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1 INTRODUCTION

The theory of multistate reflectometers has been well documented(l’z).
This paper demonstrates the practical implementation of that theory. The
circuit arrangement is a recent development suggested by G F Engen, and has
the advantage over earljer designs of a wide range of calibration techniques.
The theory of this circuit is given and some of the implications discussed.
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The rest of the paper shows the equipment and computer program used to
construct a multistate reflectometer for measuring the voltage reflection
coefficients of waveguide devices. The program for operating the reflecto-
meter and performing numerical operations on the data is entitled “MULTISTATE"
version 2 and has been written in Basic 4.0 for use with the 4000 series

Commodore PET.

2 MULTISTATE REFLECTOMETER THEORY

Figure 1 illustrates the multistate reflectometer.

P4 Reflector
settable to P3
K Positions
raJ-y-Q ‘_-p_ r3‘-v- 3
mA
N i | >< ¥ ] >< ]
T 1 =T
1 3 dB 5 10 dB )

Figure 1

Assume that each position k of the reflector in Figure 1 produces a
different repeatable state of linear transmission and reflection within the
waveguide junction having ports 1 to 4. Postulating that at any port there
is no evanescent mode and only one transmitted mode (but not necessarily the
same transmitted mode at all ports), enables each linear state to be described
by a scattering matrix [a]k. Then, if a, and b, respectively represent waves
incident onand emergent from port { (where { = 1,2,3,4); [b] = [l]k[c].
Denoting the reflection coefficients of the detectors providing power
indications P3 and Pb by P3 - 13Ib3 and Pa = ‘a’ba' and substituting gives:




P —

- r ar
b 01 %12 %1373 .76 ||
b, 21 %2  ®23T3 8247, |22
o|" 531 ®32  (833T3-1)  s5,T,  |]bs
0 41 %42 s“3P3 (saara-l) ba

| B JL

(2.1)

Since there is non-identical transmission between the parts 1 to 4, the

square matrix may be inverted for each k. Denoting the inverse by [M] and

its elements by m . :

1]
P‘J by ]
0 b,
b, = [M]k 0
b, 0

(2.2)

Thus for the multistate 4-port junction 1,2,3,4 for each state k (suppressing

the suffix k for the moment)
a, = mub1 + m12b2 (for 1 = 1,2)

b

1 171 * M2

whence

m m,,m
bi S 8 +m, - if 11 b, (for { = 3,4)
™1 21

Substituting I' = azlb2 gives
b, = (atl" + ’1"’2 (for t = 3,4)
where a, = mulm21 and B, = (m12 - m22m11/m21)

i

Reintroducing the suffix k gives

b2 (where, now, 1 = 3,4)

2.3)

(2.4)

(2.5)
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(bﬁ)k - (aar + Bb)k b2 (2.6)

Similar analysis of the invariant 3-port junction 2,3,5 produces:
b3 = (u3r + 63) bz 2.7)

where, now, a, and 83 are dependent on only the scattering coefficients of the
3-port junction and the detector at port 3. Combining equation (2.7) and
(2.6) gives

2 2
Eﬁ (ba)k dkP + e (2.8)
P3 /i = b3 = el + 1 iy

Equation (2.8) also describes a reflectometer with (k+l) detectors connected
to a time-invariant junction having (k+3) ports. For k=3 the six-to-four
port reduction algorithm can be used, making calibration with three precisely

known loads applicable(3’a)-

Those methods of calibration were not chosen in this case as speed of
calibration was not a criterion and the extra redundancy in the method chosen
gives a better assessment of the uncertainties involved in calibration and
measurement.

je

Substituting pe”’ = T and converting from complex to polar notation

equation (2.8) becomes:

(2.9)

Py Lk 1+ (ka)2 + Zka cos(Pk¢6)
P3/x A1+ (pS)2 + 2p S cos(F+0)

It {s useful from the viewpoint of calculating uncertainties to assume that S

and F are not invariant but are dependent upon the state thus:

(2.10)

— = L

P3/x k ) S (psk)2 + ZpSk cou(Fk+6)

(P‘.) 14 (pltk)2 + Zka co-(Pkw)
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This is a non-linear equation with 5 unknown L,R,P,S,F for each state k.
A solution could be found immediately using an iterative least-squares fitting
method. But a more accurate method, if low values of reflection coefficient
are to be measured, is to determine the k values of L and then use the fitting

technique to solve for each R,P,S and F.
2.1 FINDING VALUES OF L

With a perfect load on the output port p=0 and suppressing the
suffix k again, equation (2.10) becomes p“/p3 = L. Finding a perfect
load is difficult so one is emulated using a fairly good load and

precision spacers.

If p is small and the directivity of the second coupler is good
(giving § < .05) then the term (pS) becomes negligible giving

P

;ﬁ = L (1 + (pR)2 + 2pR cos(P+0)) (2.11)
3

Then introducing known phase shifts a and # by inserting, in turn, two

precision spacers between the output port and the load gives 3 equations

to solve:

Py 2

— = L (1 + (pR)” + 2pR cos(P+8)) (2.12a)

P3n

P 2

™ = L (1 + (pR)” + 2pR cos(P+0+a)) (2.12b)
3/2

P S
JIS

) = L (1«4 (pR)z + 2pR cos(P+6+8)) (2.12¢)
3

Let s, = (palp3)1, 5, = (pl‘/p3)2 and s, = (96/93)3 and combine p
and 6 into a single phase shift 6', then let
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8, -8
1”72 cos@' - cos(8'+a)
9 = 8- 83 = CosB' - cos(0'+8) (2.13)
cl(l—cosB+tane'sinB) = 1-cosa+ tan8'sina (2.14)
cl(l-cosB) + cosa-1
tand' = (2.15)

sina- Ei(sinB)

From this the value of 6' is found. If we then let ¢y = slls3 then

1+ (pR)2+-2pR cos9'

<, 5 (2.16)
1 + (pR)” + 2pR cos{(6'+B)
Let cy =c, cos(0'4+8) - cosd’ then
(ep=1)(pR) + 2c,0R + ¢,-1 = O .17

This is a simple quadratic in pR and by putting ¢, = 2¢,/(c,-1) the
4 3" 72

required solution is

pR = ———f-——- (2.18)

knowing ©' and pR then L is calculated from equation (2.12a).
2.2 TFINDING VALUES OF R,P,S AND F

Baving determined L a movable short is used to evaluate the remaining
4 parameters. Suitable redundancy for the iterative least squares fitting
technique is provided by using 7 data points for each state. To minimise
the number of fterations required to reach the optimum solution a good
set of starting estimates are required. These are called the starting

parameters and a new set are required for each state.




2.2.1 Finding Starting Parameters

This part of the calibration procedure is carried out using a
short circuit with various phase shifts supplied using spacers 6r‘
a movable short circuit)so p is replaced by -1. Llet Y = pblp3 for
a particular phase shift X, then equation (2.10) becomes

2
Y = L 1+ 3743 2R cos{P+X) (2.19)
1 + 8% « 25 cos(F+X)

A good set of starting parameters can be found by treating equation
(2.19) as a linear equation, ie taking R2 and R as independent

parameters.

2 2

Let a = 14R° , b = 148 | ¢ = -2R cosP ,
and d = -2R sinP , e = -25cos F and f = «2S sinF
Then equation (2.19) becomes
Y a + c cosX - d sinX
T = (b + e cosX - f sinx) (2.20)
Y Y Y
T = sl + s2cosX -~ s3sinX - g4 i-cosx + 85 I-sinx (2.21)

where sl = a/b, 82 = c/b, 83 = d/b, s4 = e/b and 55 = f/b.

A fifth order simultaneous equation solver (using elimination
and having no safeguards against the matrix being singular or
making any attempt to optimise the sequence of elimination) is
used to evaluate s}, s2 etc from equation (2.21). From the original

substitutions

P = tan-l(s3/32) and F = tan-l(sSIab)

2 .2 2
®/SF = -'121‘22- and sl = l;_“}. (2.22)
84" 485 1l +S

T - o .
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Then

R = _f— ‘I‘:lz > and S = 3—*—‘%;‘—1 (2.23)
VI - sl s4"+85
s2°+s3

2.2.2 Least Squares Fitting Procedure

The least squares fitting is done by taking a Taylor expansion
about each of the parameters thus linearising the equation to enable
normal equations to be written that can be solved to obtain
corrections to the original estimates of the parameters. To
implement this method the partial derivatives with respect to each

of the parameters are required.

From equation (2.19)

ay 2L(R-cos(P+X))

= (2 .Zba)
R 1+ gi; 25 cos(F+X)
ay 2LR sin(P+X)

= (2.24b)
23 1+ ;2- 25 cos(F+X)
oy -2Y(S - cos(F+X))
* - (2.24c)

1+ 82— 2S cos(F+X)

ay -2YS sin(F+X)

5 (2.244d)
14+58°- 25 cos(F+X)

In terms of the estimates of the parameters (making allowance for

them being incorrect) we can write

2
Y = L[l-oliz-ZR cos(P+X) ‘(%) &R + (%) 5P +
1458°«2S cos(F+X)

(2.25)

e o
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Let m o= Y-l 1+ Rz- 2R cos(P+X)
148 «~28 cos(F+X)

Then

aY oY ayY oY

For a given estimate of the parameters, m,(3Y/dR) etc are all known

and OR etc are unknown.

The least squares method applied to equation (2.26) proceeds
by minimising

i=NP 2

E : 2 oy ay oY oY
ei = [m- (G_R) 6R - (—a$) 6P - (ﬁ) 6S - (a:.—) 6?] ) +
Pointl
2
S S
Point2

Q.27

This means we are searching for a stationary (minimum) value of I ezi

given by a particular set of 6R, 6P, 6S, and 6F. By taking

92 e2
i
G0 - 0, etc ,

we obtain the normal equations:




2 ] [ R [~ W § T
aY aYy ay 3Y oy 3y oy ay
[(Ei)] 6R+[ﬁ-.3§ 68 + 3R 6P + L-a-ﬁ-.ﬁ 8F = Lﬁ.m
(ay oy ( av\2 | oy oy] (ay oY) oy |
3§°8—RJGR+ 35 -] 58S + 35 ° 5P + 35" F 6F = ﬁ.mj
L - - 4 S d L (2.28)
—aY OY- Fay aY [(sv\?] oy oY [-ay ]
a—P‘.ﬁGR'& 3-5.35 65+ 5 J 6P + Eﬁ.ﬁ OF = -a—P-.m
- - - - L - - -
or ot [or or] oo fox o) [faf], | [ox ]
aF " 3R| "t |3F - B3 3F - P *I\3F = LaF .
- - - b - -

where the [] brackets indicate summation over all data points.

The four simultaneous equations are solved for 6R, 6S, 6P and
6F using the determinant method, which are applied as corrections
to the last estimates of R, S, P and F used. The sum squared error
is then checked and if the change from the last cycle is < 5 x 10-5
then the current values of R, S, P and F are accepted as the best

estimate.

2.3 STANDARD DEVIATION OF THE INDIVIDUAL PARAMETERS

If RQ is the total RMS error of the points then the standard
deviation of the parameters is given by the product of RQ and the ratio
of two determinants D(P) and D2(5>. D2 is the 4x4 determinant used in
the equation solver and D(P) is a 3x3 determinant created from D2 by
-emoving the relevant row and column. Thus D(R) is D2 with the first

row and column removed etc.
This cycle of iterative least squares fitting and then finding the

standard deviation of the individual parameters is performed for each

state.

10
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2.4 MEASUREMENT OF AN UNKNOWN
Reintroducing the suffix k to denote the state, then

Y l+ (ka)24-2ka cos(Pk+9)
‘nk = i_ = 2 (2 .29)
k 1+ (pSk) -0-2pSk cos(Fk+9)

where p and © are now the unknowns.
2.4.1 Starting Parameters

We linearise the equation by considering (pR ) as independent

of ka and (pS ) as independent of pS Thus expanding equation

k*®
(2.29) for 3 states we obtain

ml-l = sl(R -m Sl)+52(R cas(P )-m1 1cos(Fl)) +

s3(m18131n(F1)-Rlsin(Pl))

<1 = sl(R )+32(R2cos(P2)-m cos(Fz)) +

my 27MS 252
(2.30)

s3(m28231n(F2)-stin(P2))

Ma=1 = sl(R )+32(R cos(P )-m,S cos(F3)) +

3'“‘353 353

s3(m3$3sin(F3)-R3sin(P3))
vwhere sl = pz, 82 = 2pcos® and 83 = 2psind.
Hence starting values required are Vsl and tan~! 83/s2.

The 3 simultaneous equations are solved by the determinant

method.

11
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2.4.2 2-Parameter Least Square Fitting

This is done in a similar manner to the calibration (section

2.2.2) but is simpler because only two parameters are involved

1+ (ka)24-Zka cos(Pk+9) N
Yk = Lk 5 = Lk(i) (2.31)
1+ (pSk) +2p5, cos(Fk+6)
OYk 2
% < 107 (LkRk[ka+cos(Pk+9)]- YkSk[pSk+cos(Fk+6)] (2.32)
OVk 2p
2% (LkRk sin(Pk+9) - Yksk sin(Fk+9)) (2.33)
and the normal equations are
o\ 4, fox. o) o . 2]
P P+ 13 3 %
- (2.34)

2 -~
aY a8y 3y ayY
[ap : oe] Sp + [(a' e) ]59 = legg- "™

where m = Yk - Lk(N/D) and the [] brackets indicate summation over

the k states.
3 AN EXAMPLE MULTISTATE REFLECTOMETER
Figure 2 shows the general layout and equipment used for this multistate
reflectometer. The operation of most of the equipment is implicit in its

function but a more detailed look at some of the non-standard components is
helpful.

12




1232W0303] 3y 93EIs1I[ny Ijawexy uy *Z UNOIL4d

HOLIMS O/M

¥OLV10SI
. ¥31dN0D 9P 01 LY0d-€ 4314000 €GP € L¥0d-Y
E —3— - ”
Ldod ] -
10d1NO
INNOW INNOK 4AING VAINID
YOLSIWYIHL 110DYID LUOHS YOLSIWYIHL ANV [ MOLOW
98% dH N3ATYQ 98% dH ONIddals OLVANALLY ,,
¥ILINOYDIN 1AVINVA ,
X049¥vIo ¥3ATNG YOLOW “
ANV Z YOLOW 4 9-€aNS ?
ON1ddaLS WVHINZd
1
|
— . ¥ALNNOD ¥314N0D
L I_] oNmioo1 3dunos Liod-¢
290144 290144 | 8Ls dI3 @ 0z
st || elsbei o iz
889-3331 | || a3ounos
o \ ado1d
NNND
. A1ddns N annl !
! o1x i .
WIANNVOS |
viva 0021 .. ¥3LNAHOD : - xmww%w_m
VNVA-1vOVY i 134 | THNOD x1adns w
: ZE0Y I 40010 NNNO
' FYOAOHKOD i
? ]
gaLauLion : . dAI¥Q NSIA m
1.01 | | I 0508 X
NOYLVYQ s aam 0 G0 ¢ B0 0 G ¢ CIS ¢ G ¢ GES & G ¢ GEB CEED * GED ¢ @D 04 i
FYOTOWNOD .
i
__
e
& e R AN L A A AT
- NP S,




3.1 THE BENTHAM SMD-3D DRIVER AND STEPPING MOTORS

The motorsused have 12 Volts &4 phase windings and give a rotation
of 1.8°/step. The driver has a front panel switch giving capability of
selecting speeds between 1 step/second and 400 steps/second. This
facility is not fully available via the IEEE-488 bus. Only one of two
internally settable speeds can be selected. The instructions to the
driver must be of the form "XNNNNY", where X is either "D" or "IV
denoting direction and Y can be any one of four characters indicating
which motor and which preset speed. The '"NNNN' signifies any 4 digit
number in the range "0000" to "9999", which denotes the number of steps

to be taken.
3.1.1 Stepping Motor 1

This is coupled to a waveguide switch via a general drive
mechanism. This ensures rapid transitions and good alignment

with minimum mechanical shock.
3.1.2 Stepping Motor 2

This is used to control the position of the side-arm short
circuit. A 1:1 gearbox with nylon gears is used to reduce noise
and allow the micrometer to move in and out without having to
mount the motor on a movable base. The micrometer thread is
2 turns/mm giving a resolution of 0.0025 mm/step. The resettability
is considerably better than that, when precautions are taken to
minimise backlash. The present arrangement gives a maximum speed
of adjustment of the short circuit of 1 mm/second. Increasing this

speed would degrade the resolution.
' 3.2 MICROWAVE FREQUENCY STABILISATION
The microwave sources used are Systron-Donner YIG tuned Gunn diode

devices. They, are voltage tunable across a waveguide band and have a

separate coil for frequency modulation. The EIP 578 source locking

13 i




counter has a COARSE TUNE output giving O to +10 V and a FINE LOCK
output. If the COARSE TUNE output supplies the tuning voltage of the
source and a voltage-to-current converter is connected between the

FINE LOCK output and the FM coil, then frequency locking can be readily
achieved. This system gives excellent frequency stability and the

facility of computer selection of any frequency in the band.
4 DETAILS AND EXPLANATION OF COMPUTER PROGRAM
Lines 100-140 Program name and details.
Lines 200-230 Assign channels for IEEE-488 bus.
Line 240 Send voltmeter instructions for range, triggering and SRQ.

Line 250 Set up arrays. In this version of Basic arrays of less than

10 elements do not need to be declared.

Lines 270-320 Input data, frequency and waveguide band information.
Determine relevant waveguide broad dimension. This version
covers 3 waveguide bands from 8.2-26.5 GHz.

Line 330 Calculate phase-change/mm for that frequency in that waveguide.

Lines 340-380 Print headings.

Line 390 Decide to perform new calibration or use constants stored on

a disk from a previous calibration at the same frequency.
Lines 410-550 USING A PREVIOUS CALIBRATION STORED ON DISK. . !

Lines 430-460 Generate file name and open channel to disk drive.

Ensure file exists and check for any disk errors.

Lines 470-490 Acquire micrometer settings of the side-ar& short-circuit for

each state and the calibration constants at each setting.

14




Lines

Lines

Lines

Lines

Lines

Lines

Lines

Lines

Lines

Lines

Lines

500-550

570-2300

590-610

630-920

650-680

690-820

830-920

940-2180

960-980

1000-1010

1020-1120

Line 1160

Lines

1180-1540

Line 1200

s

Print headings and calibration data.

NEW CALIBRATION.

Input required micrometer settings and print them.
MEASUREMENT OF L (section 2.1).

Input length of spacer inserted between the output port and
the attached load and measure P‘./P3 for each state using

subroutine one. Repeat for two further spacer lengths.

Use circle fitting technique to find the value of L for each

state.

Print headings, data and final values of L.

DERIVE VALUES OF R, P, S and F (section 2.2).

Input information about the short circuit used for
calibration and the number of data points required.

Using seven points seems to give good results but any
number between 5 and 20 allowed.

Print headings.

Measure PA/P3 in each state using subroutine one for each
position of the calibration short circuit. Reverse the order
of the states on alternate cycles, and print accumulated
data.

Derive calibration constants for each state in turn.

FIND STARTING PARAMETERS (section 2.2.1).

Select data related to this state.

15
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Lines 1210-1230

Lines 1240-1540

Lines 1560-2010

Line 1580

Line 1590

Lines 1620-1730

Lines 1740-1910

Line 1920

Lines 1930-1970

Line 1980

Lines 1990-2010

Lines 2050-2060

Lines 2070-2100

e ——

Set up matrix of 5 simultaneous equations. Using

equation (2.21) and the first five data points.

Use determinant method to extract initial values of R, P,
S and F.

FOUR PARAMETER ITERATIVE LEAST SQUARES FITTING (section 2.2.2).

Set number of data points and criterion for successful

convergence.

Perform up to nine jterations.

Find partial derivatives at each data point and sum over

all data points (equation (2.28)).

Find corrections sl, s2, 83, s4 to the current values of the
parameters using the determinant method of simultaneous

equation solving.

Apply corrections to current values of parameters.

Calculate the RMS value of the differences between predicted

and measured values.

Check if either the absolute value of the RMS deviation or
the change in RMS deviation between this iteration and the
previous one are within the convergence criterion. If

converged drop out of loop to Line 2070.

Print latest values and go back to 1590 for next iteration.

Print warning if number of iterations reaches 9 without the

convergence criterion being satisfied.

Ensure R and S are positive, and P and F lie between 0O and
2x.

16
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Lines 2110-2150

Lines 2160-2170
Line 2180

Lines 2190-2300

Lines 2310-2320

Lines 2340-3100

Line 2360

Lines 2370-2380
Line 2390
Lines 2410-2620

Lines 2430-2520

Lines 2560-2600

Lines 2610-2620

Lines 2640-2890
Line 2660

Line 2670

Calculate the individual standard deviations of the

parameters (section 2.3).
Store calibration data for this state.
Go back to 1200 until all states calibrated.

Print headings and values of the calibration constants for

each state.

If required store calibration data and constants on disk,

using subroutine eight.
MEASUREMENT OF UNKNOWN (section 2.4).

Set number of parameters to 2 and the number of data points

to the number of states.

Input identity of unknown and print headings.
Measure P“/P3 for each state using subroutine one.
FIND STARTING PARAMETERS (section 2.4.1).

Set up matrix of three simultaneous equationsusing

equation (2.30) and the first three data points.

Solve the simultaneous equations using the determinant

method.

Derive starting values for UM and UP where UM and UP are

the unknown magnitude and phase respectively.

TWO PARAMETER ITERATIVE LEAST SQUARES FITTING (section 2.4.2).

Set number of data points and criterion for successful convergence.

Perform up to nine iterations.
17
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Lines 2680-2760

Lines 2800-2810

Lines 2820-2850

Line 2860

Lines 2870-2890

Lines 2900-29100

Lines 2920-2930

Lines 2940-3080

Lines 3100-3110

Lines 3180-4040

Lines 3180-3370

Line 3200

Line 3210

Line 3220

Find partial derivatives at each data point and sum over

all data points (equation (2.34)).

Solve 2 simultaneous equations and apply corrections to

current values of the parameters.

Calculate the RMS difference between predicted and measured

values.

Check convergence. If converged drop out of loop to Line 2920.

Print current values of parameters and RMS Deviation and

return to 2670 for next iteration.

Print warning if number of iterations reaches 9 without

convergence criterion being satisfied.

Ensure lpl of unknown (UM) is positive &nd phase of unknown
(UP) lies between 0 and 2=x.

Print out results.

Either go to Line 2340 if another measurement is required

or else close all channels and program.

SUBROUTINES.

SUBROUTINE ONE.

Measure the bridge voltages with no microwave power present

using subroutine two.

Store bridge voltages.

Turn microwave power on using subroutine five.

18
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Lines 3230-3290

Line 3300

Lines 3310-3320

Lines 3330-3360

Line 3370

Lines 3390-3470

Line 3410

Line 3420

Lines 3430-3440

Lines 3450-3460

Line 3470

Lines 3490-3550

Line 3510

Line 3520

Measure the bridge voltage with microwave power present.
Store these voltages. Advance side-arm short circuit to
next position using subroutine six. Continue this loop

until bridge voltages measured and stored for every state.
Turn microwave power off using subroutine five.

Measure bridge voltages in the absence of microwave power

using subroutine two and store them.
Calculate the amount of microwave power indicated by each

bridge in each state assuming a linear drift with time

between each pair of "power off" readings. Find the ratio

of indicated powers for each state and store them.

Return to main program.

SUBROUTINE TWO.

Open all channels on data scanner.

Determine the number of voltage integrations to be performed.

Measure the bridge voltage of the forward going power sensor

and store it.

Likewise for the reverse power sensor.
Return to subroutine one.

SUBROUTINE THREE.

Place voltmeter in averaging mode and wait until voltages
have settled.

Trigger voltmeter and wait for SRQ using subroutine four
to indicate completion of single measurement. Perform this
loop until the required number of measurements have been

integrated. 19




Lines 3530-3540

Line 3550

Lines 3570-3630

Lines 3600-3620

Line 3630

Lines 3650-3700

Line 3670

Line 3680

Line 3690

Line 3700

Lines 3720-3780

Lines 3740-3750

Lines 3760-3770

Line 3780

Collect averaged voltage from voltmeter, turn

averaging mode off and empty the internal store.

Return to subroutine two.

SUBROUTINE FOUR.

Bit 7 of the byte stored in location 59427 will become 1

when a SRQ has been received.

Return to subroutine three.

SUBROUTINE FIVE.

K determines the number of steps to be performed by

stepping motor 1.

Z determines the direction of steps. The change in status

byte acknowledges the receipt of the instruction.

A null instruction is sent which is only acknowledged when

the previous instruction has been performed.

Return to subroutine one.

SUBROUTINE SIX.

Construct instruction containing the number of steps
required to move the side-arm short circuit to the right

position for the next state.

Use the status byte and a null instruction to determine

successful receipt and completion of the instruction.

Return to subroutine one.

20
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Lines 3800-3840

Line 3820

Line 3830

Line 3840

Lines 3860-4040

Lines 3880-3890

Line 3900

Line 3910

Lines 3920-3950

Line 3960

Lines 3970-4030

Line 4040

SUBROUTINE SEVEN.

Keep adding 2x radians until angle is greater than zero.

Keep subtracting 2x radians until angle is less than 2«x.

Return to main program.

SUBROUTINE EIGHT.

Construct and display file name that the calibration data

will be stored under.

Open channel to disk drive.

Check if this filename has already been used. If not,
go to Line 3960.

Facility for overwriting an existing file or returning to

main program.

Check for disk errors.

Store calibration information and data on disk.

Return to main program.

21

T ey e AR ) St——————a T

|
k"}" ,



5 LISTING OF COMPUTER PROGRAM

106 rem” MULTISTHTE Yersicr 2 121,85
116 rem

128 rem”" R proaram to cortral a MULTISTHRTE REFLECTOMETEFR =zud sclve the
138 remn" non-linear eauations irwaluved in calibration and measurement
14¢ rem

153 rem"

1€a rem" Chasrmel &1 FF brida= FOQRMHARD wower meter

176 rem" Charmrme 1 &2 RF kridae REVERSE eowetr metet

12@ rem”

19@ rem

200 opend . 4:open.4.1apen.4,2: rem' COMMODORE 422 printer

216 open €.€: rem" ORTRCH 1671 voltmeter

220 openn V.V rem" RACAL-DOAHA 1206 switch contraller
236 apen 129 ,.30: rem" BEHTHAM SHMO-ZE sterpririce motor draoe

248 printé#c, "ra4t2at”

28 Nn2=4: na=1: nkb=494: z==1

278 input'date " rdafiinput"$reauency in ahz. "
inrut "waveguide size ».31 or " rabkE

i$ whE="x" thern &=22.g60:rem" 8.2 - 12.4 GH=z

it whE="i" thern a=15%5.79%%:rem" 12z.4 - 18 GH=z

if whE="L" thern a=1@.68c¢8:rem" 18 - 26.% GHz

1¥ a=a theri print:erint” caririct calibrate that kaznd" tend
L l=ddridzor ($r 12299, 7120 -1 (a2 s

rrirnt#d chr${ls:" Y+uwbd+ “"—kard ret lectoameter”

privt#d sperintsd

privit#d " frequercy = Yefpr " ghz' repc (300 sdaE iprint#d sprintég
input” e commentsT" o #

rrint#d . cterintid sprint#d

input'nen cor stored calitration”ct:if cf="new" ther Svo

S0l G N L Py O
L R R D R L

Yy RO RANARANN NN ENRARAN YN
-

rem"
rem" USING A PREVIOUS CARALIBRATION STORED OH DISE
28 rem"
430 €1 let="1:"+uhf+str S Fr )+ "ahz.seq.read"
440 opens .£.5.41 lef: rem®” COMMOOORE SO0S0 duzl disk drive

453 i+ dr=&2 then print'"nc calibration data for this frequsncy c lazel tend
450 14 delrz@ ther print dst:c logel tend

476 ireut® ek . me 10 MELED e . mE(4)

420 foariz=ltodiirputds v i e did . e0i #0010 101 D inextd

493 c loses

B0 print#d.  “usina calikbration constants from ":dcE rprintid
S1@ print#d4,." micrometer ":chr$ild:" re re £ = 1= s it
Sz cg=" Q9 99,9933595 S,99993 9.,9993% 9,933 9, Bang

2@ printé#s,.cs
546 for ix=] to 4: printRE.mecid . rid e id,e i FUi2 . 1010 wrintéd
S50 next it print#d: goto 2340

6@ rem”
S7e rem" NEV CALIBFRATION
' S8@ rem"
. $9Q input "micrometer settinas":msll) . mel2),ms{R) med)>

; €00 prirt#q." Uusine micrometer settinas ":
610 for i=1ta3: printld . meir",":: nextis print#d med4d: erinted
€29 rem"
630 rem" MEASUREMENTS USIHNG A LORD AND SPRCERS
64Q rem”

€58 for i=1 to 31 input "sracer length (mm)>":srt vrii.Q)=-gp¥ll
660 gosulk 3180: rem”" SUBFROUTINE ONE
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nz=nasnasnboinksnz iz=-x
mexti
alpheaswri2,@r=wril . 8r;: betasvriI3 . @—r (1.0
$ar i=1 to 4

sl=wr (] . 30: sZ=vri2.ix: e3=wr{3,.37
cl={sl-s2)/{s1-3>
c2=ici¥il-casibetalrid-—(l-cosialphal)
cI=sinlalphar-icl¥=irlketalr?
theta=atnic2/'c2r: c2=s1.'=3

i+ c3{@ then theta=theta+ri

ct=cos thetal

cR=icekcosi theta+thetari—-ct

cd=2#- 30 c2=~10

roEl—c4+sqricadNcd—4 22
1Lar=s1014rn#rn+2rndct’

et

rrintéd

ar=absalrha ' ri¥130 taf=ctr$ a0

hisaphs i keta /' ri#l120) ch¥=ztr i)

LR I R N TR |

DRI I I O AR B I O )

IR DS B B I IRV I I S0 )

A O RO IO A l:-l

Ooprint#d " posTe @ deu=z “:af:" 1=" ser 2evtétd
cE=" 9 S,93593%93 5.99325

rrirnt#s . c¥

for Jd=1 to diprintH#E . .l L a0 eri 2 0 vrC 2 a0, 1D et
rrirt#d s intéd

rrint" values of 1="

fori=1to diprirnt lettEistrEd 1{152, 8 nexti

DA (]

-
'

refm”
rem" MERSUREMENTS WITH SHORT CIRCUITS ATTROHED
rem"

input " lenathidmm) of short offset”:al
rrint "rumber of settirnugs of slidina short"ireut ce
au=z#piscr: iv=andlil: pd=—l 1$al
mZ$=" short offset"+strEcali+" mm"
cg=" lervath rhizse ros="n 1 ros’n & pos Tt 3 ros T 4
printé#d m2fF tprint#dierinté#d ierintédiprintéd . cf tperintéd
f$or i=1 tc cp
ep=iu¥ii—~10: c¥=leftF=trs.=
print " cet slidirna short to
n{ld)=—csr#l 1
5 gosuk 2188: rem” SUBFROUTIHE ONE
1878 nz=naina=snbinkb=nz iz=-
12240 c#=" 99,933 933,49 Q.9339%
1828 print#3.cs
1163 print#s.sp . »x i #1841 ¢
111@ for k=1 to 4sprint#S,.vr-Cl k) s snextikaprinté#s
1126 nexti
1126 rem”
1146 rem” SOLYE CALIEBRATION EQUATIONS FOR 4 STARTES
1156 rem"
116a for ic=1l tc 4:print'calibration "ric
1176 rem"
1186 rem” FINO STRRETING PRRAMETERS
1196 rem"
1286 for i=1 to cp: v(id=yr(i.ic)d: next it 1=1{ic)
: 1218 $or j=1 ta Ssxmx(jo+pfF: vmw(j)
! 1220 mij,1)mcog %) mij,2)==inix) iml ) 3=~ R¥Coe > 1em j.4)=w¥sin 0]
1230 mcj,Td=mw/1snext 3
1240 $or Jj=1 4o 3:il=i+l1:1i2= 342
125& maljomme il , 1 0=-mC 32,1
1260 mir? Jomme 52, 10=-m 1,1
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1278 medid=mel v -mial L 10
288 du L ir=mi ) 2% mal 32 Hm 31 208k 30Em A2 20 mc 12

1238 next 3

1308 al=mC],32kmacid+me2 ¥ L2 4mi 3. 33¥me T 100 a1 D

1310 aZ=imi1,32%malls+mi2,. 4 08mb 1 2emC3 .43 8ma A 01D

13260 a3={m{1,32kmald+mi 2 . Si¥nkb il demiI,S0%mc 1) L

1330 ad= m<1,30¥macZr+mi 2, 32EMLC2demid  Zo¥mc 2 1 Scho( 2D

1348 aS=imil,428mac2d+m I3 . 42¥nk 20+mi 4 . 40RmC L2 D okl 20

135Q as= M1 ,SI¥ma 2 +m I . SOoMmbIZo+mi 3 . SORMC 2D D /A0

136Q af=im1, I EMacI o+ 3 I8k 2r+mdS . I0¥MmcC I 32 2 g 30

1376 a8=im<1,40¥nai2o+m it 4o8mb 20+m S . 41 ¥mc I A3

1386 2a9=mC 1 . Srkna30em 4 . SrEnk i 32em S . SO¥MC i3I 2 e 30

135%@ tl=a3-ad: t2=al-ad: t3=a2-a%

1466 t4=al-aF: tS=al-af: tE=z2-al

1410 eS={t1#td—tSkt2 ./ tMtI—tERLE )

1420 s4=t1/t2~-eSHt3/t2

1436 £3=al—~csd4¥al-=05kal

1446 2=2m{1 ,S2=-m.2.S2-s3%m 1 . 20-mC2 .22 1—gd4¥mll I —m 2,300
: 1450 e2=(=2-sS¥imil  d0=m{2, 4020 {mid L o-mi2,1030

140 el=n 1,5 ~s2¥%m 1, 13~s3¥nil  29—cdhnil1 ,20-sS¥m 1 .4

1470 pzatni(eI/s2r it 258 then p=pepi

1456 nB=p: aosuk ISOR: pEnE

1498 +$z=atnisS/'s4r:iF s4:Q ther $=4+pi

1500 n@=Ff: aasukr ITOO: f=r0

1518 ki={sdt2+2St30 ./ g2124+=2120

1526 r=sop-C(aksiisl—-10/1-z1#l:1 20

1538 s=zaqr({1+r12-=10/21D

1548 print r.e.s,.¥: print
b 155¢ rem”

1566 rem" 4-PARAMETER LEAST SOURRES FITTIHG

1578 rem”

1588 rn3zcpind=n2-1:cB=5e-% rem corveraerce

1596 for ke=1 to 9

16G¢ pl=@:xl=@:xq2=0:r1=0:r2=0:1r3=0:s1=0:=2=Q:=23=0 s 4=

1618 £1=0:¥2=20:¥3=0:¥4=0¢

1626 for k=1 <o n3: xb=xJlrepf

1838 cu=cos(p+xhdic l=casi$+:khd

1646 tu=14+r¥r-2¥r#¥cu: tli=i+zkz-2%sdcl: tm=2%1."t1

16568 vr=1#tu'tl: dm={lr—wr

1660 dm=wl ) =vr sdl=tm#{rr—Ccu? sd2=tm¥rksinp+xk?

1670 d3=-2%vr/tI¥ s~c 1) icdd=—-2¥vr¥z "t IRsin{t+xk]?

1686 pl=pl+cdixdl

1620 al=gql+dlindl: ai=q2+d2cdz

1708 ri=rl+diddZ: r2=r24+d2%d3: rI=-3+d2%d2

1710 gi=si+cli¥dd s sZ=gl+dl#dd: €3=gR+cd3%cd : sd=s4d+dd¥cld

172@ $1=¢1+cdiWcim: $2=FZ+d2¥dm: FI=+3+d3%cdm: F4=F3+dd¥chn

1730 next k

1740 rem"

175¢ rem" SOLYE 4 SIMULTARHEOUS EQURTIONS
. 1768 rem"”
i 1770 ti=mr2Red-—e3ksl: tI=r28ed-g3¥cl: tI=r2helI—rINel i
t

1780 t4=riNsd4—-s3%sl: ¢tO=rINel3-r3%el tE=rihel-r2Hs]
1790 UI=Sr2¥ed-g2¥E2: UZRARTA-E2HEDL T UIEALHEI~r2hel
1800 udsalksd-g2¥s]l s USmalRe3-r2¥cl: uG=olR¥s2-a2%sl
1810 UISrZEs3-g2¥r23: U2A2HLI-E2Hr2: VIERFr I-r2Wr2
1820 vdsu1¥s3-c2%r 1 USENINr-I-r28r1t VEEg] ¥ 2-~02%r]
} 1830 tamo2#til—-rhtZ+el¥t2: th=alkt]l—r2¢t4+s28t5
! 1840 tcmqlH42-2ZRt4+22¥tE 1 tadmql ktI—a2%tT+r 28 ¢S
18%50 tesal¥til~riNtI+sidtl; tFfmpintli-riktdegsineS
1860 tgsplitl-aqiNtdegints;: thepltI—-aqldtSerints
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248
=

x5

ISI ‘:I b

[xx] 1:1

1
2
2 %)

ﬂﬂﬁ

p=t
<
L
&l
Y
-~
&
&,
-
d
-
=3
ﬁ

0

2348
23%a
2366a
2z7e
2380
2396
z240a
2410
2420
2426
2440
2450
2466

dZ=pléta-alsth+ristc—slintd

g£l= (F1Rta=+28te+FfIR NI Rl —r1Rul+s 1 RUD —F48 T ql @Ol = 1T+ 10020 el
2= =1 th++tZ9tt—F3IN (1 RUl =1 1 HUS+S 1 RUS +F3 Ll —- 1 #3421 4005 0 el
€= (F1Ftc=F24tu+FfIF P IR -1 FUI+Z 1 S 1S3 I HOT—o 1 # G+ 1 hos 0 0N
sqd= =1 $td+F2FtH~FR3F I RUZ— I BUTSHr 1 FUE P+ 44 1 B I—q 1 B OTer Thos 0 0 Tl
rer+sls pEpdsd: s=s+s3 f=f4sd

roq=a

for 1=1 to NI: an=xdir+es

ursl+r$r-2krfocsip+and s Irsl+sks<-Zézbcosdttand
dfCirswlid=1ku~1lr: roa=rq+dfiil»T2: next i
roEsops o (S -ng  y

if absirarict or shsird-raqllict ther 2870
printifori=ltong: print stre ' e2€010 0 rexty serint
errintr.m.s. deviation = "sstr#iral

ra=rqo: next kc

rem”

rem" EHD OF ITERATIONS

rem"

rrint wartiirie HEEEY

it carrcerasnce criterior not satisfied M
i¥ B then r=—r: pspdel

o= s gosuln IS0 p=Ena

it =8 thenr s=-z: f=F+pi
=€ acsuk 28O0 F£=rQ
Al =l Ikt —=23% SR+ 2¥r2¥s 33—

S22
A 2= 1 rIesd- Eo** RTS8 TASE s ST Tuch
I D 24— 2¥ =20 -1 ¥l #3141 ¥ I RS2 1 k=D
AR NSRS TC s Dach et IO p Bl DR DR Tct g B Tt L IO & DD E Ieby s § 5 pai]
for 11=1 to 4:hiil  dci=sqrlfabsidlilrSdzrokra: next il
for- 1i=1 to n3: r@dl . icrsdElide next 1 rl1dicd=ry
r-1c1=r.nuxc)‘p-ekic)=s=¥iic)=+

ext ic

prinftd-rrinf#4
prirt#d . chr$ls:" -3 = £
prirt#a . " 93, 999333 S,93353 5.99333% &, 99333 . 993353 S, RSN
rrintéd
fori=ltodeprint®S  rlis w0l . 010 €010, 0r10di0, 101D
erint#c . bl i k2,10 003010 00N i iprintid et
rrint#d." resicdusls"::erint#d

ct=" phase "ifor i=1 to 4:ck=cEe” ros n"+strE0il inesti
print#d ., cE:print#d
erint#s."  9,9395 £z.593359 £z, 93353 €2, 95035 sxz. 99339

$or i=1l to crierirnt#s.xqin;

for- =1 ta 4iprint#s . r@di i rsrnextiterint#Sine:ti sprintid

input "save calibration data or disk"cf:if c$l"ves" then 2340
gasuby ZSEQ: rem"” SUBROUTINE EIGHT

rem'"
rem" EHD OF CALIBRATIONM., START OF MEARSUREMEHT
rem'"
ne=zscp=4

print'tuvre v ger.nc of unknown" tinputnzZE

printhd .chr$ci3rschr$i(id>:" measurement of ":m2fF:rrintid

gosuk: 3188: rem" SUBRFROUTINE QNE

rem"

rem" STRARTING PAFRRMETERS

rem"

vimy(13/1(10s v2m (27121 y3my(2)/1(30: fimyi—~131 $2=:u2-13 $£3=.3~1

Plsr (1 o12-vINe{1>12
Pe=r(2)12=,2%E (2212
r3er(3>12-y3¥E(3>12
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2470 aql=r il #cos(rp{130=v1%¥=C) 2¥cas ¥ (LD
248 2= INCOE P2 p- 2R 20 Wcos($(20 D
2498 3= I RCOS e I - RN (0 RCOS(F(30 )
2500 ri=ciksdliksin $0id0—r 1 o#sinipCln)
25168 r2su2%s (218 in ¥ 220—r(20¥siniei2d)
2520 r3=u3RzCRRTin(F(RDO-r(2¥sincw R0
2536 rem”
254@ rem" SOLYE 3 SIMULTRHNECOUS EQURTIONS
255¢ rem"”
2550 T1=mal#rS~r2¥ad: tI=p2%r3-r2#rl: t3=plka2-a2ke

25708 du=plidtl-al¥t2+r1¥t2

2528 gl=0 f1¥t1—$2¢ ql¥rI3—r1¥30+Ff38 a1 ¥ 22— 1 a2 0 obo
2590 2= —¢1%t2+F28 1IN 3-r1 ¥R 0 —-FIR pl¥rZ-r1%e2 s 0 che
2600 £3=¢ FIFtI-FI2F 1 EA3-AI ARSI+ FIE 1R -al #p20 D de
2610 un=sqp- a1l D)) sup=atrnis3-°e2)2iF 2458 ther upswur+ri
2620 n@=yr: aosub J5OA: uep=Erd: erint um.ue

26320 rem"
2640 rem" 2-PAFRRMETER LERAST SQUARES FITTING
2658 rem”
2668 n3=3:nd=1:c=5%e-5 rem cornveraence

26TEH tor ko=l to 9

2680 pl=A:ql=0:92=0:+1=0:¥2=0

2695 for k=1l to n3: saspedkd sxbsFko) srb=e-oRum s ski=s 0l D Eur

2708 cuscosiup+xalic I=cosiup+xh

2718 tusi+rb#rlecdrbdicust =1 +slbsl+28=slabc 1

272a vr=1{kr¥tu'tl: dm=v b i—vr

2730 di=2/t 1% 1 ko clOoRdrbecudr—vr¥sc kol gl+c 12D

2748 d2==-2%um st ¥ 1k odsiniup+sar—vrkz(loksindurt=ko D

2TS0 plzpltcdikdl s aql=ql+dl#dl: ad=q+dc#¥dz: fl=Fl+diddm: €2=F¥2+d2®dm:
2760 next k

2770 rem"
2788 rem" SOLVE 2 SIMUWTARHEQUS EQUATIONS
2798 rem"

2200 p2=al rdusplEa2-ol #pZ

2210 um=um+ CFIkAD—F28x1 2 co s UpP=UE+CF2ER 1 -F1¥R2 1 Sd

2826 ra=@:for i=1 to n3: pu=umPFrcild: pl=umks<iD

25836 ur=C1l+pukput2bpubcos UR+R LD 22014 LR 1+2%e 1RCcostur+F il 20D

294@ d¥ id=v id)=1isRkurSlr: roa=roq+td+ii»t12: next i

23%@ ra=car{ro/(n3-n2»d

2260 it aksiraric@® or aksir@-roar<c@ then 25z¢

287 print:print um.ue: print

2884 print"r.m.s. deviation = "sstr&irad

2396 ro=ra: next ko

2908 print * warning 111

2910 print" converaence criterion not satisfied "

2920 it um<@ thern um=—um: up=up+pei

2930 NB=ur: gosuk IBOA: ur=nd

2940 rem"
* 2950 rem" MEASUREMENT PRINTOUT

29€¢0 rem"

2970 bimgoy-Cabs il s I¥ro: b2=sop- (ks pl. di? d¥rn

y . 2980 c$=" measzurecd estimate resicdual

2998 cSucs+” may £.d rhase s.d"

3000 printhd.cs

3010 for i=1 to 4:i¢ i>1 then 3040

J 3020 cs$=" 99,99999 99,99999 £, 99999 « 599D . 999339"
; 3038 print#?.ct: Print#e,v(id , vI(id=~d$(id . . d¥Cid>.bl . k2: goto 30&Q
3040 c$=" 99,6999395 99, 99999 £.99999"

3050 print®h9.c$: Printl#8.v(id , vy (id-d¥ i) de(i
3060 nextitprintid
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L 3
)
3070 re=strfiumn’: pf=strEiurri80. i
IASH printd#d qericntdd  rho of "€ = "erg st Yip€:" dearees”
‘ WIQ nz=Enacsna=nboonbEnz s z=-2z
' 3128 input"another device":cfi:if c$="ves" then 2340
3110 closed: clozed: close?: closel: cloze?: claselld
f 3120 end
313 rem"
3140 rem" EHD OF PROGRAM
315 rem”
31€EQ rem
7O rem"”
3188 rem" SUEBFROUTINE ONE
3194 rem"
2ze0 w2=1acsuly 3390 rem"” SUBROQUTINE THO
3218 zl=wl: z2=02: wl=QA
32260 z¢="i":a0suk: IETA rem” SUBROUTINE FIVE
32328 for d=Ena ta nbh ster z:acsubkh 233G irem” SUEBROQUTIME THWO
I24Q w1l im0l L2002
3250 1+ i=rk then 225a
I2EQA mE=smE i+ i~mS 3D
270 zs="d": i¥ m=I@ ther z&="i"
3280 acsuk ITV20: rem" SUBROUTIHE SIk
3294 nexti
J308 zg="d" saosuly JESQ rem" SUBRIUTINE FIVE
3318 w2=1sgasuly 3330 rem” SUBROUTINE THO
SIF2Q zd4=01: z0=u2: w2=a
IZ3@ ac=1:f¥0r J=na to nk ster zikhc=i-ac
3340 za=lackzlr+ihck¥zdr iz acH¥zZr+ikhedzS
p I350 A=z 22 i 123/C2ate=wl {33120 svd= leftEiatr o] i T
3268 printy$sac=zac—-C1/°30svrdidx=wl i inexti
2ETHE return
3388 rem"
3290 rem” SUEBROUTINE THO
340Q rem"
2418 print#7, e
3424 nd=2:1¢ wzZ=1 thern nd=4
3430 printd7 . "c2lx" saosuly 345Qirem" SUBROLUTINE THREE
3442 wi=valius:
3456 print#7."cz2x" tg9o0suk 349Q:rem” SUBFQUTINE THREE
34E6Q 2= lfuE$
347E return
3420 rem"”
498 rem” SUEFOUTINE THREE
35608 rem"
3510 print#c."al " sforaa=1t0l100 nextas
2528 for k=1 to ndiprinté#s, "@" taceuk 3ITTA: rem'” SUEBROUTINE FOUF
3530 nextlkiinputis, ve . us
3548 printds . "ad 10" sprint#7, "rx"
3558 return .
3ISEH rem"
370 rem" SUBRQLITINE FOUFR
358 rem"
v 3590 a=peel (594265 *
- 3600 +$or zx=31 <to SAAO
: 3610 b=peel: T9427> and 128:i¢ b= then next zx
: 3620 i+ zxO4998 then print"sro not detected” {
: 3630 return ;
: 3640 rem"
‘ 3650 rem"” SUBROUTINE FIVE
3660 rem"
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[ETE LE="@200m"

ICBA print#l1 23 . cf+f 2if =tI30 thern ERQ
2O print#l29."100000" sif £t IA ther IE3a
ITEE return

3I71a rem"
[0 rem" SUBROUTINE S1Ix
3IT3IE rem”
3740 LN=42@kme: k= lencetrfCliino: LE=mnids etr$ilir 2. k-1
3?0 iF lenilkEr<4 then kE="A@"+lL¢¥: gotc JIIVSH

I7E€EA PrivtR12D ., zE+E+"V" i€ et 0 then 2ITEG

3TV perint#129."i00600¢" 2if £tI0 then 377

3Iven return
3rSE rem"”
380@ rem” SUEBRCOUTINE SEVEN
J&16 rem”
3828 if nAal@ then NB=nB+2%ri stactce 3IQZQ
3238 14 r@L2%pi then NEB=nQ-2¥pi :gcto IEIB
3840 return
3259 rem"”
I&EH rem” SUEBFRQUTINE EIGHT
I|TE rem"
380@ cré=chrEi13rs¢i let="11"+ubf+str & FrI+"ghz"
JI852@ print'+ile name will ke ":¢ilet:print

IN0G orenz,.2.5,.Fi lef+" . seq,write”

3918 if ds{FES then 968

JASZ@ print" a ¥ile of this name alread- exists"
# JIF3Q input"do vou wigsh to over-write it":c#

if cF="no" then print#z,">":c lose2 ireturn
STO print# . "2V i¥i let="E0"++] lef:c lasel sycta 3906

0
b
o

96 i¥ dex20 ther printdsf:c lose ireturn

STA mi=msl1d: m2=ms=i2D: m3=mel32): md=me4)

928 printé#2.das:crtemlicr$nlicrsnlscr$mdsers:
3994 tori=itod

4000 di=rCidsd2=pCi s idl3=eli ) sodd=F{id 2dS= 10
4816 printdz . dlcr$:d2:crtsd3zerssddicrssdScrs:
42920 nextisc logse2

4028 printiprint” file “:¢ilet:" writter to dish"
4040 return

[ARAR RN
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6 CONCLUSION

The equipment described is very versatile, easy to use and easily adapted
to any waveguide band. It produces excellent results at a relatively low cost.
The accuracy is dependent upon the accuracy of the standards used to calibrate
the reflectometer and the repeatability of the side-arm short circuit. "The
repeatability can be very tightly controlled if a rotating short circuit is
used. The use of a non-contacting short circuit degrades the performance
slightly. Other, faster, methods of solving the equations can easily be
applied and if an electronic method of changing the state repeatability could
be found this would radically improve the speed and usefulness of the equipment.
The principle can be applied to media other than waveguide, eg coaxial or

stripline, where suitable standards can be found.
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Line 2660 Set number of dats points and criterion for successful convergence.

Line 2670 Perform up to nine iterations.
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