTPUT @Nwa ; "NEXP;"

3260 PRINT " "

3270 CLEAR SCREEN

3280 PRINT "C/RL transition S/N: ";Ser_ctorlt$;" Property No.: ";P

rop_ctorlt$

3290 PRINT "Owner: ";Own_ctorlt$;" Consultant: ";Tech_cons$
3300 PRINT "*

3310 PRINT To_no_mf;" Frequencies (MHz) of measurement are:"



3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
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ALLOCATE Dum(1l:To_no_mf)

FOR L=1 TO To_no_mf
Dum(L)=Meas_freq(L)

NEXT L

PRINT Dum(%*)

DEALLOCATE Dum(*)

PRINT * "
PRINT "8753 Serial no. is ";Serial_8753%
PRINT "Test Set is model ";Model ts$;"; Serial no. ";Serial_ ts$

PRINT "IF AVERAGING FACTOR IS";If avg factor;"and IF BANDWIDTH is";I

f_band_width;"Hz."

3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
isc?
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800

ONTINUE.

3810
3820
3830
3840
3850
3860
3870
3880

Y

PRINT No_copies;"copy(s) of the report will be printed."
PRINT " "
PRINT " *
PRINT "Press CONTINUE to continue"
BEEP
PAUSE
OUTPUT @Nwa;"RESD;" ! Restore 8753 CRT display (pg. 11A-4 of
! HP "Operating and Programming Reference").
END IF
CLEAR SCREEN
PRINT "Do you wish to MODIFY & REPLACE file ";Mp_f nam§;" on SUPport d
Or N ) "
LINPUT Mod_rep$
PRINT Mod_rep$
IF Mod_rep$="Y" OR Mod_rep$="y" THEN GOSUB Constr_mp2
ELSE
GOSUB Constr_mp2
END IF
PRINT " "
CLEAR SCREEN
GOTO B

Constr_mp2:CLEAR SCREEN

Ab:

Hh:

Gg:

Gm

PRINT "The default value of the IF AVERAGING FACTOR is ";If_ avg factor
PRINT "Enter new value ( < 1000 ) or press CONTINUE to continue."
BEEP
LINPUT In$
IF NOT LEN(In$) THEN GOTO Gg
ON ERROR GOTO Hh
ENTER In$;T
PRINT In$
OFF ERROR
IF T<1000 THEN
If avg_factor=T
ELSE
PRINT "In-valid entry; please try again."
GOTO Ab
END IF
OUTPUT @Nwa;"AVERFACT";If avg factor;";AVEROON;"
PRINT " "
PRINT "Default IF BANDWIDTH = ";If band_width;" Hz. Enter new value or C
PRINT "(Allowable values are 300, 1000 or 3000 Hz.)"
LINPUT In$
IF NOT LEN(In$) THEN GOTO Gm
ENTER In$;If band_width
PRINT In$

:OUTPUT @Nwa;"IFBW";I1f band_width;";"

! Specify measurement frequencies
IF Mod_rep$="y" OR Mod_rep$="Y" THEN

L
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3890 PRINT * "

33800 PRINT To_no_mf;" Frequencies (MHz) of measurement are:"

3910 ALLOCATE Dum(1l:To_no_mf)

3920 FOR L=1 TO To_no_mf

3930 Dum(L)=Meas_freq(L)

3940 NEXT L

3950 PRINT Dum(*)

3960 PRINT " "

3970 PRINT "Do you want to specify new frequencies? (Y or N)"

3980 LINPUT In$

3990 PRINT In$

4000 IF In$<"y" AND In$<>"Y" THEN GOTO Inst_st

4010 END IF

4020 CALL Mf_gen

4030 Inst_st:PRINT " "

4040 PRINT * *

4050 PRINT "If necessary, manually or via a cassette file, place the 8753 int

o the"

4060 PRINT "INSTRUMENT STATE for which its measurement performance is certifi

ed."

4070 PRINT "If you wish instructions on what is required, enter I. Otherwise,

4080 PRINT "after the correct instrument state is set, press CONTINUE."

4090 PRINT " "

4100 BEEP

4110 LOCAL 7

4120 LINPUT In$

4130 IF In$="I" OR In$="i" THEN GOSUB Tutor

4140 ! Assure that 8753 frequencies are compatible with measurement

4150 ! frequencies.

4160 REMOTE 7

4170 CALL Mf vf_ fit(Flag)

4180 IF Flag=1 THEN

4190 BEEP

4200 GOTO G

4210 END IF

4220 PRINT " "

4230 PRINT "C/RL transition owner is ";0Own_ctorlt$;"; Enter new owner. [<15]

or CONTINUE."

4240 BEEP

4250 LINPUT In$

4260 IF NOT LEN(1n$) THEN GOTO Lm

4270 Own_ctorlt$=In$

4280 PRINT Own_ctorlt$§

4290 Lm:PRINT " "

4300 PRINT "Prop. no. of C/RL transition ";Prop_ctorlt$;"; Enter new prop. no
- . [<8] or CONTINUE."

4310 BEEP

4320 LINPUT In$

4330 IF NOT LEN(In$) THEN GOTO Ls

4340 Prop_ctorlt$=In$

4350 PRINT Prop_ctorlt$

4360 Ls:PRINT " "

4370 PRINT "S/N of C/RL transition is ";Ser_ctorlt$;"; Enter new serial no. {

<13] or CONTINUE."

4380 BEEP

4390 LINPUT In$

4400 IF NOT LEN(In$) THEN GOTO Lc

4410 Ser_ctorlt$=In$

4420 PRINT Ser_ctorlt$
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4430 Le:PRINT " "

4440 PRTNT "Present consultant is ";Tech_cons$;"; Enter new consultant [<26]"
4450 PRINT "or CONTINUE."

4460 BEEP

4470 LINPUT In{

4480 IF NOT LEN(In$) THEN GOTO De

4450 Tech_cons$=In$

4500 PRINT Tech_cons$

4510 De:PRINT " "

4520 PRINT "Default 8753 serial no. is ";Serial_8753§$;"; Enter new number or
CONTINUE."

4530 BEEP

4540 LINPUT In$

4550 IF NOT LEN(In$) THEN GOTO Cc

4560 Serial_8753$=In$

4570 PRINT Serial_8753$

4580 Cc:CLEAR SCREF#

4590 A: BEEP

4600 PRINT " Default test set is ";Model_ts$;" Enter new model or CONTINUE"
4610 LINPUT In$

4620 IF NOT LEN(In$) THEN »

4630 ON ERROR GOTO E

4640 ENTER In$;Temp$

4650 PRINT In$

4660 OFF ERROR

4670 IF Temp$<>"85044" AND Temp$<>"85046" THEN

4680 GOTO E

4690 ELSE

4700 Model _ts$=Temp$

4710 END IF

4720 GOTO D

4730 E: BEEP

4740 PRINT = "

4750 PRINT " IN-VALID ENTRY; PLEASE TRY AGAIN"

4760 GOTO A

4770 D: PRINT " " :

4780 PRINT "Default test set serial no. is ";Serial_ts$;"; Enter new no. or C
ONTINUE. "

4790 BEEP

4800 LINPUT In$

4810 IF NOT LEN(In$) THEN GOTO Dd

4820 Scrial_ts$=In§

4830 PRINT Serial_ts$

4840 DA:PRINT ° "

4850 PRINT "Default number of report copies is ";No_copies
4860 Bb:PRINT "Enter different number of coples desired or CONTINUE."
4870 BEEP

4880 LINPUT In$

4890 IF NOT LEN(In$) THEN GOTO H

4900 ON ERROR GOTO Aa

4910 PRINT In$

4920 ENTER In$;No_copies

4930 OFF ERROR

4940 GOTO H

4950 Aa:PRINT "In-valid entry; Please try again."

4960 BEEP

4970 GOTO Bb

4980 ! Obtain LEARN STRING from 8753

4990 H: OUTPUT @Nwa:"OUTPLEAS;"

5000

ENTER @Nwa USING "-K";Learn_string$
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5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290

! Store Measurement Parameters in file Mp_f_nam$ on SUPport disc
! in drive 0.
IF Mod_rep$="Y" OR Mod_rep$="y" THEN PURGE Mp_f nam$&":,1500,0"
PRINT " "
PRINT "Storing Measurement Parameter file on disc ...
File_size=144+((To_no_mf-1)/3)+12
CREATE BDAT Mp_f nam$&":,1500,9",File_size,24
ASSIGN @Path_2 TO Mp_f_ nam$&":,1500,0"
OUTPUT @Path_2;Ser_ctorlt$
OUTPUT @Path_2;Prop_ctorlt$
OUTPUT @Path_2;0wn_ctorlt$
OUTPUT @Path_2;Tech_cons$
OUTPUT @Path_2;Serial_8753$
OUTPUT @Path_2;Serial_ts$
OUTPUT @Path_2;If avg_factor,If_band_width
OUTPUT @Path_2;To_no_mf,No_copies,Learn_string$
FOR I=1 TO To_no_mf
OUTPUT @Path_2;Meas_freq(I)
NEXT 1
ASSIGN @Path_2 TO *
RETURN

Tutor: !

CLEAR SCREEN
PRINT "You need to set up the Instrument State for which the measurement

PRINT "performance of the HP8753 is certified.”

PRINT " "

PRINT "You need to specify:"

PRINT " "

PRINT "1. START and STOP frequencies, NUMBER OF POINTS and SWEEP TYPE -

LIN or LOG or"

5300

PRINT " LIST (or equivalent) - in such a way that the 8753 measurement

frequency set"

5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410

TATE.

5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540

nhon

2290V

5560

PRINT " includes all desired measurement frequencies."

PRINT "2. SOURCE POWER"

PRINT "3. IF AVERAGING FACTOR."

PRINT "4. IF BANDWIDTH - 300 Hz or more."

PRINT "5. CAL KIT i.e. N 50 or 7mm or etc."

PRINT "6. CHANNEL 1 must be selected.”

PRINT "7. SMOOTHING must be OFF."

PRINT "8. AVERAGING must be ON."

PRINT "9. Set up any other conditions unique to your requirement."
PRINT " "

PRINT "Press CONTINUE to continue after you have set up the INSTRUMENT S

LOCAL 7
BEEP
PAUSE
REMOTE 7
RETURN

B:SUBEND ! Acq_meas_p

1 ***********************************'k*************************’************

Sup_fil_id:SUB Sup_fil_id(New_file$,Sup_f_nam$,First_3let$,Id$)
! SUBPROGRAM TO IDENTIFY AND ACCESS PROPER SUPport & DATa DISCS & FILES ON
! THEM.
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5570 ! New_file$="N" (output argument) is a flag indicating that no new file
5580 ! is needed. An existing one can be used.

5590 ! New file$=" " indicates that no decision has yet been made.

5600 ! Sup_f nam$=(input argument) is the name of the desired file on the
5610 ! SUPport disc.

5620 ! First_3let$="DAT" (input argument) identifies a file where measurement
5630 ! results are stored.

5640 ! "MP_" identifies a file of measurement parameter data.
5650 ! Id$="Y" (input argument) is a flag which requests that the LABEL on the
5660 ! SUPport disc be verified.

5670 !

5680 OPTION BASE 1

5690 DIM Catalog$(50)[801],Temp$(10]

5700 COM /Misc/ In$[25],@Nwa,@Nwa_datal, @Nwa_data?2

5710 COM /Freq/ Meas_freq(*),INTEGER To_no_mf

5720 COM /Abc_freq/ Abc_file_freq(*),INTEGER To_no_abc_f, Indx_abc(*)
5730 COM /Rawdai/ Rz(*),Qz(*),COMPLEX Mw(%*),6Tsz(*)

5740 COM /Vana/ INTEGER If avg_factor,If band_width

5750 COM /Sysid/ Serial_ 8753$(10],Model_ts$(5],Serial_ts$[10]

5760 COM /Ctorl/ Ser_ctorlt$[12],Prop_ctorlt$[8],0wn_ctorlt$(15]

5770 COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
5780 COM /Progid/ Version_date$[18],Prog name$[10]

5790 INTEGER I,J,K,L,M,N

5800 CLEAR SCREEN

5810 ! If Id$ = Y or y, then disc LABEL is checked for proper identity.
5820 IF Id$="y" OR Id$="Y" THEN

5830 A: BEEP

5840 IF First_3let$="MP_" OR First_3let$="ABC" THEN

5850 PRINT " Place SUPport disc (HP LIF format) in drive O then CONTINUE"
5860 PAUSE

5870 ON ERROR GOTO B

5880 READ LABEL Label$ FROM ":,1500,0"

5890 IF Label$<>"SUP" THEN GOTO B

5900 OFF ERROR

5910 GOTO F

5920 END IF

5930 G: BEEP

5940 IF First_3let$="DAT" THEN

5950 PRINT " Place DATa disc (DAT) in drive O then CONTINUE"
5960 PAUSE

5970 ON ERROR GOTO B

5980 READ LABEL Label$ FROM ":,1500,0"

5990 IF Label$<>"DAT" THEN GOTO B

6000 OFF ERROR

6010 GOTO F

6020 END IF

6030 B: PRINT "™ *

6040 BEEP

6050 PRINT " WRONG DISC; PLEASE TRY AGAIN! Press CONTINUE to continue."
6060 BEEP

6070 PAUSE

6080 PRINT " "

6090 GOTO A

6100 END IF

6110 OFF ERROR

6120 F: CLEAR SCREEN

6130 IF First_3let$="MP_* THEN

6140 PRINT "The CATalog of Measurement Parameter files on the SUPport disc
is:"

6150 END IF
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6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350 E:
6360
6370
6380
let$
6390
6400
6410
6420
6430
6440
6450
6460
6470
6480
6490 C:
6500
6510
6520

IF First_3let$="ABC" THEN
PRINT "The CATalog of abc parameter files on the SUPport disc is:"
END IF
IF First_3let$="DAT" THEN
PRINT "The CATalog of DATa files on the DATa disc is:"
END IF
CAT ":,1500,0" TO Catalog$(*);SELECT First_3let$,COUNT No_lines
FOR J=7 TO No_lines
K=J-6
Temp$-Catalog$(J)[1,10]
PRINT K,Temp$
NEXT J
PRINT " "
BEEP
PRINT "Enter number of file you desire or CONTINUE to generate a new fil

LINPUT In$
PRINT In$
IF NOT LEN(In$) THEN
New_file$="Y"
BEEP
PRINT " "
PRINT " Enter name for new file - 10 characters or less."
PRINT " NOTE: The first 3 letters of the file name must be “;First 3

LINPUT Sup_f_nam$
PRINT Sup_f_nam$
ELSE
ON ERROR GOTO C
ENTER In$;Number
OFF ERROR
Sup_f_nam$=Cata10g$(6+Number)[1,10]
New file$="N"
END IF
GOTO D
BEEP
PRINT " "
PRINT © INVALID ENTRY; PLEASE TRY AGAIN"
GOTO E

6530 D:SUBEND ! Sup_fil_id

6540 !

.................................

............

...........................
6550 !‘K‘K‘K‘nRnl‘nlAK‘KXAA?s:\aanxhanmnnnxxxxnnnxAxxhxnxKnxnnxwunnnhannn“nn‘nnxxlnxxnax

6560 !

6570 Mf_gen:SUB Mf_gen

6580
6590 !
6600 !
6610
6620
6630
6640
6650
6660
6670
6680
6690
6700
6710
6720
6730 G:

OPTION BASE 1

This subprogram allows the operator to generate the list of frequencies
for measurement.

INTEGER Prob,Num_cfreqs,Istart,lstep

INTEGER I,J,K,L,M,N,L1,L2

COM /Misc/ In$[25],@Nwa,@Nwa_datal,@Nwa_dataZ

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Rawdat/ Rz (*),Qz(*),COMPLEX Mw(*),Tsz(*)

COM /Vana/ INTEGER If_avg_factor,If_band_width

COM /Sysid/ Seria1_8753$[10],Model_ts$[5],Serial_ts$[10]

COM /Ctorl/ Ser_ctor1t$[12],Prop_ctor1t$[8],Own_ctorlt$[15]

COM /Meas_param/ Tech_cons$[25],Jet,Sim,INTEGER No_copies,Meas_option
COM /Progid/ Version_date$[18],Prog_nameS[lO]

MAT Meas_freq= (0)

To_no_mf=0

CLLEAR SCREEN



6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
6850
6860
6870
6880
6890
6900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
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PRINT "Option Measurement Frequency Selection Mode"
PRINT " "

PRINT " 1 Start, Stop, Step"

PRINT " 2 One-at-a-time"

PRINT = 3 Terminate entire frequency selection process”
PRINT " "

PRINT " Enter option of your choice"

PRINT " "

PRINT " "

PRINT " "

BEEP

ON ERROR GOTO A

INPUT I

PRINT I

OFF ERROR

IF I>0 OR I<4 THEN GOTO B

PRINT " "

PRINT "In-valid entry; please try again"

BEEP

GOTO G

: SELECT 1I

CASE 1
CLEAR SCREEN
PRINT "Please enter desired Start, Stop, Step frequencies in whole MHz

BEEP
INPUT Start,Stop,Step
PRINT Start,Stop,Step
Scrch=(Stop-Start)/Step
Num_cfreqs=INT(Scrch)+1
IF FRACT(Scrch)>.5 THEN Num_cfreqs=Num_cfreqs+l
IF Num_cfreqs<102 THEN GOTO D
PRINT "Too many frequencies; please try again"
BEEP
GOTO C
Istart=INT(Start)
IF FRACT(Start)>.5 THEN Istart=Istart+l
Istep=INT(Step)
IF FRACT(Step)>.5 THEN Istep=Istep+l
K=0
FOR M=To_no_mf+l TO To_no_mf+Num cfreqs
Meas_freq(M)=Istart+K*Istep
K=K+1
NEXT M
PRINT " "
PRINT "You have chosen the following frequencies:"
PRINT " "
N=To_no_mf+Num cfreqs
ON ERROR GOTO 7240
DEALLOCATE Dum(*)
OFF ERROR
ALLOCATE Dum(1:N)
FOR L=1 TO N
Dum(L)=Meas_freq(L)
NEXT L
PRINT Dum(%*)
PRINT " "
PRINT "Is this list OK? (Y or N)"
BEEP
LINPUT In$
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7330 PRINT In$

7340 IF In$="Y" OR In$="y" THEN

7350 To_no_mf=To_no_mf+Num_cfreqs

7360 END IF

7370 GOTO G

7380 CASE 2

7390 Num_cfreqs=0

7400 CLEAR SCREEN

7410 PRINT " Enter desired frequency in whole MHz; enter O to stop entering
single fregs."

7420 FOR M=To_no_mf+l TO 101

7430 INPUT K

7440 PRINT K

7450 IF K=0 THEN GOTO E

7460 Num_cfreqs=Num_cfreqs+l

7470 Meas_freq(M)=K

7480 NEXT M

7490 E: PRINT "You have chosen the following frequencies:"

7500 PRINT " "

7510 N=To_no_mf+Num cfreqs

7520 PRINT "N = ";N

7530 ON ERROR GOTO H

7540 DEALLOCATE Dum(¥*)

7550 H:  ALLOCATE Dum(1:N)

7560 OFF ERROR

7570 FOR L=1 TO N

7580 Dum(L)=Meas_freq(L)

7590 NEXT L

7600 PRINT Dum(*)

7610 PRINT " "

7620 PRINT "Is this list OK? (Y or N)"

7630 BEEP

7640 LINPUT In$

7650 PRINT In$

7660 IF In$="Y" OR In$="y" THEN

7670 To_no_mf=To_no_mf+Num_cfreqs

7680 END IF

7690 GOTO G

7700 CASE 3

7710 END SELECT

7720 GOTO F

7730 F:SUBEND ! Mf_gen

7740 !

7750 1 *kkkkdkkkkkkkkiohdkddtkkdkkddob kb kkkkkdok koot k ok kdkk ook ko ok
7760 !

7770 Mf _vf fir:SUB Mf_vf_ fit(INTEGER Flag)

7780 OPTION BASE 1

7790 ! This subprogram assures that the 8753 VANA is measuring at the

7800 ! frequencies of measurement.

7810 !

7820 !'ARGUMENT DEFINITION:

7830 !

7840 ! Flag is an output argument set to 1 if the 8753 is not measuring at a
7850 ! desired measurement frequency.

7860 !

7870 COM /Misc/ In$[25),@Nwa,@Nwa_datal ,@Nwa_data2

7880 COM /Freq/ Meas_freq(¥),INTEGER To_no_mf

7890 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(¥)

7900 COM /Vana/ INTEGER If_avg factor,If_ band_width

7910 COM /Sysid/ Seria1_8753$[10],Model_ts$[5],Serial_tss{lO]



7920
7930
7940
7950
7960
7970
7980
7990
8000
8010
8020
8030
8040
8050
8060
8070
q(I)
8080
8090
8100
8110
8120
8130
8140
8150
8160
8170
8180
8190
8200
8210
8220
8230
8240
8250
8260
8270
8280
8290
8300
8310
8320
8330
8340
8350
8360
8370
8380
8390
8400
8410
8420
8430
8440
8450
8460
8470
8480
8490
8500
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COM /Ctorl/ Ser_ctorlt$[12],Prop ctorlt$[8],0wn_ctorlt$[15]
COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
COM /Progid/ Version_date$[18],Prog name${10]
INTEGER I,J,K,L,M,N,Freq
Flag=0
REMOTE 7
PRINTER IS CRT
OUTPUT @Nwa; "DEBUON ; MARK1 ;WAIT;"
FOR I=1 TO To_no_mf
OUTPUT @Nwa; "MARK1";Meas_freq(I);" MHZ;WAIT;"
OUTPUT @Nwa; "OUTPACTI;"
ENTER @Nwa;Scrch
Scrch=Scrch/1.E+6
IF Scrch<>Meas_freq(I) THEN
PRINT " "
PRINT "The 8753 is not measuring at measurement frequency ";Meas_fre

Flag=1
END IF
NEXT I
IF Flag=1 THEN
PRINT " "
PRINT " Press CONTINUE to continue"
BEEP
PAUSE
PRINT " "
END IF

SUBEND ! Mf vf fit

!

1 BT e VA S S SN SR S SR o S O O R R R S 2 S S R S R e e s g

|

Acq_8753_dat:SUB Acq_8753_dat(INTEGER K, I)

!
1

Subprogram to acquire measurement data from the 8753.

' ARGUMENT DEFINITIONS:

!
!
!
!
!

K (input argument) is the integer index of the measurement being
acquired.

I (input argument) is the identity of the test port at which the
impedance is being measured.

OPTION BASE 1

COM /Misc/ In$[25],@Nwa,@wa_datal,@Nwa_data?2

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Rawdat/ Rz(%*),Qz(*),COMPLEX Mw(*),Tsz(¥*)

COM /Abc/ COMPLEX A_par(*),B_par(*),C_par(*)

COM /Stds/ Std_name$(*),Nom_std_radius(¥*)

COM /Vana/ INTEGER If avg_factor,If_band_width

COM /Sysid/ Serial_8753$[10],Model_ts$[5],Serial_ts$[10]
COM /Ctorl/ Ser_ctorlt$[12],Prop_ctor1t$[8],Own_ctorlt$[15]
COM /Meas_param/ Tech_cons$[25],Jet,Sim,INTEGER No_copies,Meas_option
COM /Progid/ Version date$[18],Prog_name$[10]

COMPLEX M

RAD

REMOTE 7

IF 1=1 THEN OUTPUT @Nwa;"S11;WAIT;"

IF I=2 THEN OUTPUT @Nwa;"S22;WAIT;"

OUTPUT @Nwa;"SMIMRX;"

PRINT " "

PRINT " Impedance at HP8753 Test Port"
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8510
8520
8530
8540
8550
8560
8570
8580
8590
8600
8610
8620
8630
8640
8650
8660
8670
8680
8690
8700

!
!

]
!

PRINT "Freq REAL(Z) IMAG(Z)"
PRINT " "
FOR Jf=1 TO To_no_mf
OUTPUT @Nwa;"MARK1 " ,Meas_freq(Jf);" MHZ;WAIT;"
OUTPUT @Nwa; "OUTPMARK ;WAIT;"
ENTER @Nwa_datal;R,Q,Dum
M=CMPLX(R,Q) '
PRINT Meas_freq(Jf),R,Q
Correct impedance to that at the input of the radial line. See p 91
of Weeks.
Ang=2*PI*Meas_freq(Jf)*1l . E+6%(4.997+.254)/2.997925E+10
PRINT Meas_freq(Jf),Ang
Cbl=COS(Ang)
Sbl=SIN(Ang)
Mw(Jf ,K)=50%(M*Cbl - CMPLX (0, 50*Sbl) )/(50*Cbl - CMPLX(0,1)*M*Sbl)
Rz(Jf,K,1)~REAL(Mw(Jf ,K))
Qz(Jf,K,1)=IMAG(Mw(JEf ,K))
NEXT Jf
PRINT ""
PRINT "Enter D to save measured impedances (at coax/radial line aterfac

e) on DOS disc;"

8710
8720
8730
8740
8750
8760
8770
8780
8790
8800
8810
8820
8830
8840
8850
8860
8870
8880
8890
8900
8910
8920
g:"

8930
8940
8950
8960
8970
se."
8980
8990
9000
ce."
9010
9020
9030

PRINT "Press ENTER otherwise. "
LINPUT Ans$
IF LEN(Ans$)<>0 THEN CALL Raw_z_dos_dat(K)

SUBEND ! Acq_8753_dat

!
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Choose_cals:SUB Choose_cals
! Subprogram to choose the desired CAL SET from 8753 non-volatile memory.

OPTION BASE 1

COM /Misc/ In$(25],@Nwa,@Nwa_datal,@Nwa_data?2

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(%)

COM /Vana/ INTEGER If_avg_factor,If_band width

COM /Sysid/ Serial_8753$[10],Model_ts$[5],Serial_ts$[10]
COM /Ctorl/ Ser_ctorlt$[12],Prop_ctorlt$(8],0wn_ctorlt$[15]
COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
COM /Progid/ Version_date$[18],Prog_name${10]

INTEGER I,J,K,L,M,N,Cal_set_no,Flag

CLEAR SCREEN

Cal_set_no=5

: PRINT "Default CAL SET is ";Cal_set_no;"; You may do one of the followin

PRINT "

PRINT " *

PRINT "* Press CONTINUE to use the default CAL SET."

PRINT " ™

PRINT "* Enter the number of a different existing CAL SET you wish to u

PRINT " "
PRINT "* (a) Perform a new S11 1-PORT CAL on the 8753."
PRINT * (b) Store it in the 8753 under the CAL SET number of your choi

PRINT " (c) Enter that number on the computer keyboard."

PRINT " "
PRINT " CAUTION 1.! Remember that the CAL SET you choose must include th

e CALIBRATION"

9040
9050

PRINT " frequencies you have already chosen."
PRINT " "



9060
9070
9080
9090
9100
9110
9120
9130
9140
9150
9160
9170
9180
9190
9200
9210
9220
9230
9240

ent and

9250
9260
9270
9280
9290
9300
9310
9320
9330
9340
9350
9360
9370
9380
9390
9400
9410
9420
9430

B:

ement"

9440
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LOCAL 7
BEEP
LINPUT In$
REMOTE 7
IF NOT LEN(In$) THEN GOTO B
ON ERROR GOTO C
PRINT In$
ENTER In$;N
OFF ERROR
IF N>0 AND N<9 THEN
Cal_set_no=N
GOTO B
ELSE
PRINT " "
PRINT "In-valid entry; Please try again."
BEEP
GOTO D
END IF
PRINT "Entering CAL SET into 8753 and assuring compatihbility of Measurem
FRINT "CAL SET frequencies ..."
SELECT Cal_set_no
CASE 1
OUTPUT @Nwa;"RECAL;"
CASE 2
OUTPUT @Nwa;"RECA2;"
CASE 3
OUTPUT @Nwa;"RECA3;"
CASE 4
OUTPUT @Nwa;"RECA4;"
CASE 5
OUTPUT @Nwa; "RECAS;"
END SELECT
! Assure that CALIBRATION frequencies are a subset of the chosen CAL
! SET frequencies.
CALL Mf vf fit(Flag)
IF Flag=1 THEN
PRINT " "
PRINT "The CALIBRATION frequencies are not a subset of the 8753 measur

PRINT "frequencies in the CAL SET you have chosen. Please select anoth

er CAL SET."

9450
9460
9470
9480
9490
9500
9510
9520
9530
9540
9550
9560
9570
9580
9590
9600
9610
9620

BEEP
PRINT " "
GOTO D
END IF
CLEAR SCREEN

SUBEND ! Choose_cals

1
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]

Acq_dat_abc_par:SUB Acq_dat_abc_par

!
!
!
!

Gce

Subprogram directing the acquisition of data for determining the abc
parameters of coax to radial line transitions. The parameters describe
the transition from the impedance at the coaxial port to the TOTAL
impedance at the radial line port.

OPTION BASE 1
:COM /Misc/ In$[25),@Nwa,@Nwa_datal ,@wa_data2
COM /Freq/ Meas_freq(*), INTEGER To_no_mf
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9630 COM /Abc_freq/ Abc_file_freq(*), INTEGER To_no_abc_f,Indx_abc(*)

9640 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(*) -

9650 COM /Abc/ COMPLEX A_par(*),B_par(*),C_par(¥*)

9660 COM /Stds/ Std_names(*),Nom_std_;adius(*)

9670 COM /Short_dims/ Radh,Heighta,Rad9,Height9,Rad15,Height15

9680 CoM /Salis/ O_radﬁsalis,I_rad_salis,Hite_salis,Topdisk_thk,BotdiSk thk

9690 COM /Salis2/ Rs_film ' -
9700 COM /Vana/ INTEGER If_avg_factor,If_band_width

9710 COM /Sysid/ Serial_8753$[10],Model_ts$[5],Serial_ts$[10]

9720 CoM /Ctorl/ Ser_ctor1t$[12],Prop_ptor1t$[8],Own_ctor1t$[15]

9730 COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option

9740 COM /Progid/ Version_date$[18],Prog_name${10]

9750 COM /Rad4_p/ ZOs&4(*),Theta4(¥*),Psi4(¥)

9760 DIM Z0s9(101),Z0s15(101)

9770 DIM Theta9(101),Psi9(101),Thetal5(101),Psil5(101)

9780 INTEGER I,J,K,L,M,N

9790 COMPLEX Czero, Ttz

9800 DEG

9810 CLEAR SCREEN

9820 CALL Choose_cals

9830 CLEAR SCREEN

9840 REMOTE 7

9850 Czero=CMPLX(0,0)

9860 PRINT " The available standards are as follows:"

9870 Std_name$(1)="4 Inch Radius Short"

9880 Nom_std_radius(1)=4.0

9890 Std_name$(2)="9 Inch Radius Short"

9900 Nom_std_radius(2)=9.0

9910 Std_name$(3)="15 Inch Radius Short"

9920 Nom_std_radius(3)=15.0

9930 Std_name$(4)="15 Inch Salisbury Screen"

9940 Nom_std_radius(4)=15.0

9950 PRINT " “

9960 PRINT "Code Standard Name Standard Radius (Inches)"
9970 PRINT " "

9980 FOR I=2 TO &4

9990 PRINT USING Fmtl;I,Std name$(I),Nom std_radius(I)

10000 Fmtl:IMAGE 2X,D,3X,25A,15X,DD.DDD

10010 NEXT I

10020 PRINT " "

10030 PRINT "The first standard you use must be the 4 Inch Radius Short."
10040 Std_code(l)=1

10050 PRINT "Enter code numbers for the other two standards you wish to use.

10060 INPUT Std_code(2),Std_code(3)

10070 PRINT Std_code(2);" ";Std_code(3)

10080  CLEAR SCREEN

10090 IF Rad4>0 THEN

10100 PRINT " Enter 1 to retain current hardware dimensions and values store

d in COM"

10110 PRINT " OR"

10120 PRINT " Enter O to work from default hardware dimensions and values in
code. ",

10130 BEEP

10140 INPUT Com_dim

10150 PRINT Com dim

10160  ELSE

10170 Com_dim=0

10180 END IF

10190

IF Com dim=0 THEN



10200
10210

10220
10230
10240
10250
10260
10270
10280
10290
10300
10310
10320
10330
10340
10350
10360
10370
10380
10390
10400
10410
10420
10430
10440
10450
10460
10470
10480
10490
10500
10510
£))

10520
10530
10540
10550
10560
10570
10580
10590
10600
10610
10620
10630
10640
10650
10660
10670
10680
10690
10700
10710
10720
10730
10740
10750
10760
10770
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PRINT " "
PRINT "Enter 1 to MODIFY default hardware dimensions and values in cod
PRINT "Enter O otherwise.";
INPUT Mod_def_dim
PRINT Mod_def_dim
IF Mod_def_ dim=1 THEN
PRINT " "
PRINT * "
PRINT "Default RADIUS of the 4 Inch Radius Short in inches is";
PRINT Rad4

PRINT "Enter new value or press ENTER to accept default value.";

BEEP

LINPUT Rad4$
IF LEN(Rad4$)<>0 THEN
ENTER Rad4$;Rad4

PRINT Rad4
END IF
PRINT " *
PRINT " "
PRINT "Default HEIGHT (inches) of the 4 Inch Radius Short is";
PRINT Height4
PRINT "Enter new value or press ENTER to accept default value.";
BEEP
LINPUT Height4$

IF LEN(Height4$)<>0 THEN
ENTER Height4$;Height4
PRINT Height4

END
END IF

END IF
FOR Jf=1 TO To_no_mf

CALL R

Tsz(Jf

NEXT Jf
FOR I=2 TO 3

SELECT
CASE 2
IF C
PR

PR

IF

adial_}ine(Meas_freq(Jf),Rad&,HeightA,ZOsh(Jf),Theta&(Jf),Psi&(J

,1)=Czero

Std_code(I)
om_dim=0 AND Mod_def dim=1 THEN
INT " "
INT "Default RADIUS (inches) of the 9 Inch Radius Short is";

PRINT Rad9

PR
BE
LI
IF

EN
PR
PR
PR

INT "Enter new value or press ENTER to accept default value.";
EP
NPUT Rad9$
LEN(Rad9$)<>0 THEN
ENTER Rad9$;Rad9
PRINT Rad9
D IF
I NT " "
I NT ” "
INT "Default HEIGHT (inches) of the 9 Inch Radius Short is";

PRINT Height9
PRINT "Enter new value or press ENTER to accept default value.";

BEEP

LI

NPUT Height9$

IF LEN(Height9$)<>0 THEN

ENTER Height9$;Height9
PRINT Height9
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10780 END IF

10790 END IF

10800 FOR Jf=1 TO To_no_mf

10810 CALL Radial_line(ﬂeas_freq(Jf),Rad9,Height9,2059(Jf),ThetaQ(Jf),Ps
19(JE))

10820 Tsz(Jf,I)-FNZi(ZOsA(Jf),Thetaa(Jf),Psi4(Jf),ZOsB(Jf),Theta9(Jf),Ps
19(Jf),Czero) ‘

10830 NEXT Jf

10840 CASE 3

10850 IF Com_dim=0 AND Mod_def_dim=1 THEN

10860 PRINT " "

10870 PRINT "Default RADIUS (inches) of the 15 Inch Radius Short is";
10880 PRINT Radl5

10890 PRINT "Enter new value or press ENTER to accept default value.";
10900 BEEP

10910 LINPUT Radl5$

10920 IF LEN(Rad15$)<>0 THEN

10930 ENTER Radl5$;Radl5

10940 PRINT Radl5

10950 END IF

10960 PRINT " *

10970 PRINT " "

10980 FRINT "Default HEIGHT (inches) of the 15 Inch Radius Short ";
10990 PRINT Heightl5

11000 PRINT "Enter new value or press ENTER to accept default value.";
11010 BEEP '

11020 LINPUT Heightl5$

11030 IF LEN(Height15$)<>0 THEN

11040 ENTER Height15$;Heightl5

11050 PRINT Heightl5

11060 END IF

11070 END IF

11080 FOR Jf=1 TO To_no_mf

11090 CALL Radial_line(Meas_freq(Jf),RadlS,HeightlS,ZOslS(Jf),ThetalS(Jf
),Psil5(Jf))

11100 Tsz(Jf,I)nFNZi(ZOSA(Jf),Thetaa(Jf),PsiA(Jf),ZOslS(Jf),ThetalS(Jf),
PsilS(Jf),Czero)

11110 NEXT Jf

11120 CASE 4

11130 FOR Jf=1 TO To_mo_nf

11140 CALL Salis_ld_z(Jf,Com_dim,Mod_def_dim,th,Tsz(Jf,I))

11150 NEXT Jf

11160 END SELECT ! Std_code(I)

11170 NEXT I

11180 FOR K=1 TO 3

11190 PRINT " "

11200 PRINT " a. Connect ";Std_names(Std_code(K));“ to port 1 of the VANA
11210 PRINT " b. Press CONTINUE when done.”

11220 LOCAL 716

11230 BEEP

11240 PAUSE

11250 GOSUB Setup

11260  NEXT K

11270  PRINT " "

11280 CLEAR SCREEN

11290 GOTO A

11300 Setup: ! Subroutine to acquire needed impedance measurements

11310 PRINT " "

11320 PRINT " 8753 measurements in progress..."
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11330 PRINT ™ "

11340 REMOTE 716

11350! OUTPUT 716;"S11;POLA;S21;POLA;S12;POLA;S22;POLA;"
11360 OUTPUT 716;"SMIC;"

11370  OUTPUT 716;"OPC?;NUMG";If_avg factor;";"

11380 ENTER 716;Reply

11390 CALL Acq_8753_dat(K,1)

11400 RETURN

11410 A:SUBEND! Acq_dat_abc_par

11420 !

11430 | dhhktdihbkbdkbdiddthditddtdhkkk otk iikhhikdkddohkkdookkddik ik ki kikkkikk
11440 !

11450 Comdef:SUB Comdef

11460 ! Dummy SUBprogram to define variables in COM

11470 !

11480 ! In$ is a scratch string variable which is used in many places.

11490 ! @Nwa is an I0 path for HPIB command transfer to the HP8753 VANA.

11500 ! @Nwa_datal is an IO path for ASCII HPIB data transfer (FORMAT ON) with
11510 ! the HP8753 VANA.

11520 ! @Nwa_data2 is an IO path for non-ASCII HPIB data transfer (FORMAT OFF)
11530 ¢ . with the HP8753 VANA. '

11540 ! Meas_freq(Jf) is the Jf’'th measurement frequency in MHz.

11550 ! To_no_mf is the total number of frequencies at which measurements are
11560 ! currently being made.

11570 ! Abc_file freq(L) is the frequency in MHz of the L’th frequency for which
11580 ! abc parameters are stored in the A_par, B_par & C_par
11590 ! arrays.

11600 ! To_no_abc_f is the total number of frequencies for which abc parameters
11610 ! are stored in the A_par, B_par & C_par arrays.

11620 ! Indx_abc(Jf) is the index - in the A_par, B_par and C_par vectors - of
11630 ! the abc parameters for the Jf’th frequency at which

11640 ! measurements are currently being made.

11650 ! Rz(Jf,I,K) + jQz(Jf,I,K) = Mw(Jf,I) is the measured complex impedance
11660 ! (in rectangular form) at the coaxial port of radial line
11670 ! impedance standard I at the Jf‘th frequency. K (always =1
11680 ! in this application) is the test port of the test set where
11690 ! the measurement was made.

11700 ! Tsz(Jf,I) is the true complex surface impedance (in rectangular form)
11710 ! at the radial port of radial line impedance standard (I) at
11720 ! the Jf’'th frequency.

11730 ! A_par(L), B_par(L) & C_par(L) are the complex a, b, c parameters,

11740 ! respectively, of a coax/radial line transition as defined by
11750 ! the model Zs = (a*Zm + b)/(c*Zm + 1). Zm is the measured
11760 ! impedance at the L'th frequency at the coax/radial line
11770 ! interface & Zs is the surface impedance at the radial port.
11780 ! Std_name$(I) & Nom_std_radius(I) are the name & nominal radius (inches),
11790 ! respectively, of the I'th standard used during the

11800 ! experimental measurements of the abc parameters of a

11810 ! coax/radial line transition.

11820 ! Rad4 & Height4 are the outer radius & height, respectively, in inches
11830 ! of the 4 inch radius radial line reference short.

11840 ! Rad9 & Height9 are the outer radius & height, respectively, in inches
11850 ! of the 9 inch radius radial line offset short.

11860 ! Radl5 & Heightl5 are the outer radius & height, respectively, in inches
11870 ! of the 15 inch radius radial line offset short.

11880 ! O _rad_salis, I_rad_salis & Hite_salis are the outer radius, inner radius
11890 ! and height, respectively, in inches of the outer section of
11900 ! the Salisbury load.

11910 ! Topdisk thk & Botdisk_thk are the thicknesses in inches of the top &

1

11920 bottom central disks, respectively, used in the Salisbury
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11930
11940
11950
11960
11970
11980
11990
12000
12010
12020
12030
12040
12050
12060
12070
12080
12090
12100
12110
12120
12130
12140
12150
12160
12170
12180
12190
12200
12210
12220
12230
12240
12250
12260
12270
12280
12290
12300
12310
12320
12330
12340
12350
12360
12370
12380
12390
12400
12410
12420
12430
12440
12450
12460
12470
12480
12490
12500
12510
12520

load.

Rs_film is the surface resistivity (ohms per square) of the film used

in the Salisbury load.

Serial_8753$% specifies the serial number of the HP8753 VANA used to
make the measurements.

Model_ts$ & Serial_ts$ specify the model & serial number, respectively,

of the test set used to make the measurements.

Ser_ctorlt$, Prop ctorlt$ & Own_ctorlt$ specify the serial number,
property number and owner, respectively, of the
characterized coax to radial line (C/RL) transition.

If_avg_factor is the number of IF measurements averaged by the HP8753

VANA.

If band_width is the bandwidth in Hz used in the HP8753 VANA.

Tech_cons$ is the name of the metrologist making the measurements.

Jet is the port number of the serial port driving the HP 3630A Paint Jet

printer.

Sim is an (unused) flag set to 1 if simulated data is being processed.

No_copies specifies how many copies of the reports will be printed.

Meas_option specifies which measurement option has been selected using

the codes below:

1. For the model Zs = (a*Zm + b)/(c*Zm + 1), determine the a,b,c
parameters of a coax-to-radial line transition at frequencies of
choice and store in BDAT format on a HP LIF volume and, optionally,
on a DOS format volume. (Zm is measured impedance at the coax/radial
line interface; Zs is the surface impedance at the radial port.)

2. Measure surface and total impedance seen by radial line test port,
at frequencies of choice, using a,b,c parameters."”

3. Measure surface impedance seen by radial line test port, at
frequencies of choice, using Williamson theory."

4. Compute the theoretical impedances, at the frequencies of choice
looking into a Salisbury screen.

Version date$ is the date of the current version of program RLMS *#.

Prog_name$ is the name of the current version of RLMS_*j.

20s4(Jf) is the characteristic surface impedance of the radial line at

its test port at radius Rad4.

Theta4 (Jf) = arctan(Y0(x)/JO(x)) as defined in section 8.12 of RW&VD

where x = k * Rad4 and k = 2 * Pi * Fmhz(Jf) / c.

Psi4(Jf) = arctan(J1(x)/(-Y1(x))).

- s Gt B em SR el tew com T swm SuB  mm e tmm (P ms SR e SR tem CmB tuB Ce Gem Sem S sem fwn (s Awm sem P sed Vel bup M sws

SUBEND ! Comdef

'

LRk ddok ko dk ke kk ke dk ok ko k ko kkkkk ok kkkkkkkkdokkdokk sk ok kkkdokokkkk ok kkkkkkodkokk ok okkdokok
1

Radial_line:SUB Radial_line(thz,Radius,Height,ZOs,Theta,Psi)

SUB to compute ZOs(x), Theta(x) and Psi(x) of radial line as
defined in section 8.12 of RW&VD. x is computed as x = k * Radius
where k = 2 * Pi * Fmhz / c.

INPUT ARGUMENT DEFINITIONS:

Radius is the radius in inches;
Height is the height of the radial line in inches.

OUTPUT ARGUMENT DEFINITIONS:

70s is the surface characteristic impedance of the radial line at Radius
inches.

!
1
1
!
1
'
!
! Fmhz is the frequency in Mhz;
'
1
1
!
!
!
!
! Theta is the ratio YO(x)/JO(x) evaluated at Radius inches.
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12530 ! Psi is the ratio J1(x)/(-Yl(x)) evaluated at Radius inches.
12540 !

12350 OPTION BASE 1

12560 RAD

12570 C=2.997925E+10 ! Speed of light in cm/sec.

12580 Rad_cm=Radius*2.54 ! Radius in cm

12590 X=2.E+6*PI*Fmhz*Rad_cm/C

12600 IF ABS(X)<=3 THEN

12610 R=(X/3)*(X/3)! (x/3) 2

12620 S=R

1263C ! Compute JO(x), YO(x), J1(x) & Yl(x) from equations 9.4.1, 9.4.2,
12640 ! 9.4.4 & 9.4.5, respectively, of Abramowitz & Stegun for cases when x<=3.
12650 - JO=1-2.2499997*S

12660 YO=.36746691+.60559366%*S
12670 Jlox=.5-.56249985%S
12680 Ylx=-.6366198+.2212091*S
12690 S=S*R ! S now equal R"2
12700 ! Now, S=R"2

12710 JO0=J0+1.2656208%S

12720 Y0==Y0-.74350384*S

12730 Jlox=Jlox+.21093573*%S
12740 Ylx=Y1x+2.1682709%S
12750 S=S*R

12760 1 Now, S=R"3

12770 JO0=J0-.3167866%S

12780 YO0=YO0+.253C0117%S

12790 Jlox=Jlox-.03954289%S
12800 Ylx=Y1x-1.3164827%*S
12810 S=S*R

12820 ! Now, S=R"4

12830 JO0=J0+.0444479*S

12840 Y0=Y0-.04261214%S

12850 Jlox=Jlox+.00443319%S
12860 Ylx=Y.x+.3123951*S

1270 S=S*R

12880 ! Now, S=R"S

12890 J0=J0-.0039444%S

12900 YO=Y0+.00427916%S

12910 Jlox=Jlox-.00031761%S
12920 Ylx=Y1x-.0400976%S

12930 S=S*R

12740 ! Now, s=R"6

12950 J0=J0+.0002100*S

12960 YO=Y0-.00024846*S+2*¥L0OG(X/2)*J0/PI
12970 Jlox=Jlox+.00001109*S
12980 Jl=Jlox*X

12990 Y1x=Y1x+.0027873*%S+2*X*LOG(X/2)*J1/PI
13000 Y1=Y1x/X

13010 ELSE

13026 ! Compute JO(x), YO(x), J1(x) & Y1(x) from equations 9.4.2 & 9.4.6,
13030 ! respectively, of Abramowitz & Stegun for cases when x>3.

13040 T=3./X

13050 U=T! Now U=(3/X)

13060 FO=.79788456-.00000077%U

13070 Theta 0=X-.78539816-.0416639/%U
13G80 F1l=.79788456+.00000156*U

13090 Theta_1=X-2.35619449+.12499612%U
13100 U=U*T! Now, U=T"2

13110 FO=F0- .00552740%0

13120 Theta_O=Theta_0-.00003954*U
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13130
13140
13150
13160
13170
13180
13190
13200
13210
13220
13230
13240
13250
13260
13270
13280
13290
13300
13310
13320
13330
13340
13350
13360
13370
13380
13390
13400
13410
13420
13430
13440
13450
13460
13470
13480
13490
13500
13510
13520
13530
13540
13550
13560
13570
13580
13590
13600
13610
13620
13630
13640
13650
13660
13670
13680
13690
13700
13710
13720

- em e twm e v

F1=F14.01659667*U
Theta_l=Theta_1+.00005650*U
U=U*T! Now U=T"3
FO=FO0-.00009512*U
Theta_O=Theta_0+.00262573*U
Fl=F1+.00017105*U
Theta_l=Theta_1-.00637879*U
U=U*T! Now, U=T"4
FO=FO0+.00137237%U
Theta_0=Theta_0-.00054125%U
Fl1=F1-.00249511*U
Theta_l=Theta_1+.00074348*U
U=U*T! Now, U=T"5
FO=FO- .00072805*U
Theta_O=Theta_0-.00029333*U
F1=F1+.00113653*U
Theta_l=Theta_1+.00079824*U
U=U*T! Now, U=T"6
FO=FO+.00014476%U
Theta_O=Theta_0+.00013558*U
JO=FO*COS(Theta_0)/SQRT(X)
YO=FO*SIN(Theta_0)/SQRT(X)
F1=F1-.00020033*%U
Theta_l=Theta_1-.00029166*U
J1=F1*COS(Theta_1)/SQRT(X)
Y1=F1*SIN(Theta_1)/SQRT(X)
END IF

! Compute polar form of Hankel functions. (See eqn's 8.12-7

! & 8.12-8 of RW&VD.)
GO=SQRT(JO*J0+Y0*Y0)
IF J0<>0 THEN
Theta=ATN(Y0/J0)
IF JO<O THEN Theta=Theta+PI
ELSE
IF Y0<>0 THEN
Theta=(PI/2)*Y0/ABS(YO0)
ELSE
Theta=0
END IF
END IF
G1=SQRT(J1*J1+Y1*Y1)
IF Y1<>0 THEN
Psi=ATN(J1/(-1%Y1))
IF (-1*%Y1)<0 THEN Psi=Psi+PI
ELSE
IF J1<0 THEN
Psi=(PI/2)*J1/ABS(J1)
ELSE
Psi=0
END IF
END IF

! Compute wave impedance Z0(x) per eqn 8.12-11 of RW&VD

ZOs=SQRT(4.E-7*PI/8.85&2E—12)*G0/G1
PRINT " "

PRINT " "

PRINT "X=":;X;"; JO=";JO;"; YO=";YO
PRINT "X=":X:;"; J1=";J1;"; Yl=";Y1
PRINT "GO=";GO;"; Gl=";Gl

210N /DT "3

PRINT "Theta=";Theta;" radians or *-Theta®180/F1;"degre

PRINT "Psi=";Psi;" radians or v.pgi*180/PI;"degrees"
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13730 1 PRINT "Z0s=";Z0s
SUBEND ! Radial_line

13740
13750
13760
13770
13780
13790
13800
13810
13820
13830
13840
13850
138860
13870
13880
13890
13900
13910
13920
13930
13940
13950
13960
13970
13980
13990
14000
14010
14020
14030
14040
14041
14050
14060
14070
14080
14090
14100
14110
14120
14130
14140
14150
14160
14170
14180
14190
14200
14210
14220
14230
14240
14250
14260
14270
14280
14290
14300
14310

!
!

2i:DEF FNZi(Z0i,Theta_ i,Psi_i,Z01,Theta_1,Psi_l,COMPLEX Z1)

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Function to compute the (total or surface) impedance looking into a
radial line from the input parameters specified below.

INPUT PARAMETER DEFINITIONS:

20i is the characteristic surface impedance, in ohms, (looking outward)
of the radial line as computed at the input port of the line.
201 is defined by equations 8.12-11, 8.12-16 and 8.12-18 in RW&VD.

Theta_i is the argument (radians) of the Hankel function of the first

kind of order O at the input port. See eqn 8.12-7 of RW&VD.

Psi_i is the argument (radians) of j times the Hankel function of the
first kind of order 1 at the input port. See eqn 8.12-8 of RW&VD.

Z01 is the characteristic surface impedance, in ohms, (looking outward)

of the radial line as computed at the load port of the radial line.

Theta_1 is the argument (radians) of the Hankel function of the first

kind of order O at the load port. It is defined in eqn 8.12-7 of
RW&VD.

Psi_1 is the argument (radians) of j times the Hankel function of the
first kind of order 1 at the load port. It is defined in equation
8.12-8 of RW&VD.

Zl is the complex surface impedance (ohms) terminating the radial line

at the load end. The load port is assumed to be at a greater radius
than the input port. 21 = Ez/Hphi as defined by RW&VD.

COMPLEX Ans,Numer,Denom,Cnl

RAD

Cnl=CMPLX(-1,0)

Ctp=COS(Theta_i-Psi_1)

Stt=SIN(Theta_i-Theta_1)

Cpt=COS(Psi_i-Theta_l)

Spp=SIN(Psi_i-Psi_1)

Numer=(Cnl*21 )*CMPLX(Ctp,0)+-CMPLX(0.,Z201*Stt) ! Cnl*Zl is "positive"
Denom~CMPLX(Z01*Cpt,0)+CMPLX(Q.,1.)*(Cnl*Z]1 )*CMPLX(Spp,0)
Ans=CMPLX(-Z0i,0)*Numer/Denom

! See last paragraph on page 457 of RW&VD for origin of - sign in
! preceeding line.

PRINT "Z0i=";Z0i;": Theta_i=";Theta_i;"; Psi_i=";Psi_ i

PRINT "Z01=";Z01;"; Theta_l=";Theta_1;"; Psi_1=";Psi_1

PRINT "Z1=";Z1;"; FNZi~";Ans

PRINT " "

RETURN Ans

FNEND ! FNZi

Abc_anharm:SUB Abc_anharm(Jf)

!
!
!

- tae ted e e sum

SUB Abc_anharm computes complex a,b,c parameters of the bilinear
transformation using the anharmonic ratio.

The model used is Tsz(Jf,1)=(a*Mw(Jf,I)+b)/(c*Mw(Jf,1)+1) where
Tsz(Jf,I) is the True value of standard 1 and

Mw(Jf,I) is the corresponding measured value. The complex a, b & ¢
values are placed inte COM variables A par(Jf), B_par(Jf) &
C_par(Jf), respectively.
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14320
14330
14340
14350
14360
14370
14380
14390 OPTION BASE 1

14400 COM /Abc/ COMPLEX A_par(*),B_par(*),C_par(¥*)

14410 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(%*),Tsz(¥)

14420 COMPLEX A,B,C,S,S1,582,53,Z1mz2,W2mw3,Z2mz3,Wlmw2

14430 COMPLEX Z1z2w2w3,Z22z3wlw2,A4,B4,C4,D4

14440 Z21mz2=Tsz(Jf,1)-Tsz(Jf,2)

14450 W2mw3=Mw(Jf,2)-Mw(Jf,3)

14460 PRINT "Tsz(";Jf;",1)=";Tsz(Jf,1);"; Tsz(";Jf;",2)=";Tsz(Jf,2)
14470 PRINT "Mw(";Jf;",2)=";Mw(Jf, 2);"; Mw(";Jf;",3)=";Mw(JE,3)
14480 Z1z2w2w3=Z1mz2*W2mw3

14490 Z2mz3=Tsz(Jf,2)-Tsz(Jf,3)

14500 Wlmw2=-Mw(Jf,1)-Mw(Jf,2)

14510 22z3wlw2=Z2mz3*Wlmw2

14520 A4=Z1z2w2w3*Tsz(Jf,3)

14530 B4=-AG*Mw(JE,1)

14540 S2=222z3wlw2*Tsz(Jf,1)

14550  A4=A4-S2

14560 S3=Mw(Jf,3)*S2

14570 B4=B4+S3

14580 C4=21z2w2w3-22z3wlw2

14590 D4=22z3wlw2*Mw(Jf, 3)

14600 S1=Z1z2w2w3*Mw(Jf, 1)

14610 PRINT "D4=";D4;"; S1=";S1

14620 D4=D4-S1

14630 A_par(Jf)=A4/D4

14640 B_par(Jf)=B4/D4

14650 C_par(Jf)=C4/D4

14660 PRINT "a=";A par(Jf);"; b=";B_par(Jf);"; c=";C_par(Jf)

14670 SUBEND ! Abc_anharm »

Reference is NBS Tech Note 623 by R.W. Beatty.

INPUT ARGUMENT DEFINITIONS:

- s sen e sep s sem

Jf is the index of the frequency Meas_freq(Jf) (MHz) under consideration

14680 !

14690 !

14700 Bilinear:DEF FNBilinear (COMPLEX A,B,GC,Mw)

14710 ! Function to compute the surface impedance Tsz from the measured valu
e Mw and

14720 ! the a,b,c parameters.

14730 ! The model used is Tsz=(a*Mw+b)/(c*Mw+l) where Tsz is the True value
14740 ! of complex variable Z and Mw is the Measured value of complex
14750 ! variable W(i).

14760 !

14770 ' INPUT ARGUMENT DEFINITIONS:

14780 !

14790 !} A,B,C are the complex a,b,c parameters, in rectangular form, as

14800 ! defined in the model above.

14810 ! Mw is the complex measured value in rectangular form.

14820 !

14830 RETURN (A*Mw+B)/(C*Mw+l)

14840 FNEND ! Bilinear

14850 !

14860 !

14870 Stp_cap_wk:DEF FNStp_cap_wk(Bb,Sa,Radius)

14880 ! Function to compute the capacitance at the junction (at Radius inches)
14890 | of two radial line waveguides which have heights of Bb and Sb,

14900 ! respectively. See eqn 39c on p 431 of Electromagnetic Theory for



14910
14920
14930
14940
14950
14960
14970
14980
14990
15000
L5010
15020
L5030
15040
15050
15060
L5070
15080
15090
15100
15110
15120
15130
15140
15150
15160
15170
15180
15190
15200
15210
15220
_z)

15230
15240
15250
15260
15270
15280
15290
15300
15310
15320
15330
15340
15350
15360
15370
15380
15390
01)

15400
15410
15420
15430
15440
15450
15460
15470
15480

159
Engineering Application by Weeks.
INPUT ARGUMENT DEFINITIONS:
Bb is the height of the tall waveguide in inches.

Sa is the height of the small waveguide in inches.
Radius is the radius of the junction in inches.

B s tem team cem s sam o

RAD
Piaob=PI*Sa/Bb
E0=8.8542E-12! farads per meter
Twocpm=0
N=1
Rel_change=10
REPEAT ! until Rel_change <1E-6
Npiaob=N*Piaob
Kernel=SIN(Npiaob)/Npiaob
Twocpm=Twocpm+Kernel *Kernel /N
IF N>1 THEN
Rel_change=(Twocpm-Last_twocpm)/Last_twocpm
END IF
Last_twocpm=Twocpm
DISP "N=";N
N=N+1
UNTIL Rel change<l.E-6
Cpm=(Twocpm/2)*(2*E0Q/PI)
Delt_c_tot=Radius*.0254*Cpm
RETURN Delt_c_tot
FNEND ! Stp_cap_wk
!
{
Salis_1d_z:SUB Salis_ld_z(Jf,Com_dim,Mod_def_ dim, COMPLEX T salis_z,S_salis

ARGUMENT DEFINITIONS:

Jf (input argument) is the index of the frequency for which the total &
surface impedances of the Salisbury load is desired.
Com _dim (input argument) is set to 1 if radial line dimensions specified
in COM are to be used; otherwise, it is set to O.
Mod_def dim (input argument) is set to 1 if default dimensions specified
in code are to be modified; otherwise, it is set to O.

T_salis_z (output argument) is the total complex impedance presented by
the Salisbury load at the Jf'th frequency.

S_salis_z (output argument) is the surface complex impedance presented
by the Salisbury load at the Jf’'th frequency.

b s twm sam S sam eh st twP sam B cem um  swm

OPTION BASE 1
DIM ZOs_i_salis(lOl),ZOs_o_salis(lOl)
DIM Theta_o_salis(lOl),Theta_i_salis(lOl),Psi_i_salis(lOl),Psi_o_salis(l

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Short_dims/ Radb,Heighta,Rad9,Height9,Rad15,Height15

COM /Salis/ O_rad_salis,I_rad_salis,Hite_salis,Topdisk_thk,Botdisk_thk
COM /Salis2/ Rs_film

COMPLEX Czero,Tsz_sal_offshrt,Tys,C_hite_ratio,C_one,Yos,Yfilm,Ycap
DIM O_rad_salis$[6],I_rad_salis$[6],Hite_salis$[6],Topdisk_thkS[G]

DIM Botdisk_thk$[6],Rs_film$[9]

Czero=CMPLX(0,0)

C_oue=CMPLX(1,0)
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15490 PRINT "~ *

15500 IF
15510

15520
15530
15540
15550
15560
15570
15580
15590
15600
15510

15620
15630
15640
15650
15660
15670
15680
15690
15700
15710
15720
15730
15740
15750
15760
15770
15780
15790
15800
1581¢C
15820
15830
s l';
15840
15850
15860
15870
15880
15890
15900
15910
15920
15930
d is *;
15940
15950
15960
15970
15980
15990
16000
16010
16020
16030

Jf=1 AND Com dim=0 AND Mod_def_dim=1 THEN
PRINT "Default outer RADIUS (inches) of the Salisbury screen load is "

PRINT O_rad_salis
PRINT "Enter new value or press ENTER to accept default value. ",
BEEP
LINPUT O_rad_salis$
IF LEN(O_rad_salis$)<>0 THEN
ENTER O rad_salis$;O_rad_salis
END IF
PRINT O_rad_salis
PRINT " "
PRINT "Default inner RADIUS (inches) of the Salisbury screen load is "

PRINT I_rad_salis
PRINT "Enter new value or press ENTER to accept default value. ",
BEEP
LINPUT I_rad_salis$
IF LEN(I_rad_salis$)<>0 THEN
ENTER I_rad_salis$;I_rad_salis
END IF
PRINT I_rad_salis
PRINT " *
PRINT "I_rad_salis - Rad4 = ";I_rad_salis-Rad4
PRINT " "
PRINT "Default HEIGHT (inches) of the Salisbury screen load is ";
PRINT Hite_salis
PRINT "Enter new value or press ENTER to accept default value. ;
BEEP
LINPUT Hite_salis$
IF LEN(Hitec_salis$)<>0 THEN
ENTER Hite_salis$;Hite_salis
END IF
PRINT Hite_salis
PRINT " *
PRINT "Default thickness (in.) of TOP central disc of Salisbury load i

PRINT Topdisk_thk
PRINT "Enter new value or press ENTER to accept default value. ",
BEEP
LINPUT Topdisk_thk$
IF LEN(Topdisk_thk$)<>0 THEN
ENTER Topdisk_thk$;Topdisk_thk
END IF
PRINT Topdisk_thk
PRINT " "
PRINT "Default thickness (in.) of BOTTOM central disc of Salisbury loa

PRINT Botdisk_thk
PRINT "Enter new value or press ENTER to accept default value. "
BEEP
LINPUT Botdisk_thk$
IF LEN(Botdisk thk$)<>0G THEN
ENTER Botdisk_thk$;Botdisk_thk
END IF
PRINT Botdisk_thk
PRINT "o
PRINT "Default surface resistivity of space cloth is ";Rs_film;" ohms

per square.”



16040
16050
16060
16070
16080
16090
16100
16110
16120

PRINT "Enter new value or press ENTER to accept default value. "
BEEP
LINPUT Rs_film$
IF LEN(Rs_film$)<>0 THEN
ENTER Rs_film$;Rs_film
END IF
PRINT Rs_film
END IF
CALL Radial_line(Meas_freq(Jf),0_rad salis,Hite_salis,Z0s_o_salis(Jf),Th

eta_o_salis(Jf),Psi_o_salis(Jf))

16130

.

16140 ! PRINT Meas_freq(Jf),0 rad_salis,Hite_salis,Z0s_o_salis(jf),Theta_o_salis
(JE),Psi_o_salis(Jf)

16150
16160

CALL Radial_line(Meas_freq(Jf),I_rad_salis,Hite_salis,Z0s_i_salis(Jf),Th

eta_i_salis(Jf),Psi_i_salis(Jf))

16170

!

16180 ¢ PRINT Meas_freq(Jf),I_rad_salis,Hite_salis,20s_i_salis( jf),Theta_i_salis
(Jf),Psi_i_salis(Jf)

16190

[
H

16200 ! Compute Surface Salisbury impedance -

16210
16220

Film_hite=Hite_salis-(Topdisk_thk+Botdisk_thk)
Tsz_sal_offshrt=FNZi(20s_i_salis(Jf),Theta_i_salis(Jf),Psi_i_salis(Jf),Z

Os_o_salis(Jf),?heta_p_salis(Jf),Psi~o_salis(Jf),Czero)

16230
16240
16250
16260
16270
16280
16290
16300
16310
16320
16330
16340
16350
16360
16370
16380
16390
16400
16410

1
C_hite_ratio=CMPLX(Film_hite/Hite_salis,0)
Total _cap=FNStep_cap_w(Hite_salis,Film hite,I_rad_salis)
Cap_per_square=Total cap*Film_hite/(2*PI*I_rad_salis)
Yos=C_hite_ratio/Tsz_sal_offshrt
Yfilm=CMPLX(1l./Rs_film,0)
Ycap=CMPLX (0, (2.E+6)*PI*Meas_freq(Jf)*Cap_per_square)
PRINT "Freq=";Meas_freq(Jf)
PRINT "Yos=";Yos;"; Yfilm=";Yfilm;"; Ycap=";Ycap
Tys=Yos+Yfilm+Ycap
S_salis_z=C_one/Tys

1 :

! Compute Total Salisbury impedance from Surface Salisbury impedance.
T salis_z=S_salis_z*Film_hite/(2*¥PI*I_rad salis)

1

SUBEND ! Salis_1d_z

1

!

Step cap_w:DEF FNStep_cap_w(Bh,Sh,Radius)

16420 !

16430

16440 !
16450 !
16460 !

16470

16480 ¢
16490 !
16500 !
16510 !
16520 !

16530
16540
16550
16560
16570
16580

1
1
1
1
t
t
1
1
1
1

Function to compute the total step capacitance at the junction (at
Radius inches) of two radial line waveguides which have heights of Bh
and Sh, respectively). Reference is Schwartz-Christoffel transformation
by Larry Warne of 2753.

INPUT ARGUMENT DEFINITIONS:

Bh is the height of the tall waveguide in inches.
Sh is the height of the small waveguide in inches.
Radius is the radius (in inches) at which the Bh,Sh junction occurs.

Q=Sh/Bh

EO=8.8542E-12! Farads per meter
Delt_c_tot=(1+Q)*(14+Q)*L0G(1+Q)/Q-(1-Q)*(1-Q)*LOG(1-Q)/Q
Delt_c_tot=Radius*.0254*EO*(Delt_c_tot-2*LOG(2)-2*¥LOG(2*Q))
RETURN Delt_c_tot

FNEND ! FNStep_cap_w
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16590 !
16600 !

16610 ! ®FhkhkhkhhhdhhhAhrkAAAARARL A AAEEAXLXXXXA TR R LA TR A AR AR h Tk hdhhdhhkdkhddhkhkdtt

16620 Type_abc_rept:SUB Type_abc_rept
R IR R R R R T La s st s s e e T

16640 !
16650 ! Subprogram for printing out abc measurement results
16660 !
16670 !ARGUMENT DEFINITIONS:
16680 !
16690 OPTION BASE 1
16700 COM Misc/ In$[25],@Nwa,@wa_datal ,@Nwa_data?2
16710 COM /Freq/ Meas_freq(*),INTEGER To_no_mf
16720 COM /Abc_freq/ Abc_file_ freq(*),INTEGER To_no_abc_f, Indx_abc(*)
16730 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz (%)
16740 GCOM /Abc/ COMPLEX A _par(101),B par(101),C_par(101)
16750 COM /Vana/ INTEGER If avg factor,If band_width
16760 COM /Sysid/ Serial_8753$[10],Model_ts$[5],Serial_ts$[10]
16770 COM /Ctorl/ Ser_ctorlt$[12],Prop_ctorlt${8],0wn_ctorlt$[15]
16780 COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
16790 COM /Progid/ Version_date$[18],Prog_name$[10]
16800 INTEGER J,Ret_flag,Initial
16810 CLEAR SCREEN
16820 PRINT "Printing Data Sheet ...."
16830 PRINT " "
16840 Form_feed$=CHR$(12)
16850 !
16860 PRINTER IS Jet
16870 FOR I=1 TO No_copies
16880 PRINT Form_feed$
16890 PRINT TAB(33);"DATA SHEET"
16900 PRINT " "
16910 PRINT ""
16920 PRINT ""
16930 PRINT USING "28A,12A";"C/RL transition Ser Number: ";Ser_ ctorlt$
16940 PRINT *"*
16950 PRINT USING "17A,8A,20X,7A,15A";"Property Number: ";Prop_ctorlt$;"Owne
r: ";Own_ctorlt$
16960 PRINT " "
16970 PRINT USING "10A,11A 23X,9A,11A";"Measured: ", DATES$(TIMEDATE)
16980 PRINT " "
16990 PRINT " "
17000 PRINT " "
17010 PRINT "Measured abc parameters of transformation Zs = (a*Zm + b)/(c*Zm
+ 1) are:"
17020 PRINT " "
17030 PRINT "Frequency a b
C"
17040 PRINT " "
17050 FOR Jf=1 TO To_no_mf
17060 PRINT USING Fmtl;Meas_freq(Jf),A_par{Jf),B_par(Jf),C_par(Jf)
17070 Fmtl: IMAGE 5D.2D,3(2X,M.DDDDESZZ,1X,M.DDDDE3ZZ)
17080 NEXT Jf
17090 NEXT I
17100 ! PRINT Form_feed$
17110 PRINTER IS CRT
17120  PRINT " "
17130 ! Store Measurement Results in file Data_file_name$ on SUPport disc
17140 ! in drive 0.
17150 Ids="Y"



17160
17170
17180
17190
17200
17210
17220
17230
17240
17250
17260
17270
17280
17290
17300
17310
17320
or N)
17330
17340
17350
17360

163

First_3let$="ABC"
CALL Sup_fil_id(New_file$,Data_file name$,First_3let$,I1d$)
IF New_file$~"N" THEN PURGE Data_file_name$&":,1500,0"
File_size=1+34To_no_mf+1
PRINT "Storing data on disc..."
CREATE BDAT Data_file_name$&":,1500,0",File_size, 88
ASSIGN @Path_3 TO Data_file name$&":,1500,0"
OUTPUT @Path_3;To_no_mf,Meas_option
OUTPUT @Path_3;Ser_ctorlt$,Prop_ctorlt$
OUTPUT @Path_3;0wn_ctorlt$, TIMEDATE
FOR J=1 TO To_no_mf
OUTPUT @Path_3;Meas_freq(J),A par(J),B_par(J),C_par(J)
Indx_abc(J)=J
NEXT J
ASSIGN @Path_3 TO *
PRINT " "
PRINT "Do you wish to record the abc parameters on a DOS format disc? (Y
INPUT Yorn$
Yorn$=UPCS$(Yorn$)
PRINT Yorn$
IF Yorn$="Y" THEN CALL Abc_dos_dat_fil

17370 A:SUBEND ! Type_abc_rept

17380
17390
17400
17410
17420
17430
17440
17450
17460
17470
17480
17490
17500
17510
17520
17530
17540
17550
17560
17570
17580
17590
17600
17610
17620
17630
17640

0 then

17650
17660
17670

17680 B:

17690
17700
17710
17720
17730

1 RAREE AR A A A AR AR A AL AR AR A T AL A AR XA AR ART AR AR AR AR AR A X AR TR R R h ok hkhdddkdk

Z_via_abc:SUB Z_via_abc

!
!
!
!

LEAD SUBPROGRAM FOR MEASURING TERMINATING IMPEDANCE OF A RADIAL LINE
TRANSITION VIA THE abc PARAMETER METHOD

OPTION BASE 1
COM /Misc/ In$[25],@Nwa,@Nwa_datal,@Nwa_data2
COM /Freq/ Meas_freq(*),INTEGER To_no_mf
COM /Abc_freq/ Abc_file_freq(*),INTEGER To_no_abc_f, K Indx_abc(*)
COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(¥*)
COM /Abc/ COMPLEX A_par(*),B_par(*),C_par(¥)
COM /Vana/ INTEGER If_avg factor,If band _width
COM /Short_dims/ Rad4,Height4,Rad9,Height9,Radl5,Heightl5
COM /Sysid/ Serial 8753$(10],Model _ts$[5],Serial ts$[10]
COM /Ctorl/ Ser_ctorlt$§[12],Prop_ctorlt${8],0wn_ctorlt$[15]
COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
COM /Progid/ Version_date${18],Prog_name$[10]
DIM Technique$[10]
COMPLEX 2t(101),Z_p_sq(101)
INTEGER I,J,K,L,M,N,Aborted
DEG
! DEFINE PARAMETERS OF CALIBRATION
CLEAR SCREEN
PRINT "Place Measurement Parameter SUPport disc (HP LIF format) in drive
press"”
PRINT "CONTINUE"
BEEP
PAUSE
CALL Acq_meas_p
IF To_no_abc_f>0 THEN
PRINT " "
PRINT "Enter C to utilize abc parameters stored in COM or"
PRINT "Enter D to utilize abc parameters stored in a Disc file. "
LINPUT Cord$
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17740
17750
17760
17770

PRINT Cord$
ELSE

Cord$="D"
END IF

17780 Ta:IF Cord$="d" OR Cord$="D" THEN

17790
17800

17810
17820
17830
17840
17850
17860
17870
17880
17890
17900
17910
17920
17930
17940 !
17950
17960
17970
17980
17990
18000
18010
18020

18030
18040
18050
18060
18070
18080
18090
18100
18110
18120
18130 !
18140

PRINT " "
{ Read abc values from file Data_file_name$ on SUPport disc in drive O

Id$="Y"
First_3let$="ABC"
CALL Sup_fil_id(New_file$,Data_file_name$,First_31et$,Id$)
PRINT "Reading data from disc...”
ASSIGN @Path 3 TO Data_file_name$&":,1500,0"
ENTER @Path_3;To_no_abc_f,Meas_option
ENTER @Path_3;Ser_ctor1t$,Prop_ctor1t$
ENTER @Path_3;Own_ctorltS,Meas_date_ctime
FOR J=1 TO To_no_abc_f
ENTER @Path_3;Abc~file_freq(J),A_par(J),B_par(J),C_par(J)
NEXT J
ASSIGN @Path_3 TO *! Close I/0 path
PRINT " "
Find indices of the abc values for the current set of measurement freqs
FOR J=1 TO To_no_mf
CALL Fmatch_abc_file(Meas_freq(J),Indx_abc(J),Aborted)
IF Aborted=1 THEN GOTO Ta
NEXT J
END IF
CLEAR SCREEN
IF Sim=0 THEN
PRINT "Do you want to re-process previous measurement data in Computer

PRINT "COM? (Y or N)"
BEEP
LINPUT In$
PRINT In$
IF In$="Y" OR In$="y" THEN GOTO o
END IF
IF Sim=0 THEN
! Acquire measurement data to measure Z-
CALL Acqdat_zmeas
ELSE
CALL Z_via_abc_sim
END IF

18150 C:FOR Jf=1 TO To_no_mf

18160

Z_p_sq(Jf)=FNBilinear(A_par(Indx_abc(Jf)),B_par(Indx_abc(Jf)),C_par(In

dx_abc(Jf)),Mw(Jf,l))

18170 !
18180
18190
18200
18210
18220

Compute total Zt(Jf) from Z_p_sq(Jf) where
Zt(Jf)nZ_p*sq(Jf)*Heightk/(Z*PI*RadA)

NEXT Jf

! OQutput the Results

Technique$="abc"

CALL Type_lod_z_rept(Techniques,Zt(*),Z_p_sq(*))

18230 D:SUBEND ! Z_via_abc

18240 !
18250
18260
18270

!

I

..........................

18280 Acqdat zmeas:SUB Acqdat_zmeas
18290 ! Subprogram directing the acquisition of data for measuring the impedance
18300 ! at the coaxiai input of a coax-to-radial-line-transition which is
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18310 ! loaded by a total impedance of Zt(Jf).

18320 !

18330 OPTION BASE 1

18340 COM /Misc/ In$[25],@Nwa,@Nwa_datal,@Nwa_ﬂataZ

18350 COM /Freq/ Meas_freq(*), INTEGER To_no_mf

18360 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(*)

18370 COM /Vana/ INTEGER If_avg factor,If_band width

18380 COM /Meas_param/ Tech_cons$[25],Jet,Sim,INTEGER No_copies,Meas_option
18390 INTEGER I,J,K,L,M,N

18400 DEG

18410 CLEAR SCREEN

18420 CALL Choose_cals

18430 CLEAR SCREEN

18440 REMOTE 7
18450  PRINT "
18460 PRINT " a. Connect the loaded coax-to-radial-line-transition to port
1 of the VANA."

18470 PRINT " b. Press CONTINUE when done."

18480 LOCAL 716

18490  BEEP

18500  PAUSE

18510 GOSUB Setup

18520 PRINT " "

18530 CLEAR SCREEN

18540 GOTO A

18550 Setup: ! Subroutine to acquire needed Impedance measurements
18560  PRINT " "
18570  PRINT " 8753 measurements in progress..."

18580  PRINT " *

18590 REMOTE 716

18600! OUTPUT 716;"Sll;POLA;SZl;POLA;SlZ;POLA;SZZ;POLA;"
18610 OUTPUT 716;"SMIC;"

18620 OUTPUT 716:"0OPC?;NUMG";If_avg_factor;";"

18630  ENTER 716;Reply

18640 CALL Acq_8753_dat(1,1)

18650 RETURN

18660 A:SUBEND! Acqdat_zmeas

18670 !

18680 !

18690 Fmatch_abc_file:SUB Fmatch_abc_file(F, INTEGER J_abc,Aborted)

18700 Sub to find the index of the frequency F in the array of abc values.
18710

18720 ! INPUT ARGUMENT DEFINITIONS:

18730

!
!
!
!
18740 ! F (input argument) is the frequency whose index is needed.
|
!
1
1

18750 ! J _abc (output argument) is the index of the frequency F in the

18760 array of abc values.

18770 ! Aborted = 1 indicates that the certification process has been aborted.
18780

18790 OPTION BASE 1

18800 COM /Freq/ Meas_freq(¥), INTEGER To_no_mf

18810 COM /Abc_freq/ Abc_file_freq(*), INTEGER To_no_abc_f, Indx_abc (%)
18820 !

18830  INTEGER I,J,K,L,M,N

18840  DEG

18850 FOR I=1 TO To_no_abc_f

18860 IF F=Abc_file_ freq(I) THEN
18870 J_abe=I

18880 GOTO A

18890 END IF
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18900
18910
e abc
18920
18930
18940
18950
18960
18970
18980
18990
19000
19010
19020
19030
19040
19050
19060
19070
19080
19090
19100
19110
19120
19130
19140
19150
19160
19170
19180
19190
19200
19210
19220
19230
19240
19250
19260
19270
19280

NEXT I
PRINT "abc values aren’t available at ";F;" MHz! Load new file or measur

values."

BEEP
Aborted=1

A:SUBEND !Fmatch_abc_file

!
!

Type_lod_z_rept:SUB Type_lod_z_rept(Technique$,COMPLEX Zt(*),Z_p_sq(*))

!
!
!
!
!
!
!
!
!
!
!
!

Subprogram for printing results of measuring load Z on a radial line.
INPUT ARGUMENT DEFINITIONS:

Technique$ is either "Williamson" or "abc"; it describes the technique
used to measure the load.
Zt(J) is the measured total complex impedance (in rectangular from) of
the load terminating a radial line at the Jth frequency.
Z p_sq(J) is the measured complex surface impedance (in rectangular form
in ohms per square) of the load terminating the radial line.

OPTION BASE 1

COM /Misc/ In$[25],@Nwa,@Nwa_datal ,@Nwa_data2

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Short_dims/ Rad4,Height4,Rad9,Height9,Rad15,Height15
COM /Ctorl/ Ser_ctor1t$[12],Prop_ctor1t$[8],0wn_ctor1t$[15]
COM /Meas_param/ Tech_cons${25],Jet, Sim, INTEGER No_copies,Meas_option
COM /Progid/ Version date$[18],Prog_name$[10]

COMPLEX Zt_z_rad(lOl),Z_p_sq_z~rad(101)

DIM Ztm(101),Zta(lOl),Z_p_sqm(lOl),Z_p_sqa(101),Descrip$[64]
INTEGER J,Ret_flag,Initial

Z_rad=Rad4

:CLEAR SCREEN

PRINT "Enter a description of the measured load in 64 characters or less

LINPUT Descrip$
PRINT " *
PRINT Descrip$

:PRINT " "

PRINT " "
PRINT "Enter serial number of the measured load or enter 0 to correct pr

ior entry.";

19290
19300
19310
19320
19330
19340
19350
19360
19370
19380
19390

INPUT Unk_sn

IF Unk_sn=0 THEN GOTO A

PRINT Unk_sn

PRINT * "

PRINT " "

PRINT "Enter 0 to correct prior entry or enter 1 to proceed."
INPUT Corp

IF Corp=0 THEN GOTO B

:PRINT " "

PRINT * *
PRINT "The impedance looking outward from a radius of ";Z rad;" inches w

ill be printed."

19400
19410
19420
19430
19440
19450

PRINT "If desired, enter a different radius or press ENTER to continue."
LINPUT Rad$
IF LEN(Rad$§)<>0 THEN

ENTER Rad$;Z_rad

PRINT Z _rad

PRINT " "



19460
19470
19480
19490
19500
19510
19520
19530
19540
19550
19560
19570
19580
19590
19600
19610
19620
19630
19640
19650
19660
19670
19680
19690
19700
19710
19720
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PRINT " "
PRINT "Enter O to correct prior entry or enter 1 to proceed."
INPUT Corp
IF Corp=0 THEN GOTO C
CALL Z_r_xform(Z_rad,Z_p_sq(*),Zt_z_rad(*),Z_p_sq_z_rad(*))
END IF
Form_feed$=CHR$(12)
1
PRINT "Printing Data Sheet ...."
PRINTER IS Jet
FOR I=1 TO No_copies
PRINT Form_feed$
PRINT TAB(33);"DATA SHEET"
PRI N'I‘ " "
PRINT " "
PRINT " "
PRINT "Item: ";Descrip$
PRINT ""
PRINT ""
PRINT "Item Serial Number: ";Unk_sn
PRINT ""
PRINT * *
PRINT USING "10A,11A,23X,9A,11A"; "Measured: ", DATES$(TIMEDATE)
PRINT " "
PRINT " "
PRINT " "
PRINT "Impedance at ";Z rad;" inch radius as measured by ";TRIM$(Techn

ique$);" technique:"

19730
19740
19750
19760
19770
19780
19790
19800
19810
19820
19830
19840
19850
19860
19870
19880
19890
£)

PRINT " "

PRINT "Frequency Zt Z psq"
PRINT * Mag. Ang. Mag . Ang."
PRINT " "

FOR Jf=1 TO To_no_mf

IF LEN(Rad$)=0 THEN
Ztm(Jf)=ABS(Zt(Jf))
Zta(Jf)=FNAng2(Zt(Jf))
Z_p_sqm(Jf)=ABS(Z_p_sq(Jf))
Z_p_sqa(Jf)=FNAng2(Z_p_sq(Jf))

ELSE
Ztm(Jf)=ABS(Zt_z_rad(Jf))
Zta(Jf)=FNAng2(Zt_z_rad(Jf))
Z_p_sqm(Jf)=ABS(Z_p_sq_z_rad(Jf))
Z_p_sqa(Jf)=FNAng2(Z_p_sq_z_rad(Jf))

END IF

PRINT USING Fatl;Meas_freq(Jf),Ztm(Jf),Zta(Jf),Z_p_sqm(Jf),Z_p_sqa(J

19900 Fmtl: IMAGE 1X,5b.DD,2(7X,DDDD.DD,1X,DDDD.DD)

19910
19920
19930
19940
19950
? (Y or
19960
19970
19980
19990

NEXT Jf
NEXT I
PRINTER IS CRT
PRINT " "
PRINT "Do you want to record these results on a 3 1/2 disc in DOS format
N)";
LINPUT In$
PRINT In$
IF In$="y" OR InS="Y" THEN
CALL Z_dos_dat_fil(DescripS,Unk_sn,Technique$,Z_rad,Ztm(*),Zta(*),Z_p_

sqm(*),Z_p_sqa(*))

20000
20010

END IF
PRINT " "
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20020 SUBEND ! Type_lod_z_rept

20030 !
20040 !

20050 | Fkkkkhdkkidkkkkhkdikiokikkddhdok ik dokdoddokdekdokkdokodokodekdetedk ko dokokdedek dodedokkodokodedek
20060 Z_dos_dat_fil:SUB Z_dos_dat_fil(Descrip$,Unk_sn,Technique$,Z_rad,Ztm(*),Zt

a(*),Z_p_sqm(*),Z_p_sqa(*)) _
20070 { *khdkhdkdhdkddkhhdidhkik ki dh ik hthdikdhidkk ik ik ik ki kikikikkdokkdkkdkkikkkk

20080 !
20090 !
20100 !
20110 !
20120 !¢
20130 !
20140 ¢
20150 !
20160 !
20170 !
20180 !
20190 !
20200 !
20210 !
20220 !
20230 !
20240 !
20250 !
20260 !
20270 !
20280 !
20290 !
20300

20310

20320 1
20330

20340

20350

20360

20370 !
20380

20390 !
20400

Subprogram Z_dos_dat_fil will write measured radial load impedance
(looking outward from the radial line input port cylinder)
results into an ASCII file on a DOS formatted disc.

INPUT ARGUMENT DEFINITIONS:

Descrip$ is a text description (<65 characters) of the measured radial

load.

Unk_sn is the numeric serial number of the measured radial load.

Technique$ identifies the technique - abc or Williamson - used to

measure the radial load.

Z_rad is the radius in inches at which the radial load surface impedance

is measured.

Ztm(Jf), Zta(Jf) are the magnitude and angle (degrees), respectively, of
the total impedance of the radial load at the Jf’th
frequency.

Z p_sqm(Jf), Z_p_sqa(Jf) are the magnitude and angle (degrees),

respectively, of the surface impedance
of the measured radial load at the Jf’th
frequency.

OPTION BASE 1
DEG

COM Misc/ In${25],@Nwa,@Nwa_datal ,@Nwa_data2

COM /Freq/ Meas_freq(*),INTEGER To_no_mf

COM /Ctorl/ Ser_ctorlt$[{12},Prop_ctorlt$(8],0uwn_ctorlt$(15]

COM /Meas_param/ Tech_cons$[25],Jet,Sim,INTEGER No_copies,Meas_option
DIM Meas_param5$({80],File_name$(18]

File_name$="ZDAT.DAT"

20410 St:PRINT " "

20420
20430
20440
20450
20460
20470
20480
on)"
20490
20500
20510
20520
20530 !
20540
20550
20560
20570
20580 !

PRINT " Insert a DOS formatted disc into drive A, then press CONTINUE."
BEEP

PAUSE

PRINT " "

MASS STORAGE IS ":DOS,A"

PRINT " "

PRINT " Enter the filename (<9 characters + optional 3 character extensi

PRINT " OR"

PRINT " Press ENTER to accept the default which is ";File_name$
BEEP

LINPUT In$

IF LEN(In$)<>0 THEN
ENTER In$;File_name$
PRINT File_name$

END IF
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20590 PRINT " *

20600 !

20610 ON ERROR GUTO Proceed

20620 !

20630 ASSIGN @Tape5 TO * ! If TAPES is open then close it.
20640 Proceed:N_hdr_recs=4 { 3 records for header + 1 extra

20650 OFF ERROR

20660 N_rec_per_freq=1 ! 1 records for each frequency

20670 N_;ecs_in_S-N_hdr_recs+N_rec_per_freq*fo_no_mf

20680 PRINT "Storing data on DOS disc..."”

20690 ON ERROR GOTO Message

20700 CREATE File name$&":DOS,A",N_recs_in_5

20710 UL1:ASSIGN @Tape> TO File_nane$&“:DOS,A";FORMAT ON

20720 OFF ERROR

20730 !

20740 OUTPUT Heas_patanSS USING Formatl;To_no_mf,".“,Meas_option," ! No. Freqgs
, Measurement option"

20750 Formatl:IMAGE X,DDD,A,X,DD,32A

20760 OUTPUT @Tape5;Meas_param5$

20770 !

20780 OUTPUT Meas_param5$ USING FormatZ;Unk_sn,",",DescripS,” ISN, Des"

20790 Format2:IMAGE X,DD,A,X,64A,9A

20800 OUTPUT @Tape5;Meas_param5$

20810 !

20820 OUTPUT Me::- param5$ USING Format3;TRIM$(Technique$),",",Z_rad,", ", TRIM$(
DATES (TIMEDATE))," ! Technique, Z_rad, Meas. date"

20830 Format3:IMAGE X,10A,A,X,DD.4D,s,X,11A,31A

20840 OUTPUT @Tape5;Meas_param5$

20850 !
20860 FOR J=1 TO To_no_mf
20870 OUTPUT Meas_param5$ USTMG Formath;Meas_freq(J),",“,Ztm(J),".",Zta(J),'

,",Z_p_sqm(J),",",Z_p“sqa(J),” ! Freq(MHz) Ztm Zta Zsm Zsa"
20880 Format4:IMAGE SD.2D,4(A,X,5D.2D),28A

20890 OUTPUT @Tape5;Meas_param5$
20900 NEXT J
20910 !

20920 ASSIGN @Tape5 TO *

20930 MASS STORAGE IS ":,1500,1"

20940  SUBEXIT

20950 Message:PRINT " "

20960  BEEP

20970 PRINT "Something is wrong! Check for WRONG disc, duplicate file name, et
c.”

20980  PRINT

20990 GOTO St

21000 RETURN

21010 !

21020 SUBEND ! Z_dos_dat_fil
21030 !

21040 !

.......................................................................

21050 !‘Kxxnxtnxxnunnx‘uunamanxa‘lnnnxnntnxn‘a‘x‘anKxnxuxuxxxnxunxt&utunxnlnxnunutnx

21060 Ang2:DEF FNAng2(COMPLEX Z)
21070 !*****************i*i;ii;kinii£i£iiiikiaiiaiAAi%kii;iii&&Aiiiiiik*iiiikki

21080 ! '

21090 ! Function to etermine the angle in degrees of the complex input
21100 ! argument Z which is given in rectangular form.

21110 !

21120 DEG

21130  X=REAL(Z)
21140  ¥=IMAG(Z)

[ 1 I . i . . o
) Ny ' ] Co " TR [ no o ' [N
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21150 IF X<>0 THEN

21160 Ang=ATN(Y/X)

21170 IF X<0 THEN Ang=Ang+180

21180 ELSE

21190 IF Y0 THEN

21200 Ang=90%Y/ABS(Y)

21210 ELSE

21220 Ang=0

21230 END IF

21240 END IF

21250 RETURN Ang

21260 FNEND ! Ang2

21270 !

21280 !

21290 Z_via_will:SUB Z_via_will

21300 !

21310 ! SUB to compute the surface and total impedance at a radial line port

21320 ! from the measured impedance, Mw(Jf), at the coax line/radial line

21330 ! interface at the Jf’th frequency. Reference is:

21340 ! A.G. Williamson, "Radial-line/coaxial-line junctions: analysis and

21350 ! equivalent circuits", INT. J. ELECTRONICS, 1985, VOL. 58, NO.1l, 91-104

21360 !

21370 OPTION BASE 1

21380 COM /Freq/ Meas_freq(*),INTEGER To_no_mf

21390 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(¥*),Tsz(%*)

21400 COM /Short_dims/ Rad4,Height4,Rad9,Height9,Radl5,Heightl5

21410 DIM R(101),Q(101),Meas_param5$[80],Technique${10]

21420 COMPLEX Zt(101),Z_p_sq(1l0l)

21430 INTEGER Siz

21440  DEG

21450 Sim=0

21460  CLEAR SCREEN

21470 IF Sim=0 THEN

21480 PRINT "Do you want to re-process previous measurement data in Computer

21490 PRINT "COM? (Y or N)"

21500 BEEP

21510 LINPUT In$

21520 PRINT In$§

21530 IF In$="Y" OR In$="y" THEN GOTO C

21540 END IF

21550 ! DEFINE PARAMETERS OF CALIBRATION

21560  PRINT " "

21570  CLEAR SCREEN

21580 PRINT "Place Measurement Parameter SUPport disc (HP LIF format) in drive
0 then press”

21590  PRINT "CONTINUE"

21600  BEEP

21610 PAUSE

21620 B:CALL Acq_meas_p

21630 PRINT " "

21640 CLEAR SCREEN

21650 IF Rad4>0 THEN

21660 PRINT "Enter 1 to retain current hardware dimensions and values stored
in COM"

21670 PRINT " OR"

21680 PRINT "Enter O to work from default hardware dimensions and values in

code. ;

21690 BEEP

21700

INPUT Com_dim



21710
21720
21730
21740
21750
21760
21770
21780
e;"

21790
21800
21810
21820
21830
21840
21850
21860
21870
21880
21890
21900
21910
21920
21930
21940
21950
21960
21970
21980
21990
22000
22010
22020
22030
22040
22050
22060
22070
22080
22090
22100
22110
22120
22130
22140
22150
22160
22170
22180
22190

22200 !

22210
22220
22230
22240
22250
22260
22270
22280
22290

!
!
!
§
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PRINT Com dim
ELSE
Com_dim=0
END IF
IF Com_dim=0 THEN
PRINT * "
PRINT " "
PRINT "Enter 1 to MODIFY default hardware dimensions and values in cod

PRINT " OR"
PRINT "Enter O otherwise.";
BEEP
PRINT " "
INPUT Mod_def_dim
PRINT Mod_def_dim
IF Mod_ def dim-l THEN
PRINT "Default RADIUS of the 4 Inch Radius Load in inches is"
PRINT Radé
PRINT "Enter new value or press ENTER to accept default value.";
BEEP
LINPUT Rad4$
IF LEN(Rad4$)<>0 THEN
ENTER Rad4$;Rad4
PRINT Radé4
END IF
PRINT " "
PRINT " "
PRINT "Default HEIGHT (inches) of the 4 Inch Radius Load is";
PRINT Heighté
PRINT "Enter new value or press ENTER to accept default value.
BEEP
LINPUT Height4$
IF LEN(Height4$)<>0 THEN
ENTER Height4$;Heighté
PRINT Height4
END IF
END IF
END IF
IF Sim=0 THEN :
! Acquire measurement data to measure z
CALL Acqdat_zmeas
ELSE
CALL Z via_wil_sim
END IF

Specify co-ax dimensions for Williamson:

:Two_a=.1197 ! ODIC of 7mm line in inches

Two_b=.2756! IDOC of 7mm line in inches

PRINT " Insert a DOS formatted disc into drive A, then press CONTINUE."
BEEP
PAUSE

E1:CLEAR SCREEN

PRINT " Make NO keyboard entries until you are returned to HP BASIC!"
PRINT " "

PRINT " Sit back and relax!”

ON ERROR GOTO Proceedl

ASSIGN @Di TO * t If Di is open then close it.

PURGE "\BLP\DOSIN.DAT:DOS,C"

OFF ERROR
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22300

22310 Proceedl:Siz=To_no_mf+2

22320
22330
22340
22350
22360
22370
22380
22390
22400
22410
22420
22430

CREATE ”\BLP\DOSYN.DAT:DOS,C“,Siz! Create file for DOS app to read
ASSIGN @i TO "\BLP\DOSIN.DAT:DOS,C";FORMAT ON

Fill DOS file for DOS application to read -
OUTPUT Meas_param5$ USING Formatl;To_no_mf

Formatl:IMAGE DDD, #

OUTPUT @Di ;Meas_param5$
OUTPUT Meas_param5$ USING Format2;Two_a,",",Two_b,",",Rad4,", " Heighté

Format2:IMAGE DD.5D,3(A,X,DD.5D),#

OUTPUT @Di ;Meas_param5$
FOR Jf=1 TO To_no_mf
OUTPUT Meas_param5$ USING Format3;Meas_frec¢(Jf),"," ,REAL(Mw(Jf,1)),","

, IMAG(Mw(JEf ,1))
22440 Format3:IMAGE 5D.6D,2(A,X,6D.3D),#

22450
22460
22470
22480
22490
22500
22510
22520
22530
22540

read
22550
22560
22570
22580
22590
22600
22610
22620
22630
22640
22650
22660
22670
22680
22690
22700
22710
22720
22730
22740
22750
22760
22770
22780
22790
22800
22810
22820
22830
22840
22850
22860
22870

OUTPUT @Di ;Meas_param5$
NEXT Jf
ASSIGN @i TO *

ON ERROR GOTO Proceed?

ASSIGN @o TC * ! If Do is open then close it.
PURGE "\BLP\DOSOUT.DAT:DOS,C"
OFF ERROR

Proceed2:CREATE "\BLP\DOSOUT.DAT:DOS,C",To_no_mf! Create file for BASIC to

X~FNBlp lock(0) ! Lock DOS to accept input from BLP only

CLEAR SCREEN

OUTPUT 19; "BACKGROUND"! Put RLMS_*# in background mode
WAIT 3

Blp_send(0," ") ! Press any key to run DOSSHELL

WAIT 1

Blp_send key(0,92) ! Send SHIFT F9 to DOS to invoke DOS command line.
WAIT 3 :
! See page B-3 of HP's "Integrating HP BASIC with
! MS-DOS Applications”.
Blp_send(0,"C:\DOS\SEQ.BAT"&CHR$(13)) ! Send request to DOS command line
! to execute BATCH file SEQ.BAT
Blp_enable(0) ! Enable BLP to receive information from DOS

Tread water until BLP returns to foreground

Az:I=-FNBlp_ background

IF I=~1 THEN GOTO Az

Read surface impedance results produced by WILL
ASSIGN @Do TO "\BLP\DOSOUT.DAT:DOS,C";FORMAT ON

PRINT "Surface Impedances in Rectangular Form:"

PRINT * "

FOR Jf=1 TO To_no_mf v
ENTER @Do;Meas_freq(Jf) ,R(Jf),Q(Jf)
Z_p_sq(Jf)=CMPLX(R(Jf),Q(Jf))

PRINT Meas freq(Jf),R(Jf),Q(Jf)
Compute total impedances
Rad4=C_radius
Height4=H height

Ze{Jf)-2_p_sq{Jf)*Height4 /(2%PT*Rad4)

NEXT Jf

WAIT 2



22880
22890
22900
22910
22920
22930
22940
22950
22960
22970
22980
22990
23000
23010
23020
23030
23040
23050
23060
23070
23080
23090
23100
23110
23120
23130
23140
23150
23160
23170
23180
23190
23200
23210
23220
23230
23240
23250
23260
23270
23280
23290
on)"

23300
23310
23320
23330
23340
23350
23360
23370
23380
23390
23400
23410
23420
23430
23440
23450
23460
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! Output the Results
Technique$="Williamson"
CALL Type_lod_z_rept(Technique$§,2t(*),Z p_sq(*))
SUBEND ! Z_via_will
{
§
1 Fekdededoddkdokhdkdrdrkdokok kA kdekdrde ke debedododededododokodedelededelotetelelodolololedododolodolelelokkdok dokodokoded dotokek
Abc_dos_dat_fil:SUB Abc_dos_dat_fil
1 ekt dod ke dededode e de ke dedek dedokdeded ke dedededebek dededededededeloldedededokedodededolededolokodokodokodokododokok ok
!
! SUBprogram Abc_dos_dat_fil will write abc measurement results into an
! ASCII file on a DOS formatted disc.
!
OPTION BASE 1
DEG
!
Gc:COM Misc/ In$[25],@Nwa,@Nwa_datal ,@wa_data2
COM /Freq/ Meas_freq(*),INTEGER To_no_mf
COM /Abc_freq/ Abc_file_freq(*),INTEGER To_no_abc_f, Indx_abc(*)
COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(¥%)
COM /Abc/ COMPLEX A_par(*),B_par(*),C_par(*)
COM /Stds/ Std_name$(*) ,Nom_std_radius(¥)
COM /Short_dims/ Rad4,Height4,Rad9,Height9,Radl5,Heightl5
COM /Salis/ O _rad_salis,I_rad_salis,Hite_salis,Topdisk_thk,Botdisk_thk
COM /Salis2/ Rs_film
COM /Vana/ INTEGER If_avg_factor,If_band width
COM /Sysid/ Serial_8753$[10],Model_ts${5],Serial_ts$[10]
COM /Ctorl/ Ser_ctorlt$[12],Prop_ctorlt$[8],0wn_ctorlt${15]
COM /Meas_param/ Tech _cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
COM /Progid/ Version_date$[18],Prog name$[10]
COM /Rad4_p/ Z0s4(*),Thetas4(*),Psid(*)
DIM Meas_param5${80],File_name$[18]
1
File_name$="ABCP.DAT"
St:PRINT " "

PRINT * Insert a DOS formatted disc into drive A, then press CONTINUE."
BEEP
PAUSE
PRINT " "
MASS STORAGE IS ":DOS,A"
PRINT " "
PRINT " Enter the filename (<9 characters + optional 3 character extensi
PRINT " OR"
PRINT " Press ENTER to accept the default which is ";File_name$
BEEP
LINPUT In$
!
IF LEN(In$)<>0 THEN
ENTER In$;File_name$
PRINT File_name$
END IF
!
PRINT " "
!
ON ERROR GOTQ Proceed
!
ASSIGN @Tape5 TO * ! If TAPES5 is open then close it.
Proceed:N_hdr_recs=4 ! 3 records for header + 1 extra
OFF ERROR
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23470 N_rec_per_freq=l ! 1 records for each frequency

23480 N_recs_in_S-N_hdr_recs+N_rec_per_freq*To_no_mf

23490 PRINT "Storing data on DOS disc..."

23500 ON ERROR GOTO Message

23510 CREATE File_name$&":DOS,A",N_recs_in_5

23520 U2:ASSIGN @Tape5 TO File_name$&" :DOS,A" ;FORMAT ON

23530 OFF ERROR

23540 !

23550 OUTPUT Meas_param5$ USING Formatl;To_no_mf,",",Meas_option;" ! No. Freqs
, Measurement option"

23560 Formatl:IMAGE X,DDD,A,X,DD,32A

23570 OUTPUT @Tape5;Meas_param5$

23580 !

23590 OUTPUT Meas_param5$ USING FormatZ;Ser_ctorlt$,",",Prop_ctorlts,“ ! SN, P
rop No."

23600 Format2:IMAGE X,12A,A,X,8A,15A

23610 OUTPUT @Tape5;Meas_param5$

23620 !

23630 OUTPUT Meas_param5$ USING Format3;0wn_ctor1t$,",",DATE$(TIMEDATE)," ! Ow
ner, Meas. date"

23640 Format3:IMAGE X,15A,A,X,11A,21A

23650 OUTPUT @Tape5;Meas_param5$

23660 !

23670 FOR J=1 TO To_no_mf

23680 Ra=REAL(A_par(J))

23690 Qa=~IMAG(A_par(J))

23700 Rb=REAL(B_par(J))

23710 Qb=IMAG(B_par(J))

23720 Rc=REAL(C_par(J))

23730 Qc=IMAG(C_par(J))

23740 OUTPUT Meas_paramb5$ USING Formata;Meas_freq(J),",",Ra,“,",Qa,",",Rb,“,

"!Qbsﬂyvacsninch

23750 Formaté:IMAGE 5D.D,6(A,M.4DESZZ)

23760 OUTPUT @Tape5;Meas_param5$

23770 NEXT J

23780 OUTPUT Meas_param5$;" Freq REAL(a) IMAG(a) REAL(b) IMAG(b)
REAL(c) IMAG(c)"

23790 OUTPUT @Tape5;Meas_param5$

23800 !

23810 ASSIGN @Tape5 TO *

23820 MASS STORAGE IS “:,1500,1"

23830 SUBEXIT

23840 Message:PRINT " "

23850 BEEP

23860 PRINT "Something is wrong! Check for WRONG disc, duplicate file name, et

c."

23870 PRINT

23880 GOTO St

23890 RETURN

23900 SUBEND ! Abc_dos_dat_fil

23910 !

23920 !

.......................................................................

"
23930 !xu‘hunuaxxnnnxhuai\unxJ\XKRNKKKXKhatnblsxxxxanxxxxxxnawtnnnnunx‘uhanxthnnux

23940 Raw_z_dos_dat:SUB Raw_z_dos_dat (INTEGER K)

23960 !

23970 ! Subprogram Raw_z_dos_dat will write raw impedance measurements into an

23980 ! ASCII file on a DOS formatted disc. The impedance values are at the
!
!

23990 ! plane defined by the intertace between the coaxial line and the radial
24000 ! transmission line.

meL
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24010
24020 ! INPUT ARGUMENT DEFINITION:
24030 ! K is the measurement number for which impedance measurements at all

24040 To_no_mf measurement frequencies will be recorded.
24050 !

24060 OPTION BASE 1

24070 DEG

24080 !

24090 Gc:COM /Misc/ In$[25],@Nwa,@Nwa_datal,@Nwa_data2

24100 COM /Freq/ Meas_freq(*),INTEGER To_no_mf

24110 COM /Abc_freq/ Abc_file_freq(*),INTEGER To_no_abc_f,Indx_abc(%*)

24120 COM /Rawdat/ Rz(*),Qz(*),COMPLEX Mw(*),Tsz(*)

24130 COM /Abc/ COMPLEX A_par(*),B_par(*),C_par(*)

24140 COM /Stds/ Std_name$(*),Nom_std_radius(*)

24150 COM /Short_dims/ Rad4,Height4 ,Rad9,Height9,Radl5,Heightl5

24160 COM /Salis/ O_rad_salis,I_rad_salis,Hite_salis,Topdisk_thk,Botdisk_ thk
24170 COM /Salis2/ Rs_film

24180 COM /Vana/ INTEGER If_ avg_factor,If_band_width

24190 COM /Sysid/ Serial_ 8753$[10],Model_ts$[5],Serial_ts$[10]

24200 COM /Ctorl/ Ser_ctorlt$[12],Prop_ctorlt$(8],0wn_ctorlt$[15]

24210 COM /Meas_param/ Tech_cons$[25],Jet,Sim, INTEGER No_copies,Meas_option
24220 COM /Progid/ Version_date${18],Prog_name$[10]

24230 COM /Rad4_p/ ZOs4(*),Thetad(*),Psib(*)

24240 DIM Meas param5$%$[80],File name${18]

24250 !

24260 File_nameS$="RAWZDAT.DAT"

24270 St:PRINT " *

24280 PRINT " Insert a DOS formatted disc into drive A, then press CONTINUE."
24290  BEEP

24300  PAUSE

24310 PRINT " "

24320 MASS STORAGE IS ":DOS,A"

24330 PRINT " "

24340 PRINT " Enter the filename (<9 characters + optional 3 character extensi
on)"

24350  PRINT " Gk"

24360  PRINT " Press ENTER to accept the default which is ";File_name$

24370  BEEP

24380  LINPUT In$

24390 !

24400  IF LEN(In$)<>0 THEN

24410 ENTER In$;File_name$

24420 PRINT File_name$

24430  END IF

24440 !

24450  PRINT " "

24460 ¢

24470 ON ERROR GOTO Proceed

24480 !

24490  ASSIGN @Tape5 TO * ! If TAPE5S is open then close it.
24500 Proceed:N_hdr_recs=4 ! 3 records for header + 1 extra
24510  OFF ERROR

24520 N_rec_per_freg=1 { 1 records for each frequency

24530 N_recs_in_5=N _hdr_recs+N _rec_per_freq*To no_ mf
24540  PRINT "Storing data on DOS disc..."

24550  ON ERROR GOTO Message

24560  CREATE File_name$&":DOS,A",N_recs_in 5

24570 U3:ASSIGN @Tape5 TO File_name$&" :DOS,A"; FORMAT ON
2458C  OFF ERRCR

24590 !
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24600 OUTPUT Meas_param5$ USING Formatl;To_no_mf,",",Meas_option;" t No. Freqgs
, Measurement option”

24610 Formatl:IMAGE X,DDD,A,X,DD,32A

24620 OUTPUT @TapeS;Heas_paramss

24630 !

24640  OUTPUT Meas_param5$ USING Format2;Ser_ctor1t$,“,“,Prop_ctorlts,' ! SN, P
rop No." '

24650 Format2:IMAGE X,12A,A,X,8A,15A

24660  OUTPUT @Tape5;Meas_param5$

24670 !

24680 OUTPUT Meas_paramSS USING Format3;0wn_ctor1t$,',",DATE$(TIMEDATE).' 1 Ow
ner, Meas. date”

24690 Format3:IMAGE X,15A,A,X,11A,21A

24700  OUTPUT @TapeS;Meas_paramss

24710 !
24720 FOR J=1 TO To_no_mf
24730 OUTPUT Meas_param5$ USING Formata;Meas“freq(J),“,",Rz(J,K,l),",“,Qz(J,

K,1)," ! Freq, REAL(Z), IMAG(Z)"
24740 Formatd:IMAGE 5D.D,2(A,X,9D.9D),25A

24750 OUTPUT @Tape5;Meas_param5$
24760  NEXT J
24770 !

24780  ASSIGN @Tape5 TO *

24790 MASS STORAGE IS ":,1500,1"

24800 SUBEXIT

24810 Message:PRINT " "

24820  BEEP

24830 PRINT "Something is wrong! Check for WRONG disc, duplicate file name, et
c."

24840 PRINT

24850  GOTO St

24860  RETURN

24870 SUBEND ! Raw_z_dos_dat

24880 !

24890 !

24900 Z_r_xform:SUB Z_r_xform(Z_rad,COMPLEX'Z_p_sq(*),Zc_z_rad(*),Z_pﬂsq_z_rad(*
))

24910 !'SUB Z_r_xform transforms a surface impedance Z_p_sq(Jf) at radius

24920 ! Rad4 to the corresponding surface impedance Z_p_sq_z_rad(Jf) at
24930 ! radius Z_rad where Z_rad is near Rad4. It then computes the
24940 ! corresponding total impedance Zt_z_rad(Jf) at radius Z_rad.
24950 !

24960 ! Reference is the inversion of eqn (16) in the light of eqn (18) on
24970 ! pages 456, 457 of RW&VD i.e. Z1 & Zi are negatives of RW&VD terms.
24980 !

24990 ! INPUT ARGUMENT DEFINITIONS:

25000 !

25010 ! Z _rad is the radius in inches at which the input surface impedance
25020 ! (looking outward) is desired.

25030 ! Z_p_sq(Jf) is the surface impedance (at the Jf’th frequency) seen
25040 ¢ looking outward from radius Rad4 inches.

25050 !

~5060 !OUTPUT ARGUMENT DEFINITIONS:

25070 !

25080 ! Zt_z_rad(Jf) is the total impedance (at the Jf'th frequency) seen
25090 ! looking outward from radius Z_rad inches.

25100 ! Z_p_sq_z_rad(Jf) is the surface impedance (at the Jf'th frequency)
25110 ! seen looking outward from radius Z_rad inches.
25120 ¢

25130 OPTION BASE 1



25140
25150
25160
25170
25180
25190
25200
25210
25220
25230
25240
£))

25250

25260
25270
25280
25290
25300
25310
25320
25330
25340
25350
25360
25370
25380
25390
25400
25410
25420
25430
25440
25450
25460
25470
25480
25490
25500
25510
25520
25530
25540
25550
25560
25570
25580
25590
25600
25610
25620
25630
25640
25650
25660
25670
25680
25690
25700
25710!
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COM /Misc/ In$[25],@Nwa.@Nwa_datal,@Nwa_ﬂataZ
COM /Freq/ Meas_freq(¥),INTEGER To_no_uf

COM /Short_dims/ Rad4 ,Height4,Rad9,Height9

,Radl5,Heightl5

COM /Radé4_p/ 2084 (%), Thetab (*) ,Psi4(¥*)

COMPLEX Czero,Numer,Denom

DIM Z0s_z_rad(101),Theta_z_rad(101),Psi_z_rad(101)

RAD

Czero=CMPLX(0,0)

!

FOR Jf=1 TO To no_mf

CALL Radial_line(ﬂeas_freq(Jf),Radh.Height&,ZOsh(Jf),Thetaa(Jf),Psia(J

CALL Radial_line(Meas_freq(Jf),Z_rad,Heighth,ZOs_;_;ad(Jf),Theta_z_rad
(J£),Psi_z_rad(Jf))

Ctp—COS(Thetah(Jf)-Psi_z_rad(Jf))

Stt-SIN(Thetah(Jf)-Theta_z_rad(Jf))

Cpt-COS(Psih(Jf)-Theta_z_rad(Jf))
Spp—SIN(Psi&(Jf)-Psi*z_rad(Jf))
Numer=Z_p_sq(Jf)*CMPLX(Cpt,

0)+CMPLX (0. ,Z0s4(Jf)*Stt)

Denom—CMPLX(ZOsh(Jf)*Ctp,0)+CMPLX(0.,1.)*Z_p_sq(Jf)*CMPLX(Spp,0)
-Z_p_sq_z_tad(Jf)-GMPLX(ZOs_z_rad(Jf),0)*Numer/Denom
Zt_z_rad(Jf)-Z_p_sq_z_rad(Jf)*Heighta/(2*PI*Z_rad)

NEXT Jf
SUBEND ! Z_r_xform
!
!
Dum_subl:SUB Dum_subl
! stub for a new SUB (because of CSUBs
SUBEND
1
!
Dum_sub2:SUB Dum_sub2
! stub for a new SUB (because of CSUBs
SUBEND
1
!
Dum_sub3:SUB Dum_sub3
! stub for a new SUB (because of CSUBs
SUBEND
'
!
Code 1list:SUB Code_list
! SUBprogram to list source code on an
! bottom margins.
! CLEAR SCREEN
PRINTER IS 9
Reset_default$-CHR$(27)&CHR$(69)

later)

later)

later)

HP Desk Jet with top, left and

! Desk Jet Escape Sequence to reset printer to default condition.

PRINT Reset_default$

Pitch_12$-CHR$(27)&CHR$(40)&CHR$(115)&CHR$(49)&CHR$(SO)&CHR$(72)

! Desk Jet Escape Sequence for pitch =
PRINT Pitch_12$

12 cpi.

Left~marg$uCHR$(27)&CHR$(38)&CHR$(97)&CHR$(49)&CHRS(SO)&CHR$(76)
! Desk Jet Escape Sequence for 1 inch left margin.

PRINT Left_marg$

Perf_skip_onS-CHR$(27)&CHR$(38)&CHRS(108)&CHR$(49)&CHR$(76)
! Desk Jet Escape Sequence for Perforation Skip on.

PRINT Perf skip_on$
PAUSE
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25720 Form_feed$=CHR$(12)

25730 PRINT Form_feed$

25740  PRINT Reset_default$

25750 PRINTER IS CRT

25760 PRINT " "

25770 PRINT "To l1ist another segment of code, press RUN and enter desired LIST
command . "

25780 PRINT * OR"

25790 PRINT "To return to normal program operation, you must edit line List by
”n

25800 PRINT "inserting an exclaimation point immediately after the colon."
25810 BEEP

25820 STOP

25830 SUBEND ! Code_list

25840 !

25850 ! CSUB's from HP Multi-Com software BLPLIB and ADVLIB libraries follow:
25860 ! ‘

25870 CDEF FNBlp_lock(INTEGER Blp,OPTIONAL Nowait,Ecode)

25880
25890
25900
25910

CSUB Blp_enable(INTEGER Blp,OPTIONAL Ecode)

CDEF FNBlp_background

CSUB Blp_send (INTEGER Blp,S$,0PTIONAL Ecode)

CSUB Blp_send_key(INTEGER Blp,Keycode,OPTIONAL Ecode)
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Listing AIX.2. The FORTRAN program will.for. This program implements the Williamson

an

(o ]

a0 aaoaaaoQaaaQo0QaoQaQaooQa0aooocoaoecoQooo0ao0Q0o00000Q00

alytical model of the junction. It is called as an executable from RLMS_ al.

PROGRAM will

Written by Terry E. Koontz
Sandia National Laboratories, SNLA
Division 2753, Electromagnetic Analysis Group
Albuquerque, NM 87185
(505) 844-~5688

Original: May 18, 1991
Revised: Wed 02-17-1993

Description:
Radial~-line/coaxial-line junction analysis.
Y =1/ Zin

This code is a special version of my MEMLKW1 code.
It was modified for Bob Moyer to use on an HP Vectra without a 387 chip.
It was compiled with Hicrosoft Fortran 5.1.

Based on the paper:
Radial-line/coaxial-line junctions:analysis and equivalent circuits
by A.G. Williamson
Int. J. Electronics, 1985, vol. 58, no. 1,91-104

Includes a correction calculation in subroutine jc.
Correction provided by Marvin Morris of SNILA.

NOTES:

It uses the following Slatec library files:
BESI BESJ BESK BESY ALNGAM ASYIK ASYJY BESKO BESK1 BESKNU BESYO
BESY1 BESYNU JAIRY BESIO BESI1 BESJ0 BESJ1l BESKOE BESK1E CSEVL
GAMMA INITS R9LGMC YAIRY GAMLIM BESIOE BESI1E
XERROR XERRWV XGETUA XERCTL XERABT XERSAV FDUMP XERPRT J4SAVE

Input data is read from dosin.dat.
Format:
number of fregs.
22 , 2b , ¢ , h
freql , Real(Zin) , Imag(Zin)
freqn , Real(Zin) , Imag(2in)
output data is written to dosout.dat and dosoutm.dat. A
Format: ;
Freql , Real(Zs) , Imag(Z2s)
Fregn , Real(Zs) , Imag(Zs)
NOTE: all freds. are in MHz.

output file abc.dat contains the bilinear transformation coefficients.
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cm——_-=—=1-
C
IMPLI
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

INTEG
INTEG

CIT NONE

a, b, ¢, h, r, pi, no, s, uo, e0

ka, kb, kc

joka(l), jokb(l), jokc(l), jokr(l), jlkc(1)
yOoka(l), yokb(1), yOkc(l), yOkr(l), ylkc(l)
kOgmka (1), kOgmkb(1l), kOgmkr(1l)

koka (1), kokc(1)

bl, b2, k, yO0, sum, gm, ym, kr

alpha0, alphal, fnuO, fnul

gmka, qmkb, gmkr

iogmka (1), iOgmkr(1), iOgqmkb(1)

ainch, binch, cinch, hinch, £

zinr, zini, 2zsr, zsi

ER inf, m, nz, kode, n
ER i, nf

COMPLEX ci

COMPLEX pl, p2, p3, p4, p5, p6, pP7, P8, P9
COMPLEX ylp, Yy

COMPLEX holka, hOlkb, hoOlkc, hlilkc

COMPLEX z, zs

COMPLEX biga, bigb, bigc, bigd

DATA
DATA
DATA

uo
el
no

o

inf =

OPEN
OPEN
OPEN
OPEN

READ
READ

ainch
binch

a
b
c
h

b

TQUo

o}
It

Cc

alpha
alpha

n =1

ci /(0.0, 1.0)/
pi /3.1415926535/
S /2.997925E+8/

4.0E-7 * pi
1.0 / (u0 * s * g)
sqrt(ud / e0)

10

(UNIT=1, FILE=’dosin.dat’)
(UNIT=2, FILE=’dosout.dat’)
(UNIT=3, FILE='’dosoutm.dat’)
(UNIT=4, FILE='abc.dat’)

(1, *) nf
(1, *) ainch, binch, cinch, hinch

= ainch / 2.0
= binch / 2.0

inch * 0.0254
inch * 0.0254
inch * 0.0254
inch * 0.0254

0
1

1]
= O
[oNe)



fnuo =
fnul =

DO 20

READ

0.0

1.0
i =1, nf

(1, *) £, zinr, zini
cmplx(zinr, zini)
conjg(z)
1.0 / 2z
f * 1.0E+6

2.0 *pi *x f /s

bl
* * *
Qo

CALL besij(ka, alphaO, n, joka, nz)
CALL besj (kb, alpha0, n, jOkb, nz)
CALL besj(kc, alphao, n, joOkc, nz)
CALL besj(kc, alphal, n, jlkc, nz)

CALL besy(ka, fnu0O, n, yoka)
CALL besy(kb, fnu0, n, yOkb)
CALL besy{kc, fnu0, n, yokc)
CALL besy(kc, fnul, n, ylkc)

=1

CALL besk(ka, fnuO, kode, n, kOka, nz)
CALL besk(kc, fnu0, kode, n, kOkc, nz)

holka = joka(l) + ci * yOka(l)

holkb = jOkb(1l) + ci * yOkb(1)

holkc = jOkc(1l) + ci * yOkc(1l)

hllkc = jlkc(1l) + ci * ylkc(l)

pl joka(l) * yOkc(1l) - jokc(l) * yOka(1l)
p2 = n0 * holka

p3 = joka(1l) * ylkc(l) - jlkc(l) * yoka (1)
p4 = holka

p5 = hllkc

p6 = n0 * hOlkc

p7 = jOkb(1) * yOka(l) - joka(1l) * yOkb(1)
p8 = holkb / hoOlka

kr = k * r

CALL besj(kr, alphaoO, n, jokr, nz)
CALL besy(kr, fnu0, n, yOkr)

po =

sum

0.5 * pi * ( -yOka(l) * jokb (1) +
joka(l) * yOkb(1)) / alog(b / a)

-2.0 * pi * ci * yo / (k * h * n0 * alog(b / a))
-2.0 * pi / (tan(k * h) * n0 * alog(b / a))

= 0.0
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10

DO 10 m = 1, inf

gm = sqrt(((m * pi) / (k * h)) ** 2 - 1.0)
gmka = gm * ka
gmkb = gqm * kb

kode = 2
CALL besi(gmka, alpha0, kode, n, iOgmka, nz)
iogmka(1l) = iogmka(l) * exp(gmka)

CALL besi(gqmkb, alpha0, kode, n, iOgmkb, nz)
iogmkb (1) = iogmkb(1l) * exp(dqmkb)

CALL besk(gmka, fnuO, kode, n, kOgmka, nz)
kOgmka(l) = kOgmka(l) * exp( -gmka)

CALL besk(gmkb, fnu0, kode, n, kOgqmkb, nz)
kOgmkb (1) = kOgmkb(1l) * exp( -gmkb)

ym = ( -iOgmka(l) * kOgmkb(1l) + kOgmka(l) *
iogmkb(1)) / alog(b / a)

sum = sum + kOgmkb(1l) * ym / (qgm * gm * kOgmka (1))

CONTINUE

=-4.0 * pi * sum / (k * h * n0 * alog(b / a))

iga = ci * pl * p2

bigb = -ci * p6 * p7 * p9 - ci * pl * p2 * p8 * p9

- pl * p2 * bl - pl * p2 * b2
bigc = -p3 * p4
bigd = pS * p7 * p9 + p3 * p4 * p8 * p9

- ci * p3 * p4 * bl- ci* p3 * p4 * b2

zs = (biga * y / bigd + bigb / bigd) / (bigc * y / bigd + 1.0)
zs = conjg(zs)
zsr = real(zs)
zsi = aimag(zs)
f =f / 1.0E+6
WRITE (2, *) £, “,", zsr, “,", zsi
ylp = Y )
CALL jc(ylp, a, b, pi, ci, ka, no, y)
zs = (biga * y / bigd + bigb / bigd) / (bigc * y / bigd + 1.0)
zs = conjg(zs)
zs

r = real(zs)
= aimag(zs)

WRITE (3, *) £, ",", zsr, ",", zsi

WRITE (4, 5000) f,
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* real (bigb / bigc), aimag(bigb / bigc),
* real (biga / bigc), aimag(biga / bigc),
* real(bigd / bigc), aimag(bigd / bigc)

20 CONTINUE
CLOSE (UNIT=1)
CLOSE (UNIT=2)
CLOSE (UNIT=3)
CLOSE (UNIT=4)
5000 FORMAT (7(E13.6,7,’))
END
SUBROUTINE jc(ylp, a, b, pi, ci, ka, no, y)
IMPLICIT NONE

REAL a2, a3, a4, e, ba
REAL &, b, pi, ka, no

COMPLEX ci, ylp, Yy
DATA a2 /13.97311535/

DATA a3 / -10.92545814/
DATA a4 /2.957535929/

e=a/b
ba = -1.0 * (5.0 * e * alog(e) ** 2 - 14.0 * e * alog(e)
* + 7.0 * e+ a2 * @ * e + a3 * e **x 3 + a4 * e **x 4)

y =ylp + ci * (ka / n0) * ( 4.0 * pi / ba)

RETURN
END
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Figure AX.1. Original geometry (first iteration with assumed bowing of sheet) of the
attachment of the resistive sheet to the step height change in the Salisbury load. a) Top half

(above center symmetry plane) of the step height change, b) Magnified view of atiachinent

of resistive sheet edges.
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Figure AX.2. Circuit models of the resistive sheet attachment region. a) RLC transmission

line, b) Low frequency equivalent circuit when transmission line parameters are constant.
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