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TIBEE- FREQUENCY EDDY - CURRENT INSTRUMENT 

C .  V. Dodd and L. D .  Chitwood 

ABSTRACT 

A three-frequency eddy-current instrument has been 
constructed for general multiple property applications, with 
particular emphasis on light water reactor steam generator tubing 
examination. A description is given of  the overall operating 
principles of the complete instrument and of the operation of the 
different modules in the instrument. A l s o  included are wiring 
and printed circuit diagrams and the necessary computer programs 
to run the instrument. 

Eddy-current measurements are affected by a large number of variations 
in the properties of  a given test, such as conductivity, permeability, 
distance between the probe and the test specimen, shape of the specimen, 
the thickness or cladding thickness of the specimen, and defects in the 
specimen. This sensitivity to so many property variations allows us to 
use eddy currents for a number of  different types of measurements but 
requires that we eliminate the eEfeet that variations in the other 
properties have on the variation of the particular property that we wish 
to measure. In general, this requires that we have as many independent 
instrument readings as we have test property variations, and we can get 
independent readings from either multiple frequency or pulsed eddy-current 
tests. We can get two independent readings (magnitude and phase) at each 
frequency, o r  one independent reading at each time interval reading along 
a pulse. This instrument has been successfully applied to several multiple 
property tests1 and the theory and design procedures2 w i l l  not be repeated 
here. The computer programs are given in the appendices f o r  completeness 
and because of changes in the programs, computers, and positioners used for 
earlier versions. 

liquid metal reactor steam generator tubing examination,3 but it includes 
an IEEE-488 interface bus and a module to multiplex an array probe with 
up to 16 inspection coils. The programming of the instrument has been 
changed so that the data analysis and storage functions have been shifted 
back to the host computer, while the internal instrument computer is used 
o n l y  for data gathering and transmission. The data analyzing, manipu- 
lation, and storage are now done using a high-level language (FORTRAN) 
which speeds and simplifies this process considerably. The eddy-current 
instrument, the control computer, and the mechanical positianers a11 use 
the standard IEEE-488  bus which simplifies the interfacing to new 
positioners and controllers. 

This instrument is an updated version of  one originally developed for 

1 
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The t h r e e  - frequency eddy- c u r r e n t  i n s  trment genera tes  three d i s c r e t e  
f r equenc ie s ,  mixes therri t oge the r ,  sends them t o  an eddy-cur ren t  probe,  
s epa ra t e s  and ampl i f i e s  the  de t ec t ed  f requencies  a f t e r  modul.atLon by a 
specimen, and then  generates vo l t ages  proporti .ona1 t o  t h e  magnitude and 
phase of each frequency. 
s i g n a l s  and sent t o  the c o n t r o l l i n g  computer f o r  f u r t h e r  a n a l y s i s .  

The s i x  vo l t ages  are then  converted to d i g i t a l .  

A block diagram of the  instrument  i s  shown i n  F f g .  l ;  from the b lock  
diagram, we can see t h a t  t h ree  sepa ra t e  and independent o s c i l l a t o r s  are 
used t o  generace the  th ree  f requenctes .  
is  mixed wi th  the  o t h e r s  through sumining r e s i s t o r s ,  where the amplitude 
of  each frequency can be c o n t r o l l e d  independent ly .  When d r i v i n g  eddy- 
c u r r e n t  c o i l s ,  which a r e  induct ive  c i r c u i t s ,  t he  high f requencies  a r e  o f t en  
t r ansmi t t ed  wi th  less a t t e n u a t i o n  than the. lower f r equenc ie s .  
t o  keep the  h igher  Erequencies from s a t u r a t i n g  t h e  r ece iv ing  c i r c u i t s ,  
t h e i r  amplitude i s  decreased by adjust i -ng the c u r r e n t  summi.ng r e s i s t o r s  
a t  t h e  mixer.  A re ference  s i g n a l  from each o s c i l l a t o r  i s  a l s o  f e d  t o  the  
phase detectOKs 

The s i g n a l  froin each o s c i l l a t o r  

Therefore  ~ 

ORNL-DWG 7 a - i c . i ~ ~  
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Fig .  1 .  Block diagram of a three-frequency eddy-current  
instrument .  
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The mixed signal i s  then amplifted by a power amplifier and fed to 
either the probe or calibrator, depending on the mode of  operation that is 
selected. The instrument can be operated in five different modes. These 
are a reflection mode, a through-transmission mode, an absolute mode, a 
differential mode, and a calibration mode. The calibration mode can be 
selected remotely by the controlling computer, so that the calibration can 
be frequently and automatically checked during the tests. 
modes refer to the connection of the coils and the arrangement of the coils 
with respect to the conductor. In addition, the instrument can be operated 
with a multiplexer that will drive an array with up to 16 coils. 
signal from the probe or calibrator is then fed in parallel to three 
bandpass amplifiers, with each amplifier tuned to the frequency of one o f  
the oscillators. Each bandpass amplifier passes only the tuned frequency 
to a phase detector, and also generates a dc voltage proportional to the 
output amplitude of the tuned frequency. Each phase detector measures the 
phase shift between the reference signal, from one oscillator and the 
signal through the corresponding bandpass amplifier, and generates a dc 
voltage proportional to the phase shift. The dc voltages are fed to 
integrating analog-to-digital converters, which are read by the 
instrument’s computer. The instrument’s computer controls the readings, 
the calibrator, and the multiplexer (if one is used). It in turn is 
controlled by and transmits its data to the laboratory computer over the 
IEEE-488 bus (also known as the HPIB bus, the GPIB bus, and the I E C  625 
bus) .  
computes the properties of interest from these data. It will also 
display the data and can store it for future use. 
can be any computer that has this particular bus, such as the IBM 9000, 
the IBM PC/AT, or the HP 9000. However, it is desirable to have a good 
FORTRAN 77 language on the computer since the programs are presently 
written in this language. Also, a real-time operating system is necessary 
to avoid the l o s s  of  data during system interrupts. The programs in this 
report are for a IBM PC/AT and use Ryan-McFarland FORTRAN linked with an 
assembly level program, GETKEY, to handle the keyboard I/O. 

modes. 
probes, changes in the software commands, some changes in the instrument 
modules, or a combination of  the above. 

The other four 

The 

The laboratory computer takes the magnitude and phase data and 

The laboratory computer 

We will now discuss the operation of  the instrument in the different 
The mode changes may require changes in the connections of  the 

Absolute Mode of Operation 

The absolute mode o f  operation is diagrammed in Fig. 2. It consists 
of a single coil with a series dropping resistor. The impedance of the 
coil determines the magnitude and phase of the voltage developed across 
the coil, and this in turn is affected by the eddy-current properties of 
the sample. This is similar to one leg of a bridge circuit, but, rather 
than having another coil t o  balance against, it uses values stored in the 
computer memory. Advantages to using the absolute coil mode of  operation 
are the ease and unambiguousness of the data interpretation, but there 
are also advantages in using a f u l l  bridge mode, which we will now discuss. 
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F i g .  2 .  Absolute mcd!.c? ot opera t ion .  

The bridge mode :IF aper:a~:ion i s  showm i n  F i g .  3 and consists o f  two 
dropping r e s i s t o r s  I:o supp7.y cu r ren t  t o  two c0i.J.s. 
wouncl in.  the  same d i r e c t i o a s ,  s o  tliai: tk: nutuaJ. indiictance adds t o  the 
s e l f  inductance o f  ~ a c h  c o i l ,  o r  i n  opposi te  d i r e c t i o n s  so  that the 
mutual inductance s u b t r a c t s  from ;he s e l f  i.nc:luci:ance. I f  the c o i l s  a r e  
i n  c l o s e  proximity t o  each othtr:r, a s  is  t y p i c a l  i n  many differential 
bobbin probes 
o f  the c o i l  se l f  i i lductance,  r e s u l t i n g  i n  a 1.o~xg.r impedance. I t  in t u r n  is  
e a s i e r  t o  d r ive  a s i g n a l  over tlic cable  between the  c o i l  and instriirrient, 
when the  cahle i s  t e m i n a t r d  i n  a low iiipedance. 
o f  the h r idge  will help  balance the j n d w t i v e  component o f  vo l tage  
developed across  the  two c o i l s .  Sometimes, r e s i s t o r s  are al-so placed i n  
p a r a l l e l  between the coi1.s and ground t o  h e l p  l ~ l a ~ ~ c e .  the r e s i s t i v e  
component o f  the  impedance, bu t  i .c i.s d i f f i c u l t  to balance a c i r c u i t  such 
as t h i s  over a wi.de fx-equency range. 
opera ted  away from n u l l  because the phase d e t e c t o r s  ean-not measure the 
vol tage  phase with z e r o  volcage.  The output  o f  Che c i r c u i t  is  f ed  t o  t he  
bandpass a~iq>l i . f re rs  and the  r e s t  o f  the ci-rt::ui.ts i n  t h e  usual  manner. 
This arrangement has the  silva.n?:agc! t;lia t impedance d i f f e rences  between the 
t w o  c o i l s  are  measured, and the  c o i l s  can be arranged so  t h a t  both o f  them 
ars d e t e c t i n g  some o f  the same f e a t x u e s  o f  the sane sample, and the  
d i f f e rences  i n  what the L ~ J O  c o i l s  d e t e c t  can be ampl i f i ed ,  
p rope r t i e s  that vary slowly a long  2 sample bei.ng scanned w i l l  cancel  ou t  
( i f  one c0i.1. scans behind the  other), while small bu t  r a p i d  vari-ations i n  
the c o i l  impedance, such as a dnft3ck- nay produce, can be selective1.y 
ampl i f ied .  
varyi.ng tlefect . 

'The c o i l s  may be 

tlie mutua!. impedance term can be a s ign i - f i ean t  f r a c t i o n  

The r e s i . s t~ r  at the  t o p  

This type  o f  circ11i.t: i s  gene ra l ly  

Many of t he  

O n  t he  o the r  hand, we may overlook a significant bu t  slowly 
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Reflection Mode of Operation 

The reflection probe and its connections are shown i n  Fig. 4 .  A 
signal is supplied to the driver coil through an RLC network. 
in the driver coil produces an electromagnetic field that is detected by 
pickup coils coaxially mounted at either end of  the driver coil. 
pickup coils are wound in opposite directions and electrically balanced 
so that no net signal is produced when the probe is in air (away from a 
conductor). When the probe is placed on a conductor, a signal is produced 
that can be thought of as a signal reflected from the conductor. 
reflection coil can also  be considered an induction bridge, with the 
conducting sample unbalancing the bridge, This type of  probe has been 
well researched4 and successfully applied to a number of eddy-current 
problems over the years,5 It can greatly reduce the effects of  liftoff 
and probe temperature driEts f o r  many applications. 

The current 

The 

The 

Through-Transmission Mode of Operation 

This mode of  operation is the most accurate butl requires access to 
both sides of  the conductor as shown in Fig. 5. Both coils must be 
accurately positioned, with the axes aligned f o r  best results. By taking 
care to insure that all coil and conductor dimensions are accurate, we 
can make accurate absolute measurements of the electrical and magnetic 
properties o f  samples placed between the two coils. 
measurements that agree with the Nati.onal Bureau of Standards to within 
0.018 have been made using this technique.6 

Absolute conductivity 

CHASSIS FOR THKEE-FEtEQUEXCY INSTRUMENT 

The chassis f o r  the three-frequency instrument is constructed in a 
standard 133-mm-high (5 .25 - in . )  NIM (Nuclear Instrumentation Module) bin. 
Two switching power supplies made by Computer Products &re used, a k15 V, 
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model No. HE215 and a 5 V, model No. IIE381. Both supplies arE adjusted 
.Lo within 0.05 V of their nominal output voltages. The chassis is wired 
for an IEE-488 parallel port and an RS232 serial port. The wiring 
diagram for the chassis is shown in Fig. 6 ,  and a pliotograph of the 
chassis with the different modules installed is shown in Fig. 7. The 
instrument consists of one quadruple-width module (the computer module) 
and eight single-width modules. The modules are a power amplifier, a 
calibrator, three bandpass amplifi-ers, three phase detect,ors, and t h e  
computer. 

OSCILLATOR AND POWER AMPLIFIER MODULE FOR THE ~ ~ ~ - ~ ~ Q ~ N ~ X  
EDDY-CURRENT INSTKUlIENT 

The oscillator and power amplifier module furnishes three mixed 
signals and their timing. The signals are low impedance, Pow 
distortion, and highly stable both in amplitude and frequency. We shall 
first discuss the oscillator section of the module and then the power 
amplifier section. 

Oscil. 1 ator 

The module contains three similar Wien Bridge oscillators to generate 
three separate freqiiencies. A simplified diagram for a Wien Bridge 
oscillator is shown in Fig. 8 .  

which determines the frequency, and the negative feedback leg,  which 
determines the amplitude. 

The oscillator has two separate sections, the positive feedback leg, 

Frequency. We can calculate the voltage at the p o s i t i v e  input, e l ,  
fo r  a given output voltage, i f o :  

The gain will be maximum when the feedback is exactly in phase with 
the output (if the operational amplifier is ideal'). This occurs when the 
two imaginary terms cancel, or 

We can solve for the frequency and get 

I 

= 24- * 
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If the amplifier is not ideal, but the gain has a single-pole response of 
the form 

then the approximate equation for the frequency is 

The measured frequency is less than the frequency calculated by Eq. ( 3 )  for 
operational amplifiers hawing finite gains, frequency responses, and slew 
rates. The temperature drift and harmonic distortion both increase as the 
difference between calculated and actual frequency increases, However, we 
were able to select operational amplifiers that had good high-frequency 
response for the high-frequency oscillators and kept the actual frequency 
within 1% of the frequency calculated by Eq. ( 3 )  at 2 MHz. The capacitors 
used were high-stability, 1000-pF capacitors. To get the low frequencies, 
large resistances were required for R1 and R,.  
amplifier must flow through R , ,  this resulted in a severe voltage offset 
for the high-frequency amplifiers, which require a relatively large input 
current, Therefore, a lower frequency, low-bias-current operational 
amplifier was used for the low-frequency oscillators. 

Since the bias for the 

Amplitude. The amplitude is controlled by the negative feedback part 

If we make R I  = R2 and C1 = C,, which we did in the circuit, and 
of the circuit. 

W i Q I R 2 C 2  = - , E q .  (1) becomes 
e1 

and the equation for e2 is 

We can also calculate V o  from the gain multiplied by the signal dif- 
ference at the input, or 
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Substituting Eqs. (6) end ( 7 )  into Eg. < 8 )  and cas?cc.,'hirog the V o  t e r m  gives 

It appears t h a t  the c5rzult i s  i m w  independent o f  the outpnt  vrrltage, V,, 
but actually the value of Kb depemk 011 V o .  C ~ E  solve E q .  ( 9 )  f o r  
Rb and get 

which i s  Sb as determined by circuj I- gain. 
temperature of the b ~ l l b  in the manney 

Also, i?b depends 011 the 

where Ro i s  the  reslstancn at teniperatwre T o r  the temperature cccffieient 
oE res i s tance  o f  the bulb filawnt is a, and T is t h e  absolute tzq- 
perature. The bulb is heated by 1 1 1 ~  voltage e 2  u n t i l  it reaclars an 
equilibrium temperature, 7 ,  where the p o ~ e r  loss is equal to Lhe power 
i n t o  the bulb. 

The power loss will be due tu hoth radiation and condirc.tion. The con- 
duction term is small, since the bulb c o ~ ~ t a i n s  a varinm and only ip small 
amount is los t  through t h e  filamcnt ends. Also, b e c a u s e  of t he  s m a l l  s i z s  
of the wire and the relatively low ambient t e i n p i a r a t u r e ,  the bulb absorbs 
very little radiation € K O ~  t h e  surroundings. Therrfore, the power loss, 
which is proportional to the power into the bblb,  is 

The constant a. contains the surface area I aa; . lss ivi ty  , and other  collected 
factors in the equation. We can use E q s .  (71, (ll), arid (12) to solve for 
the voltage out: 

Use of E q s .  (10) 2nd (11) to solve for- the temperature gives 
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which can be substituted into E q .  (13) to give 

If we let the gain approach infinity and take the resistance coefficient 
of tungsten to be O.O05/K, we get 

x 3  3 0. OlRo 

and 

+ To . R f  - 2Re 
0.01Ro 

T =  

The resistance of the bulb at room temperature must be measured with a 
very low current to avoid heating the filament enough to change the 
resistance. The output voltage must be measured once, with one set of 
values to determine ao. Once these measurements have been performed, dif- 
ferent values of Rf can be selected to give different output voltages. 

The actual circuits are shown in Fig. 9 .  The diodes in the negative- 
feedback leg decrease the time needed to reach stability. With 75-42 
bulbs, the output voltage is about 5 V, peak to peak, and the bulb tem- 
perature is about 33OoC. The resistor values for a given frequency are 
shown in Table 1. 

and a power amplifier. 

Power Amplifier 

The output of each oscillator is fed to the phase-shift network 

The power amplifier is a summing amplifier with a high-gain stage 
followed by a unity-gain current-amplifier stage. The output is the 
inverted sum of the three inputs QI- 

where V I ,  V 2 ,  and V3 are the output voltages of the three oscillators and 
R , ,  R L ,  and R 3  are the output resistances of the oscillators. The com- 
ponent layout and lead placement a r e  critical. In Fig. 10 we show the 
component l ayout ,  and in Pig. 11 we show bath sides of the printed circuit 
board. 
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Table 1. Resistor values ( R f )  vs 
oscillator frequency 

Fr e que ncy rz, 
(kNz) (kQ) 

0 . 2 0  7 9 5 . 8  
0 . 5 0  3 1 8 . 3  
1 . 0  159.2  
2 . 0  7 9 . 5 8  
5.0 3 1 . 8 3  

10 1.5 9 2  
20 ' 7 .958  

FreCp?n@y Xf 
(kIIz) (kQ) 

50 3 . 1 8 3  
100 1 .592 
m e  0 . 7 3 5 8  
500 0 . 3 1 8 3  
1000 0 .  1.592 
2.080 0 ~ 09958 

The bandass amplifier consists of an i n p u t  stage, two identical 
active filter stages, and an output stage. A circipit diagram is shown in 
Fig. 12.. The rrequency-determining resistors are the same values as 
required for the oscillator and are given i n  Table 1. 

Inpa$ Stage 

The input stage is a single, ~igh-2nput.-inpedanee operat ionak 
amplifier with a variable gain which is adjustable f r o m  1 to 100, *l%e 
input impedance is set at 1 MR by a shunt resistance to ground, and the 
probe signal is capacitively coupled into the amplifier with a 
0.033-pF capacitor. 

Active Filter Stages 

There are two similar state-variable (sometimes called bi-quad) 
bandpass filter stages, and a simplified diagram of the filter used is  
sho~ni in Fig. 1 3 ,  While the filter can be used as a low-pass, high-pass, 
or  bandpass filter, we used o n l y  the bandpass type for this module. The 
midfrequency is determined by the equation 

This equation is very similar to E q .  ( 3 )  for the oscillator frequency. 
The same types and valucs of capacitaace and resistance are used in both 
circuits so that the drifts between the two tend to track each other. The 
Q of the circuit is given by 
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Fig .  9 .  Circuit diagram of the three-frequency oscillator and power amplifier. 



1
6

 

~ 
...... 

.. 



1 7  

Fig. 11. Pr in t ed  circuit board of the three-frequency oscillator 
arid power amplifier. ( a )  Component s i d e .  ( b )  Reverse side. 
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a d  the gain by 

In  tlre actual  design of the filter we have chosen R 1  eqml tn  R 2 ,  and 
these are the only cot~;psnents that are switched as the frequency i s  
changed. Both Z, arid C2 are  1000 pF high-st  ability capacitances. We have 
set R4 to 10 kS2, and K ,  is varied to change the "pole Boeatisn," depending 
on the typc of filter we w a n t .  Wa have chosen K g  equal to 100 kR and 
a, equal to 18 kO so that each filter section has  a gain of 10. 

the equation 
'l'he value of R7 i s  chosen from the Q of the filter stage, by use sE 

R g 
[(7 ............. 

-  he maximum gain, -R6/R8, is limited to a value that makes R7 positive. 

the Q of the individiial sections. The type filter chosen is a two-palp 
Butterworth with an overall Q OF 5.  This Lype of filter has the maximum 
atttenaiation with no ripple i n  the bandpass region, and tllo phase shift 
through t h i s  legion is lircrx. The values of Q, and f l  for each f i l t e r  
section wzre determined from Tables 1 and 3 i n  ref. 7. The first stage 
had f, = 0 . 8 B 7 9 f o  and Q, = 7 . 0 8 8 8 ,  and t l ic  second stage had f2 = 
1 . 1 5 2 2 f 0  and Q2 = 7 . 0 8 8 8 .  

The type o f  filter response des ired determines the pole placement and 

An analysis of the circplit, using nonideal spe~ational amplifiers, 
gives tl-rta txansfer  functiuri  dS 

The gains of each stage, A , ,  A , ,  and A 3 ,  arc complex functis-ils of the fiiw 
quency. If we assume a perfect operational amplifier with infinite gain, 
the transfer function becorn2.s 

t 24.) 
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where w = 2nf, and the equations for u o ,  Q, and gain are given in 
Eqs. (19), ( Z O ) ,  and (21). 

filter sections as functions of frequency are shown in Fig. 14. 
response shown here is for ideal filters and is the same as the measured 
response at low frequencies. A t  the higher frequencies, both the measured 
and calculated responses shaw peaking and will even oscillate if the 
actual circuit components are too far apart. 
stages of the filter is 50 at f o ,  and the phase shift is 8.125O for a 1% 
frequency change. In order to maintain the 0.01' accuracy on phase shift 
measurements, the differential frequency drift between the oscillator and 
bandpass amplifier must be less than O.OOlZ%, or 12 ppm. The total 
measured drift is about 0.04.O phase shift/OC. 
0.0004 times the output at fo, and at 0.5fo and 2fo the output is 0.018 
times the fo values. 

The calculated relative magnitude and phase of the output of the two 
The 

The overall gain of both 

The output at O.lfo is only 

Output Stage 

The output stage has a gain of 2 and can drive a low-impedance load 
with very little distortion. The overall gain of the bandpass amplifier 
module can be varied from 100 to 10,000. The amplifier operates up to a 
frequency of 2 MHz, with the performance falling off above 800 kHz. 

Alternating Current-to-Direct Current Converter 

The ac-to-dc converter drives a full-wave bridge - that is in the 
feedback loop of a wideband operational amplifier. The diode forward 
voltage drop and its drift with temperature are eliminated by use of this 
circuit. The differential amplifier output furnishes a gain of 2, and the 
dc voltage out is a linear function of the RMS input voltage of the form 

The equation if linear to within about k0.003 from 0.5 to 4.0 MRS 
input volts. 
entire frequency range. 

The layout of the amplifier is critical, and the printed circuit is 
shown in Fig. 15. The tuning resistors of the amplifier are mounted 
on a four-way rotary switch with shielding between the stages. 
component layout i s  shown in Fig. 16. 

The temperature coefficient is less than 40 ppm/OC over the 

The 

PHASE DETECTOR 

L The phase decector has an output voltage that is proportional to the 
difference between an arb,trary reference phase and the phase shift 
between the oscillator signal and the bandpass amplifier signal. It 
consists of two voltage height discriminators that produce pulses when 
the input signals pass through a set level, pulse-shaping circuits, a 
flip-flop that turns on when one pulse is received and off with the next 
pulse, a low-pass filter to integrate the flip-flop output, and an 
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Fig. 14. Characteristics of the bandpass amplifier. (a>  Relative attenuation. 
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c 

adjustable o f f s e t  voltage t0 offset the phase shift. 
of the phase detector i s  shown i n  F i g .  1 7  and the Frequency-detePmining 
resistors for the low-pass filter are given in Table 2 .  

The circuit diagram 

V a l  tage H e i g  iscrirehatoss 

The t w o  voltage t ieight diseriminatsrs are very similar, one far the 
os$: i 1 l a tor  signal and one for the bandpass amplifier signal The voltage 
discriminator is basically a differential amplifier with a constant 
current source in each emitter and a 2 . 2 - d  tnnne1 diode in each crslrec- 
t o r .  When the input signal reaches the voltage level s e t  by the variable 
resistancc in the other side of  the differential amplifier, the tunnel 
diode will switch from its low state to i t s  high state. The variable 
resistance for the bandpass amplifier circuit is mounted on the front 
pane1 and can be adjusted over a +S V range, although i t  is usually set 
f o r  zero crossover voltage for multiple-frequency operations. 'Fhe 
oscillator signal circuit is always adjuste for zero c'Tossover, and there 
is a tunnel diode i n  each collector, so that the phase shift can be 
measured f r o m  zero or 180'. 
output signal from changing by 360" when the two inputs are very close 
together i n  time. This circuit; is very sensitive and stable up to 5 MHz. 
The differential amplifiers keep the voltage d r i f t  to l ess  than 2 pU/*C, 
anti .the circuit has essentially no voltage gain, which reduces capacitance 
effects.. 

controlled pulse transistors i n  a can that contains its own oven. These 
pulses are then fed to either side of a f l i p - f l o p  circuit, 

This must be used 3-n some cases to keep the 

The signal from t h e  tunnel diodes Is amplified by two temperiatixre- 

F I. ip-3- I op circuit 

The flip-flop consists of a dual transistor pair in a single can with 
a vary accurate constant-current source in the emitters. Both collector 
resistors and the base bias-resistor strings have been chosen to m i n i m i z e  
the  changes in gain and base-to-emitter voltage with temperaturf' e "Rie 

f l i p - f l o p  operates in the unsaturated mode to achieve high-speed 
switching. The collector resistors are precision metal-film resistors 
mounted in the same case for thermal t r ack ing .  

 he balance voltage is used as a "phase offset" f ox  the flip-flop 
voltage and can be adjusted to cover the entire range of flip-flop output 
voltages. It also uses the voltage drop across fine and C Q ~ K S ~  poten- 
timeters mounted on the front panel and f e d  by a constant-current 
source. The reference voltage f o r  the constant-curretit; s5urces and the 
upper voltage levels for both the f l i p - f l o p  and balance control are regu- 
lat,ed by a 723 voltage-regulator integrated circim1-t. Since only the d i f -  
ference between these two voltages is measured, m a 8 9  drifts in the 
voltage-regulator output tend to cancel. Tlie output o f  the balance 
voltage is f ed  to ii unity g a i n  amplifier to furnish a high current l e v e l .  



26 



27 

'Table 2. Resistance, Rf, to determine the cutoff 
frequency of t h e  1 o w - p ~ ~  filter 

Switch Frequency 
(Hz) 

Switch Frequency 
W) 

7 9 5 .  a 2 1 15 .92  100 6 
3 1 8 . 3  5 2 7 . 9 5 8  200 7 

79.58 20 4 1 . 5 9 2  1000 9 
31.83 50 5 0,7958 2000 10 

1 5 9 . 2  10 3 3 . 1 8 3  500 8 

Low-Pass Filter 

A low-pass filter is used to integrate the signal from the flip-flop. 
e design study o f  this filter is similar to the handpass filter and will 

not be repeated here. The response of the filter with frequency is shown 
in Fig. 18. 
R f 2 ,  Rf3, and Rf 
output of the filter is fed to an adjustable gain amplifier, which is set 
to give 1 V out for 10° phase shift. 
restoring and buffer-output circuit, which sets the signal level to zero 
when the average flip-flop and the balance voltages are equal .  

detector module are shown in Figs. 19 and 20. 

The value of fo can be chosen by varying the resistors Rf 
as shown in Table 2. The Eilter has a gain of 5. 'I&, 

The signal is next fed to a zero- 

The printed circuit layout and the component layout for the phase 

Calibrator and Uultiplexer 

The pRase calibrator is a passive R-L-C circuit that will vary the 
amplitude and the phase independently. A simplified circuit diagram of 
the phase-shift network is shown in Fig. 29. e inductance, L I ,  and 
resistance, R J ,  of a stable toroidal coil are measured, and the tuning 
capacitance, C1, is calculated from the equation 

The output voltage for the phase shift network is 
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Fig. 19. Phase detector board. ( a )  Component s ide 
( b )  Reverse s ide .  
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i V.AMP INPUT 
CIRCUIT IN 1 1NSTRUMENT (APPROX 1 

LINE NO. SYMBOL EXPLANAT ION 

f00 
t 10 
f 2 0  
130 
1 5 0  
t 60 
t 7Q 
180  
(C A LC U t  ATE D 1 
(CALCULATED) 

SERIES RESISTANCE IN INPUT 
SERIES RESISTANCE IN INDUCTOR ( i l l  
V. AMP INPUT RESISTANCE 
INDUCTANCE I HENRIES) 
V. AMP COUPLING CAPACITANCE (FARADS) 
V.AMP + CABLE + CIRCUIT SHUNT CAP. 
FREQUENCY (HERTZ) 
POWER AMP INPUT VOLTAGE (VOLTS) 
CAPACITANCE (FARADS) 
RESISTANCE ( i l l  

w 
ji 

F i g .  21. Simplified diagram of the phase-shift and attenuator 
network. 
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This express ion  i s  eva lua ted  b7it l - I  the  computer program PHSNWK, whi.ch 
i s  l i - s t ed  i n  Appendi-x G .  The program w i l l  take a given phase s h i f t  and 
a d j u s t  t-he va lue  o f  R, u n t z i l  the d e s i r e d  phase shi-ft i s  obtained, 
c i r c u i t  diagram foi: the  a c t u a l  t h ree -  frequency c a l i b r a t o r  is shown i n  
F ig .  22 .  The layout  i s  c r i t i c a l ,  and the  t ransmi. t t ing and rec::ej.vinp, 
c i r c u i t s  should be i s o l a t e d  from each o t h e r ,  p a r t i c u l a r l y  wi th  the  switch 
i n  the  opera te  p o s i t  i.o-n. The instrument: readings can be swi.  tched between 
the  c a l i b r a t o r  and the  probe wf thout  removing the  s i g n a l  t o  eit:her. 

The ope ra t ing  made of the  phase c a l i b r a t o r  is  c o r i ~ r o l l e d  by the  
microcomputer which, i n  t u r n ,  i s  cont:rolled by the second by te  s e n t  by the  
sys  teiii control computer, ej.ther the  1BE.f PC/AT OK the  IBM 9000. Values 
between 0 and 3 a r e  a l l  c a l i b r a t e  modes and s e l e c t  the  h igh  and low magni.- 
tudes and phases.  A val-ue o f  4 i s  the  normal opera te  mode f o r  non- 
mult iplexed probes,  and va lues  of  6 and 4 are used t o  toggle  the  
mul t ip lexer  board.  The value  of 5 i.s used t o  r e s e t  the mul t ip lexer  t u  t he  
zero  o r  i . n i t i a l  s t a t e ,  and t h i s  i s  done a t  the  end of every readi-ng c y c l e .  
The c i rcu i t :  diagram f o r  the  mul t ip lexer  board :Fo-tr the three- f requency  
eddy-current  instrument i s  shown i n  Fi.g. 2 3 .  The p r i n t e d  c i r c u i t  board i.s 
shown i n  F i g .  24 and (:he component layout  is  shorn i n  F ig .  25. The 
par t icu l .a r  inodeb i s  f o r  a 1 6 - c o i l  a r r a y ,  a l though 8 - c o i l  mu l t ip l exe r s  have 
a l s o  been designed and cons t ruc t ed .  'The mul t ip lexer  i s  toggled from c o i l  
t o  c o i l  by the  swj-tching of the  s i g n a l  from the  c a l i b r a t o r  board between 
the  high and low state as previous ly  descr ibed .  This board i s  f i t t e d  i n  
the  probe-drive c a b l e ,  next  t o  the  probe S O  t h a t  the c o i l  l eads  a r e  s h o r t .  
The switchi.ng order  o f  t he  c o i l s  i s  no t  i n  o rde r  around the  circumference.  
This  i s  done t o  minimize the  in te rnc t i -on  betxeen t:he c o i l s .  Since the  
c o i l s  a r e  arranged i n  two i-i.xigs around the probe,  c o i l s  i n  al.t:ernate r ings  
a r e  switched i n  sequence. This is tzaken i n t o  accoimt i n  the reading and 
d l sp lay  programs where the readings a r e  pu t  back i n  the  p r o p e r  sequence. 

The 

The computer inodule i s  a quadruple-width module t h a t  c o n s i s t s  o f  the 
COMP9B aicrocomputer board,  t he  IEEE-488 board t h a t  plugs i n t o  the 
microcomputer board,  and the  analog- t o -  d i g i t a l  cornverter board.  
diagram f o r  the computxr module i s  shown i n  F i g ,  2 6 .  The COMP9B 

i n  another  report . .8  The c i r c u i t  diagram f o r  t he  r ev i sed  board i s  shown i n  
F i g .  2 7 .  Since only the  1/0 po r t ion  of  t he  board has been changed, only 
this p o r t i o n  of  the coniputer board i.s shown. The p r i n t x d  c i r c u i t  l ayouts  
fo r  the 60MP3B are shown i n  F i g .  28 and F i g .  2 9 ,  and t h e  conq)onent layou-t: 
is  shmm. i n  Fi.g. 30.  The r ev i sed  board a l sQ requ i r e s  t h a t  t he  coinputer 
program t o  run the board be changed, and the  new p-c-ogram, COMEP9B, i s  listed 
i n  Appendix A .  The c i r e u i - t  diagram f o r  t he  ZEEE-Lc88 board is  shown i n  
Fig.  31, with the  board layout  shown i n  F i g .  7 2  and the  component layout  
shown i n  F ig .  3 3 .  This board p3.ugs i n t o  the  t h i r d  I / O  p o r t  o f  the CQMP9B 
hoard.  

The a.nal.og- to -d ig i tx l .  conver te r  board c o n s i s t s  o f  eight: i n t e g r a t i n g  
analog-  to-di.gi.ta1 con-verters and the decoding c i r cu i - t ry  t o  allow the 
computer t o  address  each of them indi-vi-dually.  The computer genera tes  a 
common s t a r t  pulse  that s t a r t s  the  conversion in a l l  conve r t e r s .  The busy 

The wir ing  

c board i s  a modi f ica t ion  of  the  COMP3 niicrocomputer, descr ibed  
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F i g .  3 3 .  Component layout for the TEEE-488 board. 

line on all of the converters is logically OR-ed together so that a common 
busy line goes low when they have all completed their conversions, 
integration time of each converter is controlled by a single resistor and 
can be varied from 10 to 28 milliseconds. The board has been operated wi.th 
all eight converters for some special problems, but the normal mode of 
operation is with six converters, one for each magnitude and phase at each 
of the three frequencies. The circuit diagram €or the board is S ~ Q W T I  in 
Fig. 34 and the printed circuit layout is shown in Fig.  35. The component  
layout is shown in Fig. 3 6 .  

The 

While much of the operation procedure is done b y  the software programs, 
there are still a few set-up operations that must be perforiaed manually. 
These include the selection of operating frequencies, the selection of  
signal amplitudes and amplifier gains ,  the selection and connection of  
probes, the selection of  calibration values and ranges, and the set-up of 
phase detector levels and offsets. We will cover the set-up of the modules 
individually and in the order they should be performed. Although these 
detailed instructions may sound laborious and t h e  consuming, they can 
usually be performed in R matter of  hours and in general. will not require 
repeating except when major changes occur in the inspection p r o b l e m .  
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F i g .  3 5 .  Pri.rit:ed circuit board f o r  t:be anal.og- t u  -digital converter 
hoard. (a) Gomponcnt s i d e "  ( I > )  Reverse s ide  I 
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F i g .  36. Component layout fo r  the  
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POWER AMPLIFIER SET-UP 

The t h r e e  ope ra t ing  f requencies  are s e l e c t e d  us ing  the  t h r e e  r o t a r y  
switches of the  f r o n t  pane l  of the power-amplifier module. The ope ra t ing  
f r equenc ie s ,  i f  n o t  known from experience,  should be s e l e c t e d  hy running 
one of the mul t ip le  proper ty  a n a l y t i c a l - d e s i g n  p rag ramsg* l0  o r  running 
experimental  des ign  s t u d i e s . l l  
t h e  top swi tch  on t h e  module, t he  middle frequency set  us ing  the  middle 
s w i t c h ,  arid the  lowest frequency s e t  us ing  the bottom swi tch .  Since the 
h ighe r  f requencies  are usua l ly  t r ansmi t t ed  b e t t e r  than  t h e  lower f r e -  
quencies ,  t h e  amplitude of t h e  h igher  frequency i s  ad jus t ed  t o  be less 
than  t h e  amplitude of  t he  lower Erequency by us ing  a l a r g e r  mixing 
r e s i s t o r  than  i s  used f o r  t h e  lower frequency. These rcsis tzors  may need 
t o  be  changed f o r  a new t e s t ,  depending on the  p a r t i c u l a r  t e s t  p r o p e r t i e s .  
This  i s  determined by t r i a l  and e r r o r .  I n  F i g .  37(a), we s h o w  t h e  m u l t i -  
frequency output  of  t h e  power ampLiEier, as measured at3 the  f r o n t  panel  
of  the  power a m p l i f i e r .  Note t h a t  t he  amplitude o f  t he  low frequency is 
g r e a t e r  t han  t h e  h igh  frequency. A f t e r  t he  s i g n a l  passes  through a 
r e f l e c t i o n  probe,  t he  low f requencies  are a t t e n u a t e d  more than  t h e  h igh  
f r equenc ie s ,  and the  high f requencies  a r e  then g r e a t e r  than t h e  l o w  
f r equenc ie s ,  as shown i n  F ig .  3 7 ( b ) .  

The h i g h e s t  frequency should be s e t  us ing  

LIFIELP SET-UP 

The three bandpass amplifiers should be switched t o  t h e  proper  
ope ra t ing  frequency,  wi th  the a m p l i f i e r  on the  r i g h t  switched t o  the  
lowest  f requency,  the middle a m p l i f i e r  switched t o  t h e  middle f requency,  
and t h e  a m p l i f i e r  on t h e  l e f t  switched t o  the  h i g h e s t  frequency. The 
probe should be connected t o  the  proper  connect ions of  t he  c a l i b r a t o r  
module, and t h e  c a l i b r a t o r  module should be switched t o  the  ope ra t e  
p o s i t i o n .  The probe should be placed on the  sample t h a t  produces the  
largest magnitude s i g n a l  (some experimentat ion may be necessary  t o  
determine t h i s  sample).  The ga in  of  each bandpass a m p l i f i e r  should be 
ad jus t ed  t o  a va lue  of about 4.& V d e ,  as measured by running the  program 
DI63. The purpose is  to  in su re  t h a t  the s i g n a l  from the  probe w i l l  be 
Large enough t o  g e t  a r e l i a b l e  magnitude and phase reading  wi thout  
s a t u r a t i n g  t h e  bandpass ampl i f i e r  o r  the  phase d e t e c t o r .  

CALIBRATOR AND PHASE DETECTOR SET-UP 

The next  two modules must be se t  up on an  i n t e r a c t i v e  b a s i s .  The 
o b j e c t  i s  t o  use  t h e  c a l i b r a t o r  to a d j u s t  t h e  phase d e t e c t o r  t o  nieasure 
phase s h i f t  when the  s i n e  wave passes through ze ro  and t o  determine the  
amount of  ba lance  o r  o f f s e t  requi red  t o  keep the  d e t e c t o r  ou tput  i n  the  
measurement range of  t h e  a n a l o g - t o - d i g i t a l  conve r t e r s .  On the  o t h e r  hand, 
t he  measurements made by the  phase d e t e c t o r s  a r e  needed t o  determine what 
changes are needed i n  t h e  c a l i b r a t o r  phase s h i f t  range t o  match the range 
o f  phase s h i f t  encountered by the  probe dur ing  the  t e s t .  The ana log- to-  
d i g i t a l  conve r t e r  can opera te  over a range of 0 . 0  t o  5 . 0  V ,  which 
r ep resen t s  a phase s h i f t  of  50" ,  mare than  enough f o r  most t es t s .  The 
i n i t i a l  va lues  of phase s h i f t  can be es t imated  by measuring t h e  phase 



F i g .  3 7 .  Multifrequency s i g n a l s .  ( a )  S i g n a l s  
from t h e  power ampl i f ie r .  ( b )  Signals received 
from a reflection c o i l .  
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s h i f t  range wi th  an osc i l l o scope  and determining the  i n i t t a l  r e s i s t o r  
va lues  from t h e  program P W R K  ( s e e  Appendix 6 ) .  “hese valimcs lrist:aLled 
i n  the  c a l i b r a t o r  (see Fig.  2 2 ,  R 8  aird R 9 ,  Kl4 and R L 5 ,  R20  and W21) 
should be c l o s e  enough to  proceed t o  the  next  s t e p .  With the  c a l i b r a t o r  
i n  t h e  c a l i b r a t e  p o s i t i o n ,  and the  magnitude switch i n  t h e  h igh  p o s i t i o n ,  
t h e  amplitude must be ad jus t ed  f o r  ezich frequency us ing  t h e  p o t e n t i -  
ometers R 6 ,  R 1 2 ,  and R 1 8 .  The magnitude a t  each frequency should read 
4.5  V when measured by running t h e  program DdC3.  
the phase d e t e c t o r s  should be a 
does n o t  change as the  magnitude i s  switched from maximuni t o  mini.mua. The 
l o w  phase s h i f t  may change a s m a l l  amount.. At- t h i s  p o i n t ,  an  adjustment of 
t h e  balancc. s e t t i n g  on lrhc phase de tec to r  m i x t  be made so that  the  h igh  
phase reads about 4 . 5  V ;  then t h e  c a l i b r a t o r  switch can be set. K O  opera t e  
t o  scan  the  samples,  The va lue  of the  measured phase should f a l l  between 
the  h igh  and l o w  phase o f  the c a l i b r a t o r .  I f  n o t ,  t h e  measured phases are 
used t o  determine how much the  c a l i b r a t o r  range sliould be sh i f t -ed  zrnd t o  
compute and i n s t a l l  a new s e t  o f  resi.stors; then the  lasr p a r t  of the 
c:alibration process  must be repea ted .  The magnitude and phase readings 
need only  t o  ’be ad jus t ed  t o  wi th in  a few m i l l i v o l t s  o f  t h e  t lcsi.red 
voltages, us ing  f i r s t  t he  coarse  and then  the f ine  lift-off and balance 
d i a l s  I 

The lift-of1 s e t t i n g  o f  
u s t ed  so  t h a t  t h e  h igh  phase s h i f t  value 

Once t h e  instrument  i s  s e t  up,  i t  may then  be used t.o p s r T o r m  a 
v a r i e t y  of measurements. J n  gene ra l ,  we will f i r s t  perform a s e r i e s  of  
c a l i b r a t i o n  readings .  These should be done on a set  of s t anda rds  t h a t  
are r e p r e s e n t a t i v e  o f  t he  range o f  measurements t h a t  the  instrument  w i l l  
encounter  i n  the  a c t u a l  t es t .  The  developmerit o f  t h e  s tandards  t h a t  span 
the  range o f  v a r i a t i o n  i n  t e s t  p r o p e r t i e s  t h a t  will be encountered i s  the 
most d i f f i c u l t  p a r t  of t he  process  o f  developing a mult-ifrequcncy ~ 

mult iproper ty  eddy-current- t e s t  ~ 

nonl inear  funccion o f  t e s t  p roper ty  v a r i a t i o n s ,  t he  a r r a y  of  s t anda rd  
readings m u s t :  eonta  i n enough in te rmedia te  va lues  t o  adequately def ine  the  
func t ions  used. The program BIGRDG (See Appendix C)  i s  used t o  take  t.he 
readings .  I t  w i l l  also c o n t r o l  a t h r e e - a x i s  posieioner so  t h a t  t h e  probe 
can he posi-t ioned wi th  r c spee t  to the  s t anda rds .  An inpu t  d a t a  f i l e  m u s t -  
con ta in  t h e  p o s i t i o n s  of  t he  a x i s  and t h e  p r o p e r t i e s  o f  t he  s t anda rds  a t  
each p o s i t i o n .  Er rors  i n  t he  s tandards  w i l l  r e s u l t  i n  e r rors  i n  the  
eddy-current  readings  made dur ing  the a c t u a l  i n spec t ion .  BPGRDG p(3s i - 
t i o n s  t h e  s t anda rds ,  makes the  readings ,  and s t o r e s  the irastxumenb: readings  
and tes t  p r o p e r t i e s  t h a t  produced these  readings  i n  a d a t a  f i l e .  A se t  of 
readings may c o n s i s t  o f  several thousand d i f f e r e n t  propeasy combinations I 

and the  p o s i t i o n s  and readings  a r e  usua l ly  r e p e a i ~ d  three times t o  average 
ou t  any s m a l l  t ? r ro r  due t-o s tandard  p o s i t i o n ,  

Next, the  program BIGFIT (see Appe~idix a >  is r7m to take t h e  reading 
data and the pKQperty d a t a  and compute a Least squares  set  of c o e f f i c i e n t s  
t h a t  will allow t he  p r o p e r t i e s  eo be computed from non l inea r  func t ions  of  
t h e  readings .  The opera tor  s e l e c t s  the type of non l inea r  f u n c t i o n ,  the  
degree o f  the polynomial, and the  number of cross terms between t h e  
magnitude and t h e  phase on a n  i n c e r a c t i v e  b a s i s .  
c o e f f i c i e n t s  and two e r r o r  terms, one f o r  haw w e l l  t h e  coefficicncs f i t 
t h e  readings t o  the  p r o p e r t i e s  and the  o t h e r  f o r  trow much a d r i f t  i n  t h e  
readings  w i l l  change the  c a l c u l a t e  proper ty .  m c n  the  e r r o r s  are s i n a l l  

Since eddy-cur ren t  readings  are such a 

BIGFIT w i l l  r=smpute t h e  
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enough to s a t i s f y  the  Operator ,  he can save the  c o e f f i c i e n t s  i n  a data 
file f o r  t he  next program t o  run .  RIGE’:I:T w i l l  a l s o  take  a d d i t i o n a l  
readings from the instrument  and compute the readings  on a real-t ime b a s i s .  
The prograin PLTXDG (see Appendix E )  can then  be run t o  make pKOgramEd 
motion scans on the  s tandards  o r  d i f f e r e n t  p a r t s  usi-ng the l abo ra to ry  
p o s i t i o n e r s .  T h e  computed va lue  of t h e  p r o p e r t i e s  i s  graphed out  on a 
p r i n t e r  as the  sample i s  scanned. Versions of this program have been run 
us ing  f a s t e r  scanning devices  and d i s k  or t ape  st:orage media t o  speed up 
the  in spec t ion  rate. For the  f a s t e r  programs, the c o e f f i c i e n t s  and t h e  
nonl inear  polynomial equati-ons t h a t  contai.n them are coded d i r e c t l y  i n t o  
t h e  programs using f a c t o r i n g  to reduce the nuiiiber o f  mubt ip l i ca t ioas  
requi red .  This s m a l l  extra amount o f  programj-ng g r e a t l y  inc reases  the  
computation speed and redizces the  s i z e  o f  t he  programs. 

An example of  a major a p p l i c a t i o n  has been the development of 
i n - s e r v i c e  inspec t ions  f o r  steam generator tub ing  for l i g h t  water 

r e a c t o r s .  That system incorporated f a s t  scanning probe drives and the  
necessary data c o l l e c t i o n  f o r  rea’l.-t:i.mc? a n a l y s i s  of the r e s u l t s .  A s  
discussed  a t  the  beginning of  the  c a l i b r a t i o n  s e c t i o n ,  once the d a t a  and 
c a l i b r a t i o n  have been establi.shed wit11 the  BIGRDG ~ B’TGFIT, and PLTRDG 
programs, the  in spec t ion  system i s  ready t o  perform many ex tens ive  
examinations over a. long per iod  of time unless b a s i c  changes occur ,  such as 
major changes i n  t h e  tube dimensions ox: t:he discovery of a new unexpected 
proper ty  i n  the tub ing .  V e r i f i c a t i o n  o f  r;he proper  ope ra t ion  o f  the systeiii 
can be confirmed by passing the  probe through s tandards  wi th  known 
a r t i f ac t s .  T h i s  i.s normally done a t  the  end o f  each tube scan, and s l i g h t  
changes i.n the c a l i b r a t i o n  t h a t  may occur due t o  txmperature v a r i a t i o n s  o r  
t h e  use of a new probe can be co r rec t ed  mathematically.  

A three-frequency eddy-current  Instrument has been developed t h a t  
allows t he  performance of m u l e  i p l e  y-c-operty eddy-cur ren t  examinations ~ 

such as steam genera tor  tubing in spec t ions .  T h f s  ins t rument ,  a long with 
the  a s soc ia t ed  sof tware :  allows t h i s  complex type OS problem t o  be so lved .  
The use of  the  IEEE-488 i n t e r f a c e  bus and the  PC/AT as the c o n t r o l l i n g  
computer allows t h e  instrument t o  be app l i ed  wi th  s t anda rd ,  we l l -  
documented, and inexpensive accessory equi pment . 

The au thors  express thtzir apprec ia t ion  t o  Wayne Ki.ng and O t t  Sinit:h 
for thei.r h e l p  i n  l ay ing  o u t  the p r i n t e d  c i r c u i t  boards, t o  N .  Id. McCoy 
f o r  h i s  he lp  i n  cons t ruc t ing  the  ins t rument ,  t o  K .  V .  Cook and B .  E .  Fos te r  
f o r  reviewing the manuscri-pt:, and t o  Mary M. Upton f o r  typing the 
manus c p: i p  t , 
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APPENDIX A 

The COHP9B PROGRAW 





The COMP9B program is  very  s i m i l a r  t o  the  COMP‘P program w i t h  QLX 

very i.1nportnn.t: excep t ion ,  When execut ion  first :;t:ar?:s , i. ti t:.rnnr;E~”~s t:o 
the  p o r t  s e t - u p  subrou t ine ,  P R T S U ,  which i s  i n  the second 1FR.OM. This 
subrout ine  sets a l l  the p o r t s  and supp l i e s  t he  o t h e r  i n i t i a l  values for- 
t h e  p a r t i c u l a r  j o b  tha t  w i l l  be run.  After the  executi.on of ,t:he 
sub rou t ine ,  the moriitmr log-on rriessagc i s  p r i n t e d  on a CB.T (if one i s  
connec ted) ,  and the  program wa i t s  Ear e i t h e r  a inonitor command to lie 
typed o r  an i n t e r r u p t  t o  be rece ived  over t he  I E E E - 4 8 8  bus .  The 
i n t e r r u p t  will t r a n s f e r  control. t o  the f i r s t  1.ocati.on of the secor td  
PROM, where the type w i l l  be determined and executed .  Since the p o r t  
s e t - u p  must be run p r i o r  t o  t he  I E E E - 4 8 8  i n t e , r r u p t s ,  the  COHP9B p?-op,r;iiu 
will no t  work proper ly  by i t s e l f  without  a PROM i n  the  second posicior-1.  
A l i s t i r i g  o f  t h e  program COMP9H f o l 1 . o ~ ~ :  

TITLE ’NDT-COMP9B MONITOR ASSEMBLY VER.  3 APRTL 1983’  
1 PORTS A R E  SET FOR C:P 1 R BOARD, ALSO PORT SE‘i’UP CALL 

NAME CONF9 
LIST  B , G , O , T  ; LIST SYMBOL TABLE ONLY - P U T  S‘iT”iii0LS 

; I N T O  OBJECT MODULE TO AT,I,OW CliEB1’1 O N  
; OF A LOAD 1%4P 

1 N L I S T  I,M,S,X ; DO NOT LIST SOURCE TEXT 
P U B L I C  CI,CNVBN,CO,COPDT,CROUT,DCMD,ECHO,ERROR,FRET 
P U B L I C  GCMZ,, GETCH , GETCM, GETHX, GETNM, H I L O ,  XCMD , NMOUT 
PUBLIC GETC ~ PKVAI,, SCMD , VAIDG ~ VAIDL I XCMD , ZEKOM, SGNON 
EXTRN PRTSU 

CSEG ; U S E  RELOCATABLE CODE COUNTER 
1 

1 

* ; k % * * * * % * * * * ~ k * * ~ * ~ * ~ k ~ k * * ~ * * * * * ~ * ~  **>k******>k*>k* k**>k***Xkkik>k7k>k k A *>%!e ,’: 

. *~**~~k%%************~;~**~*~**%%*?k****~**,k*~;k~ *k?k***&*9<>k***Yt 2-2: >kh: 

, 
1 

, NDT-COMPE) MONITOR 

1 AUTHORS C .  V .  DODD AND R .  F. COWAN 

1 NONDESTRUCTIVE T E S T I N G  GROUP 
9 METALS AND CERAMICS D I V I S I O N  
, OAK R I D G E  NATIONAL LIBOKATOKIES 
1 OAK R I D G E ,  TENNESSEE 37831 

2 NOTE: THE COMP9 MONITOR WAS ADAPTED FROM THE COMP8,  
3 WHICH I S  A M O D I F I E D  V E R S I O N  0% TEE INTEL 8080A 
1 BOARD MONITOLI. 

1 

P 

1 
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, 
> 

, SYMBOL D E F I N I T I O N S  
I 

t 

I 

BRCHR EQU 
BRTAR EQU 
CMD EQU 
CNCTL EQU 
C N I N  EQU 
CNOUT EQU 
CONST EQU 
CR EQU 
DATA EQU 

E S C  EQU 
H C W  EQU 
PNVRT EQU 
LF EQU 
LOWER EQU 
;LSGNON - -  

MODE EQU 

NLSB EQU 
NMSB EQU 
NEWLN EQU 
PRTYO EQU 
RBR EQU 
REGS EQU 
RSTU EQU 
RTCCTL EQU 
RTCDAT EQU 
RTCMD EQU 

TERM EQU 
TRDY EQU 
U P P E R  EQU 
U S I N T  EQU 

;NCMDS - -  

;RTABS - -  

1 BH , 
3FAH ; 
2 7 H  t 

OC7H ; 
OC6H ; 
OC6H ; 
OC7H ; 
0 DH I 

A S C I I  CODE FOR BREAK CIIAK ( E S C A P E )  
LOCATION OF START O F  BRANCH TABLE I N  PROM 
COMMAND INSTKUCTION FOR USART I N T T I A L I Z A T I O N  
CONSOLE (USART) CONTROL PORT 
CONSOLE I N P U T  PORT 
CONSOLE OUTPUT PORT 
CONSOLE STATUS I N P U T  FORT 
A S C I I  CODE FOR CARRIAGE RETURN 

16*1024-256 ; START OF MONITOR KAM USAGE A T  
; (MEM S I Z E  I N  K ) * l K - 2 5 6  BYTES 

1 BH ; A S C I I  CODF: FOR BREAK CHAR 
OFH ; MASK T O  S E L E C T  LOWER HEX CHAR FROM BYTE 
OFFH ; MASK TO INVERT HALF BYTE FLAG 
OAH ; A S C I I  CODE FOR L I N E  FEED 
0 ; DENOTES LOWER HALF O F  BYTE I N  ICMD 

LENGTH OF SIGNON MESSAGE - D E F I N E D  LATER 
OCEH ; MODE SET FOR USART INITIALIZATION 

NUMBKK O F  V A L I D  COMMANDS - D E F I N E D  TATER 
OODH ; L S B  OF RTC D I V I D E  COUNT 
OOH ; MSB OF K T C  D I V I D E  COUNT 
0 FH ; MASK FOR CHECKING MEMORY ADDR D I S P L A Y  
07FH ; MASK TO CLEAR P A R I T Y  B I T  FROM CONSOLE CHAR 
2 ; MASK TO T E S T  R E C E I V E R  STATUS FOR A 1 

3 8 H  ; TRANSFER 1,OC FOR RS'C7 I N S T R U C T I O N  
D A T A + 3 5 5 - 1 8  ; START O F  R E G I S T E R  SAVE AREA 

OE7H ; REAL-TIME CLOCK CONTROL PORT 
OE6II ; R E A L - T I M E  CLOCK DATA (PORT#2)  
OBEH ; MODE WORD FOR R E A L - T I M E  CLOCK 

S I Z E  O F  ENTRY I N  RTAB TABLE - DEYXNKD LATER 
1 BW ; A S C I I  CODE FOR TCMD TEKMINATING CHAR ( E S C A P E )  
1 ; MASK TO T E S T  TRANSMITTER STATUS 
OFFH ; DENOTES U P P E R  HALF OF BYTE I N  ICMD 
0800H ; INTERRUPT BRANCH LOCATION 



, 
, 
, MONITOR ADDRESS DEFINITIONS 
I 

I 

MSTM. EQU 
ASAVE EQU 
BSAVE EQU 
CSAVE EQU 
DSAVE EQU 
ESAVE E(1U 
FSAVE EQU 
HSAVE EQU 
LSAVE EQU 
PSAVE EQU 
SSAVE EQU 
TEMP EQIJ 
I 

3FEI)H ; START OF MONITOR STACK 
3FF2H ; R E G I S T E R  SAVE LOCS 
3FFOH 
3 FEFH 
3 F’EEH 
3FEDH 
3FF1H 
3 FF4H 
3FF3W 
3FF5H ; P C  SAVE IaOC 
3FF7H ; USER S P  SAVE LOG 
3FF91I ; TEMPORARY MONITOR CELL 

I 

I 

I 
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GO : SHLD 
P O P  
s 1-1 L. i) 
LXI 
DAD 
SHLD 
LX7 
S P H L  
PUSH 
PLJSH 
PUSH 

LSAVE ; SAVE HL R E G I S T E R S  
H ; GET TOP O F  STACK HN'L'RY 

H , O  ; CLEAR H L  
SP ; GET STACK P O I N T E R  VALUE 
SSAVE ; SAVE [ J S E R ' S  STACK P O I N T E R  
H I  ASAVE+I  ; NEW i7AXAUE FOR STACK P O I N T E R  

PSW ; SAVE A AND FLAGS 
B ; SAVE B AND C 
D ; SAVE D AND E 

PSAVE ; ASSUME *rws IS LAST PC 

; S E T  MONITOR STACK P O I N T E R  FOR REG SAVE 

8 2 5 3 REA J.. - 'C IME CLOCK 1.N 1 T I  A L I  ZA'1' I ON 

, THE R E A L - T I M E  CLOCK MUST BE I N I T I A L I Z E D  F I R S T ,  S I N C E  I T  
, DETERMINES THE CLOCK FREQUENCY AND IIENCE THE BAUD RATE 
t FOR THE USART.  A MODE WORD I S  SENT F l R S r  S P E C I F Y I N G  WHICH 
I COUNTER AND MODE, AND THEN A 1 6 - B I T  I N T E G E R  N TO PROVIDE A 

D I V I D E -  B Y - N  FUNCTION.  THE TABI,E: KETJ3W S P E C I F l E S  WHICH 
I N T E G E R  

TO U S E  FOR A G I V E N  T I M E - B A S E .  
I 

I BAUD RATE N WITII 2 8 . 4 3 2  XTAX N WITH 18.000 XTAL 
, 9600 OOOD OOOD 
, 4800 OOlB O O l A  
, 2LOO 0035 0034 
, 1200 00615 0068 
, 300 0 E A 4  O l A l  
I 

, T H I S  ASSUMES A D I V I D E - B Y - 1 6  FACTOR FOR THE USART.  

f THE MODE WORD S P E C I F I E S :  
, 

I 

, S E L E C T  COUNTER #2 
9 LOAD L S B  FIRST,  THEN MS3 OF N 
, RUN I N  MODE 3 (SQUARE WAVE OIJTPUT) 
, LOAD I N  BINARY 

, 



S‘TART: MVI A, RTCMD 
OUT RTCCTL ; SEND MODE WORD TO RTC 
MVI A,NLSB 
OUT RTCDAT ; SEND LSR OF DIVIDE COUNT 
MVI A, NMSB 
OUT RTCBAT ; SEND MSB OF DIVIDE COUNT 

I 

1 

I 

I 

, USART INITIALIZATION CODE 
, 
I 

, 
I 

I 

P 

I 

I 

, 
I 

t 

I 

, 
I 

9 

7 

, 

THE USART IS ASSUMED TO COME UP IN THE m s m  POSITION 
FUNCTION IS TAKEN CAKE OF BY THE HARDWARE). THE USART 
BE INITIALIZED FOR A CRT INTEKIFACE. THE PARAMETERS BE 
APPLY: 

2 STOP BITS 
PARITY DISABLED 
8 BIT CHARS 
INTERNAL FKEQUENCY DIVIDE-BY-16 

I 

% NO HUNT MODE 
I NOT(RTS) FORCED TO ZERO 
t RECEIVE ENABLED 
, DATA TERMINAL READY 
I TRANSMIT ENABLED 
I 

THT S 
WILL 
,OW 

MVI A,MODE ;,16X,2 STOP BITS,NO BARITY,8 BIT CHARACTEK. 
OUT CNCTL ; OUTPUT MODE SET TO USART 
MVL A ,  CMD 
OUT CNCTL ; OUTPUT COPWAND WORD TO USART 

I 
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, 
CALL 
MV I 

MSGI,: MOV 
CALL 
INX 
DCR 
JMP 

, 
ORG 
JMP 

, 
PRSGN : J N Z  

PKTSU ; S E T  UP MICROCOMPUTER PORTS 
B,LSGNON ; COUNTER FOR CBAWICTERS I N  MESSAGE 
C , M  ; FETCH NEXT CHAR Tc) C REG 
co ; SEND I T  TO THE CONSOLE 

R ; DECREMENT BYTE COUNfER 
PRSGN ; J U M P  AROIJND SUBKOUTINE, INTERRUPT BRANCIl 

H ; P o I N + r  NEX'L' CHARACTER 

RSTU ; ORG TO R S T  TRANSFER LOG 
U S I N T  ; JUMP TO USER INTERKIJPT LOC 

MSGL ; RETURN FOR NEXT C H A M C T E R  

, 

2 ROUTINE GE'TCM 
, 

T H I S  ROUTINE RECOGNIZES COMMAND CWAK'S I N P U T  B Y  THE USEFC. 

J:'T I S  I N  THE COMMAND CHARACTER TARX,E. I F  THE CHAR I S  FOUND, 
, UPON R E C E I P T  O F  A CWLX FROK 'THE TERMINAL, I T  CHECKS I F  

, T H E  CORRECT ROUTINE I S  SET,ECTED FROM A TABLE OF COFLSIAND 

, ADDRESSES AND CONTROL I S  TRANSFERRED TO THAT ROUTINE.  I F  THE 

, CREATED.THTS I S  T I E  NORMAL RE'L'IJKN POIN'1' T O  MONITOR FOR T E S T  
, ROUTINES .,4 PROMPT . I S  PRINTED WHEN MONITOR I S  READY. 

ROUTINE 

O R I G I N A L  CHAR I S  NOT A VAI.JC) COMMAND, AN ERROR CONDITION LS 

, 
, EXTERNAL REFERENCES : 

I ECHO ERROR GETCH 

, 
GETCM: LXI I1,MS'I'AK ; AJAWAYS VANT TO W S E T  STACK P T R  TO PIONITOR 

S PWL ; /STAKl'ING VALUE: SO ROUTINES NEEDN'T CLEAN UP 
MV I C , l . #  ; FROMPT CHARACTER TO C 
CALL ECHO ; SEND PROMPT CHAR TO USER TERMTNAL 

CALL GETCH ; G E T  COMMAND CHARACTER TO A 
CALL ECHO ; FCHO CHAR4Cl'b.X TO USER 

GE'I'C E 1  ; ENABLE INTERRUPTS 



MOV 
LXI 
LX.1 

GTC0.5: CMP 
JZ 
INX 
DCR 
JNZ 
JMP 

GTCIO: L X L  
DAD 
DAD 
MOV 
INX 
MOV 
MOV 
PCHL 

, 
9 

A, c I 

E,, NCMDS ; 

FI ? 

H , 
c 8 

GTCOS ; 
ERROR ; 
H , CADR ; 
B I 

B 2 

A, PI * 
H I 

H9M 9 

H, CTAB ; 

GTClO ; 

? 

2 

PUT C O W D  CI-lAR INTO ACCUMULATOR 
C CONTAINS LOCP AND INDEX COUNT 
HL POINTS INTO COMMAND TABLE 
COMPARE TABLE ENTR.Y AND CHAR 

ELSE, INCREMENT TABLE POINTER 
DECREMENT LOOP COUNT 
BKANCH IF NOT AT TABLE END 
ELSE, COMMAND CHAR IS LLLEGAL 
IF GOOD COkWLND, LOAD ADDRESS OF TABLE 
ADD WHAT I S  LEFT OF LaOP COUNT 

GET LSP OF ADDRESS OF TABLE ENTKU TO A 
POINT TO NEXT BYTE IN TABLE 
GET MSP OF ADDRESS OF TABLE ENTRY TO H 
PUT LSP OF ADDRESS OF TABLE ENTRY INTO I, 
NEXT INSTRUCTION COMES EXOM: COMMAND ROUT [NE 

BE?ANCH IF EQUAL I COMMAND RECOGNIZED 

ADD AGAIN - EACH ENTRY IN CADR I5 2 r3YTES LONG 

? 

9 CROUT ECHO G ETCM G ETNM HILO 
1 NMOUT 
, 
I REGISTERS AFFECTED: ALL 
I 

? 

I 

DCMD: MVI c,2 9 

POP D ? 

POP H I 

MOV ASH , 

CALL GETNM 

DCMOS: CALL CROUT ; 

GET 2 NUMBERS FROM INPIIT STREAM 

ENDING ADDKESS TO DE 
STARTING ADDRESS TO HL 
ECHO CARRIAGE RETURN/LXNE FEED 
DISPLAY ADDRESS OF FIRST LOCATION IN LINE 
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CALL 
MOV 
CALL 

D C M I O :  MVI 
CALI, 
MOV 
CALL 
CALI, 
TRUE 
CALL 

FALS h: 
DCM12: CALL 

JMP 
DCMIS: I N X  

MOV 
ANT 

J N Z  
JMP 

NMOUT 
A , I, 
NMOUT 
e , !  I 

ECHO 
A , M  
NMOUT 
BREAK 
DCMZ 2 
H I L O  

DCM15 
CROUT 
GETCM 
I1 
'4 , L 
N E l J W  

D C M l 5  
DCMO 5 

9 

, 
, 
9 

, 
, 
, 
, 
I 

9 

, 
, 
, 
, 
2 

, 

ADDRESS I S  2 BYTES LONG 

U S E  BLANK AS SEPARATOR 
GET CONTENTS OF NEXT MEMORY LOC 
DISPJAY CONTENTS 
S E E  I F  USER WANTS OUT 
I F  S O ,  BRANCH 
SEK IF ADDRESS OF DISPLAYEI)  I.OCATTON I S  
/GREATER THAN OR EQUAL TO E N D I N G  ADDRESS 
I F  NOT,  MORE S'O DISPLAY 
CARRIAGE RETUKN/J,INE FEED TO END L I N E  
A L L  DONE 

GET LOW ORDER B T T S  OF NECa ADDRESS 
SEE I F  LAST HEX D I G I T  OF ADDRESS DENOTES 
/STAKT OF NEW L I N E  

IF MORE TO G O ,  POINT TO N E X T  rue TO DISPLAY 

NO - NOT AT END OF L I N E  
Y E S  ~ START NEW LINE WITH ADDRESS 

, 
I 

, ROUT [.NE GCMD 

I T H I S  ROUTINE IMPI.EMENTS THE B E G I N  EXECU'I'I ON ( G )  COMMAND. 
, 

, 
, 
GCMD: CALL 

F A L S E  
MOV 
C P I  
J N Z  
LXT 
MOV 
I NX 
MOV 
JMP 

GCMOS: MQV 
C P I  

GET ADDRESS (IF PRESENT) FROM I N P U T  STREAM 
H U N C H  I F  NO NUMBER PRESENT 
ELSE,  GET TERMINATOR 
SEE I F  CARRIAGE RETURN 

WANT NUMBER TO REPLACE SAVE PGM COUNTER 
ERROR I F  NOT PROPERLY TELYMINATED 

IF NO STARTING ADDRESS,  MAKE SURE THAT 
/CARRIAGE RETURN TEPJIINATED COMMAND 
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J N Z  ERROR ; ERROR TF NOT 
GCM10: JMP RST'I'F ; RESTORE R E G I S T E R S  AND B E G I N  EXECUTION 

ROUTINE ICMD 
, 
, T H I S  ROUTINE IMPLEMENTS THE I N S E R T  INTO MEMORY (1.) COMMAMI. 
I 

, EXTERNAL REFERENCES : 
9 

9 

, CNVBN CROUT ECHO ERROR GETCH 
9 GETNM S T H L F  VALDG VALDL 
, 
3 R E G I S T E R S  AFFECTED:  A L L  

9 

1 

I C M D  1 ITJI 
CALL 
MVI 
S TA 
P O P  

1 C M O 5  : CALL 
MOV 
CALL 
MOV 
C P I  
JZ 
CALL 
TRTJE 
CALL 
F A L S E  
CALI, 

MOV 
CALL 
IJ>A 
ORA 
J N Z  
I N X  

I C M 1 0 :  XRI 
S T A  
JMP 

JMP 

E INARY 

ICM20: CALL 

ICM25: CALL 

c , 1  
GETMM 
A ,  UPPER 
TEMP 
D 
GETCH 
C , A  
ECHO 
A ,  c 
TER!! 
ICM25 
VALDL 
I C M 0 5  
VALDG 
I C M 2 0  
CNVBN 

c , A  
STI-ILF 
TEMP 
A 
I C M l O  
I> 
INVRT 
TEMP 
ICM05 
STHPO 
ERROR 
STIIFO 

GET S I N G L E  NUMBER FROM I N P U T  STI1EAM 

TEMP WILL HOLD THE UPPER/LOWEX I-IALE' BYTE FIAG 
DE GETS ADDR OF STAKT 
GET ONE CHAR FROM I N P U T  STREAM 

ECHO THE CHAR 
RESTORE I T  I N T O  A 
I S  I T  A TERFIINATINC, CHAR? 
YES - NO MORE CHARS COMING I N  
NO - I S  I T  A V A L I D  D E L I M I T E R ?  
YES - IGNORE I T  
NO - WELL, I S  I T  A V A L I D  HEX D I G I T ?  
NO - MUST BE AN ERROR 
YES - AT LAST A GOOD D I G I T .  CONVERT I T  TO 

MOVE RESULT TO C 
STORE I N  A P P R O P R I A T E  HALF WORD 
GET HALF BYTE FLAG 
SET FLAGS 
BRANCH I F  FLAG S E T  FOR U P P E R  
I F  LOWER, INC ADDR OF D E S T I N A T I O N  BYTE 
TOGGLE FLAG 
PUT NEW VALUE OF FMG BACK 
LOOP A*VD DO ANOTHER CHAR 
I L L E G A L  CHAR 
FILL BYTE AND ERROR 
BRANCH TO HERE W E N  I N P U T  F I N I S H E D  
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CATJ. CROUT ; P N N T  A CR , LF 
JMP GETCM ; RETIJRN TO COMMAND INTERPRETER 

, 

I ROUTINE MCMD 
9 

9 T H I S  ROUTINE IMPLEMENTS THE MOVE DATA WITHIN MEMORY ( M )  
, COMMAND. 

I EXTERNAL REFERENCES:  
I 

- - - - - I - - _ _ - - - - - - - - - _  , 
I 

, GETCM GETNM 
3 

9 R E G I S T E R S  AFFECTED:  A L L  

, 
, 

MCMD: MV'L 
CAT., 1. 
POP 
P O P  
POP 

CALL 
JMP 

C O P L P :  MOV 
STAX 
TNX 
I N X  

COPDT: MOV 
SUB 
MOV 
S B B  
RC 
JMP 

C , 3  
GETNM 
D 
B 
H 
COPLP 
GETCM 
A,M 
D 
I4 
D 
A , C  
L 
A ,  
H 
GETCM 
C O P L P  

; GET 3 I N P U T  VALUES 
; DE-=DESTINATION ADDRESS O F  F I R S T  BYTE 
; BC=ENI) ADDRESS OF BLOCK T O  B E  T U N S F E R R E D  
; HL=STAXTING ADDRESS OF BLOCK TO BE XFERED 
; C A L L  COPY DATA LOOP 
;JUMP BACK TO GET COMMAND PROGRAM 
; MOVE BYTE I N  MEM TO A 
; STORE SAME BYTE I N  J,OC ADDRESSED BY DE 

; S E T  1JP TEST TO DETERMINE LF H D B C  

; /WHEN H D B C  (CARRY TS S E T )  
; THEN KE'L'IJKN TO CALL SUB 
; RETURN I F  DONE ( H W B C )  
; OTHERTJISE DO ANOTHER BYTE 

; SUBTRACT HL FROM BC - GET A "BORROW" 

, EXTERNAL REFERENCES : 

, 
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GETCM CE'I'WX NMOU'L' 
9 ECHO 
9 

, R E G I S T E R S  AFFEC'CED: ALL 
9 

9 

9 

SCMD: CALL 
PUSH 
POP 

s CMI) 5 : MOV 
C P I  
37, 
C P I  
JNZ 

SCM10: MOV 
CALL 
I"N I 
CAI,I, 
CALL 
FALSE 
MOV 

SGM1S: INX 
JMP 

G ETHX 
B 
11 
A , D  

S C M l O  

GE'I'CM 
A , H  
NMOUT 
e ,  - '  
ECHO 
GETHX 
SCM15 
M , c 
H 
S CMO 5 

I #  

# I  
9 

, 
, 

GET A W M B E R ,  IF' P R E S E N T ,  FROM INPUT 

PUT I T  I N T O  HL 
GET T E M I N A T O K  
SEE I F  SPACE 
YES - CONTINUE 
€4'0 - THEN CHECK LF COIQ'IA 
NO - 'I 'ELYINATE COMMAND 
GET CONTENTS OF S P E C I F l E D  LOC 
DLSPIAY 'THEM 

USE RASH FOR SEPARATOR 
GET NEW VALUE FOR MEM LUG, I F  ANY 
I F  NO VALUE THERE,  THEN ADVANCE 
OTHERKCSE STORE LSB O F  VAL[TE ENTERED 
INCREMENT ADDR O F  MEM LOG TO EXAYXNE 

, 
9 

9 ROUTINE: XCMD 

, COMMAIVD I 

, 
I T H I S  ROUTINE TMPLEMENTS THE R E G I S T E R  EXAMINE AN[> CHANGE (XI 

9 

9 EXTERNAl, REFERENCES : 

9 

ECHO ERROR GETCH GETCM , GROUT 
9 GETXX mou'r RGADR KEGDS 

XCMD: CAIJ, GETCH ; GET REGISTER T D E N T I F I E R  
MOV C , A  
CALL ECHO ; ECHO I T  
MOV A ,  c 
GPI CR 
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J N Z  
CATAT, 
JMP 

XCM05: MOV 
CALL 
PU s H 
PO 'z 
MVI 
CALL 
MOV 
S TA 

XCM10:  LDA 
C P 1  
J Z  
C P I  
J N Z  

XCM15: MOV 
ORA 
J N Z  
CAJJ ,  
JMP 

XCM18:  PUSH 
MOV 
MVI 
I NX 
MOV 
PUSH 
PUSII 
POP 
PUSH 
MOV 
CALL 
P O P  
PUSH 
ORA 
J Z  
DCX 
MOV 
CALL 

XCM20:  MVI 
CAJJ,  
CALL 
FALSE 
MOV 
STA 
POP 
POP 
ORA 
J Z  
MOV 
DCX 

XCM25: MOV 

XCMO 5 
REGDS 
GETCM 
C,A 
RGADR 
B 
H 

ECHO 

TEMP 
TEMF 

XCM.11.5 

GETCM 
A , M  
A 
X C M l 8  
CKOUT 
GETCM 
H 
E , M  

C , '  ' 

A , @  

I 1  

I I  , 

; BRANCH 1F NOT A CR 
; OTHERWISE,  SHOW REG CONTENTS 
; AND RETURN TO COMMAND INTEKPRETER 
; GET R E G I S T E R  I D E N T I F I E R  TO C 
: CONVERT I N T O  RTAB ADDR 

; PUT P O I N T E R  TO REGISTEX ENTKY TNTO H L  

; ECHO SPACE 'TO USER 

; PUT SPACE I N T O  TEMP A S  D E L I M I T E R  
; GET TERMINATOR 
; I S  I T  A SPACE? 
; YES - GO CHECK P O I N T E R  I N T O  TABLE 
; NO - W E L L ,  I S  IT A COMMA? 
; NO - THEN I T  MUST BE A CK 

; SET FLAGS 
; BRANCH IF NOT A T  END O F  TABLE 

; AND E X I T  
; PLACE POINTE:K ON STACK 

; NOT AT END - P R I N T  C R , I , F  

D ,  .HIGI? .DATA ; FETCH ADDR O F  SAVE LOC FROM TABLE 
H 

D 
D 
I-: 
E 
A ,  M 
NMOUT 
PSW 
PSSJ 
A 
XCM20 
H 
A , M  
NMOUT 
C , f - #  
ECHO 
GETHX 
XCM30 
A , D  
TEMP 
PSW 
H 
A 
XCM2 5 

H 

B , M  

M, B 

M ~ C 

; FETCH LENGTH FLAG FROM TABLE 
; SAVE ADDR O F  SAVE EOC 

; MOVE ADDR TO H L  
; KEEP IXNGTH FLAG 
; GET 8 R 1  YS 0): REG FROM SAVE LOC 
; SHOW I T  TO THE USER 
; GET BACK THE LENGTH FLAG 
; SAVE I T  AGAIN 
; S E T  FLAGS 
; I F  AN 8 B I T  R E G ,  THEN WE ARE DONE 
; OTHERWISK GET 8 MORE B I T S  

; NOW SHOW THEM 

; U S E  DASH AS SEPARATOR 
; I S  THERE A VALUE THERE:') 
: NO - GO CHECK NEXT R E G I S T E R  

; YES - SAVE 'L'IIE TERMINATOR FOR A WH1L.E 
; GET BACK 1.ENGrI-I FLAG 
; STORE SAVE LOC ADDR 1N HJ. 
; S E T  F-LAGS 
; I F  AN 8 K I T  L U X ,  THEN BRANCH 
; SAVE UPPER 8 KITS 
; P O I N T  TO SAVE LOC FOR LOWER 8 B I T S  
; STORE LSB OF REG 



67 

XCM27: L X I  
P O P  
DAD 
J M P  

XCM30: MOV 
S T A  
P O P  
P O P  
JMP 

I 

, 

D ,  RTAES ; 
H I 

D I 

XCMlO ; 
A7 D , 
TEMP , 
D , 
D 3 

XCM27 ; 

S I Z E  OF ENTRY I N  RTAB TABLE 
GET P O I N T E R  I N T O  RTAB 
ADD ENTRY S I Z E  TO P O I N T E R  
DO NEXT REG 
GET TERMINATOR 
SAVE I N  MEM 
CLEAR STACK OF LENGTH FLAG AND ADDR 
/ O F  SAVE LOC 
I N C  RTAB P O I N T E R  

I 

I ZCMD 
I 

I COMMAND TO GET 3 NUMBERS FROM THE I N P U T  STREAM 

I ADDRESS TO THE 2ND ADDRESS.  
1 AND COPY THE T H l R D  NUMBER I N T O  RAM FROM THE 1 S T  

I 

ZGMD: MVI 
CALL 
P O P  
P O P  
P O P  
CALL 
JMP 

ZEKOM: MOV 
MOV 
I N X  
MOV 
SUB 
MOV 
SBB 
RC 
JMP 

I 

I 

I 

C ,  3 
GETNM 
D 
€3 
H 
ZEROM 
GETCM 
A ,  E 
M,A 
H 
A , C  
L 
A, €3 
H 

ZEROM 

;LOAD C FOR 3 CHARACTERS 
; G E T  3 I N P U T  VALUES 

;END ADDRESS TO BE C O P I E D  THROUGH 
;HL-STARTING ADDRESS O F  RAN WHERE E I S  WRLT'I'EN 
; C A L L  ZERO ROUTINE 
; J U M P  BACK TO GET NEXT COMMAND WHEN DONE 
;DATA TO BE WRITTEN MOVED I N T O  KAM 
;WRITE DATA I N  ACC I N T O  RAM ADDR BY HL 
;INCREMENT HL FOR NEXT ADDRESS 
; S E T  U P  T E S T  TO DETERMINE I F  HL.GT.BC 
; SUBTRACT HL FROM BC I F  NEG , G E T  A BORROW 
;WHEN H L  .GT. BC ,CARRY I S  SET 
;THEN RETURN TO CALLING PROGRAM 
;RETURN WHEN DONE 
; J U M P  BACK7WE WERE NOT DONE 

;DE-CHARACTER TO BE C O P I E D  I N  E , D  FILIER 

9 

CGMD: MVI c93 ;LOAD C R E G I S T E R  TO GET 3 NUMBERS FROM INPTJT 
CALL GETNM ; 3  NUMBERS WILL B E  ON STACK 
POP D ; D E  CONTAINS THE VALUES TO BE COMPARED TO 
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P O P  
P O P  
CALL 
JMP 

COMPAK : LDAY 
CMP 
J Z  
PUSH 
MOV 
CALI.. 
MOV 
CALL 
MV L 
CALL 
MV 1 
CALL 
MOV 
C: A L L  
MV I 
CALL 
MV 1 
CALL 
MOV 
CALL 
MOV 
CALL 
MV I 
CAZL 
MV 1 
CALL 
LDAX 
CALL 
CALL 
POP 

DATCK: I N X  
I NX 
MOV 
SUB 

SBB 
KC 
J ME' 

MOV 

B 
M 
COMFAR. 
GETCM 
D 
M 
DATCK 
R 
A , I I  
NHOUT 
A , L  
NMOUT 
C ,  0 3 D H  
CO 
C ,  0 2 0 H  
co 
A , M  
NMOUT 
C ,  020H 
CO 
C ,  0701: 
CO 
A , D  
NMOU'f 
A ,  E 
NMOUT 
C ,  0 3 D H  
co 
C ,  0 2 0 H  
co 
D 
NMOUT 
CROUT 
B 
H 
D 
A , C  
L 
A , B  
H 

COMPAR 

;VALUES FROM ADDK !IT. TO RC WTLL BE COMPARED 
; T O  VAWJES STARTING AT ADDR BE 
; COPIFARE ROUTINE IS CAI,T,ED 
;JUMP RACK TO GET NEXT COTNAND WHEN DONE 
;LOAD ACCUMULATOR WITH DATA ADDR BY DE 
;COMFBRE TO DATA ADDR RY tIL 
;JUMP TO DATA CHECKS I F  DE DATA=HL DATA 
; DATA D 1111 NOT AGREE,  SAVE B C ,  P R I N T  DATA 
;LOAD H I N  ACC 
;PRINT H REG VAL 
;LOAD L rN ACC 
;PRINT IA VALUE 
;LOAD A S C I I  'I='' I N T O  C 
; P R I N T  I T  
;LOAD BIANM I N T O  C 
; P R I N T  A SPACE 
;LOAD DATA AT HL ADDR I N T O  A 
; P R I N T  DATA AT ML ADDR 
; P R I N T  3 SPACES 

;LOAD D ADiX? IW'CO A 

; P R I N T  DE ADDRESS 

;T,OAI) ASCTL REI? OF "=" I N T O  C 
; P R I N T  I T  
;LOAD I N  SPACE 
; P R I N T  IT 
;LOAD DATA ADDRESSED BY DE I N T O  ACC 
; P R I N T  DATA ADDRESSED HY DE 
;CARRIAGE RETUFLN,LINEFKEU 
; B C  RESTORED 
;INCREMENT HL TO NEXT DATA BYTE 
; INCREMENT DE TO NEXT DATA BYTE 
;SET UP TEST TO DETERMINE I F  H L . G T . B C  
;SUBTRACT HL FROM B C ,  WE C S T L T ,  G E T  A 
; A  "BOKKOW" WHEN I IL .GT.BC(CARRY I S  SET) 
I 

;RETURN TO CALLING SUB WHEN DONE 
; J U M P  HACK IF NOT DONE 
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I 

I 

I ROUTINE BREAK 
I 

I THIS ROUTINE CHECKS FOR A BREAK CHAR FROM THE CONSOLE. 
I IF THERE IS NO PENDING CNAIZ OR I F  IT IS NOT THE BREAK 
I CHAR (USUALLY AN ESC), A FAILURE RETURN IS TAKEN (CARRY=C)). 
, THE CHAR IS LOST. IF IT IS THE BREAK CHAR, A SUCCESS KETUKN 
I IS TAKEN (CARRY-1). 
I 

I OUTPUT : CARRY 
1 BIT 

. SUCCESS 1 
- - - _ -  , 

1 

I FAILURE 0 

I DESTROYS: A,FLAGS 
I 

1 

I 

BREAK: IN 
ANI 
JZ 
IN 
ANI 
CPI 
JZ 
JMP 

CONST 
RBR 
FRET 
CNIN 
PRTYO 
BRCHR 
SRET 
FRET I 

GET TERMINAL STATUS 
IS A CHAR THERE? 
NO - FAILURE RETURN 
YES - GET THE CHAR 
GET RID OF THE PARITY BIT 
IS IT A BREAK CHAR? 
YES - TAKE A SUCCESS RET 
NO - TAKE A FAILURE RET 

I 

I 

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * % * ~ * * * * % ~ * * * * * ~ * * * * * ; ~ % % ~ * * 3 ~ ~ ~ ~ * ; ~  
I 

I 

I 

1 ROUTINE CI 
I 

I THIS ROUTINE WAITS FOR A CHAR TO BE ENTERED AT THE 
I TERMINAL AND THEN PLACES THE CHAR INTO THE A REGISTER, 
1 ALLOWING THE CALLING ROUTINE ACCESS TO IT. 
I 

I OUTPUT : THE RECEIVED CHAR IN REG A 
I 

I REGISTERS AFFECTED: A,FLAGS 
I 

1 .................................................................... 
I 

1 

GI: IN CONST ; GET STATUS OF CONSOLE 
ANI RBR ; CHECK FOR RECEIVER READY 
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JZ C I  ; NOT Y E T ,  SO WAIT 

R E T  ; RETURN TO CALLER 
I N  C N l N  ; OK - NOW GET CHAR 

, 

I 

, 
, ROUTINE CNVBN 

, T H I S  ROUTINE CONVERTS THE ASCII  CODE OF A HEX D T G [ ' r  TO 
1 THE CORRESPONDING BINARY VALUE NO CIIECK FOR VALID I N P U T  
, I S  PERFORMED. 

I I N P U T  : R E G I S T E R  C - A S C I I  CODE FOR ONE HEX D I G I T  
> 

OUTPU r : R E G l S T E R  A - BIN'ARY VALUE OF 1'HE rNF'[JT I I IGIT 
, 
, R E G I S T E R S  AFFECTED:  A , F U G S  

I . *** ** .................................... ............................ 
9 

, 
, 
CNVBN: MOV A , c 

SUI ' 0 '  ; SUBTRACT A HEX 30II FKOM A S C I I  I N P U T  CODE 
C P I  1 0  ; BETWEEN 0 AND 9? 
RFT ; YES - ALL DONE 
SUI. 7 ; NO - BETWEEN 1 7  AND 2 3  DECTMAL 
RET ; SUBTRACT OFFSET O F  7 (DECIMAL) AND RETURN 

, 

, ROUTINE CO 
, 

T H I S  ROUTINE Y A I T S  UNTTL T I E  T E W P N A L  I S  READY AND THEN 
5 SENDS THE INPUT ASCII CODE TO I T .  

CNPIJT : R E G I S T E R  C - A S C I I  CODE O F  DESIRED CHAR TO BE 
PRINTED 
, 

OUTPUT : R E G I S T E R  C - CODE PRINTED AT TEEWINAT.. 

, REGISTERS AFFECTED: A ,  NAGS 

co : I N  CONST ; GET TERMINAL'  S STATUS 
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AN I TRDY , 
J Z  CO I 

PlOV A ,  c , 
OUT CNOUT ; 
K.E'C 

, 
, 

SEE IF TRANSI%ITTER I S  READY 
NO - WAIT 
YES - MOVE CODE TO THE ACCUMULATOR FOR OTJTPU'T 
SEND IT TO THE CONSOLE 

9 

, THIS ROUTINE PRINTS A < C D , < L D  ON 

9 EXTERNAL REFERENCES: ECHO 
I 

'I'WE:: TERMXNAI., 

REGISTEKS AFFECTED: A,B,C,FLAGS 

I 

CROUT: MVI C , CR. 
CALL ECHO 
RET 

9 

, ROUTINE ECI-IO 

9 

, THIS ROU'CLNE TAKES A SINGLE C I ~  AS INPUT AND PKI.NTS i 'r GFJ 

, USER TERMINAL. A <CR> IS ECHOED AS A < C D , < L F >  AND AN <ESC> 
9 TS ECHOED AS $ .  

THE 

9 

, INPUT: REGISTER C - ASCII CODE O F  CHAR TO ECHO 
1 

, OUTPUT: REGISTER C - CODE ECHOED '1'0 TEKMINAL 
9 

9 EXTERNAL REFERENCES: CO 
9 

, REGISTERS AFFECTED: A ,  B F'IAGS 
, 
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CMP 
J N Z  
MVT 

MV 1 
CMP 
J N Z  
MVI 
CALL 

E C H 1 0 :  MOV 
R E T  

ECHO5 : CALL 

, 

B 
ECHO 5 

CO 
A ,  GR 
B 
E C H l O  
C,LF 
co 
C , B  

c ,  ' $ '  

; S E E  I F  ARG I S  AN < E X >  
; NO - THEN BRANCH 
; YES - THEN ECHO A $ 
; DO OUTPUT THROUGH MONITOR 

; WAS CHAR A < C D ?  
; NO - NO S P E C I A L  ACTION NEEDED 
; YES - ADD A <LF> 

; RESTORE ARG 
; RETURN TO CALLER 

, 
T H I S  ROU'1'INE P R I N T S  THE ERROR CHAR ON THE TERMINAL, THEN A 

, <CR>,<LF> SEQUENCE, AND RETURNS TO THE COMMAND RECOGNIZER.  
1 

9 R E G I S T E R S  AFFECTED:  A , R , C , F M G S  

, 
ERROR: MVI c ,  /* '  

CL41414 ECHO ; P R I N T  A ' * '  ON THE TERMlNAL 
CAT .J, CROUT ; GO TO THE NEXT LINE 
JMP GETCM ; RETURN TO C O M 4 N D  1NTEKPLIP:'CER 

, ROUTINE F R E T  

, T H I S  ROUTINE I S  CALLED BY ANOTHER ROUTINE THAT NEEDS TO 
1 REPORT A F A I L U R E  ON RETIJRN. T H I S  I S  DONE BY SETTI-NG THE 
9 CARRY FALSE ( 0 ) .  

, OUTPUT : CARRY-O 

, 

t 

I R E G I S T E R S  AFFECTED:  FLAGS - CARRY ONLY 

1 

F R E T :  S T C  ; F I R S T  SET CARRY TRUE 
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CMC 
R E T  

, 

; COMPLEMENT AND MAKE IT FALSE 
; RETURN TO CALI,ER 

I 

t 

, ROUTINE CETCH 
t 

t T H I S  ROU'FINE RE'IIJRNS 'L'HE NEXT CHAR I N  THE INPUT STREAM TO 
I TME CALLING ROUTINE. 
I 

, OUTPUT: R E G I S T E R  C - THE NEXT CHAR IN I W U T  S'I'KEAM 

EXTERNAL REFERENCES : G I  
, 
1 R E G I S T E R S  AFFECTED : A ,  C , FLACS 
I 

I 

GETCH : CALL C I ; G E T  CHAR. FOP3 TEN4INAL 
ANI FRTYO ; TURN OFF P A R I T Y  B I T  I F  SET 
MOV C , A  ; PUT VALUE I N  C KEG F'OK RETIJKN 
w r  ; RETURN TO CALLER 

1 

1 

t ROUTINE GETHX 

, T H I S  ROUTINE TAKES THE TAST FOUR k K X  D I G I T S  F R O M  'HE INPTJT 
I STREAM AND CONVERTS 'I'HELK VALUE TO A L6-13IT BINARY VALIJE. 
9 A VALID D E L I M I T E R  TEKMINATES THE I N P U T  PJUMBER AND I S  RETULRNEI) 
, WITH THE BINARY VALUE AS AN OUTPUT. ANY IIATdEGAZJ CHARY 
I CREATE AN ERROR C O N D I T I O N .  I F  THE FIRST (VAJ..ID) CIIAK TS NOT 
I A D E L I M I T E R ,  THE KOII'FINE SETS THE CARRY TO 1 AND RETURNS;  
, OTHERWISE,  THE CARRY I S  S E T  TO 0 AND THE CONTENTS O F  RC ARK 
t UNDEFINED.  

t 

, 
t OUT PUT : 

I 

, 
, 

R E G I S T E R S  B , C  - 1 6  B I T  R1.NARY INTEGER 

R E G I S T E R  D - CHAR THAT TERMINATED THE INTEGER I N P U ' I '  

FLAGS (CARICf) - 1 IF FTRST CHAR NOT A DE1,IMITER 
0 I F  I T  IS ('THEN B , C  A R E  UNDEFINED) 
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, EXTERNAL REFERENCES : 
. . . . . . . . . . . . . . . . . . . .  

, CNVBN ECHO ERROR GETCIl VALDG 
1 VALDL 

, R E G I S T E R S  AFFECTED:  A , R , C , D , E , F L A G S  
, 

GE'L'HX: PUSH 
L X I  
MVi 

GI-1x05 : CALI, 
MQV 
CALL 
CALL 
FALSE 
MOV 
PUSH 
POP 
POP 
MOV 
O M  
J N Z  
J Z  

FALSE 

MVI 
DAD 
DAD 
DAD 
DAD 
MVI 
MOV 
DAD 
JMP 

G H X 1 0 :  CALL 

CALL 

H 
H I  0 
E , O  
GETCH 
c , A  
ECHO 
VALDL 
GHXlO 

I1 
B 
H 
A , E  
A 
S R E T  
F R E T  
VATdG 
ERROR 
CNVBN 
E ,  OFFH 
H 
H 
H 
H 
B , O  
C , A  
B 
GHXO 5 

D , C  

SAVE I iL 
I N I T  RETURN VALUE 
I N I T  D I G I T  FLAG TO FATSE 
GET ONE CHAR 

ECHO I T  
SEE I F  I T  I S  A D E L I M I T E R  
NO - BRANCH 
YES - F I N I S H E D ,  MUST RETURN D E L I M I T E R  

STORE VALUE I N  BC 
RESTORE HL 
GET FLIG 
SET F-LAGS 
NONZERO F U C  - NUMBER FOUND 
ZERO FLAG - D E L I M I T E R  WAS 1S ' r  CHAR 
I F  NOT A D E L I M I T E R ,  S E E  I F  A HEX D I G I T  

COFTTELPT TO I T S  BINARY VALUE 
S E T  D I G I T  FLAG TO TRUE 
*2! 
XL /+ 

x"8 
*16 
CLEAR T H E  H I G H  8 B I T S  OF BC 
GET BINARY VALUE OF CHAR I N T O  C 
ADD THIS VALUE TO P A R T I A L  RESULT 
NOW GET THE NEXT CHAR 

NO - ERROR 

ROUTINE GETNM 
I 

! T H I S  ROUTlNE F I N D S  A S P E C I F I E D  NUMBER O F  I N P U T  NUMBERS 
, (BETWEEN 1 AND 3)  AND RETURNS T H E I R  VALUES ON THE STACK.  
, 
I I F  TWO OR MQKE ARE REQUESTED, TlICN 1 H E  F I R S T  MUST BE LESS 
I THAN OK EQUAL TO THE SECOND. OTHERWISE THE FCKST AND SECOED 
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1 NUMBERS WILL BE S E T  EQUAL. THE I A S T  NUMBER MUST BE FOLLOWED 
BY A <CR> OR AN ERROR CONDITION W I L L  OCCUR. 1 

1 

1 I N P U T :  REG C - NUMBER OF I N P U T  VALUES TO READ 

1 OUTPUT: TOP O F  STACK - VALUES OF INPUTS (LAST ON TOP) 

EXTERNAL REFERENCES: 

1 

I ERROR H I L O  GE’I’HX 

1 R E G I S T E R S  AFFECTED:  ALL 
1 

1 

CETNM: MVI 
MOV 
A N I  
R Z  
MOV 

G N M 0 5 :  CALI, 
FALSE 
PUSH 
DCR 
DCR 
J% 
MOV 
CPI 
J Z  
JMP 

GNM10: MOV 
C P I  
J N Z  
LXI 
MOV 
ORA 
JZ 

DCR 
J N Z  

GNM20: POP 
POP 
P O P  
CALL 
FALSE 
MOV 
MOV 

GNM25: XTHL 
PUSH 
PUSH 

GNM15: PUSH 

L ,  3 
A , C  
3 

H , A  
GETHX 
ERROR 
B 
L 
H 
GNMlO 
A , D  
CR 
ERROR 
GNMO 5 
A , D  
CR 
ERROR 

1 

1 

1 

1 

1 

1 

1 

9 

1 

1 

1 

1 

1 

, 
I 

1 

1 

PUT MAX ARGUMENT COUNT I N T O  L 
GET THE ACTUAL ARG COUNT 
FORCE TO PIAX OF 3 
I F  0 ,  DON‘T DO ANYTHING 
E L S E ,  PUT THE ACTUAL COUNT I N  H 
GET A NUMBER FROM THE I N P U T  STREAM 
ERROR I F  NOT THERE (TOO FEW I N P U T S )  
E L S E ,  SAVE NUMBER OM THE STACK 
DECREMENT ACTUAL ARG COUNT 
DECREMENT ACTUAL ARG COUNT 
BRANCH I F  NO MORE INPUTS ARE NEEDED 
E L S E ,  GET NUMBER TERMINATOR TO A 
I S  I T  A < C D ?  
YES - ERROR (TOO FEW NUMBERS) 
NO - DO ANOTHER NUPIBEK 
WHEN DOWN TO ZERO, CHECK LAST CHAR 

ERROR I F  I T  I S N ’ T  A <CD 
B,OFFFE’H ; HL GETS THE LARGEST VALUE 
A , L  
A 
GNM20 
B 
L 
G N M 1 5  
B 
D 
H 
H I L O  
GNM2 5 
D,H 
E ,  I, 

D 
B 

; GET W T ’ S  L E F T  O F  THE MAX ARG COUNT 
; CHECK I F  0 
; YES - 3 NUMBERS WERE I N P U T  
; NO - FILL UNUSED NPGS WITH O F F F F H  

; NOW GET THE THREE ARGS OUT 

; S E E  I F  F I R S T  VAL >= THE SECOND 
; NO - TAKE A BRANCH 

; YES - S E T  SECOND EQUAL TO FIRST 
; PUT THE F I R S T  ON THE STACK AND GET RETURN ADDR 
; PUT THE SECOND ON STACK 
; PUT T H I R D  ON THE STACK 
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PUSII !1 ; PUT RET ADDR ONTO STACK 

KM ; IF IT IS NEGATIVE, THEN CORRECT 

POP H ; OTl-II.:KW~SE ~ GET RETURN ADDR 
XrHL ; REPLACE TOP KESUJ.'r WITH RET ADDR 
JMP GNM30 ; TRY AGAIN 

GNM30: DCR A ; DECKEMENT RESIDUAL COUNT 

; NUMBERS ARE ON THE STACK 

, 

, THIS ROUTINE COMPARI:!; 'l'lrJ0 UNSIGNED 16-BIT INTEGERS IN HI, 
, AND DE. THE CARRY FLAG IS SEf  ACCORDING TO THE COMPARISON 

INPUT : DE - 16-R1.C INTEGER 
, HL - 16-BIT I N T E G E R  

OUTPUT : CAS E CARRY 
_ _ _ -  - - - - -  , 

HL<DE 0 

III>-DE 1 
, 
, REGISTERS AFFECTED: FLAGS 

H I L O :  PUSH 
MOV 
DCX 
MOV 
SUB 
MOV 
SBB 
I NX 
MOV 
POP 
RET 

7 

; SAVE BC 
; SAVE A IN B REG 
;DE DECREMENTED SO THAT IJE WILT, G E T  CARRY 
;WHEN HI,. GE I DE 
; SUBTRACT BL FROM I)E-GE:T A BORROW WHEN 
;WHEN HL.GT.DE-l(CARRY IS S E T )  

;DOESN'T WORK IF DE-0 ,RESTORE DE 
;RESTORE ACCUMULATOR 
;RESTOKE: HC 
;RETURN TO CALLING ROUTINE 

, 
THIS ROUTINE PRINTS THE CONTENTS OF REGISTER A IN HEX 
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1 ON THE TERMINAL. 
1 

1 INPUT: REGISTER A - 8-BIT INTEGER 

1 EXTERNAL REFERENCES: 

9 ECHO PRVAL 

1 

_ _ _ _ . . _ _ _ - - _ _ _ _ _ _ - - - -  
8 

1 

9 

1 REGISTERS AFFECTED: A,B,C ,FILAGS 
1 

P 

9 

NMOUT: PUSH 
PUSH 
RRC 
RRC 
RRC 
RRC 
ANI 
MOV 
CALL 
CALL 
POP 
ANI 
MOV 
CALL 
CALL 
POP 
RET 

1 

1 

H 
PSW 

HCHAEl 
c ,A 
PRVAL 
ECHO 
PSW 
HCHAR 
c , A  
PRVAL 
ECHO 
H 

9 

1 

1 

J 

. 
1 

2 

9 

1 

9 

SAVE HL - DESTROYED BY PRVAL 
SAVE ARG 

MOVE HI 4 BITS TO LO 4 BITS 
MASK OUT H I  4 - ONLY WANT ONE HEX CHAR 

CONVERT LOWER 4 BITS TO ASCII 
SEND TO TERMINAL 
GET BACK AKG 
MASK OUT UPPER 4 BITS - JUST WANT 1 HEX CHAR 

RESTORE ORIGINAL HL 
RETURN TO CALLER 

1 

1 

9 ROUTINE PRVAL 
1 

8 THIS ROUTINE CONVERTS A BlNhRY NUMBER BETWEEN OH AND OFH, 
9 INCLUSIVE, INTO THE CORRESPONDING ASCIT CHAR ’Q’ - ‘ 9 ’  O K  
9 ’ A ‘  - ‘F ’  . NO CHECK IS MADE OF THE V A L l D I m  OF THE INPU‘C. 

I 

INPUT: REGISTER C - INTEGER N, O<-N<=OFH 

OUTPUT: REGISTER C - CORRESPONDING ASCII CODE 

1 REGISTERS AFFECTED: B,C,H,L,FLAGS 
, 
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MVI B , O  ; CJaEAK HI 8 BITS OF BC 
DAD B ; ADD D I G I T  VAT, TO Ell, ADDR 
MOV C , M  ; FETCH ASCI1 CODE FROM MEM 
R E T  ; RETURN TO CALLER 

, 

, 
I ROUTINE REGDS 

, THIS ROUTINE SHOWS THE R E G I S T E R  SAVE L O C ‘ S  ON THE TERMINAL I N  
9 FORMATTED FORM. THIS R.OUTINE TS DRIVEN FROM A T A B L E ,  RTAB, 
, WMIGH CONTAINS THE R E G ’ S  PRINT SYMBOL, SAVE LOC ADDR, AND 
I LENGTll ( 8  OR 1 6  BITS). 

f EXTERNAL REFERENCES : 

> 

, 

9 

, CROUT ECHO ERROR NMOIJT 
I 

, R E G I S T E R S  AFFECTED:  ALL, 

, 
REGDS: w(i 
REGO5:  MOV 

MOV 
0- 
J N Z  
CALL 
R E T  

REGJ O : CALL 
MVI 
CALL 
TNX 
MOV 
MV I 
I N X  
LDAX 
CALL 
MQV 
ORA 
57, 
DCX 
LDAX 
CALL 

R E G 1 5 :  MVI 

H,RTAB ; LOAD HL WITH ADDR OF START OF TARI.I.1 
C , M  ; GET P R I N T  SYMBOL OF REG 
A ,  c 
A ; T E S T  FOR I) - END OF TABLE 
REG10  ; NO - THEN BKANCI-I 
CROTJT ; YES - SEND <CD,<X,F> 

; RETURN TO CALLEK 
E M 0  ; ECHO THE CHAR 

ECHO ; OUTPUT EQUALS S I G N  
H ; P O I N T  TO START OF SAVE LOC ADDR 
E , M  ; GET L S B  OF SAVE LOC ADDR TO h: 
D ,  HIGH.DATA ; PUT MSB O F  SAVE LOC ADDR lNTO D 
I1 ; POlNT T O  LENGTH FDA@ 
D ; GET CONTENTS OF SAVE ADDR 
NMOUT ; P R I N T  THEM ON T1-K ‘CRRMLNAZ. 
A , M  ; GET LENGTH F U G  

R E G 1 5  ; I F  0 ,  REGISTER I S  8 B I T S  

D ; GET LO 8 B I T S  
NMOUT ; P R I N T  ’THEM 

c ,  ‘ - 1  

A ; S E I  S t G N  F-MG 

B ; OTHERWISE, 1 6 - B I T  KEG SO MORE T O  DXSP-MY 

C , ’  ’ 
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CALL ECHO 
INX H ; P O I N T  TO START OF NEX1' TABLE ENTRY 
JMP REG05  ; 00 NEXT REG 

9 

I 

t ROUTINE R(;ADR 
, 
9 THIS ROUTINE TAKES ONE CHAR, DENOTING A R E G I S T E R ,  AND 
I SEARClIES THE RTAB TABLE FOR A MAI'CH. IF FOUND, THE ROU'TLNF 
I RETURNS THE ADDR OF THE ADDR OF THE SAVE LOC O F  'I'HE REG.  
9 THIS ADDR P O I N T S  I N T O  RTAB. I F  THERE I S  NO MATCH, TIiEN THE 
9 R E G I S T E R  I D E N T I F I E R  I S  I L L E G A L  ANI) AM ERROR CONDITION OCCURS 
9 

9 I N P U T  : R E G I S T E R  C - A S C I I  CODE OF REG SYMBOL 
9 

I OUTPUT : R E G I S T E R S  B , C  - ADDR OF ENTRY I N  RTAB FGR REG 

9 EXTERNAL REFEKENCES: 

DES IRED 
? 

9 

I ERROR 

t R E G I S T E R S  AFFECTED: ALL 

t 

RGADK: W I  
w(I 

RGAOS: MOV 
ORA 
J Z  
CMP 
J Z  
DAD 
.J MP 

RGAlO: I N X  
NOV 
MOV 
RET 

€ I  , K r A B  
D, m a s  
A liI 
A 
ERROR 
c 
RGAlO 
I) 
RGAO 5 
H 
B , H  
c , L 

; ML GETS ADDR OF STAK?' OF TABLE 
; DE GETS S I Z E  O F  AN ENTKY 
; GET R E G I S T E R  I D E N T I F I E R  
; CHECK FOR TABLE END ( I D E N T I F I E R  ' [ S  0) 
; I F  AT END OF TABLE,  AKG I S  I L L E G A L  
; ELSE, COMPARE TABLE EN'L'RY AND ARG 
; EQUAL - REG LS FOUND 
; NOT EQUAL - I N C  P O l N T E R  AND TRY AGAIN 

; 1% A PBTC1-I, I N C  TABLE P O l N T E R  TO SAVE LOC ADDR 

; RETURN 'THIS VALUE 
; RETURN TO CALLER 

9 

t 

I ROUTINE R S T T F  
, 



80 

THIS ROUTINE RESTORES ALJ, K E G S ,  , u , r  FLIP/FLOPS,  THE S P  AND 
, THE PC FROM THE SAVE TS)CS I N  MEMORY. THE ROUTINE REI'URNS 

CONTROL 1'0 THE NEW PC LOC WITH ALL INTEKRUPrS ENART El). 

, REG1 S T E W  AFFECTED : ALL 

9 

R S T T F :  D I  
IX I: 
S P H L  
POP 
POP 
P O P  
MLD 
S PHL 
T.&klLD 
PUSH 
LHLD 
E l  
RET 

; D i S A B L E  INTERRUPTS WHILE RESTORING THINGS 
P1,MSTAK ; S E T  MONITOR SP TO START OF STACK 

D ; START ALSO END OF REG SAVE AREA 
B 
PSW 
SSAVE ; RESTORE USEK STACK POIN'TER 

PSAVE 
H ; PUT USER RET ADDR ON USER STACK 
LSAVE ; RESTORE IIL REGS 

; ENABLE INTERRUPTS NOW 
; JUMP TO RESTORED PC LO(: 

, 

, ROUTINE SRET 

t m I S  ROIJTINE 3:s CALLED BY OTHER ROUTINES WHICH WANT TO 
RETURN SUCCESS.  I T  S E T S  THE CARRY TKIJE (1). 

, 
I OUTPUT : CARRY = 1 

> KEGZSTEKS AFFECTED: FLAGS (CARRY ONLY) 
, 

, 
, 
, ROUTINE STIIYO 

T H I S  ROUTINE CHECKS THE HALF-BYTE FLAG IN TEMP TO S E E  I F  
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I I T  1 S  S E T  TO LOWER. I F  S O ,  STHFO STOKES A O TO PAD OUT 
I THE LOWER HALF OF THE ADDRESSED B Y T E ;  OTHERWISE,  1T  DOES 
I NOTHING. 

I I N P U T  : R E G I S T E R S  DE - 1 6 - B I T  ADDR OF BYTE TO BE STORED 
I 

TMTQ 
9 

I EXTERNAL REFERENCES:  

9 

I S T H L F  
, 
2 R E G I S T E R S  AFFECTED : A B , C , H , L ,  FLAGS 

I 

> 
STHFO: LDA TEMP I 

ORA A 9 

RM 7. 9 

MV I C , O  , 

R E T  I 

C A L L  S T W F  ; 

, 

GET HALF BYTE FTAG 
SET FLAGS 
I F  SET TO U P P E R ,  DON'T DO ANYTHING 
E L S E ,  WANT TO STORE T!IE VALUE c) 
DO I T  
RETURN TO CALLER 

I 

I KOUTINE S T H L F  
I 

I THIS ROUTINE TAMES THE /&-BIT VALUE IN c AND STOKES r r  I N  
, HALF O F  THE BYTE ADDRESSED BY KEGS D E .  THE HALF-BYTE [JSED 
, ( U P P E R  OR LOWER) I S  DENOTED BY THE FLAG I N  TEMP. S T H L F  
I ASSUMES THAT T H I S  FLAG HAS AIRFADY BEEN S E T ,  USUALLY BY 
I ICMD . 

t INPU1' : R E G I S T E R  C; - 4 - B I T  VALUE TO STORE T N  HALF-BYTE 
, REGISTERS DE I 1 6 - 1 3 1 ~  ADDR OF BYTE 'ro EE STORED 

I 

INTO 
7 

I REG1 S T E R S  AFFECTED : A ,  B , C , H , L ,  FIAGS 
I 

, 
I 

S T H L F :  PUSH D 
POP I3 9 

MOV A,C I 

MQV C , A  I 

A N I  0 FH I 

MOVE ADDR O F  BYTE LNTG HI, 
GET VAL 

PUT VAL BACK 
FORCE TO 4 - 3 I T  LENGTH 
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LDA TEMP ; GET HALF BYTE FLAG 
ORA A ; CHECK FOR LOWEK HALF 
JNZ STM05 ; BRANCH IF NOT 
MOV A,M ; ELSE, GET BYTE 
AN I OFOH ; CLEAR LOWER 4- BITS 

MQV M , A ; PUT BYTE BACK 
RET ; RETURN Ti) CALLER 

SIX05 : MOV A , M ; 1 F  TJPPER HALF, GET BYTE 
A N T  0 FH ; CLEAR UPPER 4 BITS 
MOV B,A ; SAVE BYTE IN 8 
MOV A , C: ; GET VALUE 
RRC 
XRC 
RRC 
RRC ; ALIGN TO UPPER 4 B I T S  
OR&, B ; OK T N  ORIGINAL LOWER 4 BITS 
MOV M,A ; PUT NEW CONFIGURATION BACK 
RET ; RETURN TO CALLER 

O R B  C ; OK IN- VAL 

, 
I 

~ ~ *-~*****,t*****~**-~-~**-~*-~;~**~~.~-,..,-~ n ,\ x . * ~ . ~ * . ~ . i c ~ - ~ - ~ ~ ~ ~ ~ ~ . ~ . . ? ~ ~ ~ ~ ~ * ~ * * , ~ - ~ - ~ * * * - ~ - ~ ~  I. , 

, 
, ROUT INE VALDG 
I 

, THIS ROUTINE RETURNS SUCCESS IF ITS INPUT AKG JS AN A S C l J  
, CHAR REPKESENTING A VALID HEX DTGIT AND FAIJ,URE OTI-IERWISE. 

, INPUT: REGISTER C - ASCII CODE 

, REGISTERS AFFECTED: A,FMGS 

VALDG: MOV 
CPI 
JM 

CPI 
JM 
JZ 
CPi 
JM 
CPI 
JP 
JMP 

ZERO 

A ,  
' 0 '  
FRET 

' 9 '  
SKET 
SKE'C 
'A' 
FRET 
' G '  
FKE'C 
SRET 

; TEST CHAR AGAINST ' 0 '  
; CANNOT BE A HEX O T G l T  I F  LESS THAN ASCII FOR 

; E L S E ,  SEE IF IN RANGE ' 0 '  - ' 9 '  
; LESS 'CHAN ' 9 ' ? ?  
; l+X>UATa T O  ' 9 ' ? 
; NOT A NUMERAL, SO TRY A DIGJ C 
: NO - RETURN 

; NO - CODE GREAI'ER THAN IF' 
; YES - CODE BETWEEN ' A '  - IF', INCLUSIVE 
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, 
I 

I ROUTINE VALDL 

I THIS ROUTINE RETURNS SUCCESS IF ITS INPTJT AR-G IS A 
I VALID DELIMITER CHAR (SPACE, COPMA, OR < C D )  AND FAILURE 
I OTHERlJIS E. 

I INPUT : REGISTER C - INPUT ASCII CODE 

I OUTPUT : CARRY - 1 IF CHAR I S  VALID DEL-IMITER 
, = 0 IF IT IS NOT 

I 

I 

I 

, 
I REGISTERS AFFECTED: A,FLIIGS 

I 

I 

VALDL: MOV 
CPI 
JZ 
CPI 
J Z  
CPI 
J Z  
JMP 

A, c 

SRET 
CR ; SEE IF <CRT 
SRET 
1 1  ; SEE IF SPACE 
SRET 
FRET ; ERROR IF NONE OF THE ABOVE 

I ; SEE I F  COMMA I 1  

I 

SGNON: DB 
LSGNON EQU 

I 

I 

CADR: DW 
DUMMY 

DW 
DW 
DW 
DW 
DW 
DW 

CR , LF , NDT- COMP9 ' , CK, LF ; LOGON MESSAGE 
$-SGNON ; LENGTH OF SIGN-ON MESSAGE 

0 ; TABLE OF COMMAND ROUTINE ADDR'S 1 S T  VAL IS 

ZCMD 
XCMD 
S CMD 
MCMD 
I CMD 
GCMD 



I) w 
nw 

CTAB: DB 
DR 
DB 
DH 
DR 
DB 
DB 
D R  

NCMDS EQU 

DIGTK: DB 
DB 
DB 
DB 
nH 
DB 
DB 
DB 
I) R 
DR 
DB 
DB 
DH 
DB 
DB 
DR 

RTAB: DB 
DB 
DB 

DB 
DB 
DR 
DB 
DB 
BB 
DB 
D B  
DR 
DB 
DB 
DB 
D R  
DB 
DB 

RTABS EQU 

DCMD 
CCKD 

'C' ; TABLE OF VALID COMMAND CHA[KS 
'D' 
' G  
'IS 
'M' 
' S '  
' X '  
' Z '  
$ - CTAR ; NUMBER OF VAL111 COMMANnS 

'0' ; TABLE OF ASCII CODE OF HEX DIGITS 
'1' 
'2' 
' 3 '  
' 4 '  
' 5 '  
' 6 '  
' 7 '  
'8' 
' 9 '  
'A' 
' 6 '  
'C' 
'D' 
'E' 
'F' 

'A' ; REGISTER IDENTIFIEK 
.LOW.ASAVE; ADDR OF RKG SAVE L,OC 
0 ; LENGTH FLAG - 0-8 BITS, 1-16 BITS 
$ - R T A R  ; SIZE OF AN ENTRY IN THIS TABLE 
' P I V  

. LOW. BSAVE 
0 
' C '  
. LOW. CSAVh 
0 
'D' 
. T,O\d. DSAVE 
0 
'E' 
. LOW. ESAVE 
0 
' E ' '  
. LOW. FSAVE 
0 
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I 

DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

I 

MVI 
MVI 

DCR 
RZ 
JlifP 

RPT: CALL 

I 

I 

'H' 
.LOW.HSAVE 
0 
' L '  
.LOW.LSAVE 
0 
' M' 
.LOW.HSAVE 
1 
'P' 
.LOW.(PSAVE+l) 
1 
' S '  
.LOW.(SSAVE+l) 
1 
0 I 

0 

B,04H ; 
c,oAH ; 
GO I 

E > 

RPT I 

9 

END OF TABLE MARKERS 

PRINT FOUR <LID CHARS 
LOAD REG C 
PRINT A <LID 
DECREMENT COUNTER 
RETURN TO CALLER WHEN DONE 
LOOP ONCE MORE 

I 

I 

I END OF MONITOR 
I 

I .***************%*************~*****************%%******~*~%~~~** 

I 

END START 
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APPENDIX B 

THE GPTF PROGRAM 
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T h e  program GPXE is used t o  t r a n s f e r  data i n t o  and o u t  o f  t he  
three- f requency  ins t rument ,  c o n t r o l  t he  c a l i b r a t i o n  and reading  modes o f  
t he  ins t rument ,  and perform readings  of different types ac the different :  
frequenci-es. 
command from the  e o n t r o l l e r  over t he  IEEE-488 b u s .  The f irst  word i s  
the  command f o r  t he  type program to be. run.  
oyt:iorrs, and these  are l i s t e d  i n  t h e  program. 
take a s e t  o f  readings and then  t r ansmi t  the  d a t a ,  a program to s ta r t  3 

se t  of readings and then  t ransini t  the p r i o r  readings w h i l e  t he  n e w  
readings are being  made, and a program t o  jump t o  an  unused ram address  
s o  t h a t  temporary tes t  programs can he typed i n  and t r i e d .  
byt-e determines the state of  the c a l i b r a t e ,  r ead ing ,  o r  mul t ip lexed  
reading  swi tches ,  

The program sets the I / O  p o r t s  and receives a two-byte 

There a r e  t e n  command 
They include a pi-ogb-at~~ t o  

T h e  second 

A l i s t i n g  of  the program GPTF follows: 

T I T L E  'GPLF 1'KOGIMl VklKSlON 1 8  L)E(;F.MBER 8 4 '  
NAME G P I F  
LIST  B , G , O , T  

I N1Lcs-r I M, s , T 
1 

J PROGRAM TO READ THE AD CONVERTERS ON COMMAND FROM THE 
, PROGRAM TO CONFIG'lJ l iE 'I'HE COMP9B PII!~ROCOf4PU'CEK 
, AS A TALKER/LISTENER ON THE IEEE488/CPLB B[JSS 
1 U S I N G  NV 8291AFr 2 8293". 
I 

ORG 08OQH 
; SYMBOL D E F I N I T I O N S  

; EEFINE PORT ADDRESSES 
9 

, 
PORT1 
PORTlA 
PORTlB 
PORT 1 C 
PORT2 
PORT2A 
POIIT2B 
PORT2C 
APDATA 

BUS P R T  
B U S I N  
BIJSOUT 
s I. 
I N T E l  
BOM 

BEM 

EIJDMK 
c PT 

LNTE2 

, 

9 

, 

J 

, 

EQU QCFH 
EQU 0CCI.I 
EQU OCDM 
EQU OCEH 
EQU OD7H 
EQU OD4H 
EQU OD5H 

EQU OEEH 
G P I B  ADIIRESS AND 
EQU QDSIl 
EQU OD8H 
EQU B U S I N  
EQU ODOH 
EQU QD9K 
EQU 02 

EQU O D 6 H  

EQU 01. 

EQU 1011 
EQU Q8OH 

START PROGRAM I N  SECOND PROM 

PORT 1 CONTROT, UORD ADDRESS 
PORTLA ADDRESS 
PORTlB ADDRESS 
PORT1C AEDRESS 
PORT 2 CONTROL WORD ADIIRESS 
PORT2A ADDRESS 
PORT2B ADDRESS 
PO KT2 C: AD I>RE: S S 
ARITHMETIC PROCESSOR DATA PORT 
MASK D E F I N I T I O N S  

RASE A!>DK O F  GI) I B  firJSS 
DATA I N  FROM BUSS ADDR 
DATA OUT TO BUSS ADER 
INTERRUPT STATUS R E G I S T E R  1 ADDR 

BYTE OUT I N T R  MASK, BYTE 
SHOULD BE N X I T T E N  I N  BUSOUT 
BYTE IN I N T R  MASK, BYTE SHOTIZ,D 

END IN'CEKRUPT MASK 
COf@iAtW PASS TEIKOUGII MASK 

INTERRUPT ENAB[.E K F G T E ; ' ~ E R  1 ADDR 

BE RFAD FROM K ~ J S  I M REG I srrw 

REG $2 I N T E R R U P T S  

REG #4 ADDRESS MODE CONSTANTS 
EQU ODAH INTERRUPT R E G I S T E R  2 ADDR 



A D W D  
TON 
LON 
TLON 
M O D E 1  

ADRS'I' 
EOIST 
TA 
LA 
M J MN 

AUZYMD 
CLKRT 
FNHSK 
SDEOI 
AXRA 
HOHSK 
HQEND 
CAHCY 
EDEOS 
REG 
EOIS 
EOSBC 
VSCMD 
NVCMD 
AXRB 
CPTEN 

CPTRG 

ADRO 1 
DTDT.1. 
DTDL2 
ADRTE 

EOSR 

, 

, 

, 

, 

, 

, 
, 
I 

PURI,TC 
2 

, 
; MATH 

EQU ODCII 
EQU 080H 

EQU OCOI-I 
EQU 0 1 H  
REG #4 (READ) 
EQTJ ADRND 
EQU 2011 
EQU 02H 
EQU 04H 
EQU O I H  
KEG #S(WRTTE) 
EQU ODD11 
EQU 022H 
EQU 03H 
EQU 0611 
EQU 080H 
EQU 0 II-i 
EQU 0 21-I 
EQU 03H 
EQU 04H 

EQIJ 040H 
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ADDRESS MODE REGISTER ADDR 
TALK ONLY, NOT LISTEN MODE: 
LiSTEN ONLY,NOT TALK MODE 
TA'M AND LISTEN ONLY MODE 
MODE 1 ADDRESSING 

ADDRESS STATUS REGISTER ADDR 
E N D  OR IDENTIFY MASK 

ADDRESS STATUS REGISTER 

'TALKER ADDR OK ACT; SER POLL-TADS TACS SPAS 
LISTENEK ADDRESSED OR ACTIVE-IADS OK LACS 
MAJOR OR MINOR TALKER/LiSTENEK,I==MINOR 

AUXILIARY MODE KEG ADDR 
CLOCK SET FOR 2MHZ 
FINISH HANDSHAKE AUX CObMND 
SEND EN! OR :[B%:NTIFY WITH NEXT BYTE 
WRITE DDDDD INTO AUX REGISTEK A 
HOLD OFF I-IANDSH,WE ON ALL BYTES 
11OLD OFF HANDSHAKE ON END BYTE 
CON'l' INUOU S AC C EPTOK HAND SHAKE CYCLING 
END ON EOS RECEIVED DAT KEG MATCHES EOS 

AUXILTARY MODE REGISTER 

EQU 0811 OlJ'L'PU'l' E O 1  ON EOS SENT 

EQU OFH VALID COIQIAND PASS THROUGH 
EQU 07H INVALID COMMAND PASS THROUGH 
EQU OAOB AUXILIARY REG R PATTERN 
EQU 0 1 H  C O P h i i l )  PASS THROTJGH FNABLE 
REG V5(READ) 
EQU ODDH ADDK TO READ COiPPL4ND PASS LlIKOUGH 
REG # G  (WRITE) ADDRESS O / I  REG CONSCANTS 
EQU ODEH COMP 9 GPIB ADDRESSKS 
EQU 060H DI SABLE MAJOR TALKER/LI STEN ER 
EQU OEOPI D1SAKI.E MINOR TAJ,KER/LISTENER 
EQU 05H TALKER LISTENER ADDRESS SET TO 5 

EQU ODFI? FLAGS END OF BLOCK BY CHAR IN REG 

EQU 4 0 H  EOS FUNCTIONS AS FULL 8-BIT KEG 

REG W7 EOS-END OF SEQUENCE CHARACTER REG 

GPIB MESSAGES (COPMANDS) 

PRTSU 

SUBROUTINES FOR THE COMP 9 ARE STORED AS PUBLIC-ANY ROUTINE 
; CAN 

EXTRN 
EXTRN 
EXTRN 
EXTRN 
EXTRN 
EXTRN 
EXTRN 

BE CALLED USING AN 'EXTRN' STATEMENT. 

ACOS,ASIN,ATAN,ATANA,BIDEC,filDECF 
CHSD , CIISDA , CHSF, CHSPA, CHSS , CHSSA, COS, COSA 
DADD,DADDA,DADDB,DDIV,DDIVA,DDIVB,DECNO 
DMUL, DMULA , DMUI,H DMUU DMUUA, DMUUB , DSUR DSUBA , DSUBR 
EXP,KX~A,EXPlO,~ADD,FBDDA,YADDB,FDIV,FD~VA,FDIVB 
FIXD,FlXDA,FIXS,FlXSA,FLTD,FLTDA,FLTS,FI,'TSA 
F~l;IUL,FMUlA,Fr;lULB,FS17R,E'SUBA,FSURR,LN,LNA,LOG,LOGA 
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EXTRN MDAD,POPD,POPS,PTOD,PTOS,PUPL,P~,PWRA,PW3 
EXTRN SADD,SADDA,SADDB,SDI’J,SDIVA,SDIVB,SIN,SINA 

EXTKN SSUB,SSUBA,SSUBB,TAN,TANA,TOS2,TOS4 
EXTKN WRT2,WRT4,XCHD,XCHS 
EXTKN CROUT,COPDT,GETCM,PRINT,PKINTF,EPRNT,FPRNT,ZERO 
EXThV GETG,GETNM,CO,NMOUT,ECHO,GETHX,SGNON 

EXTKN SMUL, SMUM, SWLB , SMUU , SMUUA , SMUUB , SQRT , s(yrrA 

9 

, 
;CONSTANTS ARE SET 
NRDG EQU O O l H  NRDG==2*~~N=NUMKEK OF RDGS PER CHANNEL-1 

9 

NCHA EQU 06H NCHA=NUMBER OF CHANNELS TO HE IIEAI) 
NC!42 EQU 02H NCH2-2 CHANNELS TO BE READ FOR SING FREQ 

PRTlI EQU O99H PRTII=INPTTT MODE ,A&& INPUT ; B OUTPUT 
PRTLO EQU 088H PRTlO=OUTPUT MODE, A, B , CO - 3 OlJTPUT , C4 - 7 IN 

, 
I RAM ADDRESS DEFINITIONS 

ROUT 

BIN 

9 

RAIJDA EQU 03C10H RAM KDGS ,4  BYTES/CIIINL, MGl , P H I ,  M62. I HT -LO 
OLDSW EQU KIIWDA+4>vNCHA CALIBRATION SWITCH POSITION FROM 
CONTROLLER 
ASCDAT EQU OLDSW+l ASCII DATA, 8*NCHA+1 BYTES 
DIAD EQU ASCDAT+8*NCHA+I ;ADDRESS FOR INPUT DATA 
NCH EQU DIAD+2 CHANNEL NUMBER COUNT FOR ADC RDGS 
DAT IN EQU NCI-I+L START OF DATA READ 1N FROM G P I B ,  32  BYTES 
RANADR EQU 3800H ADDRESS OF KAM PROGlthM,CALLED BY CMD4 
INTRP EQU ZOOOH ADDRESS OF FRONT PANEL INTERRUPTS 
, ENTRY POINT FOR INTERRUPTS 

POP PSW POP STACK SO WE WON’T HAVE 01,D ADDR 
Iri si READ INPUT STA’J’US 
CPI BOM CHECK FOR BYTE OUT REQUEST 
3% B o w  JUMP TO OUTPUT DATA 
CPI BIM CHECK FOR BYTE IN REQUEST 

CPI ENDMK CHECK FOR END OF TRANSMISSION 
JZ BEND JUMP TO END OF TRANSMISSION ROUTINE 
CPI OOH COMPARE TO ZERO 
JZ Iwrw INTERRUPT WAS MOT FROM 8291. 
CALL NMOUT PRINT A REGISTER 
JMP GETCM RETURN TO MONITOR 
MOV A,M LOAD ASCII BYTE ADDR BY HI, TNTO A 
OUT BUSPRT WRITE ONTO GPTR BUSS 
INX H ADDRESS NEXT BYTE 
DCR 4: DECREkIENT COUNTER 
J Z WREND FTNISI-IED TRANSMISSION 
E1 ENABLE INTERRUPT 
HLT HALT COMPUTER UNTIL NEXT IN1’ERRUPT 
IN BUSPRT READ A BYTE IN FROM THE BUSS 

MOV M,A STORE DATA READ IN INTO RAM 
INX €1 INCREMENT FOR NEXT BYTE 
SHLD DIAD STORE NEXT ADDRESS 

JZ BIN JUMP To BYTE IN ROUTINE 

LHLD DIAD LOAD ADDRESS FOR DATA-IN TO WL 
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REND 

E1 
HLT 
T.I>A DATIN 
ANI OFH 
ADD A 
MOV C,A 
MVI B,OO 
T X i  H I  CADDR 
DAD B 
MOV A,M 
INX H 
MOV H , M  
MOV L,A 
PCHL 

; WKEND W I  A ,  01111 

WREND MVI A,06H 
OUT AUXMD 
E1 
HLT 

, OUT INTEL 

, 
;GPIB PORT SEI'-UP 
PR'I'SU MVI A,PRTlI 

OUT PORT1 
MVI A,090H 
OUT PORT2 
MVI A,07H 
OUT PORT2B 
MVI A,OIOH 
OUT PORT?C 
M V I  A,02 
OIJT AUmD 
MVI A,OO 
OUT INTEl 
OUT INTE2 
MVI A,MODEl 
OUT ADRMD 
M V I  A,CLKRT 
OUT AUXMD 
MITI A ,  ADRTL 
OUT AUXMD 
OUT ADROL 
M V I  A,ODII 
OUT EOSR 
MVI A,084H 
OUT AIJXMD 
MVI A , 0 1 3 I I  
Our I N T E l  
MVI A,OO 
OUT AUXMD 
1x1 H,DATlN 
SIIT,D DIAD 
LXI H,SGNON 

ENABLE INTERRUPT 
WAIT FOR NEXT INTERRUP'I' 
LOAD FIRST BYTE WRITTEN OVER GPIB 
DUMP III B I T S ,  CONVEKT TO ADDRESS 
DOUBLE VALUE ~ ADDRESSES ARE 2 BYTES 
LOAD INTO C 
ZERO B,BC CONTAIN ADDR INCREMENT 
COMMAND ADDRESS LISTS IN IIL 
OFFSET TO STARTING ADDRESS OF PROGKAMS 
PUT LOiJ ORDED CMD ADDR IN A 
ADDRESS HT BYTE OF CMD ADDR 
SEND TO H 
PUT LOW ORDER IN L 
TRANSFER COMMAND TO ADDR IN KL 
DISABLE INTERRUPT FOR DATAOUT 
SEND TO INTER ENABLE K E G .  
SEND E O 1  WITH NEXT BYTE OUT 
SEND 'I'O AUX MODE REGISTER 
ENABLE INTERRUPT 
HALT COMPUTER UNTIL NEXT INTERRUPT 

LOAD PROGRAM WORD FOK A&C INPUT,B OUTPUT 
SEND TO PORT 1 
LOAD PKG WRD , A-INPUT , B&C=OUTPCTT 
SEND 'TO PORT:! 
LOAD CALIBRATE SIJITCIIES HI 
SEND TO PORT2B 
SET K4G TAPE READ,WRITE,DAC LATCH H1 
LEAVE STROBE LINES H I  
RESEX T H E  8291A 
SEND TO THE AUXILIARY MODE REG 
ZERO A REGISTEX 
DISABLE: INTERRUPTS TEMPO-URILY 
DISABLE SECONDARY IN'T'EKRUPTS 
ENABLE MODE 1 ADDRESSING 
SEND 'I'O THE ADDRESS MODE REG 
SET THE CJ..OCK U T E  FOK 2 KHZ 
SEND TO THE AUX MODE REG 
LOAD TALKER/LISTENER ADDRESS 
SEND TO AUXILIAKY COMMAND REG 
SEND TO COMP 9 G P I B  ADDRESSES 
LOAD A CARRIAGE RETURN AS END OF MESS 

LOAD END ON EOS RECEIVED DAT 
SEND 'TO AUXILIAKY MODE REGISTER 
ENABLE E N D  BYTE, BY'l'E IN, BYTE OUT INTRPS 
ENABLE INTERRUPTS 
LOAD ZERO INTO A 
PUT 8291A INTO .IDLE MODE 
STORE ADDRESS FOR INPUT DATA INTO HL 
STORE IN RAM 
LOAD SIGNON MESSAGE ADDRESS 

SEND TO END OF SEQUENCE REGISTER 
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RET 
, 
, 
1 

, 
, 

R E S E T S  
CADDR 
CON'J 

I) EC 

NEW RD 

, 

, 
BASK 

9 

1 

CMDO 

TABLE OF ADDRESSES FOR COMMANDS FOR MICROCOMPUTER 
THE C O W N D  TKANSFER AIIDRESSES ARE P I C K E D  U P  FROM 
T H I S  TABLE.  F I R S T  BYTE XMIT'rED BY CONTROLLER I S  C:MD NlJMRER 
SECOND BYTE DETERYINES THE CALIBRATOR/MULTIPLEXER P O S I T I O N  
0 - 3  OPERATE THE CALIBKATOR.4&6 TOGGLE THE M U L T I P L E X E K , 5  

DW CMDO 

DW C M D l  

DW CMD2 

DW CMD9 

BASK 

MOV A , M  
RAR 
RAR 
RAR 
RAR 
A N I  OFW 
DAA 
A D 1  OF5H 
A C I  0 3 A H  
STAX D 
I N X  D 
MOV A , M  
ANT OFH 
DAA 
A D 1  O F 6 H  
A C I  03AH 
STAX D 
I N X  D 
I N X  H 
DCR C 
J N Z  BASK 
MVI A,ODH 
STAX D 
RET 

CMDO 

LDA D A T I N + l  

NORMAL, MULTI  C H A N , M U L T I  RDG ADC AND A S C I I  

S I N G L E  ADC R D G , F A S T  C O W  T O  A S C I I  R.EP CjF 

LIKE CMDl C E P T  OLD DATA IS XMITED WHILE 

SENDS PROGRAM CONTROL TO PslM ADDK 3800 

CONVERTS BINARY BYTE ADDR BY W L  
T O  A S C I I  NO ADDR BY DE FOR C BYTES 

LOAD BYTE ADDRESSED BY H L  
CONVERT 4 H I  B I T S  FIRST 
ROTATE 4 H I  B I T S  TO LOW P O S  

LOOK A T  ONLY 4 LOW B I T S  
DEC A D J U S T  ACC 
S E T  CARRY FOR BYTE GT 9 
ADD REST O F  VALUE WITH CARRY 
STORE I N  RAM ADDR BY DE 
ADDRESS NEXT A S C I I  MEM PAOC 
READ HEX BYTE BACK I N  
LOOK AT 4 LOW B I T S  
DEC ADJUST AGC 
S E T  CARRY FOR BYTE GT 9 
ADD R E S T  OF NUMBER WITH CRRRY 
STORE I N  RAM ADDK BY DE 
ADDRESS NEXT A S C I I  MEM LOC 
ADDRESS NEXT HEX BYTE 
DECRENENT COUNTER 
GO BACK FOR NEXT BYTE IF NOT DONE 
ADD A CARRIAGE RETURN AS THE LAST CHAR 
STORE I T  I N  RAM AFTER THE DATA 
RETURN TO CALLER I F  DONE 

LOOP TO TAKE READINGS AND SEND TIEM OUT 
MAGNET "JNTR.OL TS B 3 , C A E I B  B I T S  B2,8!-,JSl) 
WILL R E  ON STACK,  F I R S T  WORD. PROGRAX I S  
CALLED WITH CTRLIJD , CMD ADDR, CR BY CALLER.  
CALL WITH ADDR OF 6 OR 4 TO CLOCK 
CALL WITH ADDR OF 5 TO R E S E T  
CALL WITH CTRLWD OF 0,1,2 OR 3 FOR CALIB. 

LOAD VALUE OF SECOND BYTE TRAPJSMITTED 
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ROUND1 

, 
STICO I3 E 

, 
; SMDAT 

SMDA'I' 

ANI OFH 
OUT POKT2B 
CI'I 05M 
C Z  STROBE 
CPT 04H 
J N C  ROIJNDl 
MILD OLDSW 
STA OLDSW 
CMP I, 

J Z  ROUND1 
T X I  8,0008 
CALL DELAY 
CALL DELAY 
M V I  A ,  PKTPI 
OUT PORTl 
WJI A,OROH 
OUT P O R T l B  
MVI A , 0 9 0 H  
OUT PORTZB 
CAT.T. ADBlJS 
MVI B,NRDG 
KVI C , N C H A  
CAJ.TA SMDAT 
MVI A,PRT1O 
OUT PORTl 
CALL tIEX6)EC 
1x3: LI , K4UDA 
LX1 D,ASCDAT 

CALL BASK 
TXI :I ~ DATf N 
S1IT.D DIAD 
LXI H,ASCDAT 
MVY. C,8*NCHA 
M V L  A , 0 1 3 I 1  
OUT I N T E l  
ET 
H T ,'C 

MVI C,4*NCHA 

A N I  OCH 
OUT PORT2B 
LDA DATINi-I 
ANT. OF11 
RET 

DUMP HI B I T S ,  LOOK A T  B 2 ,  BP  , BO&SAT NAG( R3) 
S E T  CALIBRATOR SWITCHES,SAT MAG 

?UT OUT A PULSE EOR R E S E T  
COMPARE 'TO S E E  I F  RDG OR C A L I B  
JUMP AROUND DE-MY FOR PROBE READINGS 
LOAD OLD SWI'I'CPI P O S I T I O N  I N T O  I IL  
STORE PRESENT SWI'TCH POS I N  RAM 
SEE I F  S U I T C H  POS WAS CHANGED FROM IAAS'C 

COMPARE TO 0 5 - T E S T  FOR S'TKOBE OR K E S E T  

JUMP AROUND LP NO CH4NGE 

DEE4Y UNTTL KEADiNGS SE'1'TLR DOWN 
LOAD DELAY INTO Be 

S E T  PORT1 FOK INPUT 
STROBE ADC 1 0 1 1 / 0 0 0 0 , B I T  B 5  H I  

THEN STROKE IOOl/OOOO,BLT 8 5  J,O 
A START COMMAND HAS BEEN SENT TO A D C ' S  
HANG I N  LOOP U N T I L  ADC READY 
LOAD THE NUMBER OF KEADINGS I N T O  B 
1,OAD THE NUMBER OF CHANNELS I N T O  C 
SUM THE READINGS 
SET PORT1 FOR OUTPUT 

CONVERT HEX TO DECIMAL 
LOAD STARTING ADDRESS OF RAW PAT 
LOAD START ADDR OF ASCII DAT 
1.6 BYTES OF' DATA TO BE CONTERTED 
HEX DAT TO A S C I I  DAT 
LOAD ADDRESS OF FIRST 8 Y T E  OF I N P U T  DATA 
STOKE IN KAM,RESET COUNTER FOR NEXT KEAII 
LOAD ADDK.E:SS OF DATA TO BE SENT 

ENABLE REAT),I.IKL't'E OR EO1 
SEND TO 8291  I N T  ENA 
ENABLE I N T E R R U P T S  ON 8080 
WAIT FOR INTERRUPT FROM 8291. OVER. GPTB 

NUMBER OF CHAFLBCTERS T O  R E  SENT 

DUMP BO,BI B I T S  
SEND STROBE, R E S E T  BACK LOW 
LOAD BYTE BACK I N T O  ACC 
DUMP H I  B I T S  AGAIN 
GO BACK 

DATA SUMMATION R O U T I N E ,  STARTTNG WITH CIlANNEL 1, READS NO Oh' 
;CHANNELS I N  C , I J I T I I  NO OF READINGS PER CHL4NNRL I N  B ( U P  TO 
;255) SUM OF THE DATA WILL BE I N  RAWDA - 4  + ( 4 * C H .  N O . )  
; R4W DATA I S  STORED AS MAG1 PHI ,MAG7 PH2, MAG'3, P H 3  ; 4 BYTES EACH 

L X I  H,RAWDA HL LOADED W l T I X  LAST R A W  DATA ADDRESS 
PUSH B COPY OF REGS R , C  STORED ON STACK 
MOV A , C  NUMBER OF CHANNELS LOADED I N T O  A 
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SMLOP 

CHLOP 

; ADRDG 
I 

I 

I 

ADRDG 

I 

I 

9 

I 

I 

I 

AIl.BU S 

ADD A 
ADD A 

XRA A 
CALL ZERO 
FOP B 
LXI D,OO(34H 
LXI H,RAMDA+03H 
PUSH B 
MVI A,NCHA 
SUB C 
CALI, ADRDG 
CALL DADDA 
CALL TOS4 
DAD D 
DCK C 
JNZ CHLOP 
POP B 
DCR B 
JNZ SMLOP 
RET 

FIOV C , A  
4*NO OF CHANNELS IN A 
4*NO OF CHANNELS IN REG C 
A REGISTER ZEROED 
ZERO FROM 1-K TO HL+C 
NO OF CHANNELS (REG C )  & TIMES/CH ( E )  XES 
LOAD 4-4 INTO DE 
HL LOADED WI'rW FIRST 1wsd DATA ADDRESS 
AND COPY STORED ON STACK AGALN 
TOTAL NUMBER OF CHANNELS IN A 

MAKE AD CON RDG,ANSWER ON AP TOP O F  STACK 
32 BIT FIXED ADD TO DATA AT HL9HL=IK-3 
AP TOP OF STACK STORED IN RAM AT HL 
DE (+&) ADDED TO HL,POINTS %O NEXT hD[)LI 
CHANNEL COUNT DECREMENTED 
JUMP BACK TO CHANNEL LOOP IF NOT FINTSHED 
RESTORE BC FROM STACK 
DECREMENT THE NUMBER OF RDGS/CHP,NNEL 
GO BACK TO THE SUM LOOP IF NOT F I N I S H E D  

NCH - TOTAL NO. - CIU COUNT IN REG C 

SELECTS THE AD CONVERTER NUMBER THAT IS IN A,READS THE 
12 BITS FROM THE CONVERTER,ADDS 20 ZEROS AND RETURNS WITH 
A POSITIVE 32 BIT FIXED NUMBER ON THE TOP OF THE APSTACK. 
FOR DATEI, ADC-ET12B ANALOG TO DIGITAL CONVERTER. 
AD1 098H 
OUT PORTlB 
IN PORTIA 
OUT APDATA 
IN PORTlC 
ANI OEX 
OUT APDATA 
X 4  A 
OUT APDATA 
OTJT APDATA 
MVI A,090H 
OUT PORTlB 
RET 

ADBUS 

IN PORTZC 
ANI O l O H  
JNZ ADBUS 
RET 

CH SEL NO KD'S ON 8304,SEL ON ADC 
SET CH. SWITCH TO CH. NO. 
LOW ORDER BYTE IS BROUGHT IN AND 

HIGH ORDER BYTE IS BROUGHT IN. 
4 HIGHEST ORDER BITS ARE DUMPED 

ZERO ACCUMULATOR 

STORE ON ARITI-IMETIC PROCESSOR STACK. 

STORE ON ARITHMETIC PROCESSOR STACK. 

STORE ON ARITHMETIC PROCESSOR STACK. 
STORE ON ARITHMETIC PROCESSOR STACK. 
LEAVE START L O  DESELECT AD (;ONVERTERS 
SEND TO PORTlB 
RETURNS WITH POS. ANSWER ON AP STACK, 

HANG HERE UNTIL ALL BUSY TANES OF THE DATEI.. 
ADC-ET12B ANALOG TO DIGITAL CONVERTERS G9ES LOW 
DATA FROM THE LAST CONVERSION CAN BE READ FOR 
THE NEXT 9 MILLISECONDS. 

CHECK PORTlC,BIT4 FOR BUSY (HI) 
DUMP ALE BITS EXCEPT lC4,/000l/Q000/ 
STAY IN I B O P  UNTIL BUSY T>INE LOW 
START BIT WILL GO LO WHEN DATA CM READ 

;DELAY 2 FREQ. - GENERATES A TIME DELAY,DEPENDING ON THE CONSTANT LOADEI) 
I INTO BC, # CYCLES - 20*FFFF/(BC) 
I WITH 18.432 MHZ CLOCK,TIME=.64Q/BC SEC OR BC=.G&O/TIME(SEC) 
DEJR'T PUSH II SAVE THE CONTENTS OF H L  AND 

LXI H,OH ZERO HL 
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L,OPSM 

, 
I 

B I T S  
, 
, 
I 

HEXDEC 

CONVERT ED 
CONLOP 

APSTACK 

, 

CHANNEL 

, 
9 

, 

CMD 1 
CMD 2 

DAD B ADD BC TO THE CONTENTS O F  HT.. 
J N C  LOPSM STAY I N  LOOP U N T I L  H L  OVERFLOWS. 
POP H THEIR O R I G I N A L  VALIJES 
R E T  AND RETURN. 

HEXDEC PROGRAM CONVERTS F I X E D  HEX T O  D E C I M A L , 1 2  

THIS I S  NOT NEEDED IF' THE HOST COMPUTER CAN READ BINARY 
THE 01,D HEX DATA I S  OVER WRITTEN WITH BCD DATA 

PlJSH H 
PUSH 11 
CALL WRT4 

M V T  D,04 
CALL BZDEC 
POP H 
LX'I D,3COAH 
LDAX D 
MOV M,A 
ncx w 
I N X  D 
LDAX D 
MOV M , A  
REPEA'T TWICE MORE 
LXI D,05 
DAD D 

P O P  E, 
DCR C 
J N Z  CONL.OP 
R E T  

CMDl 

CMD 2 

NOP 
CALL ADRIJS 
LDA DATLN+I 
ANI OF13 
OUT PORT2B 
C P I  05H 
CZ STKORE 
C P I  OGH 
J N C  ROUND2 
LI-ILD OLDSW 
STA OLDSW 

START WITH LO BYTE OF Z S T  RAW DATA WRD 
LOAD THE NUMBER O F  CIIANNET,!; TO B E  

SAVE A COPY OF THE CHANNEL COUNTER 
SAVE A COPY O F  H L  
W R I T E  THE NUMBER TO BE CONVER'L'ED ON THE 

LOAD NUMBER OF BYTES TU B E  CONVERTED 
CONVERT THE BINARY NO TO DECTMAL 
GET THE ADDRESS OF THE CONVEKTED NO BACK 
ADIIKESS OF THE DECIMAL NUMBER 
LOAD LO BYTE OF DECIMAL NUMBER 
STOKE I T  OVER THE HEX NUMBER 
NKX'L' BYTE OF HEX NO 
NEXT BYTE OF DEC NO 
LOAD NEXT BYTE OF DEC NO I N T O  A 
SEND I T  TO MEMORY 
FOR U R G E R  NUMBERS 
LOAD O F F S E T  ADDRESS FOR I IL  l N T O  DE 
FIT4 ADDRESSES LO ORDER BYTE FOR NEXT 

GET COUNTER RACK FRON STACK 
DECREMENT THE COIJNTER 
LOOP BACK I F  NOT DONE 
RETURN I F  F I N I S H E D  

LOOP FOR F A S T  READINGS WITH NO 
STORAGE I N  T I E  COMP9.3 MICROCOMPUTER 
SAME A S  CMD1 EXCEPT CMD2 TAKES NEXT 
READING WHILE THE PREVIOUS ONE I S  
B E I N G  PROCESSED.  

BOTH PKOGS ARE SAME EXCEPT FOR ADBUSY 

LOAD VALUE OF SECOND BYTE TRANSMITTED 
DUMP HI BITS,LOOK A T  B 2 , R I , R O & S A T  MAG(B3) 
S E T  CALIBRATOK S W I T C H E S ,  SAT MAG 

PUT OUT A P U L S E  FOR R E S E T  
COMPARE TO S E E  I F  RDG OR C A L I R  
JUMP AROUND DELAY FOR PROBE KEADIPJGS 

STOKE PRESENT SWCTCH POS I N  RAM 

DON'T SWITCH C O I L S  I F  WE ARE READING THEM 

COMPARE TO 0 5 - T E S T  FOR STROBE OK R E S E T  

T,OAD OLD SWITCH P O S i T I O N  I N T O  HI, 



CMP L S E E  I F  SWITCH POS WAS CHANGED FROM I A S T  
T I M E  

JZ ROUND2 JTJMP AROUND I F  NO CHANGE 
L X I  B , 0 0 0 8  LOAD D E U Y  I N T O  BC 
CALL D E W Y  DELAY U N T I L  READINGS SETTLE DOWN 
CALL DELAY 

J Z  C I R C O L  
LXI B,OAOH LOAD 4 MS DELAY 1 N  BC FOR NOW 
CALL DELAY TEMPORARY DELAY TO ALLOW DATA TO S E T T L E  

ROUND2 C P I  07H JUMP A%ROUND 4MS DELAY I F  C1R C O I L  

I T H I S  CAN PROBABLY BE REMOVED AND REPLACED WITH CDKPUTATIOMS 
CIRCOL MVI A , P R T l I  

OUT P O R T 1  S E T  P O R T 1  FOR I N P U T  
PlVP A,OBOH STROBE ADC 1 0 1 1 / 0 0 0 O , B I T  BE) I71 
OUT P O R T l B  
i%VZ A , G 9 O H  THEN STROBE 1 0 0 1 / 0 O O O , B I T  B 5  LO 
OUT P O R T l B  A START COMMAND WAS BEEN SKNI' '1'0 A I X ' S  
LX'L II ~ ASCDAT+4*NCIiA ; 'LOA11 HL FOR DATA COUNTER VALUE 

DAT 
MVI M,ODH 

DCX N 
SHLD D I A D  
LDA D A T I N  
C P I  031H 
C Z  ADBUS 

t 

.wr) 
MVI A ,  NCXA 
S T A  NCH 

OUT POR'TIR 
I N  P O R T l C  
A N I  OFH 
RLC 
MOV E ,A 
I N  P O R T l A  
ANI OFOH 
RRC 
RRC 
RRC 
MOV C , A  

WIX H , N T E 2 B  
DAD B 
MOV C , E  
I N  PORTIA 
A N I  OFH 
DAA 
ADD M 
DAA 
MOV E , A  
I N X  H 
MY1 A,O 

ADRDGL A D 1  097H 

M V I  8 , O  

LOAD CARRIAGE RETURN I N T O  MEMORY AT END OF 

DECREMENT For{ NEXT DATA BYTE 
STORE DATA COUNT ADDRESS I N  R A M  
T E S T  FOR CMDl OR CMD2 
SEE I F  CMD1 \?AS 'ICIUNSMITTED 
WAIT FOR RDG TO END BEFORE DATA I S  READ 
READ EACH ADC AND CONVERT T O  A S C I T  REP OF 

LOAD C I W N E L  COUNT 
STORE I N  RAM,CH NO GOES FROM 0 TO 7 

S E T  (XI. SWITCH TO C H .  NO. 
H I G H  ORDER BYTE IS BROUGHT I N .  
4 H I G H E S T  ORDER B I T S  ARE DUMPED 
ROTATE LEFT,DOUBLE VALUE,ADDR ARE 2 BYTES 
STORE I N  E TEMPORARILY 
I,OW ORDER BYTE I S  EROIJGHT I N  AND 
DUMP LOW N I B B L E  
ROTATE R I G H T  3 T I M E S  
RESULT 1 S 2NI) NIBBLE DOUBI,E:D 
ADDRESSES O F  VALUES ARE 2 BYTES WIDE 
STORE I N  C 
86 CONTAIN OFFSET ADDR FOR 2ND MTBBLE 
1,OAI) BASE ADDRESS FOR 2ND N I B E L E  
ADD OFFSET TO HL ADDRESS 
BC NOW CONTAINS O F F S E T  FOR 3RD NIBBLE 
LOW OKDEK BYTE I S  ENTERED AGAIN 
DUMP 2ND N I B B L E , H I  4 B I T S  
DEC IMAI, A D J U S T  AC CUMUTSITOR 
ADD 2 N D  N I B B L E  D E C I M A L  VAL,UE FROM MEMORY 
DECIMAL A D J U S T  ACCUMULATOR 
STORE SUM I N  DE 
H I  BYTE O F  2ND N I B B L E  
ZERO A 

CH S E L  NO -t-CD'S ON 8304,SEL. ON ADC 
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ADC M 
MOV D , A  
LXI H , N I B 3 B  
DAD B 
MOV A ,  E 
ADD M 
DAA 
MOV E , A  
I N X  H 
MOV A , D  
ADC M 
D'U 
MOV D , A  
LLLD DIAD 
MOV A , E  
A N I  OF11 
A D 1  3 0 H  
MOV M , A  
DCX H 
MOV A , E  
A N I  OFOH 
RBR 
RAR 
RAR 
RAR 
A D 1  30H 
MOV M , A  
DCX M 
MOV A , D  
A N I  OF11 
A D 1  3013 
MOV M , A  
DCX H 
MOV A , D  
A N I  OFOH 
RAR 
RAR 
RAR 
RAR 
A D 1  301-1 
MOV M , A  
DCX 11 
SHLD DIAD 
LDA NCH 
DCR A 
S T A  NCN 
J N Z  ADRDGL 
L X T  H , D A T I N  
SHLD DIAD 
L X I  H,ASCDAT 
MVI C , I 4  *I-NCHA 
MVI A , 0 1 3 H  
OUT I N T E l  

ADD H i  BYTE OF DKC VAL OF ~ N D  N I B  
DE CONTAINS SUM 
BASE ADDRESS FOR 3RD NIBRTX 
AI)D O F F S E T  P O I N T E R  FOR DEC VAL OF 3RD N I B  
BRING SUM OF LST 2 N I B S  BACK I N  
ADD LO BYTE Ob' 3RD 
DEC MAT, A D J U S T  

INCREMENT TO IIT BYTE O F  DEC VAL OF 3RD N I B  
BRING IN 2ND BYTE OF SUM OF 1 S T  2 N I B S  
ADD H I  BYTE OF 3RD N I B  
DECIMAL A D J U S T  
STORE SUM I N  DE 
LOAD ADDRESS FOR A S C I I  DATA I N  IIL 
LOAD LOW ORDER BYTE FIiOFl DE 
DUMP l 4  H I  BYTES OF LOW ORDER BYTE 

STORE IN RAM 
ADDRESS NEXT MEMORY BYTE 
BRING LO BYTg RACK 
DlJMP T,OW 4 B I T S  

STORE BACK iN DE 

CONVERT TO A S C ~  r 

ROTATE TO LOW 4 B I T  POS1'l'I:ON 

CONVERT TO A S C I I  
STORE I N  &VI 
ADDRESS NEXT MEMORY BYTE 
LOAD H I  ORDER RYTK FROM DE 
DUMP 6 H 1  B I T S  OF H I  ORDER BYTE 
CONVERT TO A S C I I  
STORE I N  RAM 
ADDRESS NEXT MEMORY BYTE 
BRING HI BYTE BACK 
DUMP LOW 4 B I T S  

ROTATE TO LOW 4 B I T  P O S I T I O N  

CONVERT TO A S C I I  
STORE I N  R A M  
DECKENCNT ASCII M.IEMOKY COUNTER 
STORE BACK FOR NEXT LOOP 
T.OAD CHANNEL COUNT FROM RAM 
DECREMENT CHANNEL COUNT 
STORE I T  BACK I N  RAM 
GO BACK TO ADC READINGS 1 F  NOT DONE 
RESET I N P U T  DATA ADDRESS FOR NEXT V R I T E  
STORE ADDRESS I N  K,4M 
LOAD ADDRESS OF D A r A  TO BE SENT 

NUMBER O F  CHAF-4CTERS TO BE SENT 
ENABLE READ,WKITE OR E 0 1  
SEND TO 8 2 9 1  ENA 
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EL 
HLT 

, 
, CMD9 
9 

ENAELE INTERRUPTS ON 8080 
WAIT FOR INTERRUPT FROM 8291 OVER GPTB 

P R O G M  WILL JIJMP TO KAM ADDRESS 3800 
THERE SHOULD BE A PROGRAM THERE 

I 

CMD9 JMP RAMADR GO TO RAM ADDRESS 

NIr32E 

NIB38 DB 0 ,0 ,56H,2 ,12H,5 ,68H,7 ,24H,10H,080H,12H 

t 

DB 0 ,O, 1 6 H ,  0 , 3 2 H ,  0 , 4 8 H , 0 ,  6 4 H ,  0,08r)H, 0 , 0 9 6 H ,  0 ,  1.2H9 1 
DB 2 8 H , ~ , 4 4 H , L , 6 O H , 1 , 7 6 H , 1 , ~ ~ 2 H , 2 , 8 , 2 , 2 4 H , 2 , ~ ~ 0 ~ ~ 1 , 2  

DB 36H,15H,092W,17H,048H,20~,4,23H,60H,2SH 
DB 1 6 H ,  28H, 72H, 30H, 2 8 H ,  33H, 084H, 35H,40€I ,  3 8 H  
END 









The program BIGRDG i s  used t o  p o s i t i o n  a sample i n  one o r  Inore 
dimensions wi th  r e spec t  t o  an eddy-cur ren t  probe and then  take rnul.tiple 
frequency magnitude and phase readings a t  these l o c a t i o n s .  The ingtit: 
data conta in ing  the  Locations and p o s i t i o n s  of  the  p r o p e r t i e s ,  a long 
w i t h  t h e  coi l .  and instrument  s e t - u p  d a t a  are read from a data f i l e .  The 
program reads the  data file, t akes  c a l i b r a t i o n  readings of t he  t h r e e -  
frequency ins t rument ,  p o s i t i o n s  the  samples us ing  commands s e n t  t o  a 
Modulynx c o n t r o l l e r  over the  IEEE-488 bus ,  t akes  t h r e e  sets  of readings ,  
averages t h e  readings ,  and s t o r e s  the  readings  and t h e i r  a s s o c i a t e d  
proper ty  va lues  i n  a data f i l e  t o  be used by the  f i t t i n g  program, 
BIGFIT. A l i s t i n g  o f  t he  program BIGRDG follows: 

c 
c; 
C 
C 
c 
C 
c: 
c: 
6 
c 
C 
C 
c: 
C 
C 
c 
6 
C 
C 
C 
c 
C 
c 
C 
c 
c 
C 
c 
C 
C 

C 
C 
c 
C 
c 
c 

PKOGRAM BIGRDG 
DATE November 3 ,  1987 

THIS PROGRAM READS MACNITUDE AND PHASE DATA AT DIFFERENT 
FREQUENCIES,USING THE PHASE SENSlTIVE INSTRUMENT AND THE 
MECHANICAL SCANNER.I'I' IS DESIGNED FOR LARGE ARRAYS OF READINGS, 
TOO LARGE FOR THE NORlrlAE READING AND FITTING ROUTINES. 
THE MAGNITUDE AND PHASE DATA IS STORED AFTER EACH SET OF 
PROPERTIES. THE PROPERTY AND POSITIONING DATA IS READ FROM DEVICE 
LID. 

LI=J,OGICAT, INPUT TERMINAL( FROM OPERATOR) 
LID-LOGICAL INPUT TEWINAL(MAY BE ASSIGNED TO A DISK FILE) 
LOT-LOGICAL OUTPUT TERMINAL(T0 OPERATOR) 
LPT=LINE PRINTER( OUTPUT) TERMINAL 
MAG-INDEX TO TURN ON THE SATURATING MAGNET(=O IF NONE U§ED> 
MSET=NO OF SETS OF READINGS THAT WILL BE TAKEN 
NCH-NUMBER OF CHANNELS TO BE READ,USUALLY 2*NFT 
NFT=NUMBER OF FREQUENCIES 
LNF-2*NFT 
NF-FREQUENCY INDEX 
NAXICS=NUMBER OF AXIS THAT ARE POSITIONED 
NSTOP-INDEX TO STOP THE INSTRUMENT READINGS 
NP-PROPERTY INDEX 

NPT-TOTAL NUMBER OF SETS OF PROPERTY VALUES FOR A COMPLETE 

NPHCAbNUMBER OF PHASE CALIBRATIONS 
NMGCAL-NUMBER OF MAGNITUDE CALIBRATIONS 
NCAI.i=NPHCAL*NMGCAL-TOTAL NUMBER OF CALIBUTION READINGS 

NPROM=MAX NUMBER OF PRoPEKrms THAT MAY VARY 

SET OF READINGS-NO SAMPLES-tNO DEFECTS 

INTEGER*4 NSER,NOLD(3) 
CHARACTERJc6 NPROBE , NCABLE , INSTNO, POWOSG , CAI,I.B, PICKAM, PI?.AD.nET , C0T.L 
CHARACTER 
CHARACTER 
DIMENS ION 
DIMENS ION 
DIMENSION 
DIMENSION 
DIMENSION 
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DIMENSION TMAC(7695,3>,PHASE(7695,3),FROP(7695,7) 
DIMENSION SUMCAL(6,4),SSCAX2(6,4),SDVCAL(6,4) 
DIMENSION VOTATS(6),VOLSTD(6),RDGC(6,4),0LRDGC(6,4) 
DIMENSION XNEW(3),POST(7695,3),STDPOS(3) 

DA4TA LI/5/, LO'I'/O/ , TAP%/8/, NCH/6/ ~ LID/9/ ,NCL/28/, LOD/37/, MSE'L'/3/ 
DATA MFEC/5/,MsUS/6/,NOLD/3*O/,IBM/21/,T~~~E~~/O/ 
DATA BLANKS/' 
DATA ITIMC/l.O/,IT~MS/l2/,ITI~l/~6/,~~G/O/,NP~CAL/2/~N~~CA~,/2/ 
DATA NPT/7695/,NPROQ'7/,NAXIS/2/ 
DATA MOTON/'XD YD ZD'/,MOTOF/'XE YE ZE'/,IIOME/'<CAH>'/ 

C 

' / , INDAT/ ' NRCTUB5 ' / , OTDAT/ ' NRCRDG ' / 

C 
C PRINT TITLE AND DATE 

CALL GETTIM(IHR,XMN,ISE,IFK) 
CALI, GETDAT ( IYR , IMO , IDA) 
WRITE( LOT, 2) IHR, IMN, ISE, IMO, IDA, IYR 

2 FORMAT(' BIGRIX TIME ',12,':',12,':',12,' DATE ' 
* , 1 2 9  ' / '  ,12, I / '  ,Ilk) 

C 

50 FORMAT(' TYPE IN THE FOLLOWING DATA AS REQUESTED. ' )  
c 
C OPEN FILE FOR INST.  DESCRIP'L'PON INPUT - ASSUMED ON DEFAULT DISK 

30 FOWT(1X) 

40 F O W T ( A 8 )  
FNAME-INDAT// ' . DAT 
OPEN(LID,FILE=FNAME,STATUS -.='OLD') 
WKITE(O,*)'INPUT FILE OPENED' 

FNAME=OTDAT// ' . DA'L' ' 
OPEN(LOD,FILE=FNAME,STATUS ='NEW') 
WRITE(O,*) 'OUTPUT FILE OPENED' 

CALT.. CNITTALI (IBW I LEVEL) 

C OPEN FILE FOR OUTPUT DATA STOR.-  ASSUMED LOCATION IN FORTRAN DIR. 

C INITIALIZE BUS 

C 
C MTLTI FREQUENCY EDDY CURRENT INSTRUMENT ADDR-5 ON GPIB BUS 
c MODULYFJX AXIS POSITION CONTROLLER ADDR=6 ON GPIB BUS 

CALL SEND(MBUS,MOTON,ISTAT) 
CATAT, SEND(MBUS ,HOME, ISTAT) 
CALL SEND(MRUS,MOTOF,IS'~~ 

C 
C JNPUT DESCRIPTION OF EXPERIMENTAL APPARATUS 
C 

60 FORMAT(' PROBE #: ' )  
WRITE( LOT, 60) 

READ(LID,78)NPROBE 
WRITE(LOT,70)NPROBE 

7 0 FORMAT (A6 ) 
WRITE(LOT,80) 

80 FORMAT(' SERIAL #:  ' )  
KEAD(LID,*)NSER 
WRlTE(LOT,*)NSER 
WRITE(LOT,90) 

90 FORI"IAT(' DRIVER SERIES RESISTANCE: ' )  
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110 

1243 

E30 

140 

150 

168 

170 

175 
C 

READ( LID I *)RO 
WRITE (LOT, *) RO 
WRITE(LOT,lOO) 
FORMAT(' DRIVER SHUNT CAP: ' >  
READ(LID,*)CAPDR 

WRITE(LOT,IPO) 

READ (LID, *) R9 
WRITE (LOT, *) R9 
WJUTE(LOT,120) 

READ(LID,*)CAPPU 
WRTTE(LOT,*)CAPPU 

FORMAT(' CABLE I.D. #: ' )  
READ(LID,70)NCABLE 
WRTTE(LOT,70)NCABLE 
WRITE(LOT,lGO) 
FORMAT(' LENGTH OF CABLE: ' )  
READ(LID,*)CABLEL 
WRITE (LOT, *> CABLAEL 
WRITE(LOT,ISO) 
FORMAT(' CAPACITANCE OF CABLE: ' )  
READ (LID *) CCAB1.E 
WRITE(LOT,*)CCABLE 
WRITE(LOT,160) 
FORMAT(' EDDY CURRENT INSTRUMENT #: ' )  
READ(LID,70) INSTNO 
WRITE(LOT,70) INSTNO 
WRITE(LOT,170) 
FORMAT(' POWER OSC I.D.: ' )  
READ(LID,175)POWOSC,CALIB 
WRITE(LOT,175)POWOSC,CAI,IB 
FORMAT(A6,1X,A6) 

WRITE(WT,*)CAQDR 

PICK-UP SHUNT RESISTANCE: ' )  

FORMAT(' PICK-UP SHUNT CAP: ' )  

C INPUT FREQUENCY VALUES 
c 

190 

200 

2 10 

228 

WRITE(LOT,190) 
FORMAT(' NO. OF FREQUENCIES: ' >  
READ(LID,*)NFT 
WRITE(LOT,*)NFT 
WRITE(LOT, 200) 
FORMAT(' INPUT THE VALUE OF EACH FREQ SEPARATED BY A SPACE:',/) 
REXD(LID,*)(FKEQ(XF),NF==1,NFT) 
WRITE(LOT,*)(FREQ(NF),NF=l,NET) 
WRITE(LOT,210)(FREQ(NF),NF==1,NFT) 
FORMAT(# INPUT THE FOLLOWING DATA,6 CHAR WITH A SPACE BETWEEN',/, 

WRITE(ILOT,220) 

READ(LID,230)(PICKAM(NF),NF-1,NFT) 
WRITE(MT,230)(PICKAM(NE),NF='E,NFT) 

* FREQUENCY:',lOX,10(1PE9.2)) 

FORMAT(' PICK-UP AMP I.D.: 
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230 

240 

250 

260 

265 

251 

FOMT(1O(A6,1X)) 
WRITE (LOT, 240) 
FORMAT( ’ EPK*-§E DETECTOR I .D. : ‘ ) 
R~~(EID,2~o)(P~DET(NP),NF=1,NFT) 
ka~lT~(LOT,23O)(P~DET(NF) ,NF=l,NFT) 
WRITE(LOT, ?SO) 

READ(LPB, 260) (PI&SW(NF) ,NF=I,NFT) 

YOKMAT(lO(A3,lX)) 
READ(LIB,*)NPRO~~,NAXES,NPT 
kVXITE(LOT ,*)NPRON,NAXIS ,NPT 
BEAD(LID, 265) (S‘I’DPOS (NAX) ~ NAX-1~ NAXIS) 
FO~T(F6.3,1X,Fh,3,1X,F6.3) 
~~~I,TE(LO-~,225)(STDPOS(NAX),NAX=1,NAX~S) 
KEAD(T,ID,27U)(YRONAE?~NPR),NYK-I ,NPWOM),(,~XISNM(NAX),NAX-1,NAXIS) 
~~ITE(LOT,28O)(PRONA*”I(NPR),NPR=1,NPROM),(AXISNM(NAX),NAX=l,NAXIS) 

FOIKMraT(’ 1 8 0 - D K G  SW(OFY/ON) : ‘1  

\dTITE(LOT,250) (PHASW(NF> ,NF-I,NFT) 

290 
300 

C 
c 
C 
700 
750 

c 

C 
c END 
c 

CTllIKl DPS ZlDFLC 1 3 R  D C L I  2 FE12 C U I  3‘rS PAXS 12 3 TAXS 12 345 6 7 8 9 
C TH I K 1 D F S 2: 1 B FLC 1 2 LO YE’ 1 T S L FE 1 CUP 2 3 P M S  1 2 3 TAX S 1 2 3 TILU8 9 

280 FORMAT( 10( 3 X , A 4 )  ) 
c 
C READ PROPERTY VALUES AND LOCATION DATA FOR THE POSTTIONERS FROM LID 
C 

270 F O ~ ~ ( l X , A 4 , 1 X , A 4 , 1 X , A 4 , 3 X ; A 4 , ~ X , A 2 , l X , A 2 , 1 X , A 2 , 3 ( ~ X , A 4 ) )  

DO 300 NP4,NPT 
READ(LID,287)(PROP(NP,N~~),NPR=~,NPRO~),(~OST(NP,NAX),NAX~l,N~IS) 

e KEAB(EID,*)(PRUP(NB,NPR),NPR-I,NPROM),(P~S) 
C 285 ~XTE(LOT,290)NP,(PROP(NP,NPR),NPR=B,NPROM) 
C *, (POST(NP,NAX) ,NA%=l,NAXrS) 

28/ FO~T(F5.4,1X,F~.3,1X,F4.3,1X,F5~4~1~,F2.~~1~,~2.0,1X,F~.0,1X, 
*F6.3,1X,F6 3,1X,F6.3) 

F O W T ( 1 4 , 1 X , l O ( F 7 . 3 ) )  
CONT I WE 
IN F=2*NFT 
NCAL==WPNCAL*NMGCAL 

THIS SECTION TAKES THE CALIBRATION READINGS 

WMITE(LOT,*)r CALTBMTION READ1NGS:TYPE ANY KEY TO CONTINUE 
CALL CALMIC(O~DGC,MFEC,XTIM@,NCM) 
CALL GETKEY ( IKY) 
IF(IKY.EQ.O)GO TO 750 

CALL SEND (MBUS ~ MOTON, 5: STAT) 

OF SECTION WHICH TAKES CAT,XHRATiON RFXDTNGS 

C TAKE READINGS ON NOMINAL STANDARD FOR VOLSTD(1) READINGS 
e 

DO 760 NAX-1,NAXIS 
XNEW(NAX)=STDPOS(NAX) 

760 CONTINUE 
CALL POSIT(XNEV,NOED,NAXXS,MRUS) 



107 

773 WRITE(LOT,775) 
775 FORMAT(' TAKE STD RDGS - - - - -  HIT ANY KEY TO STOP ' )  

WRITE(LOT,920)(BLANKSIII,II, II=l,NFT) 
WRITE(LOT,30) 

CALL GETKEY(1KY) 
IF(IKY.EQ.O)GO TO 780 
WRITE(LOT,785) 
FORMAT(' SET UP SCANNER AND CALIB STANDARDJUT ANY KEY TO GO') 

CALL GETKEY(IKY) 
IF(IKY.EQ.O)GO TO 787 

780 CALL READ(VOLSTD,MFEC,ITIMS,5,NCH) 

785 
787 CALL READ(VOLTS,MFEC,ITT.M,6,NCH) 

c 
6 SUMS OF CALIBRATION READINGS, AND SUMS OF SQUARES OF EACH 
C 
790 CONTINUE 

ZERO ARRAYS THAT WILL CONTAIN SUMS O F  THE PHASE 6r MAG READINGS, 

DO 800 NF-1,NFT 
DO 800 NE'-1,NPT 
TMAG(NP,NF)-0. 
PHASE(NP,NF)-0. 

DO 810 NF=l,LNF 
DO 810 NC-1,NCAL 
SUMCAL(NF,NCj=OLRDGC(NF,NC) 
SSCAL(NF,NC)-OLltPDGC(NF,NC)*OTXDGC(NF,NC) 

800 CONTINUE 

610 CONTINUE 
c 
C THIS SECTION TAKES THE ACTUAL PHASE & MAGNITUDE DATA READINGS 
C 

DO 1150 MSE=I,MSET 
CALL READ(VOLTS,MFEC,ITIM,G,NCM) 
DO 980 NP=l,NPT 
WRITE(LOT,900)NP,(PROP(NE',NPR),NPR=I,NPROM) 
*,(POST(NP,NAX),NAX=I.,NAXIS) 

900 FORMAT(I4,10(F7.3)) 
c 
C POSITION SAMPLES BEFORE TAKING READINGS 
c 

DO 910 NAX=l,NAXIS 
XNEW(NAX)-POST(NP,NAX) 

CALL POSIT(XNEW,NOLD,NAXIS,MBUS) 

WRITE(LOT,920)(BLANKSJII,II, 11-1,NFT) 

910 CONTINUE 

e MAXCH-2*(NF'T-1)+1 

920 FORMAT(3X,lO(Al,'MAG(',I1,')' ,4X,' PH(',,IE,'))',5X)) 
C WRITE(LOT,30) 
930 CALL READ(VOLTS,MFEC,ITIM,6,NCN) 

950 FORMAT(lO(F9.3,2X)) 
WRXTE(LOT,950)(VOLTS(JJ),JJ=l,LNF) 

IF(MAG.EQ.1)CALL READ(VOLTS,MFEC,ITIM,6,NCH) 
DO 980 NF-1,NFT 

PHASE(NP,NF)=PHASE(NP,NF)+VOLTS(2*NF) 
TMAG(NP,NF)-TMAG(NP,NF)+VOLTS(2*NF-l} 
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980 
1000 

1120 
1130 
1150 
C 
C 
C 
C 

CONTINUE 
CONTINUE 
DO 1130 NC-1,MCAL 
CALL REAB~VOL.TS,MFEC,ITIMC,NC,NC,NC~) 
DO 1120 NF=l,LNF 
SUMCAI, (NF , NC ) =SIJMMCAX, (NF , NC ) +VOLTS (N F) 
SSCAL(NF,NC>-SSCAL(NF,NC)+VOLTS(NF)*VOLTS(NF) 
CONTINUE 
CONTINUE 
CONTINUE 

RETURN YOSITIONER TO XNEW(II)-0.0 SO TINT POSITIONS CAN RE CHECKED 
THEN TURN MOTOR CURRENT OFF 

CALL s END (MBUS HOME ~ I STAT ) 
GO TO 1170 

1160 \ R I ' L ; E ( O , * )  'ERROR IN FIINAL HOME POSITTON' 
1-1-70 CALL SENI)(MBUS ,MOTOF, ISTAT) 

GO TO 1190 
1180 W R I T E ( O , * ) '  ERROR IN CURRENT SHUT-DOldN' 
C 
C BEFORE STOPPING, ADD FINAL SET OF CALIBRATION READINGS TO CUMULATIVIF: 
C SUM & CALCULATE AVERAGES & STANDARD DEVIATIONS 
c 
1190 DO 1 2 5 0  NF-1,LNF 

BO 1250 NC=l,NCAL 
sUncAL(NF,NC)=SIJMCAZ,(NF, NC)/(FI,OA'I?(MSET+l) 
sDVCAI,(NF,NC)=SQRT(ABS((SSCAL(NF,NC)-SUMCALINF,NC)*SUMCAL(NF,NC) 

* *F%OAT(MSET+I))/FI,O,4T(MSET))) 
1250 CONTIKU'E 
C 
C CALCULATE AVERAGES OF THE READINGS 
C 

DO 1260 NF=l,NFT 
DO 1260 NP=1,NPT 
TMAG ( NP , NF ) -TMAG ( NP , NF ) / ( FLOAT ( MS ET 
UHASE(NP,NF)=PHAsE(Np,NF)/(FLOAT(MSET)) 

1260 CONTINUE 
c 
C STORE ALL INFORMATION IN DIRECT ACCESS FILE LOD ON DISK 
c 

1270 

1.275 

1277 

1280 

1282 

WRITB(LOD,1270)1HR,IMN, ISE,IMO,IDA,IYR 
F O ~ T ( 6 ( 1 X , 1 4 ) )  
WRITE ( JaOD ~ 1.2 7 5 ) NPKOB E NSER , RO , CAPDK , R9 , CAPPU , NCABLE , 

FO~T(A6,1X,I5,4(El3.~~),lX,A~,2(E13.~~),3(lX,A6)) 
\JRTTE(LOD,1277) NFr,NPT,NPWOM,NPMCAL,NMGCAL 
FORMPhT(5(1X,15)) 
riJRnTE(I,OD,1280)(FREQ(NF),NF=1,NFT) 
F O W L  ( 4 ( E 1 3 .4  ) ) 
T~ITE(EOD,1282)(P~CKAEa(NF),PHBDET(NF),PMASJ?(NF),NE'=l,NFT) 
FORMAT ( 4  (1 X ,  A6,lX , A 6 ,  I X  ah) ) 
WRITE( LOI) 7.285) (PRONBf?(NPK) , NPR=1 NPROM) 

* CABLEL,CCABLE,INSTNO,POWOSC,CALIB 



1285 FORMAT(7(1X,A4)) 
DO 1295 NF-1,LNF 
WRITE(LOD,1290)(SUMCAL(MF,NC),NC=1,NCAL) 

1290 FORMAT(6(F7.4)) 
1295 CONTINUE 

WRTTE(LOD, 1290) (VOLSTD(NF) ,NF=1,LNF) 
DO 1300 NP=l,NPT 
WRITE(LOD,1297)(TMAG(NP,NF~,PI-IASE(NP,NF),~~=~,NFT~,(PK~P(N~,N~'~~ 
*,NPR=l,NPROM) 

1297 FORMAT(14(1X,F8.4)) 
1300 CONTINUE 
C 
C END OF SECTION WHICH WRITES DIRECT ACCESS FILE 
C PRINT SUMMARY OF JOB STATISTICS ON LPT 
F 

1.350 

1360 

1370 

1380 

'4.390 

1400 

1410 

I420 

1430 

1440 
r, 
c 
C 
1600 

1650 

1660 

1670 

WRITE(LPT,1350) NPROBE,NSER 
FORMAT(' PROBE NO.:',A6,5X,' SERIAL N0.:'y15) 
WRITE(LPT,1360) R0,CAPDR 
FORMAT(# DRIVER SERIES RESISTANCE:',FLO.l,5X,'DRIVER SHUNT GAP.:', 

WRITE(LPT,X370) R9,CAPPU 
* E12 ~ 4 )  

FORMAT(' PICK-UP SHUNT RESISTANCE:',FL0.1,SX,'PIGK-UP SHUNT CAP.:' 
* , E1.2.4) 
WRITE(LPT,1380) NCABLE,CABLEL,CCABLE 
FORMAT(' CABLE I.D. N0.:',A6,5X,'LENGTH:'yF10.1,5X,'CAP.:", 

WRITE(LPT,1390) INSTNO 
FORMAT(' EDDY CURRENT INSTRUMENT NO.:',AG) 
WRITE(LPT,1400) POWOSC,CALIB 
FORMAT(' POWER OSC I.D.',AG,lX,' CALIBRATOR MOD1JI.E ',A61 
WRITE(LPT,14EO) (FREQ(NF),NF-1,NFT) 
FORMAT(/,1OX,'FREQUENCY:',lO(lPEl2~4,5X)) 
WE?T,TE(LPT,1420) (PICKApI(NF),NF=l,NFT) 

WRITE(LPT,1430) (PHADET(NF),NF=E,NFT) 
FORMAT(' PHASE DETECTOR I.D.:',4X,10(A6,9X)) 
WRITE(LPT,1440) (PHASW(NF),NF-1,NFT) 
FORMAT(' 180 PHASE SWITCH:',8X,lQ(AJ,12X)) 

* E12.4) 

FORMAT(' PICK-UP BMP I.D.:',7X,lO(A6,9X)) 

PRINT CALIBRATION REXDINGS 

CONTINUE 
WRITE(LPT,1650) NPHCAL,NMGCAL 
FORMAT(lH0,' AVERAGES 6: STANDARD DEVIATIONS OF CALIBRATION ' 

WRITE(I,PT, 1660) (FREQ(NF) ,NF-Z,NFT) 
FORMAT ( 3 ( lox, l P E 1 2  . !+) ) 
WRITE(LPT,1670)(NF,NF,NF-l,NFT) 
FORMAT(5X,3(5X,'MAG',Il,6X,'P€iAf ,Il,lX)) 
DO 1700 NC-1,NCAL 
WRITE(LPT,30) 
WRITE(LPT,1680)((SUMCAL(NF,NC)),NF=1,TSF) 

* 'READINGS:',I3,' MAG',I3,' PHA'/) 



110 

L 6 8 0 FORMAT ( 5X, 6 ( F10 . 4  ) ) 
WRITE(%PT,I.690)((SDVCAL(NF,NC)),NF=a,LNF) 

1690 FORMAT(’ S , D ~  ’ , 6 ( F 1 0 , 4 ) )  
1700 CONTINUE 
C 
c READINGS FROM NOMINAL SAMPLE 
c 

1745 FORMAT ( ‘ READINGS FROM NOMINAL TUBE SAMPLE ’ ) 

C 
C PRTNT OUT READINGS AND PROPERTIES 
c 

r,aRITE(LPT,17SO)(NP’,NI:,NF=l,NFT),(PRON~(NPR),NPR-l,NPROM) 
1750 FORMAT(’PSET’,3(’ MAG‘,I1,’ PHA.’,r~->,lX,4(1X,A4,lX),3(1X,A4~~ 

DO 1800 NP=l.,NPT 
C rarPITE(LPT,1760)NP,(‘~~4G(NP,NE:),P~~SE(NP,NF),NF=1,NF’T),(PROP(NP, 
C *NPR) , NPR=1 NPROM) 
1760 F O ~ T ( I 4 , 1 1 ( F 5 . 3 ) , 2 ( F 5 . 3 ) )  
1800 CONTINUE 

STOP 
END 
SUBROUTINE POSIT(~EW,NOLD,NAXXS,MBUS) 

WRITE(LPT,17&5) 

WK~‘~~(LPT,n680)(VOESTD(~~),NF=L,WF) 

c 
c DETERMINES THE NEW LOCATION FOR 3 DIFFERENT POSZTIONEKS AND FROM 
C THE OLD LOCATION,THE NUMBER OF STEPS NEEDED TO REACH THE NEW 

e CONTROLLER. AFTER THE NEW POSITION IS REACHED THE PULSE COUNT IS 
c COMPARED TO THE ENCODER COUNT AND CORRECTED I F  DIFFERENT.  
C 

C LAOCATION.  THEN SENDS THE NUMBER OVER ’l’HE IEEE-488 BUSS TO THE 

INTEGER*4 NOLD(3),NSTEPS(3),NSTP 
DIMENSION XFJEFT( 3) 
CUCTER*2 ~ C : ( 3 ) , G C , D O U T * - 3 5 ; H O M E - k G , S C * l  
DATA AXC/’XN‘,‘Y-pl’,’ZM’/,GC/‘G ’/,HOMF:/’;<CFA>’/,SC/’;‘/ 
DATA STEPSZ/O.O0025/ 
DO 20 IBXTS=1,NAXIS 
NSTP=(XNEW~~~~~IS)-+O.O00125)/STEPSZ 
NsTEPs(iAXIs)=NsTP-NoLD(IAx1S) 
NOLD( XAxiS)=NSTF 

20 CONTINUE 
~~TTE(E)OUT,30)(.4XC(IAXIS),NSTEPS(IAXIS),G~,IAXIS=l,NAXIS) 

WRITE ( 0 ~ -,k) DOIJT 
24 CALI, SEND(I.IBUS, DOUT, ISTAT)  

IF(ISTAT.NE.O)GO TO 40 
25 CALL SEND(MR(IS,HOME,PSTAT) 

IF(ISTAT.NE.O)GO TO 50 
25 CALL SEND(MBUS , SC ~ ISTAT) 

IF(1STAT.NE.O)GO TO 60 
GO TO 7 0  

30 FORMAT(4(A2,17,A2)) 
40 W~:I‘IE(O,~)’ER170R,UNaBLE TO WRITE POSITION DATA’ 

50 WRITE(O,*)dEKHOK,WE.IAIJLE TO WRITE HOME COMMAND’ 
GO TO 70 
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GO TO 70 
6 0  WRITE(0,*)'EKR.0R,WL4TT TOO LONG FOR AXIS READY COMMAND' 

GO TO 26 
70 RETURN 

END 
SUBROUTINE READ(VQLTS,MFEC,NRDGS,NEXT,NCW) 

C VERSION 7 JULY 1987 
e PROGRAM TO WRITE CONTROL I N F O ,  TO AND READ DATA FROM THE CONP9 
e; 

INTEGER *2 CMD,OVTC,OUT8(8),OUT16(~~) 
CHARACTER DOUT*15,DIN*64 
DIMENSION IN(8) , L L ( 8 )  ,VOLTS(NCIil) 
DATA CMD/O/ 
DATA OUT8/6,4,6,4,6,4,6,5/ 
DATA O V T l 6 / 6 , 4 , 6 , 4 , 6 , 4 , 6 , ~ ~ , 6 ~ 4 ~ ~ , ~ ~ ~ 6 ~ 4 , ~ , ~ ~  
VF1-5.0/4096. 
VFA=VF1/FLQAT(NRDGS) 
66 TO (100,100,100,100,200,300~400,50Q,999),NEXT 

30 FORMAT( Il . , I l> 
40 FORMAT( 1614) 
58 FORMAT(lX,GF6.3) 
60 FQRMAT(lX,12,6F6.3) 
90 FOKMAT(1X) 
100 CONTINUE 

C CALIBRATION LOOP 
OUTC-NEXT - 1 
DO 210 I-1,NCH 

110 VOLTS (I)=O . 
DO 150 JJ-1,NRDGS 
WRITE(DOUT,3O)CMD,OUTC 
CALL SEND (MFEQ; ~ DOUT , I STAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
REA'D(DI.N,40)(LL(I),IN(I),I=l,NCH) 
DO 145 I-1,NCH 
VOLTS(I)=VFA*FLOAT(IN(I))CVOI,Ts(lj 

145 CONTINUE 
150 CONTINUE 

WRITE(0,60)NEXT,(VOLTS(I),I=1,NCH) 
IF(NEXT.EQ.4>WRITE(0,90) 
GO TO 999 

2Q0 CONTINUE 
c SINGLE READING LOOP 

OUTC=4 
WRITE(aOUT,30)CMo,OUTe: 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
READ(DIN,40)(LL(r) , IN(X),I=I ,NCH) 
DO 245 I-1,NCI-I 
VOLTS ( 1) =VFl* FLDAT ( IN( I) ) 

245  CONTINUE 
c WRITE(O,5O)(VOLTS(I),I==l,NCH) 

GO TO 999 
300 CONTINUE 
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c AVERAGE NRDGS LOOP 
OUT c-4 
DO 310 I-1,NCH 

3 10 VOL'I'S ( I ) =0 . 
DO 350 JJ-I,NRDGS 
WRITE(DQUT, 30)  CMD, OU'l'C 
CALL S e N D ( M ~ E C , D o U T , I s a a T j  
CALL ENTER(DIN,T,EN,MFEC,ISTAT) 
R E A 4 D ( D I N , 4 O ) ( L L ( 1 ) , I N ( I ) , I = 1 , N C H )  
DO 345 I=1,NCW 
VOLTS(I)=VFA*FLOAT{IN(I))+VOLTS(P) 

345 CONTINUE 
350 CONTINUE 

C \d~ITE(8,50) (VOLTS(1) ,I=l,NCH) 
GO T O  999 

[COO CONTINUE 
C MULTIPLEX AND READ 8 COILS LOOP 

DO h30 ~ .II=l, 8 
WRITE ( D W T  30)  CMD,OUT8 (11) 
CAI,I, SEND { MFEC , DOUT , I STAT) 
CALL ENTER(DIN, LEN,ME'EC I ISTA1') 
READ (DIN, 4 0 )  (LL( I) , IN ( I) , T = l ~  NCH) 
DO 420 I=P,NCH 
VOLTS ( I)=VFl*FI,UAT( IN( 1)) 

WRITE(0,60)II,(VOLTS(I),I=1,NCH) 

GO TO 999 

420 CONTINUE 

430 CONTINUE 

500 CONTINUE 
C MULTIPLEX ,ANI) READ 1.6 COILS LOOP 

DO 530,11=1,16 
~SWITE(DOUT,30)CPID,OUTPS(II) 
CALL SEND(HFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC, ISTAT) 
READ (DIN, 4 0 )  (L.T., ( I ) , IN ( I) , I=l , NCH) 
DO 520 I=l,NCH 
VOLTS(I)=VF1*'FIAOAT(IN(I)) 

~LTE{0,60)II,(VOLTS(I),I=1,NCH) 
520 CONTINUE 

530 CONTINUE 
939 RETUKN 

END 
SURKOUTINE CATAIC (RDGC , MFEC , NRDGS , NCHS) 

c 
C PROGRAM TO DRIVE AUTOMATIC CALIBRATOR MODULE 
C READINGS ARE TAKEN ICHROUGH MICROCOMPUTER 
C 

DIMENSION RDGC(6,4),VOLTS(8) 
DO 100 NEXT=1,6 
CALI, KEAD(VOLTS,MFEC,NKDGS,NEXT,NCHS) 
DO 50 NCH=l,NCMS 
RDGC (NCW , NEXT) =VOJ.,'CS (NCH) 

50 CowrmuE 
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1 O Q  CONTINUE 
RETURN 
END 

The sample data file, NRCTUBS.DAT, contains the S.nput data f o r  the 
instrument and coil description, the locations for the positioners, and 
the tube properties f o r  those positions. A positioner, staritlard, and 
the probe would be needed along with the three-frequency instrument to 
make actual measurements. A listing of  the f i r s t  part of NRCTUR5.DAT 
folfows: 

720-4 
1 
1 e 48E3 
0 .  
3 3 3 3 3 3 .  
0 .  
4 
480.0 
6 .29E-10  
1512 
P5A-87 15Al13 
3 
2 . E 4  1.E5 5.E5 
15A115 15A116 15A117 
15A-  79 15All8 15A-78 
ON ON ON 

7 2 513 
32.500 0.750 

TWlK DFSZ DFLC RDGL TS FE CU PAXS 
,0191 .000 .000 .0025 0.  0 .  0 .  2 .000 
.0191 ,000 .OOO .0025 0. 0. 0. 2 .  000 
.8191 .ooo .ooo . 0 0 2 s  0 .  0 .  0 .  2 000 
191 .OOO .000 -0025 0 .  0 .  0 .  2 .000 

-0191 .OOO .OOO .0025 0 .  0, 0 .  2.000 
.0191 .OOO .000 .0025 0 .  0 .  0 .  2,000 
.Ol91 .000 -000 .0025 0. 0. 0 .  2,000 
. O X 9 1  .000 .000 .0025 0 .  0 .  0 .  2.000 
.0191 .000 .OOO .0025 1. 0 .  0 .  2 . 0 0 0  
.0191 .OOO .000 .0025 1. 0. 0 .  2 .000 
.0191. .000 .000 .0025 1. 0 .  0 .  2.000 
.0191 .OOO .ooo -0025 1. 0. 0. 2 .000 
.0191 .OOO .OOO .0025 l. 0. 0. 2.000 
.0191 .OOO .OOO .OO25 1. 0 .  0. 2.000 
.0191 .000 .OOO .0025 1. 0 .  0. 2.000 

TAXS 
3 .700  
3.600 
3.500 
3.450 
3.400 
3.350 
3.300 
3.250 
3 , 2 0 0  
3 150 
3.100 
3.050 
3 ~ 000 
2.950 
2 .900  

The complete f i l e  contains 513 lines of data which corresponds to the 
properties and their location in the standard. 
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A P P r n I X  D 

THE BIGFIT 





1 1 7  

The program BIGFIT takes  the  d a t a  w r i t t e n  on the  d i s k  by t h e  
program BIGRDG and performs l e a s t  squares  €its of t h e  p r o p e r t i e s  t o  the  
instrument  readings .  
polynomial, C h e  func t ions  of t he  readings t o  be used, and the  cross 
terms a r e  a l l  s e l e c t e d  by the  opera tor  on an i n t e r a c t i v e  b a s i s .  I f  the 
opera tor  d e s i r e s  t o  f i t  a l i m i t e d  set  of  p o i n t s ,  r a t h e r  than the  e n t i r e  
set, t he  program can be modified t o  t r a n s f e r  around t he  f i t t i n g  and the 
d r i f t  c a l c u l a t i o n  s e c t i o n s  by us ing  t h e  proper ty  va lues  o r  t he  number of  
t he  reading p o i n t  (o r  a func t ion  cons t ruc ted  from t h i s  reading p o i n t ) .  
The t r a n s f e r  p o i n t s  a r e  a t  l i n e  224 and l i n e  267 .  Examples of func t ions  
used to t r a n s f e r  and i n s t r u c t i o n s  a r e  given i n  the  comment s ta tements  a t  
these  l o c a t i o n s .  The d a t a  a r r ays  must be ad jus ted  t o  t he  number of data 
po in t s  t o  be f i t t e d .  In p a r t i c u l a r ,  t he  a r r a y  READNG(NPT+l,IRDPRM+l) 
must have the  c o r r e c t  dimensions and the a r r a y  PRO(NPT) must be large 
enough t o  c o n t a i n  a l l  the  d a t a .  Since the  a r r ays  can be q u i t e  l a r g e ,  
t h i s  program i s  u s u a l l y  compiled with the  /b opt ion  t o  include b i g  
a r r a y s .  

The p r o p e r t i e s  to be f i t t e d ,  the  degree o f  the  

A l i s t i n g  o f  BIGFIT fol lows:  

C 
C 
C 
c; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 

C 

PROGRAM BIGFXT 
VERSION November 10, 1987 
PROGRAM TO PERFORM A LEAST SQUARES FIT TO DATA READ INTO A DISK 
FILE BY BIGRDG PROGRAM AND THEN PERFORM CONTINUOUS BACK 
CALCULATIONS USING INSTRUMENT READINGS THAT ARE MADE BETWEEN EACH 
DISPLAYED SET. 

IRDPR.M==MAXIMUM NUMBER OF COEFFICIENTS IN EXPANSION 
LITEK-LOGICAL INPUT UNIT 
LOTEKSOPERATOR OUTPUT UNIT FOR PROMPTING AND DISPLAY 
LOU-LOGICAL OUTPUT UNIT FOR PERMANENT RECORD 
NCHS-NUMBER OF DATA CHANNELS 
NF-FREQUENCY INDEX 
NFT-NUMBER OF FREQUENCIES 
LNF=2*NFT 
NP-PROPERTY INDEX 
NPROPM-MAXIMUM NUMBER OF PROPERTIES CAI.CULATED(-6 NOW) 
NPT=TOTAL NUMBER OF SETS OF PROPERTY VALUES USED FOR THE FIT 
NPTT-VALUE OF NPT READ FROM FIL3 30 ,  TOTAL POINTS FROM BIGRDG 

NPHCAbNUMBER OF PHASE CALIBRATIONS 
NMGCAL-NUMBER OF MAGNITUDE CALIBRATIONS 
NCAL==NPHCAL*NMGCAL-TOTAL NUMBER OF CALIBRATION READINGS 
NPRINT-PRINT AND TRANSFER INDEX. 
NSTOP-INDEX TO STOP THE INSTRUMENT READINGS 
MAG-INDEX TO TURN ON THE SATURATING MAGNET(=O IF NONE USED) 

SOME SETS OF RDGS FROM FILE 30 MAY NOT BE USED; NPTT.GE.NPT 

REAL L2, L4, L3,  L5, L6 
CHARACTER*6 NPROBE,2CABLE,INSTNO,POWOSC,PICKAM,PHADET,COIL 
CHARACTER COEDAT*B,FNAME*12,BLS*4,PRO~AM(7)*4,AXISNM(3)*4 
CHARACTER ADUM*2,CONDITIONS*35 
CHARACTER PROPTY(7)*4,STOP*4,INDAT*8,PHASW(3)*4,PO~RY~l6,5)*~ 

DIMENSION VOLTS(l2),VOLSTD(6),STDV(6),NCONV(4~,CGAIN(~),COFSET(G) 
DIMENSIONS THAT ARE NOT CHANGED: 
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c 
C DIMENSIONS THAT ARE CHANGED: 
c * A  

C 
C 
C 
c 
c: 
c 
c 
c 
C 
C 
C 

D IMEN S I ON 
DIMENS TON 
DIMENS ION 
DIMENSION 
D I MEN s x ON 
DIMLNS ION 
D IMENS i ON 
D I M E N  s I ON 
DIMENSION 
DIMENS iON 
DTMENS ION 

READNG(WPTtI,LRDPRMi1),PKO(NPP),POLARY(IRDP~~~~5) 
P ~ O P ( ~ , N a R O P M ) , ~ ~ M D F T ~ N F ~ ~ , P ~ ~ ~ ~ ~ N ~ T ) , J P O ~ ( ~ , N ~ ' ~ , N P R O P M )  
C O E c I R P Y ~ ) , C O E F ( I R D P ~ ~ ~ N P R O ~ M ~  
RDGl (IRDPRM) , , NPOIA( 6, NFT) 
JOFSE'r (NPROPF1.I) , JRDPR( NPROFM) 
PROPTY(NPR0PM) , PRONAM(NPK0PM) , FREQ(NFT) , GAIN(NFT) 
TMAGl(NF'r), PHASEI(N1T) 
PICKAM(NFT),PHADET(NFT) 
SUMCAE(NCHS , NCAL) SDVCAL(NCWS ,NCAL) 
RDGC (NCI1S , NCAL) , RDGO (NCHS , NCAL) 
TOFSET(NCHS),TSLOPE(NCHS) 

C THE APPROPRIATE NUETHERS SHOULD BE INSERTED IN THE FOZLOrrlING 
C DIMENSION STATEMENTS; COHHENTED STATEMENTS MARKED ** MANDATOKY 
C 

DIMENSION 
D IMtT N S 1 ON 
DIMENSION 
DIMENSION 
DTMRNS ION 
DIMENSION 
DIMENS ION 
D IMEN S I ON C 

e 

READPIG ( 7 696 ,16  ) , PRO ( 7 6 95) , PROP ( 1, / ) 
T~DFT(3),PHDFT(3),JPoE(6,3,7),COE(i5),CO~~(~5,7) 
RDGP ( 1 5  ) , NPOL ( 6 3 ) , JOFS ET ( 7 1 , JKDPlC ( 7 ) 
FKEQ(3),GAIN(3) 
TMAGl(?),PHASE1(3) 

RDGC(h,4),RDGQ(6,4) 
TOFSET(6) ,TSTAOPF;(6) 

PiCKAM(3),PHADET(3) 

C DATA THAT KYi' NEED TO BE CHANGED: 
DATA NPT/7695/,NPRINT/o/,LOU/8/,I~I~~K/O/,LO11E.~/O/,NRD~/30/ 
DATA NCTJz8/,T~ID/37/,LOD/38/,MFEC/5/,IBM/21/,L~~~L/O/ 
DATA IKoPKEn/n5/,IK/l/,NCHS/6/,NPROPP1/7/,NPROPT/l./,~TI~~/3~/ 
DATA STOP/'STOP'/,BLAhsKS/' 
DATA NLINES/l3/,LNDAT/'NRCRDC '/,COEDAT/'NKCCOE ' /  
DATA COFSET/6*O.O/,CGAIN/6~~~/ 

' / , N I J N I T / l /  

DATA CONDITIONS/ ' TEST OF R40FX REFLECTION PROBE ' /  
C 
C TIME AND DATE ARE PRINTED 

CALL. GETTLM(PNR, MN8 I S E ,  IFR) 
CALL GETDAT(TYR,IMO,TDA) 
I Y R - T Y R -  1900 

2 FOKf.lhT('BiGFiT TIME ',12> ' : ' , 1 2 > '  : ' , 1 2 ,  
* '  DATE ',12,'/',I2,'/',12,2X,,a35) 
~ ~ € T E ( L 0 1 ~ , 2 , E ~ = 9 9 O ) I ~ R , I ~ , I S E , I ~ ~ , I ~ A , i ~ R , C O W ~ ~ T I ~ N S  

C 
30 

c 
c 

40 

4 1 

c 

F O W T  (1.X) 
CALL. TNITIALI(IBM,LEVEL) 

OPEN FILE FOK TNPUT DATA FROM BIGRDG,ASSUMED ON DEFAULT DISK 

FNAME;INDAT//'.DAT' 

OPEN(LIQ,FIEE-YNN.IE,STATUS ='QLD',ERK-931) 
OPEN FILE FOR OUTPUT C U E F  DATA STORAGE - ASSUMED ON DEFAULT D I R .  
FNAME=COEDAT// ' . DAT ' 
OPEN (LOD ~ F f EE=FNAMe STATUS = ' NEW ' , ERK = 9 92 ) 

F O R w r  (as ) 

F O W T  ( A 1 2  ) 
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C 
C MULTI FREQUENCY EDDY CURRENT INSTRUMENT ADDR-5 ON GPIB z11lSS 
c 
C READ INITIAL 1NFOEU.IATION IN DIRECT ACCESS FILE LPI) ON DISK 
C 

50 K E A D ( L I D , 5 5 ) I H R , I M P J , I S E , I M O , T a A , L Y K  
55 FOMAT(6(1X,I4)) 

READ(LID,60) NPROBE,NSER,RQ,CAPDR,R9,CAPPU,NCABLE, 
* C A B L E L , C C A B L E , I N S T M O , ~ Q ~ O ~ ~  

60 F O ~ T ( A 6 , 1 X , I 5 , 4 ( E l 3 . 4 ) , l X ~ A ~ , ~ ~ ~ l ~ . 4 ) , ~ ( 1 ~ , A 6 ) )  
READ (LID, 6.5) NFT , NPTT , NPROPM , NPHCAL, NMGCAL 
WKlTE ( 0 , 6 5 )  NFT , NPTT , WPROPM ~ NPIICAL, WMGCAL 

65 FORMAT(S(lX,IS)) 
READ(LID,70>(FREQ(NF),NF=l,NFT) 

70 FORMAT(4(E13.4)) 
READ(LID,75)(PrCKAM(NF),PHADET(NF),PHASW(N~~,N~~~,~FT~ 

75 FORMAT(4(1X,AG,lX,A6,1X,A4)) 
READ(LID,80)(PRONAM(NPK),NPR=l,NPROPM) 

80 FORMAT( 7 ( 1 X ,  A4) ) 
NCAL-NPHCAWNMGCAL 
LNF-2*NFT 
DO 100 NF-1,LNF 
R ~ D ( L I D , 8 5 ) ( R D G O ( N F , N ~ ) , ~ ? C ~ ~ , ~ ~ ~ ~ )  

85 FORMAT(G(F7.4)) 
100 CONTINUE 

&: READ NOMINAL STANDARD VI..QTAGES 
c 

R E A D ( L I D , s s ) ( v o L S T D ( N F ) , N F = 1 , 1 ~ ~ ~ )  
c 
C END OF SECTION WHICH READS INITIAL DIRECT ACCESS FILE 
C 
C THE DATE AND TIME THE DATA WAS TAKEN ARE PRlNTED 
c 

IF(IMz.cT.1900>rYR=IYK-L908 
WRITE(I,OU, l&O)IIIIR, IMN,ISE,IMO, I D A ,  LYR,NPTT,NPT 

140 FORMAT(' CALIBRATION DATA TAKEN ' , 1 2 , ' : : " , I 2 , ' : ' , P 2 ,  

160 FORMAT(1X) 
*' DATE ',12,'/t,12!,'/',123' POINTS:TOTAli',l5,' USED-'B15) 

GO TO 630 
c 
C LEAST SQUARES DESIGN SECTION. 
r, 
C SELECT PROPERTY TO BE FITTED AND SET UP PROPERTY ARRAY 
C 

300 NPTTI=NPT+l 

310 ~ITE(LQTEK,32Q)(NPRBPRONAM0,NPR-1 
320  FORMAT(' SELECT NUMBER O F  THE PKOPERTY 

IF(NPROPT.@T.NPROPM) 60 TO $60 

*/,7(13,1X,A[+) , '  ? ' )  
READ(LITEK,*,ERR=630)NPROP 
IF(NPROP.GT.NPROPM)NPROP=NPROPM 

350 WRITE(LOTEK,360) 
360 FORMAT(' TYPE 1 TF THERE IS OFFSET; 0 

NPKOPM) 
TO BE FITTED: ' ,  

E NO OFFSET: ' , / )  
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KEAD(LITEK,?k, ERK=fi30) JOFSET(NPR0PT) 
IOFSET=JOFSET(NPROPT) 
IRDPR=IOFSET 

370 WRXTE(LOTEK,380) 
380 FORMAT(' SELECT THE MJMBER OF THE FUNCTION TYPE, POLYNOMIAL', 

*' DEGREE, & # OF ' / ,  
* ' CROSS TERMS FOK EACH MAGNITUDE CL PHASE') 
WRITE(LOTEK,39Q) 

390 FORMAT(@ WNCTION TYPE:l=LTNEAR 2=kOG 3=1:.XP 4=IW ' )  
400 WRITE(LOTEK, 160) 

WRITE(LOTEK,410) 
410 FORlt@iT(25X, 'FCTN POL # CROSS'/,25X, 'TYPE DE(; T E N S ' )  

DO 450 NF=l,NFT 
DO 440 NC=1,2 
NCC-NC*3 
NCP-NCC - 1 
NCFzFJCP- 1 
XF(NC.EQ.l) WRITE(LOTEK,420) FKEQ(NF) 
IF(NC.EQ.2) \mITE(LOTEK,430) FREQ(NF) 

420 FORMAT(' MAG AT ',1PE12.6,' HI, I,\) 

430 FORMAT( PHR AT ' ,1PE12.6, ' I-IZ ' , \ )  
RMU(LITEK,*,ERR=630) 

*JPOL(NCF,NF,NPROPT),JPO~~NCP,NF,NPROPT),JPOL(NCC,NF,NPROPT) 
c: JPOL(3,NF,NPROPT)=O 

IRDPR=IRDPRd-JPOL(NCP,NF,NPROPT)-tJPOL(NCC,NF,NPROPT) 
JRDPK(NPROPT)=IKDPR 
NPOL(NCF,NF)=JPOL(NCF,NF,NPROPT) 
NPOL(NCP, NF)-JPOL(NCP, NF, NPROPT) 
NPOL(NCC,NF)-JPOL(NCC,NF,NPROPT) 

440 CONTINUE 
450 CONTINUE 

IRDPRl=IRDPR+l 
IF(IRDPRM.LT.JRDPR(NPROPT))~ITE(LOTEK,440) 
IF (rRDPRM.LT.JRurR(NPROP'~~ )GO TO 630 

460 FONT(' ERROR: # OF TERMS IN PQLARY EXCEEDS DIMENSION') 
JROW-TRDPN+I 
CALL PQLTYP(POLhRY,JROW,IRDPR,NPOE,h,NFT,2,I0FSET,L~~~~) 

C 
C EXPAND THE R A W  READINGS INTO IRDPR READINGS. 
C 

470 DO 480 NF=1,NE'T 
TMDFT (NF) =Q . 
PMDFT(NF)=Q. 

REW 11. ND ( I.+I D ) 
DO 481 IIZEC=l,NLINES 
READ(LID,483)ADUM 

480 CONTINUE 

483 FORMAT(A2) 
481 CONTINUE 

NR=1 
DO 490 NP=l,NPT'I' 
READ(LI~,*)(T~Gl(NF),PHASE1(NF),NF=l~N~T),(PROP(l,NP~~) 
*,NPR=l,NPROPPI) 
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482 
c 
C 
C 
C 
C 
C 
e 
c 
C 
G 

4 8 5  

490 

C 
C 
c 

c 
c 
C 

500 

5 LO 

515 

THE PROPERTIES CAN BE SET AND MODIFIED IN THIS SECTION 
IF THIS PROPERTY I S  NOT TO BE USED TRANSFER TO 490 

IF(PROP(l,7).GT.0.5)GQ TO 490 

IF(ABS(PROP(1,6>).GT.O,155)GO TO 490 
IF(PROP(1,2).GT.O.OOl)GO TO 490 
I F ( M O D ( N P , 5 7 > . G T . 4 5 . 0 R . M O D ( N P , 5 7 ) . E Q . O ) G Q  TO 490 
IF(NP.GT.7650)GO TO 490 
CALL R D G E X P ( R D G l , T M A G Z , P H ~ E l , ~ P O L , I O F S E T , T M D , N F T )  
PRO(NR>=PROP(l,NPROP) 
DO 4 8 5  IRD-1,IRDPRM 
READNG(NR,IRD)=RDGl(lRD) 
CONTINUE 
NR==NR+I 
CONTINUE 

IF(ABS(PRoP(l,6)+~.O0O).GT.0.O00l)GO TO 490 

NRF=NR - 1 

DO THE LEAST SQUARES FIT OF THE READINGS TO THE PROPERTIES 

CALL ALSQS(READNG,PRO,COE,RSOS,NPT,IRDPR,NPTTl,IRDPRl) 

CALCULATE THE DIFFERENCES IN THE FIT AND THE MAXIiYUM DRIFTS. 

S SDRIF=O . 
SSDIFF-0. 
IF(NPRINT.EQ.2)WRITE(LOTEK,5lO)PRONAM(NPROP) 
IF(NPRINT.EQ.2)WRlTE(LOU,51(I)PRONAM(NPROP) 
FORMAT(' PSET',8X,A4,9X,'CAL',8X,'DIFFf,7X,'DRIFTf) 
REWIND(L1D) 
DO 515 IREC-1,NLINES 
REXD(LID,483)ADUM 
CONTINUE 
NK-1 
DO 570 NP=l,NPTT 
DRIFT-0 . 
READ(LID,*)(TMAGl(NF)~PH~~l(NF~,N~-1,NFT),(PROP(l,NPR) 

*, NPR=I., NPROPM) 
C 
C TRANSFER TO 570 IF PROPERTY IS NOT THE ONE WE WANT 
C 
C IF(PROP(1,7).GT.0.5)GO TO 570 
c IF(PROP(1,2>.GT.O.001)GO TO 570 
C IF(MQD(NP,57>.GT.45.oK.MOD(NP,57).EQ.O)GO TO 570 
c IF(NP.GT.7650)GO 

DO 540 NF-1, NFT 
DO 530 NC-1,2 

C 
C ONE MAGNITUDE OR 
C TYPICAL EEUIOR IS 
C 

TO 570 

PHASE DRIFT I S  SET ON AT A TIME.  
1 DIGIT OR 1.2 MILLIVOLTS 
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c 
c 
c 

520 

530 
540 

c 
C 
c 

560 
565 
5 70 

58 5 
587 
590 

595 

596 
597 

rF(NC.EQ.l)TPIDF~(NF)=.O012 
IF(NC.EQ.~)YWDFT(NF)=.oo12 
CALL RDGEXP(RDGP,T~Gl,YIfASEl,NPOl..,’COFSET,TMDFT,PHDFT,IRDPRM,NFT) 

THE POLYNOMIAL IS CAT,CIJIA4TED 

SUM=Q . 
SvM=sv~~COE(iR)*RDGI!IK) 
CONTINUE 

TPIDFT (NF) =O . 
PHDFT(NF)-0. 

CONT I WUE: 
D r F F = P R O ( N R ) - R E A ~ N G ( N K , I K n P R 1 )  
SSaTFF=SSDXFF+DaFF~DIFF 
S SDRI F-SSDRIF+DRI FT*DRS: FT 
iF(NPRINT.NE.2)GO TO 565 

DO 520 IR-=I,IRDPR 

DRIFT=DRIFT+ABS(REAnNG(NR,TRDPW1)-SUM3 

eONTiiWE 

THE ENTIRE FIT IS PRINTED OUT 

~%TE(LOU,560)NF,PRO(NR),KEBDNG~NR,IPPnPR1),DiFF,DRIFT 
~rTE:(I,OTEK,560)NP,17RO(NR),READNG(NR,IKDPR1),DIFF,DRIFT 
FOWT(1X914,4F12,5) 
NR-NK+ 1 
C O N T I N U E  
NRD=NR - i 
IF(NPT.NK.NKF.0R.NFT.NE.NRD)LRIT‘E(0,~~)8READING ERROR: 

*ASSUMED=’,NPT,’ FIT - ’ , N K F , ’  DRIFT=’,NRD 
SDRiF=SQRT(ABS(SSDRIF/FLOAT(NPT))) 
SDIFF=SQICI’(ABS(SSDIFF/FLOAT(NPT))) 
~iTE(LO~,580)PRONhM(NPROY),SDIFF,SDRIF,(NPOL(1,N~),NP~~(4,N~) 

I n I T E ( I A I J ,  585)LOFSET, (NPOE(2,NF) ,MPOL(5,NF) ,NF-I.,NB’E) 
ldWITE(WU,587)(NPOL(3,NY),NPOL(S,PJF),NF-! ,NFT) 
WFtTPE(I,OIJ, 30) 
~~TE(l;OTEK,515)PRON~(NPROY) ,SDIFF,SDRIF 

*,NF=I,NFT) 

515 FORMAT(’ RMS DIF IN ’ , A 4 , ’ = ‘ , F 1 0 . 5 , 2 X , ’ D R I F T - ’ , F 1 0 . 5 )  
580 FORMAT(‘ IWS DIF IN ‘,A4,‘=‘,F1O95,7X, 

*‘DRIFT=‘,F10.5,3X,‘FCTN’,l212) 
FOWT(I2,‘ CONSTANTr,37X,’POE ’,12I2) 
F O W T ( 4 8 X ,  ’XTWdi’ ,1212) 
IF (NPRINT.NE.3)GO TO 630 
IF(NPRQPT.NE.1)GO TO 597 
DO 595 NC=l,NCAL 
WT%TTE(EOD, *> (RDGO(JJ, N C )  , J S = l ,  LNF) 
DO 595 NF-1~ T,NE 
CONTI WE 
WRXTE(kOD,*>(VGLSTD(NP),NF-1,LEJF) 
DO 596 NF -1 , IBF  
CONTINUE 
WRITE(LOU,160) 



123 

C 

600 

C 
610 

c 
c 
c, 

615 

620 

c 
630 
640 

WRITE(LOTEK,160) 
NCOED1==NCOED+4*IRDPRM-I-l 
WRITE(LOD,*.)IRDPR 
DO 610 I-1,IRDPR 
WR.ITE(U3U,6QO)I,COE(I),(POI&Y(I,J),5-1,5) 
WRITE(LOTEK,600)I,CQE(I),(POLARY(I,J),J-1,5) 
FORMAT(’ COEF(‘,I2,’)-’,lPE15.7,4X,5A4) 
COEF(1,NPROPT)-COE(1) 
DO 610 NCO=1,4 
WRITE(LOD,*)NCONV(NGO) 
CONTINUE 
NCOED-NCQED1 

THE COEFFICIENT,OFFSET,NPOL AND IFLDPR ARE WRITTEN ON THE DISC 

WRITE(LOD,615)PRONAM(NPROP),IRDPRIJOFSET(NPROPT) 
FORMAT(lX,A4,214) 
WRITE(LOD,*)(COEF(IR,NPROPT),IR-1,IRDPR) 
DO 620 NF-1,NFT 
WRITE(LQD,*)(NPOL(I,NF),I-1,6) 
CONTINUE 
PROPTY(NPR0PT)-PRQNAM(NPR0P) 

NPRQPT=NPROPT+l 
TCOEF-ICOEF- 1. 

WRITE(LOTEK,640) 
FORMAT{’ 1 FIT PROP 2 PRT ENTIRE FIT 3 PRT/SV COEF 4 CHG FCTN/YOL’ 
*,’TYP 5 RUN TEST‘,/) 

650 

e 
c 
C 

700 

710 

715 

C 
C 
C 

720 

780 
C 
C 7 2 1  

READ(LITEK,*)NPRINT 
GO T0(300,500,590,350,650)7NPRINT 

WRITE(LOU,160) 
GO TO 880 
CALCULATES PROPERTIES FROM MAGNITUDES AND PHASES AND CONTINUOUSLY 
DISPLAYS THE VALUES ON THE CRT TERMINAL. 

NPROPT-NPROPT-1 

EXPANSION OF TM.AGl(NF) AND PHhSEl(NF) INTO READNG(1,IRDPKM) 

DO 800 NPRO-1,NFROPT 
DO 790 NF-1,NFT 
DO 780 I-1,6 
NPOL(I,NF)=-JPOL(I,NF,NPRO) 
CONTINUE 
WRITE(O,721)(NPOL(I,NF),1-1,6) 
FORMAT ( 6 I3 ) 
TMDFT (NF) -0. 
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790  

800 
C 

805 
C 
C 
C 

c 
C 
c 
C 

825 

830 

PHDFT (NF) -0. 
CONTINUE 
IO FS ET=J OFS ET (NPRO ) 
IRDPR-JRDPR(NPR0) 

CALL RDGEX'P (RDG1 , T M A G 1 ,  PHASE1 ~ NPOL ~ IOFSET , TI4DFT, PHDFT , IRDPKH, NFT) 
PRO(NPR0)-0. 

PROiNPRnj=PRO(NTkO)+COEF(~~,NP~~~*~~Gl(I~) 
CONTINUE 
NSTART-1 
IF(N~RINT.EQ.2)~~~ITE(LOTEK,805)(PRO(NP~O),NPR0~~~NPROP~j 
FOFcpzbl~jIX,7(F13.5)) 

1 WDPR1- 1 RDPR +B 

DO $00 SR=l,IRDFR 

NEW READINGS ARE MADE FROM THE EDDY CURRENT INSTRUMENT. 

G4T.L READ(V0ETS , MFBC , ITIMS , 6 ,  NCHS) 
IF (MAG I EO . I 
VOLTS(8)=2S.*VOLTS(7)/VOLTS(8) 
BO 830 NC=l,NCHS 
VOLTS(NC)=VOLTS (NC) tTOFSET(NC)+TST,OPE(NC)*VOI.TS ( 8 )  

CAT ,T, SATNAG ( 0 )  

CONTINUE 
rF(NPRINT.Eq.3)WKITE(I,OTEK,82O)(VOLTS(2";N::),VOLTS(2-."NF-1.) 

* ,NF=2, JAF, 2 )  

840 

845 
820 

C 
c 
c 

850 

CAJ.,L C O M D G  (VOLTS, COFSET , CGAIN , NCHS) 
DO 845 NF=l,NFT 
r M A G l c ~ F ) = V O L T S ( 2 ~ N F - l )  
PHtl,SEl(NF>=VOT,TS (2*NF) 
CONTINUE 
FOWl'(IX,6(F12.4>) 
CAT,?, GETKEY(1RR) 
IF(IKR.EQ.O)GO 'TO 720 

PROGWMi WILL STAY I N  THIS LOOP UNTIL ANY KEY IS STRUCK. 

IF(MTABL+NPRINT. EQ. 3)WRITE(LOU, 710) (NPR0,NPKO-1 ,NPROPT) 
NTABE-NPRINT 
IF(NPaINT.E$.2)WRrTE(LOU,850)(PRO(WPRO),N~R0~~~N~~~~~) 
FORMAT(IX,6(Fl2.5)) 
r~(NPRIWT.EQ.3)~~~T~~~~O~,85Oj(VOLTS(2%NF-~),VOL~S(2*NF), 

*NF-I ~ NFT 1 
GO TO 880 

855 WKITE(LOTEK,857) 
857 FORMAT( ' LIMIT OF FILE 37 IS EXCEEDED. ' )  

860 \JRITE(LOTEIC, 870) 

880 WRITE(LOTEK,830) 
890 FORMAT(' PRIN'T :l.MEAS VOLT & PROPERTIES 2 .CAT.6DISPLAY PROPS' 

GO TO 880 

870 FORMAT( ' PRQP ARRAY IS FILLED. ' ) 

* , ' 3 . R A T d  RDGS.4.RE-CALIB 5.ST01" ,/> 
READ (LITEK, *) NPRINT 
GO TO (l300,700,700,895,90O),NPRLNT 

895 CAJ-,J.. CALMIC(RDGC; ,MFEC I ITIMS ~ NCHS)  



125 

CALL RESET(RDGC,RDCO,COFSET,CGAIN,STDV,NCHS) 
GO TO 880 

C 
C PRINT SUMMARY OF DATA ON FILE 37 
C 
1300 WRITE(LOU,1350) NPROBE,NSER 
1350 FORMAT(' PROBE NO.:',A6,5X,' SERIAL NO.:',IS) 

WKITE(I,OU,1360) R0,CAPDR 
1360 FORMAT( p DRIVER SERIES RwIsrr.twx: f , FZO. 1,5x, ~DKIVER SHUNT C A P .  : , 

* E12. 4) 
WRITE(LOU,1370) R9,CAPPU 

1370 FORMAT(' PICK-UP SHUNT RESZSTANCE: ' ,F lO.%,SX, 'PTCM-UP SIiUNT CAP.:' 
* , E12.4) 
WRITE(LOU,1380) NCABLE,CABLEL,CCABLE 

1380 FORMAT(' CABLE I.D. N O . : ' , A 6 , 5 X , ' L E N G T M : " , F 1 0 . 1 , 5 X , ' C A P . : ' ,  
* E12.4) 
WRITE(LOU,1390) INSTNO 

1390 FORMAT(' EDDY CURRENT INSTRUMENT NO.:',A6) 
WRITE (LOU, 1400) POWOSC 

1400 FORMAT(' POWER OSC I.D.',A6) 
WRITE(LOU,1410) (FREQ(NF),NF==l,NFT) 

1410 FORMAT(/,1OX,'FREQUENCY:'~lO(lPEl2.4,5X)) 
WRITE(LOU,1420) (PICKAM(NF),NF'-1,NFT) 

WRITE(LOU,1430) (PHADET(NF),NF-l,NFT) 

WRITE(LOU,1440) (PWASW(NF),WF=l,NFT) 

1420 FORMAT(' PICK-UP AMP I.D.:',7X,IO(A6,9X)) 

1430 FORMAT(' PHASE DETECTOR I.D.:',4X,10(A6,9Xj) 

1440 FORMAT(' 180 PHASE SWITCH:',8X,lO(A3,12X)) 
C 
C PRINT CALIBRATION READINGS 
C 
1600 CONTINUE 

1650 FORMAT(1H0,~ AVERAGES & STANDARD DEVIATIONS OF CALIBRATION ' ,  
WRITE(LOU,1650) NPHCAL,NHGCAL 

* 'READINGS:',I3,' MAG',13,' PHA'/) 
WRITE(LOU,1660) (FREQ(NF),NF-l,NFT) 

WRITE(LOU,1670)(NF,NF,NF-l,Nfl) 

DO 1700 NC-1,NCAL 
WRITE(LOU,160) 
WRITE(LOU,l680)((RDGO(NF,NC)),NF=1,LNF) 

1680 FORMAT(5XJ6(F10,4)) 
1700 CONTINUE 
C 
C PRINT OUT READINGS AND PROPERTIES 
C 

1660 FORMAT(3(10X,lPEl2.4)) 

1.670 F O R M A T ( 5 X , 3 ( 5 X , ' M A ~ ~ ' , I 1 , G X , ' P W A ' , T 1 , 1 X ) )  

WRITE(LOU,140) 
WRITE(LOU,1750)(NF,NF,NF-1,NET),(PRON~(NPR),NPR=l,NPROPM) 

REWIND(L1D) 
DO 1755 IREC=l,NLINES 
READ(LID,483)ADUM 

1750 FORMAT(lX,'PSET',3(f MAG',Il,' PHA',I1>,7(4X,A4,1X)> 
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1755 CONTINUE 
DO 1800 NP-1,NPTT 
READ(LlD,482) (TK!iGl(NF) ,PHASEP(NF) ,NF=l,NFT), (PROP(1  ,NPR) 

Wr2ITE(LOIJ,1760)NP,(TMAG1(NIa),PHASE~(NF),NF=l,NFT),(PROP(l 
* , NPR=1 ~ NPROPM) 

*NPR),NPR=I,NPROPM) 
1160 FOEWAT(lX,I4,P3(F9.4)) 
1800 CONTlNUE 
C 

GO TO 880 
990 WRITE(LOTEK,*)' ERROR IN OPENING PRINTEM FILE-CHECK FOR OEE'-T.'CNE' 

GO TO 900 

GO TO 900 

GO TO SO 

GO TO 300 

END 

991 IJRITE(LOTER,*'j 'EEZROR IN OPENING 

992 \JRITE(LOTEK,*) 'ERROR IN OPENING 

993 WRITE(LOTEK,*)'ERROR TW OPENING 

900 STOP 

- r w w T  DATA FILE' 

OUTPUT COEF' DATA FILE' 

INSTRUMENT DATA FILE' 

C 

c 
C 
C 
c 
C 
C 
C 
e 
C 
e 
C 

SUBROUTINE RDGEXP(READNG ,TK4G ~ PHASE ,NPOL, IOE'SbT ,'1'MDFT, PWDFT 

KEAL*8 READNG,RDG 
DIMENSLON KEADNGCIRDPRM) ,NPOIA(6 , N F T )  ,TMDFT(NFTj , PHDFT(NY1') 
DIMENSION TMAG(NFT) PKUE(NFT) 

1, IRDPliEi, NF'1') 

NPOL CONI'AINS A NUMBER FOR THE E'UNC'IYLON TYPE, THE POLYNOMIAL 
DEGREE, AND THE NITMKEK (IF CROSS TEEWS 
FOR THE MAGNITUDE AND PHASE AT EACH FREQUENCY,STURED AS NPOL 
(NFil-MAG H J N ,  2 - W G  POE,3-MAG #CROSS TEMS,4-PH IWN,5-PH POL, 
6-PH # CROSS TEEYS). I F  IOFSET=B, NO OFF-SE'I' 
WILL BE INCLUDED,-l OFF-SET I S  INCLUDED.THE VALUES OF TMDFT(NF)& 
PHDF'I'(NE') GIVE THE AMOUNT OF DRIFT IN THE r%GNT.TUDE AND PI-IASE.IF 

FREQIJENCV WILL BE SKIPPED. 
NPOL(NCP,NF) =O,TIQA'1' PARTTCULAR MAGNITUDE AND PIWSE FOR THAT 

READNG ( 1. ) -1. 
N=l 
IF(IOFSET.EQ.%)N=2 
DO 210 NF=l,NFT 

NCC=NC*3 
NCP-NCC - 1 
NCF=NCP- 1 
ROLD -1WG 

DO 200 M@-B,2 

I~(NPoLqNCR,NF).EQ.O) GO TO 200 
PF(NC.EQ.l) RDG=rMAGqN~)+TMD~r(NF) 
IF(NC.EQ.2) RDG=PHAsE(NIa)+PHDFT(NF) 

e 
c 
C 

THE TYPE OF FUNCTION IS SELECTED 

IF(NPOE(NCF,NF) . EQ. l)RDG=RDG 
%F(NPOL(NCF,NF) .EQ. Z)RDG=ALOG(RDG) 
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IF(NP0L(NCFjNF>.EQ.3)RDG=EXP(RDG) 
IF(NPOL(NCF,NF).EQ.4)RDG=l./RDG 

C 
C 
C 
C 

10 
C 
C 
C 
15 

2 0  

30 

2 0 0  
210 

c 

C 

C 

THE TYPE OF POLYNOMIAL IS SELECTED 
AND THE POLYNOMIAL VALUES ARE CONSTRUCTED. 

READNG(N)-RDG 
N=N+l 

IF(NDEG.LT.1) GO TO 15 
DO 10 I=l,NDEG 

N-N+l 
CONTINUE 

NDEG=NPOL(NCF , NF) - 1. 

READNG(N)-RDG*READNG(N-I) 

CROSS TERMS ARE CONSTRUCTED 

IF(NPOL(NCC,NF).EQ.O) GO TO 
RDY-ROLD 
NCTERM=NPOL(NCG, NF) 
DO 2 0  I-1,NCTERM 
RDY-ROLD*RDY 
CONTINUE 
IF(RDY.NE.0) RINV=RD@/ROLD 
IF(RDY.EQ.0) RINV=O. 
DO 30 1-1,NCTERM 
RDY-RDY*RINQ 
READNG(N)=RDY 
N-N-i-1 
CONT I W E  

200 

CONTINUE 
CONTIiWE 
RETURN 
END 

C THIS SUBROUTINE CONSTRUCTS AN ARRAY FOR PRINTING 
C 

CIIARACTER*2 RDCTYP(2),INUM(9),IDEG(l2) 
CWARACTERk4 FUNTYP(4),BLANKS,CONSTA(2),POZARY(JKOW,5),RQLD(4) 
DIMENSION NPOL(IROW,NFT) 
DATA RDGTYP/' M',' P'/,CONSTA/'GONS','TANT'/ 
DATA FVNTYP/'(LIN','(LOG','(EXP',r(INV'/ 
DATA I~M/'1)',~2)','3)','4)','5)','6)',~~)','8)~,~~~'/ 
DATA IDEG/'1 ' , r 2 !  ' , I 3  ' , I 4  ' , I 5  ' , I 6  ' , ' 7  ' , I S  ' ,  

*'9 ','~0',~11',~12~/ 
DATA BLANKS/' ' /  

C 
C BLANK OUT P O W Y  ARRAY 
c 

DO 71 J-1,5 
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C 
I800 RETURN 

C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 

c 
G 
C 

END 
SUBROUTINE ALSQ§(A,Y,B,R2,NN,F,NA,NB) 

ALSQS IS A FORTRAN IV SUBROUTINE TO SOLVE THE LINEAR LEAST 
SQUARES PROBLEM NORM(AB - Y) MIN. C A I L T N G  SEQUENCE IS 

CALL ALSQS(A,Y9B,R2,N,M,NA) 
W E R E  
A 

Y 
B 
R2 
N 
M 

NA 

IS AN ARRAY CONTAINING THE LEAST SQTJARES MATRIX. 

APPROXTMATLNG VECTOR AB. 
IS THE VECTOR TO BE FIT 
CONTAINS UPON RETURN THE COEFFICIENTS OF THE FIT. 
CONTAINS UPON RETURN THE RESIDUAL SUM OF SQUARES. 
I S  THE NUMBER OF ROWS IN THE LEAST SQIJARES MATRIX 

MATRIX. 
IS THE FIRST DIMENSION OF THE ARRAY A. 

UPON RETURN THE (M+l)-TH COLUMEJ CONTAINS THE 

IS THE NUMBER OF COLUMNS IN 'rm LEAST SQUARES 

CALI, ALSQS(READNG,PRO,COE,RSQS,NPT,RDR,NTT~~IRDPRl~ 
CALL ALSQS( A, Y, B ,  R2, NN, MM, MA, NB) 

DIMENSION A(NA,NB),Y(NN),B(MM) 
N - NN 
NI = N - t l  
M - KY 
M I  = M - t l  
MM1 = M-l 

REDUCE THE LEAST SQUARES MATRIX TO UPPER TRIANGULAR FORM 

DO 60 b 1 , M  
ss = 0. 
DO 10 I-L,N 

s2 - ss 
S =SQRT(S2) 
IF (A(L,L) . L T . O . )  S - - S  
D - S 2  -t- S*-A(L,L) 
A(L,L) = A(L,L) + S 
I F  (L.EQ.M) GO TO 50 
Ll = I,+-1 
DO 30 J-Ll,M 

PP - 0 .  
DO 20 I=L,N 

10 S S  = SS f A(E,L)**2 

20 PP = PP t. A(I,L)*A(I,J) 
30 A(N1,J) = PP/D 

DO 40 J-Ll,M 
DO 40 I-L,N 

40 A(1,J) - A(1,J) - A(I,L)*A(Nl,J) 
60 CONTINUE 
50 A ( N 1 , L )  - S  
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c 
c REDUCE THE VECTOR Y 
C 

DO 80 I=1,N 
80 A(I,Ml) = Y(1) 

DO 100 L=l,M 
PP = 0. 
DO 90 I=L,N 

90 PP = PP f A(T,L)*A(I,MB) 
D = PP/(-A(L,L)*A(NB,T..)) 
DO 100 I-L,N 

100 A(1,Ml) = A(1,Hl) - D*A('I,L) 
C 
e CALCULATE THE COEFFICIENT VECTOR i"I 
C 

B(M) = A(M,M1)/A(N1yM) 
IF (M.EQ.1.) GO TO 138 
DO 120 LL=l,MMI 
L = M-LL 
L1 = Ld-1 
PP = A(L,M1) 
DO 110 I=Ll,M 

110 PP = YP - A(L,I)*B(I) 
120 B(L) = PP/A(NI.,L) 

C 
C CALCULATE M 2  
C 

130 SS = 8 .  
MPl = M+1 
DO 148 I=MPP,N 

SS = S S  -k A(I,M1)**2 
1.40 A ( I , f . r I )  = 0 .  

R2 = SS 
C 
C PERFORM THE BACK CALCULATIONS 
C 

DO 170 LL=l,M 
L = M- J.>L+l 
PP = 0. 
DO 150 I=L,N 

150 PP :..= PP .+ A(19L)*A(I,MB) 
D - PP/(-A(I.,L)*A(NZ,Z)) 
DO 160  I=L,N 

160 A ( I , M I )  = A(I,MI) - D*A(I,L) 
170 CONTINUE 

RETURN 
END 

SUBROUTINE READCVOLTS,MFEC,NRDGS,NEXT,NCH) 
C 

C VERSION 7 JULY 1987 
c PROGRAM '1'0 \MITE CONTROL INFO. TO AND READ DKTA FROM THE C O W 9  
C 

INTEGER 22 C M n , O ~ T C , O U ~ ~ ( e ) , O U T l ~ ( l 6 )  
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CHARACTER DOUT*1SJDIN*64 
DIMENSION IN(8>,LL(S),VOLTS(NCH> 
DATA CMD/O/ 
DATA OUT8/6,4,6,4,6,4,6,.5/ 
DATA OUT16/6,4,6,4,6,4,6,4,6,4,6,4,6,4,6,5/ 
VF1-5.0/4096. 
VFA==VFZ/FLOAT(NRDGS) 
GO TO (100,100,100,100,200,300,400,.500,999),NEXT 

30 FORMAT(I1,Il) 
40 FOIIMAT(1614) 
50 FORMAT(lX,GF6.3) 
6 0  FORMAT( 1X I2 I 6 % .  3 )  
90 FORMAT(1X) 
100 CONTINUE 

c CALIBRATION MOP 
OUTC-NEXT-1 
DO 110 I-1,NCH 

110 VOLTS(1)-0. 
DO 150 JJ-1, NRDGS 
WRITE(DOUT,30)CMD,OUTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
READ(DIN,40)(LL(I),IN(I),I==~,NCH) 
DO 145 I-1,NCM 
VOLTS(1)-VFA*FLOAT(IN(I))+VOLTS(I) 

145 CONTINUE 
150 CONTINUE 

WRITE(O,6Q)NEXT,(VOL'CS(I),I=~,NCH) 
IF(NEXT.EQ.4)WRITE(0,90) 
GO TO 999 

200 CONTINUE 
C SINGLE READING LOOP 

OUTC-4 
WRITE(DOUT,30)CMD,OUTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
READ(DIN,40)(LL(I),IN(I),I-f,NCH) 
DO 245 I-l,NCH 
VOLTS(I)=VFl*FLOAT(IN(I)) 

245 CONTINUE 
C WRITE(0,50)(VOLTS(I)JI=~,NCH) 

GO TO 999 
300 CONTINUE 

C AVERAGE NRDGS LOOP 
OUTC==4 
DO 310 I-l,NCH 

310 VOLTS(I)=O. 
DO 350 JJ-1,NRDGS 
WRITE(DOUT,3Q)CMD3OUTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
READ(DINJ40)(LL(1>,IN(I),I=1,NCH) 
DO 34.5 I-1,NCH 
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C 
C 
C 

50 

DIMENSION STDV(NCHS) 
DATA NRD/4/ 
DO 100 NCK=l,NCHS 
sum-0 - 0  
sum-0 . 0 
SUMXY=O . 0 
SUMXx=O. 0 
SUMYY-0 . 0 

PERFORM LEAST SQUARES FIT OVER NRD READINGS 

DO 50 NR=l,NRD 
SUMX==SUMX+RDGC(NCH,NR) 
SUMY=SUMY+RDGO(NCH,NR) 
SUMXU-SUMXY+RDGC(NCH,NR)*RDGO(NCH,NR) 
SUMXX-SUMXX+RDGC(NCH,NR)*RDGC(NCH,NR) 
SUMYY=SUr(rJu+RDCO(NCH,NR)*RDGO(NCH,NR) 
CONTINUE 
XBAR-SUMX/NRD 
YBAR-SUMY/NRD 
GAIN(NCH)=(SUMXY-SUrrXJcYBAR)/(SUMXX-SUMX*XBAR) 
COFSET(NCH)=YBAR-GAIN(NCH)*XBAR 
S T D V ( N C H ) = S Q R T ( A B S ( ( S U M ~ - S U ~ * Y B ~ - G A ~ N ( N C ~ ~ * ( S ~ Y - S U ~ * Y ~ ~ ) ) /  

*FLOAT(NRD-2))) 
100 CONTINUE 

WRITE(0,210)(1,1,1-1,3) 
WRITE(0,220)(COFSET(NCH),NCH=Z,NCHS) 
WRITE(O,230)(GAIN(NCH),NCH=l,NCHS) 
WRITE(0,240)(STDV(NCH),NCH==l,NCHS) 

220 FORMAT(6X,3(’ MAG(’,Il,’) PH.A(’,11,#)’)) 
220 FORMAT(‘ OFSET’,6(F11.5)) 
230 FORMAT(’ GAIN ’,6(F11.5)) 
240 FORMAT(’ STDV ’,6(F11.5)) 

RETURN 
END 

SUBROUTINE CORRDG(VOLTS,COFSET,GAIN,NCHS) 
DIMENSION VOLTS(NCHS),COFSET(NCHS),GAIN(NCHS) 
DO 100 NCH=l,NCHS 
VOLTS(NCH)-COFSET(NCH)+GAIN(NCH)*VOLTS(NCH) 

100 CONTINUE 
RETURN 
END 

C 

C 
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1.37 

The program, PLTRDC,, i s  used t o  make scam o f  the  tub ing  us ing  the 

The z 

scanners .  The program w i l l  p l o t  e i t h e r  r a w  readings 011 c a l c u l a t e d  
readings as a func t ion  o f  a mation as t h e  x o r  y axes A r e  moved. 
a x i s  i s  n o t  normally used. The s t a r t  of t he  scan  and the  scan  increment 
are reques ted  f o r  both  t h e  x and y axes. The program will. a l s o  p l o t  the  
r a w  o r  c a l c u l a t e d  readings with no scanner  motion t o  show t h e  e f f e c t  of 
instrument  no i se  on the readings .  The c o e f f i c i e n t s  wi1.1. be  rcati from a 
d a t a  f i l e  c r e a t e d  by BIGFIT and named by the  c h a r a c t e r  v a r i a b l e  COEDAT. 
If no d a t a  f i l e  is p r e s e n t ,  the program will s t i l l  run and r a w  reading  
s c m s  can be made. The inst rument  can also be r e c a l i b r a t e d ,  and &:Eic?n 

subsequent readings w i l l  be co r rec t ed  €or any change i n  the  c a l i b r a t i o n  
t h a t  has  occurred s i n c e  the  RIGRDG c a l i b r a t i o n  readings  were made. A 
l i s t i n g  o f  PIITRDG f o l l o w s :  

PROGRAM PLTRDG 
C October 26, 1987 
C 
c, PROGRAM WILL PLOT RAW READINGS OR CALCULATED PROPERTIES 
c FROM READINGS MADE BY THE EDDY CTJRRENT INSTKUMENT ON THE 
r: LQ-800. THE CALCULATE PROPERTIES SECTION MUST BE SELECTED 
C BEFORE THE RECALIBRATE SECTION. THE COEFFICIEN'I' DATA WI LI, BE 
C READ FROM THE FILE COEDAT. 
C 

INTEGER*4 MSER, NOLD ( 3 )  
CHARACTER P K O N ~ ( 7 ) * 4 , C O E D A T ~ 8 , ~ ~ ~ E ~ l 3 , ~ ~ ~ 3 ) ~ 2 ~ ~ C ~ 2 ~ ~ P D A T ~ 6  
C U C T E R  MOTON*8,MOTOF*8,HOME*5,CHEK*6>XSET*l8 
CHARACTER*l FF,CR,ESC,LPO,SC 
DIMENSION JPOT,(6 ,3 ,6)  ,JKDPR(6) ,JOFSET(6) 
DIPENSION RDGl(~6>,NPaL(6,3>,TMAGM(3),PHASEo,TMDFT~3),~~~F~(~) 
DIMENSION COEF(lG,G),PROP(S) 
DIMENSION X L I M ( 2 > , Y K L I M ( 2 ) , Y P L 1 M ( 2 ) , X A R G ( 2 )  
DIMENSION VOLSTD(6),VOLTS(6),Yl(2),Y2(2),YVAL(2y12) 
DIMENSION OFSET(6>,GAIN(6),STDV(6),RDGC(6,4),RDGO(6,4) 
DIMENSION DELTA(3),XNEW(3>,X{3) 
DIMENSION NPR(lO),NDACH(6),ROFsET(6),RGAIN(6)~PQFS~~(~),~C~~~~(~) 
DATA LOU/8/,LITEK/O/,LOTEK/O/,NCHS/6/,~RDGS/l/,NRDGC/~2/,NFT/3/ 
DATA NCAL/4/,NTT/~/,NTTl/8/,NS/~/,NPR/l0~7QO/~~AXlS/3/,~~OT~D/~*~)/ 
DATA NCUR/6/,XFAC/O.Oo5S5/,NTIM/O/,NAUTO/O/ 
DATA INTER/10/, ICOEF/l/ , NPROPM/1/ I NOLD/3*O/, TBM/21/, X,ESVEL/O/ 
DATA MFEC/s/,MBUS/6/,INa/37/,LOD/38/,COEDAT/'~RCCOE ' /  
DATA WPDAT/'RAWDAT '/,XMAX/33.15,12.5,0.5/ 
DATA TMDFT/3*0./,PHDEr/3*0./ 
DATA MOTON/'XD YD ZD'/,MOTOF/'XE YE ZE'/,HOME/'<CAH>'/ 
DATA CHEK/';<CFA>'/,SS/';'/,XSET/'XA20000XBF,40XH4000'/ 

c **VALUES OF OFFSET AND GAIN FOR READINGS FOR CTRC COILS** 

C VALUES OF GAIN AND OFFSET FOR PROPERTIES FOR CIRC COILS 

C VALUES OF GAIN AND OFFSET FOR CALIBRATIONS ARE SET 

DATA ROFSET/-1.38,-1.57,+l.53,-~O.SO,~-2.50,t2.50/,RGAIN/6*200./ 

DATA POFSET/-O.01,0.05,0.O65,3*O./,~GA~~/l.~E4,l.~E4,1~8~4,3~1~/ 

DATA DELTA/3~0.0/,~EW/3*~~O/,OFS~T/6*~.~/,6I~/6*1.0/ 
LNF=2*NFT 

CALL GETTIM(IHR,IMN,ISE,IFR) 
c TIME AND DATE ARE PRINTED 
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e 
C 

C 

C 
C 

C 
C 

CALL GETDAT (ITW ~ IKG , IDA) 
IYR=I'dR-1900 
WRITE (LOU, 2 ~ E N = 9  9 0) IHR , IMPJ I IS E, IMO , IDA, IEl 

2 FORMAT(' PETRDG TIME ';129':',12,':f,12, 
*' DATE ,I2 ~ f / '  ,I2, ' / '  ,I2) 

CALL INPTIPIEI ( IBM,  LEVEL) 
HUZTI FREQUENCY EDDY CURRENT INSTRUMENT ADDR=5 ON GPIB HlJSS 
MQDULYNX AXIS POSITION CONTRO1,LEW ADDR=6 ON GPIB BUSS 
CALL SEND(KBUS ,MO'1'ON, ISTAT) 
CALL SeND(MsvS,KOM~,ISTaT) 
CALL SEND(MBUS,~OTOF,IST~T) 
CALI, SEND(MBUS ,XSET,  ISTAT) 
FNBME-COEDAT//'.DAT' 
OPEN(LOD,FILE=FN~E,STATUS ='OLD' ,ERR .= 992) 
READ COEFFICIENT DATA GXITTEN BY BIGFIT (WITL TRANSFER IF NO FiLE)  
NPRO=B 
DO 20 NG-1,NCAL 
READ ( L O D  ~ * , ElIR=9 9 2 
UXiTE(0 *) (RDGO (JJ , NC) , J J = l  , LNF) 
taR.ITE(LOU,*)(RDGO(JJ,NC),JJ=l,LNF) 

READ(LOD, *) (VOLSTD (NT) , NT=l~ LNE') 
WEPITE(0, *) (VOLSTD(NT) , NT-I LNF) 
WRITE(LOU,*) 'VOLSTD' 
WRITE (LOU, *) (VOI,ST[) (NT) , NT=P ~ LNF) 

(KDGO ( J J  NC ) , J J=1 LNF) 

20 CONTINUE 

3 0 NPRO-NPRO+L 
READ( LOD * , END-60) IRDPR 
I JKITE(0 ,  *) IRDPR 
\JRITE(LOU,*)'IRDPR' 
WRITE(LOU,*)IRDPR 
REAn(LoD,40)PRON~(NPRO),JRDPR(PJP~~),JOFS~T(NPRO) 

40 FORMAT( 1X, A 4 , 2 I 4 )  
WRITE(O,40)PRoNAM(NPRO),JRDPR(NPRO),JOFS~~(NPRO) 
WEAD(LOD,*)(COEF(IR,NPRB),IR-1,IRDPR) 
W!3TTE(O,*)(COEF(IR,NPRO),IR=l,IRDPR) 
DO 50 NF=l,NFT 
READ CLOD *) (JPOLL( L ~ NF , NPRO) , I,--1 6 )  
WRITE(0, *) (JPOL(L, NF,NPRO) , L=1 6 )  

50 CONTINUE 
GO TO 30 

60 CONTINJE 
NPROPM=MPRO - 1 
OPEN DATA FILE FOR PLOT COMMANDS 

75 O P E N ( L N D , F I L E - ' P L T T B S . D A T ' , S ' ~ A ~ ~ S  ='OLD',ERR = 995) 
80 walITE(LOTEK,90) 

.JSET=O 
TXX-Q 

90 FORMAT( ' WHaT NEXT 1 .R4W RDG 2 .  CAE PROPS 3. REGAL,' 
* , '  4.SClW/ML? S.SCAM/CAL 6.RST 7.READ CM.D FILE 8.STOP? ' )  
READ(LiTEK,*)NPRINT 
IF(NPRINT.WE.3)NEXT=5 
rF(NPRrNT.EQ.~~.oK.NPRiNT.~Q.5)~I~~~(LOT~~,lOO) 



100 FORMAT(' TYPE ~EW(k>,XNEW(2),DEIATA(l.),~ELTA(2) FOR POSITIONER ' )  
IF(NPRINT.EQ.4.OR.NPRIN~"~Q,5)~F~D(O,*)EW(2) 
*,DELTA(l),DELTA(2> 

* WRITE(LOU,182)XNEW(l),XNEW(2),DELTA(l) ,DELTA('L) 
GO TO (105,200,300,105,200,480,500,600),NPKINT 

103 IF(NPRZNT.EQ.4.OR.NPRINT.EQ.5) 

102 FORMAT('XXO=',F7.3,' YO='?F7.3,' DX-',F7.3,p DY=',,F7.3) 

105 CONTINUE 
C OPJ3 FILE FOR OUTPUT STORAGE OF RAW DATA POINTS TO FILE 'RAWDAT' 

FNAME=MAPDAT//',DAT' 

WRITE(LQTEK,11O)(NF,NF,NF==l,NFT) 

WRITE(LOTEK,120) 

c OPEN(MD,FILE=FNME,STATUS ='NNEW',ERR - 994)  

c WRITE(LOD,l10)(NF,NF,NF-19NFT) 

c WKITE(LOD,120) 
110 FORMAT(' X POSIT Y POSIT ',3(rMAMAG('p,11,') PHA(',Il,') ' ) )  
120 F O W T ( 1 X )  
130 IF(NPRINT.EQ.1)GO TQ 140 

XNEW(1)-XNEW(l)+DELTA(l) 
XNEW(2)-XNEW(2)+DELTA(2) 
IF(XNEW(1).LT,0.O.OR.XNEW(1).GT.XMAX(1))G(? TO 163 
IF(XNEW(2).LT.O.o.OR.XNEW(2).GT.XMAX(2))GO TO 163 
CALL SEND(MBUS,MOTON,TSTAT) 
CALL POSIT(XNEW,NOLD,NAXIS,MBUS) 
IF(MOD(IXX,180).EQ.O)CALL SENI>(MBUS,CHEK,ISTAT) 
IF(MOD(IXX,180).EQ.O)CALL SEND(MBUS,SC,ISTAT) 

140 CALL READ(VOLTS,MFEC,NRDGS,NEXT,NCHS) 
142 FORMAT(6(F11.3)) 

CALL CORRDG(VOLTS,OFSET,GAIN,NCHS) 

IF(MOD(IXX,rNTEK>.EQ.0) 
c WRITE(LOU, 1 4 2 )  (VOLTS(NF) ,NF=1, LNF) 

* W R I T E ( L ~ T E K , 1 ~ O ) ~ E W o , X N E W ( 2 ) , ( ~ O ~ ~ S ( N F ) , ~ ~ ~ 1 ~ ~ F )  
150 FORMAT(2(F8.3),lX,6(F7.3),16) 

DO 160 NF=l,ZNF 
NDACH(NF)-RGAIN(NF)*(RQFSET(NF)+VOLTS(NF)] 

160 CONTINUE 
CALL GRAPF(NDACH,IXX,NCHS,LO~) 
CALL GETKEY(1R.R) 
IF(IRR.EQ.83)GO TO 163 
GO TO 130 

163 WRITE(LOU,185)ESC,LPO 
185 FORMAT(A1 ,All 

WRITE(LOU,*)O ' 
NTIM=O 
Ixx=O 
IF(NPR~NT.EQ.4)WRITE(LOU,l8O){VOLTS(NF) 
DO 165 NF=1,LNF 
VOLTS(NF)-VOLTS(NF)+ROFSET(NF) 

165 CONTINUE 
IF(NPRINT.EQ.4)WRITE(LOU,18O)(VOLTS(NF) 
IF(NPRINT.EQ.4)WRITE(LOU,l8O)(ROFSET(NF 
IF(NPRINT.EQ.4)WRITE(LOU,l9O)(RGAIN(NF) 

NF-1, LNF) 

NF-1, LNF) 
I NF-1, LNF) 
NF=P, ISJF) 



140 

170 
180 
190 
192 
1.95 

c 
c 
c: 
200 
217 

220 

221 

225 
230 

240 
C 

PF(NPRINT.EQ.4)WRITE(LOU,192)(NDACH(NF),NF-l,LNF) 
I F ( XPJEW ( 1 ) . GT . XWX ( 1 ) . OR. XNEW ( 2 ) . GT . 
FORMAT(O(lPE9.2,'K~',lX)) 
FORMAT ( 6 (F7.3) ) 
FORPIAT ( G  (F7 .0 )  ) 
FORMAYT(6(I7)) 
FORMAT (A1 ) 
TF(NAIJTO.NE.1)GO 'i'0 80 
GO Til 500 

( 2 ) ) WR 1 T E ( LOU ,19 5 ) FF 

PROPERTY CALCULATION AND DISPLAY SECTION 

~ZTE(EOTEK,217)(PIPONAI.i(NPRO),MPRO-1,Nt7ROPM) 
F O W A T ( l X , '  TUB LOC T S LOC',6(6X,Ah,lX)) 
WRITE( LOTEK, 120) 
IF(NPRINT.EQ.2)GO TO 221 
m?EW ( 1.) =XNEW ( 1) +DELTA ( 1) 

r F ( ~ E W ( l ) . L . T . O . O . O R . ~ ~ ~ ( ~ ) ~ ~ T . ~ ( 1 ) ) ~ ~  TO 275 
IF(XNEW(2>.LT.0.0.OR.XNEW(2).GT.XFUX(2))GO TO 275 
CALI, SEND(MBUS 9HOTON, TSTAT) 
CALL POSIT(WJEW,NOLD ,NAXTS ,WBUS) 
IF(MOI)(TXX,180).EQ.O)CALL SEND(MBUS,CHEe<,PSTAT) 
IF(MOD(r~,180).EQ.O)CAIS, SEND(MRUS,SC,ISTBT) 
CALL R~D(VOLTS,MFEC,NRaGS,NEXT,NCHS) 
CALL CORRDG (VOLTS, OFSET, GAIN NCHS) 
DO 260 NPRO=I,NPROPM 
IRD PR 3_=J RAD PR ( WPRil ) .I- 1 
IOFSET-JOFSET(NPR0) 
DO 230 NE-1,NFT 
PI-ihSE(NF)=VOETS (2-kMF) 
TPMGM(NF)-VOLTS(2*NF-J.) 
DO 225 1=l,6 
NPOL"(T,NF)=JPQL(I,NF,NP~O) 
CONTINUE 
CONTINUE 
CALL R D G E X P ( R D G I , T ~ G ~ e , P B A S E , N P O L , I O F S E T , T , N ~ ~ )  

IRDP-JRDPR(NPR0) 
DO 240 1R=l,IRDP 
PROP(NPRO)=PRoP(NPRO).t-~D~~(IR)aCGEF(IR,~~~(~) 
C O N T I N U E  

XNEW( 2 1 -XNEW( 2 )  +DELTA( 2 )  

PROP(NPRO)=O. 

WRITE(0,245)(RDGl(IR),IRDP) 
C 245  FORMA'I'(10F8.4,/,5F'8.4$ 

NDACH(I'JYKO)-PGBIN(NPRO)*('OFSET(NYKO)+PROP(NPRO)) 
260 CONTINUE 

C 

C 
C SECTION TO SMOOTH THE DEFECT INDICATION BY ,4VERAGING SUCCESSIVE 
C DEFECT CALCULATIONS . CHANNEL NS I S  SI.BOOTHE0 
c 

I F  (JS ET. EO,. 0) POFSE'I' ( 3 
J S ET- I 

-0.140 -PROP( 3) 

DO 265 NT-1,NTTI 
NPR(NT)=NPR(NT+l) 
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265 GONTINUE 
NPR(NTT)-NDACH(NS) 
NDACH(NS)-0 
DO 167 NT-l,N"Z'T 
NDACH(NS)-NDACH(NS)+NPR(NT) 

NDACH(NS)-Nr>ACW(NS)pNTT 
167  CONTINUE 

C 
c END OF SECTION 
e 

K-MOD(XXX,INTER) 
r~(K.EIZ.o)WffITE(LoT~K,270)XNEW(l),~~W(2),(P~OP(N~R~) 

*,NPRO-I,NPROPM> 
270 FOWT(2(F8.3)  ,lX,S(F11.4)) 

CALL GRAI?F(NDACH,TXX,NPRC)PM,LOU) 
CALL GETKEY ( IRR) 
IF(IRR.EQ.83)GO TO 275 
GO TO 220 

WRITE(LQIJ,*)' ' 
WRITE(LOU,290)(PRONBM(NPRO),NPRO-1,NPROPM) 
WRITE(LOU,293)(PRUPI(NPRO),NP~UEl,NPRI)PM) 
WRPTE(LOU,295)(POFSET(NPRO),~O-l ,NPROPM) 
WRlTE(LOU,297)(PGAIN PRO),NPRO-1,NPROFM) 
WRTTE(XIQU,305)(NDACH(NPRO),NPK0=1,NPROPW) 
rF(XrJ~(l).GT.XMAX(5).O~.XNEW(2).GT.XMA(2)}~R~TE~~~OU~~~5~FF 

275 WRITE(LDU,185)ESC,LPO 

290 EORMAT('FROPERm',716X,A4)) 
293 FORMAT(8X,7(Fl0.3)) 
295 FORMAT('0FFSET ',7(F10.3)) 
297 FORM(AT('GAIN ',7(1PE10.2)) 
305 FC@MAT('PPLDT TNT'  ,7(IlO)} 

NTIM-O 
IXX-0 
IF(NAUTO.NE.1)GO TO 80 
GO TO 500 

CALL CALMIC(RDGC,MFEC,NRDGC,NCHS) 
CALL RESET(RDGC,RDGO,OFSET,GAIN,STDV,NCHS) 

380 CONTINUE 

IF(NAUTO.NE.1)GQ TO 80 
GO TO 509 

400 WRITE(EX)TEK,401) 
CALL READ (VOLTS, MFEC , NRDGS 

401 FORMAT(' TYPE XNEW(l),XNEW 
READ(0 *)XI'?%'( 1) , XNEW (2) 
CALL PBSIT(XNEW,NOLD,NAXIS 
CALL SEND(MBUS,CHEK,ISTAT) 

IF(ISTAT.NE.O)GO TO 403 
BO 405 NF-1,LNF 
VOLTS(NF)-0, 

403 GALL SEND(MBUS,SC,ISTAT) 

405 CONTIWE 

NEXT, NCNS) 
2),FOR STANDARD READING ' )  

CALL READ(VOLTS,MFEC,NRDGS,NEXT,NCHS) 
DO 450 NOF-1,NCHS 



OFSET(NQF>=VOLSTD(NOF)-GAIN(NOF)*VOLTS(NOF) 
450 CONTINUE 

DO h60 NF=1,LNF 
ROFSETCNrP)=(FLOAT~800~NF/(I,NFtl)))/RGAIN(NF)-VOLTS(NF) 

WRITE(O, l8O)(VOLTS(NF) ,NF==,LNF)  
klRITE(OJ80) (OFSIET(NF) ,NF-1,T.NF) 
FarPr9E(O,l80)(ROFsET(NF),NF=l~~F) 
IF(NAUTO.NE.1)GO TO 80 
GO TO 500 

460 CONTINUE 

500 CONTINUE 
C READ COMMANDS AND DATA FROM AN INPUT DKTA FILE,  CONTINUE UNTIL 
C PROGRAM END 

C *6.RST 7.READ CMD FILE 8.STOP.T ' )  
C 1. ixm RDG 2 .  CAL PROPS 3 .  REeAL 4 .  s c m p m  5. SCAN/CAE 

PeEAn( IWD,* ,END-~&Q)NPRINT 
I F ( N P K I N T . E Q . ~ ~ . O R . N F R I N ~ . E Q . ~ ) R E A ~ ( I N D ~ ~ ) ~ E ~ ( ~ ) , ~ ~ ~ ( ~ ~  ,DEETA(1) 

IF(NAUTO.EQ.O.AND.NPWINT.EQ.5) 

IF (NAUTO.EQ.O.AND.NPRIMT.EQ.5)  

I P ( N A U T O . E Q . O . A N D . N P R I N T . E Q . 5 )  

NAUTO=1 
IF(NPRINT.NE.3)NEXT-5 

-k , DELTA ( 2 ) , XAWX ( 1 

*WRITE(LOU,290)(PRON~(NPRO),NPRB=I,NP~O=~,NrR~~~~ 

*WKITe(~0~,295)(FOFSET(NPRO~,NPRO=L,NPROP~) 

- k W R I T E(LOU,29i>(rGAIN(NP~O)~N~~~~~~~NPROP~) 

~ XMAX ( 2 ) 

GO TO i o 3  

GOT0 1000 

GO TO 1000 

GO TO 1000 

GO TO i s  

600 CONTINUE 

990  WMTTE(I,OTEK,*)' E m O R  IN OPENING PRINTER FILE-CHECK FOR OFF-LINE' 

9 9 1  WRITE(LOTEK,.k) ' EKKOW IN OPENING MOTOR DATA BUSS' 

992 WRITE(LOTEK,*)'ERROR IN OPENING INPUT COEF DATA FILE' 

993 WRITE(LOTEK,*)'ERROR IN O P E N I N G  INSTRUMENT DATA BUSS' 

9 9 4  WRITE(LOTEK,*)'ERROR IN OPENING MOTOR POSITIONER FILE' 

9 9 5  WRITE(EOTEK,*)'ERROR I N  OPENING INPUT C O M W B  FILE'  

GO TO 1000 

GO TO 1000 

GO TO 80 
1000 CONTINUE 

CALL SENa(FTBWS,HOFIE,TS'T) 
1005 CATAT, SEND(laP.RIJS, SC, ISTAT) 

IF(PSTAT.NE.O)GO TO 1005 
CALL SENB(r/l~US,MOTOF,IST,4T) 
STOP 
END 
SUBROUTINE B D G E X P ( READNGlT~.LAG,~~~E~NP0~~,IOFSET,TMDFT,~~~FT 

1 , I R D P W , N F T )  
c REAl,*t8 READNG K I X  

DIMENSION READNG(IRgP~>,NPOL(G,NFT),~~~~~T(NFT),P~D~T(NF~) 
DIMENSION TM.AG(NFT),PMSE(NFT) 



143 

C 
c 
C 
C 
C 
c 
c 
c 
c 
C 
c 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

10 

15 

20 

NPOL CONTAINS A NUMBER FOR THE FUNCTION TYPE, THE POLYNOMIAL 
DEGREE, AND THE NUMBER OF CROSS TEWS 
FOR THE MAGNITUDE AND PHASE AT EACH FREQUENCY,STORED AS NPOL 
(NFi1-MAG FUN, 2-MAG POL,3-MAG #CROSS TERMS,4-PH FUX,S-PH POL, 
6-PH # CROSS TERMS). IF IOFSETxO, NO OFF-SET 
WILL BE INCLUDED,-1 OFF-SET IS 1NCLUDED.THE VALUES OF' TMDFT(NF)& 
PHDFT(NF) G I V E  THE AMOUNT OF DRIFT IN THE MAGNITUDE AND PHASE.IF 

FREQUENCY WILL BE SKIPPED. 
NPOL(NCP,NF) =O,THAT PARTICULAR MAGNITUDE AND PHASE FOR THAT 

RFADNG(1)-1. 
N-1 
IF(IOFSET.EQ.l)N-2 
DO 210 NF-1 ,NFT 
DO 200 NC=1,2 
NCC=NC*3 
NCP-NCC - 1 
NCF-NCP- 1 
ROLD-RDG 
IF(NPOL(NCP,NF).EQ.O> GO TO 200 
IF(NC.EQ.l) RDG=TMAG(NF)+TMDFT(NF) 
IF(NC. EQ. 2) RDG=PHASE(NF)+PHDFT(NF) 

THE TYPE OF FUNCTION IS SELECTED 

IF(NPOL(NCF,NF).EQ.l>RDG-RDG-RDG 
IF(NPOL(NCF,NF).EQ.2>RDG-RDG=ALOG(RDG) 
IF(NPOL(NCF,NF).EQ.3)RDG=EXP(RDG) 
IF(NPOL(NCF,NF).EQ.4)RDG-l./RDG 

THE TYPE OF POLYNOMIAL IS SELECTED 
AND THE POLYNOMIAL VALUES ARE CONSTRUCTED. 

READNG(N)=RDG 
N=N+1 
NDEG=NPOL(NCP,NF)-1 
IF(NDEG.LT.1) GO TO 15 
DO 10 I=l,NDEG 

N-N+l 
CONTINUE 

READNG(N)-RDG*REAPNG(N-l) 

CROSS TERMS ARE CONSTRUCTED 

IF(NPOL(NCC,NF).EQ.O) GO TO 200 
RDY=ROLD 
NCTERM=NPOL(NCC,NF) 
DO 20 I-1,NCTERM 
RDY=ROLD*RDY 
CONTINUE 
IF(RDY.NE.0) RINV=RDG/ROLD 
IF(RDY.EQ.0) RINV=O. 



30 

200 
210 

C 

C 

C 
C 
C 
C 

C 
C 
C 

50 

DO 30 I-1,NCTERE.r 
RDY-RDYkRINV 
READPJG (N) -RDY 
N-N+1 
CONTINUE 

CONTINTE 
CONTINUE 
RETURN 
END 

SUBROUTINE RESET(RnGC,RDGO,COFSET,GAIN,STDV,NCHS) 

SUBROUTINE DOES NCBS LEAST SQUARES FITS OF R D 6 8 = S O F S E T ~ G A I N ~ R D G C  
LEAST SQUARES SUBROUTINE IS STANDARD FOR Y(J)=COFSET+GAIN*X(J) 

DIMENSION R U G C ( N C H S , 4 ) , R ~ ~ G O ( N C H S , 4 ) , C O F S E T ( N C M S r  ,GAI.N(NCHS) 
DINENSION STDV(NC1IS) 
DATA NRD/4/ 
DO 100 NCH=l,NCI-IS 
SUbYX=O. 0 
SUMY-0 . 0 
SUMxY=O. 0 
SIJMxx=O. 0 
SUffiYY-0.0 

PERFORM LEAST SQUARES F I T  OVER NRD READINGS 

DO 50 NR=l,NRD 
SUMX=%UMX+K1)61-C (NCH , NR) 
SUMY=SUiVM+ RDGO (NCH , NR) 
SUANXY=SUHXY+RDGC(NCH,NR)*RDG~(NCH,NR) 
SUMXX=SUFfXXt-RI)GC (NCN , NR) *RDGC (NCN , NR) 
SUMYY=SUMYY+ RDGO (NCH , NR) :kRDGO (NCH , NR) 
CONTPWE 
XBAR=SUMX/NRD 
YHRR=SUM/NRD 
GAIN ( NCH) = ( SUIWY - SUMWYBAR) ( SU~UIX- sum*XSm) 
COFSET(NCH)=YBAR-GAIN(NCH)kXRAR 
S ' ~ P V ( N @ H 3 - S Q R ~ ( A S S ( ( S U l ~ ~ - S U ~ ~ * Y ~ ~ ~ ~ ~ ~ N ( N ~ ~ ) * ( ~ U ~ Y  

*FLOAT(NRD-2))) 
100 C O N T I W E  

WP,ITE(O, 210) (I, 1,1-1,3) 
kTFiTTE(O,22O)(COFSET(NCH),NC1-I-I,NCHS) 
WKI.TE(0 ~ 730) (GAPN(NCH) ,NCH=1 ,NCHS> 
WRLTE(O,24O) (STDV(NCH) ,NCH-I,NCHS) 

210 FORMAT(6X, 3 ( '  MAG(',Il,') PI1A(' ,XI, ' ) ' ) )  
220 FORMAT(' OFSET8,6(F11.5)) 
230 FORPIAT(' GAIN ',6(F11.5)) 
240 FORMAT(' STDV ',6(F11.5)) 

RETURN 
END 

C 

SUMX*YBAR))/ 
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IO0 

c: 
c 
G 
G 
c 
C 
c: 
c 

c 

10 
20 

40 
50 

60 

80 
90 

SUBROUTINE CORjRDG(VOLTS,COFSET,GBfN,NCHS) 
DIMENSION VOLTS(NCHS),COFSET(NCHS),GAIN(NCHS) 
DO 100 NCH-1,NC 

CONTINUE 
RETURN 
END 

v o ~ T s ( N C H ) - C o P s E T ( N C ~ ~ ~ . G A I N { ~ C ~ ) ~ V O ~ T S ( ~ C H ~  

SUBROUTINE G~PF(IY,IXX,NCUR,I.OU) 
SION October 20,  1987 
ROUTINE TO RUM GRPrPRICS ON USING 180 DFI DENSITY 
T A GRAPH ON PRINTFR, DVAWCE l/l8Q OF INCH 

T SUBROUTINE IS CALLED 
4TH TIME SUBROUTINE IS CALLED. 
LOTTED, IY(NC) SHOULD BE BETWEEN 1 AND 

AND L440* 
OM IET(24),IRY(l440,3),IY(20),IGKD1(2440,3) 
ER*l ESC,T~ ,NZ,N2 ,LPI ,LP2 ,GRAC(4320)  
~ / 1 ~ ~ , 6 4 , 3 2 , 1 6 , ~ , 4 , 2 , i , ~ 2 8 , 6 4 , 3 2 , i 6 , $ , 4 , 2 , i ~  

~ € 2 8 , 6 4 , 3 ? , 1 6 , 8 , 4 , 2 , 1 /  
CING,  C H M  DATA FOR TRIPLE DENSITY 

IGRD1(1440,1)-255 
J-180,I26OI 180 

COMTINUE 
CONTINUE 
US-Q 
ESC-C'HPIEt(27) 
TRD-CWAR( 39) 
Nl-CI-IILR( 160) 
N2-CHPrR ( 5 1 
LPT-CHAR( 51) 
LP2-CwAR( 24) 
WRITE(LOUi40)ESC,LPZ,LP2 
FORMAT(Al,AL,AL) 
CONTINUE 
I-LX/%+l 
IX-IX+1 
DO 60 NC-'t,MCUR 
IF(IY(NC).GT.l439>1Y(WC)=1439 
IF(IY(HC).LT.1)IY(NC)-l 
IRY(IY(NC),I)~IRY(IY(NC),I)+IBT(IX) 
IRY(IY(NC)tl,'I)-I~Y(IY(NC)+~,I)+IBT(IX) 
CQNTLWE 
IF(MUP(IXX,180>.NE.o>GD TO 90 
DO 80 5-2 ,1438,2  
L R Y ( J , I ) - I R Y ( J , I ) + I B T ( I X )  
CONTINUE 
IF(IX.LT.24)GO TO 300 
WRITE(LOU,100)ESC,TIID,Nl,N2 
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C 
INTEGER *2 CMD,OUTC,OUT8(8),0UT16(16) 
CHARACTER DOUT*l5, DIN*64 
DIMENSION IN(S),LL(8),VOLTS(NCH) 
DATA CMD/O/ 
DATA OUT8/6,4,6,4,6,4,6,5/ 
DATA OUT16/6,4,6,4,6,4,6,4,6,4,6,4,6,4,6,5/ 
VF1-5.0/4096. 
VFA=VFl/FLOAT(NRDGS) 
GO TO (100,100,100,100,200,300~400~500,999),NEXT 

30 FORMAT( 11,Il) 
40 FORMAT( 1614) 
50 FORMAT(lX,6F6,3) 
60 FORMAT(lX,I2,6FG.3) 
90 FORMAT(1X) 

PO0 CONTINUE 
C CALIBRATION LOOP 

OUTCZNEXT-1 
DO 110 I-1,NCW 

DO 150 JJ-1,NRDGS 
WRITE(DOUT,30)CMD,OUTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MEEC,ISTAT) 
READ(DIN,40)(LL(I),IN(I),I-~,NCH) 
DO 145 I=l,NCH 
VOLTS(1)-VFA*FLOAT(IN(I))+VOIATS(I) 

110 VOLTS(I)=Q. 

145 CONTINUE 
150 CONTINUE 

WRITE(0,60)NEXT,(VOLTS(I),I=l,NCH) 
IF(NEXT.EQ.4)WRITE(0,90) 
GO TO 999 

200 CONTINUE 
C SINGLE READING LOOP 

OUTC-4 
WRITE(DOUT,30)CMD,OUTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
READ(DIN,40)(LL(I),IN(I),I=1,NCH) 
DO 245 I-1,NCH 
VOLTS ( I)=VFl*FLOAT (IN( 1) ) 

C WRITE(O,SO)(VOLTS(I),X=1,NCH) 
245 CONTINUE 

GO TO 999 
300 CONTINUE 

C AVERAGE NlZDGS LOOP 
QUTC-4 
DO 310 I-1,NCH 

310 VOLTS(I)=O. 
DO 350 JJ=l,NRDGS 
WRITE(DOUT,30)CMD,OUTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
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The program, DIG3, i s  a u t i l i t y  program that i s  u s e f u l  i n  the  se t -up  
and  c a l i b r a t i o n  o f  t he  three-frequency instrument:. It w i l l  make si-ngle 
readings ,  average L O  readings ,  make c a l i b r a t i o n  readjngs, run the  
mul t ip lexer  and make both $-and 16-coil mult iplexed readings .  
program will s t a y  i n  each loop u n t i l  a key is  struck, then it will go 
back to the opt ion  menu. 

PROGRAM DIG3 

The 

A l i s t i n g  of  the program DIG3 follows: 

C VERSION August 14, 1987 
C PROGRAM TO WRITE CONTROL INFORMATION TO AND READ DATA FOKM THE 
C COMP9B. THE CMD VALUE DETERMINES WHICH PROGKAM WILL BE RUN BY THE 
C MICROCOMPUTER, THE PROM GPIF  MUST BE IN THE 800 LOCATION OF THE 
G COMP9B. MODIFIED FOR IBM-AT COMPUTER, RM F O R T W  
C 

INTEGER CMD,OTCqOT&(8),0T16(16) 
CHARACTER21 DOUT*15, DIN;k64 
DIMENSION IN(8),LL(8),VOLTS(8) 
DATA MFEC/s/,NCH/6/,CMP/1/,NRDGS/64/ 
DATA LANA/3/,MBUS/6/,IBM/21/,LEV~~/O/ 
DATA OT8/6,4,6,4,6,4,6,5/,0T16/6,4,6,4,6,4,6,4,6,~~~6,4,6,4,6,5/ 

CALL INITIALI(IBM,LEVEL) 
VF1=5.0/4096. 
VFA=VF1/FLOAT(NRDCS) 
WRITE(O,*)‘ HIT A KEY TO EXIT FROM LOOPSt 

READ(5,k)NEXT 
GO TO (100,200,300,400,500,999),NEXT 

30 FORMAT(Il,I1) 
40 FOKMAT(1614) 
50 FORMAT ( 3 X ,  6F8.3)  
60 FORMAT(lX,I2,6F8.3) 
90 FORMAT(1X) 

C MULTI FREQUENCY EDDY CURRENT INSTRUMENT ADDR=S ON GPIB BUSS 

20 WRITE(O,*)’l.SING RDGS 2.AVG 10 3.CALIB 4.MUX8 5.MUXlh 6.STOP ? ’  

LOO CONTINUE 

OTC-4 
WRITE(DOUT,30)CMD,OTC 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
READ(DIN,4O>(IN(I),I=l,NCH) 
DO 145 I=l,NCH 
VOLTS ( I ) -VFI>kFLOAT ( IN ( I ) ) 

WRITE(o,50)(VOLTS(I),I=l,NCH) 
CALL GETKEY(1KR) 
IF(IRR.EQ,O)CO TO 100 
GO TO 20 

200 CONTINUE 

OTC=4 
DO 210 I-I,NCH 

DO 250 JJ-1,NRDGS 

c SINGLE READING LOOP 

145 CONTINUE 

C AVERAGE NRDGS LOOP 

210 VOLTS(1)-0. 
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WRITE(BOUT,30)CIYD,OTC 
CALL SEND(MFEC,DOUT,TSTAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
K E A U ( U l N , 4 0 ) ( I N ( I ) , r - I , N C H )  
DO 2/+5 I=l,NCH 
VOX:rS(I)=vF~*FLoAT(TN(I))+VOLTS( I) 

745 CONTINUE 
250 CONTiN?JE 

I . J T C I T E ( 0 , 5 O ) ( V O L T S ( i ) , I = l , N C H )  
CALL. GETKEY ( IRR) 
IF(IRR.EQ.O)GO TO 200 
GO TO 20 

300 CONTINUE 
C CALIBRATION LOOP 

305 DO 360 iI=1,4 
O T G I I  - 1 
DO 310 I=l,NCH 

DO 350 JJ=l,NRDGS 
WRITE (DOUT ,30) CMD , OTC 
CALL SENID(~FEC,DOUT,IS'CAT) 
CALL ENTER(DIN,LEN,MFEC,TSTAT) 
R E A D ( D I N , 4 0 ) ( I N ( I ) , I = 1 , N C W )  
DO 345 %=1,NCH 
VOLTS ( I ) =VFA* FLOAT ( IN ( I ) ) +VOLTS ( I ) 

310 VOLTS(I)=O. 

345 CONTCNUE 
350 CONTINUE 

360 CONTINUE 
WKITE(O,6O)II, (VOJ,TS(i) ,I=l,NCIi) 

m I T E ( 0 , 9 0 )  
CA1.J. GETKEY (IRR) 
IF(IEU2.EQ.O)GO TO 300 
GO TO 20 

400 CONTINUE 
C MULTIPLEX AND READ 8 COILS LOOP 

DO 430 ~ II=1 I 8 
DO 425, JJ-l,3 
\dRITE(DOUT,30)CWD,OT8(11) 
CALL S END (MFEEC , DOU'C ,I STAT) 
CALL ENTER(DIN,LEN,MFEC,ISTAT) 
W E A U ( D T N , 4 0 ) ( r N ( l ) , r = 1 , N C H )  
DO 420 I=I,NCH 
vm:rs ( x )=vFi*E'r,oAT ( TN ( i ) ) 

420 CONTTNIJE 
W R I T E ( 0 , 6 O ) i I , ( V O L T S ( I ) , I = 1 , N C H )  

425 CONTIFJUE 
430 CONTINUE 

CALL GETKEY ( I R R )  
IF(IRR.EQ.O)GO TO 400 
GO TO 20 

500 CONTlNUE 
C MULTIPLEX .WD READ 1 6  COILS LOOP 

DO 5 3 0  ~ II=1 I 1 6  
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c DO 525, JJ-l,3 
WRITE(DOUT,3O)CMD,OT16(II) 
CALL SEND(MFEC,DOUT,ISTAT) 
CALL ENTER(DIN,LEN,MFEC,JST,4T) 
READ(DrN,40) ( rN(1) ,1=1 ,NCH)  

VOLTS( I)=VFl*FIX)AT(Ifll(I)) 

WRITE(0,60)II, (VOLTS(I),I=l,NCH) 

Da 520 1 - 1 , ~ ~  

520 CONTINUE 

525 CONTINUE 
530 CONTINUE 

CALL GETKEY(TWR) 
IF(IKR.EQ.O)GO TO 500 
GO TO 20 

END 
999 STOP 









1 s7 

The program, PHNWRK, is used to design the phase calibrator networks 
that are used in the three-frequency instrument. The value of  the coil 
inductance, XL1, is selected depending on the frequency, and its exact 
value is measured using an impedance bridge. T h e  value of capacitance 
needed to match the inductor is computed and print:ed out. It must be 
constructed by paralleling different capacitances until the proper value 
is reached. The value of tuning resistances i s  then computed to give 
the corresponding phase. A listing of  the program PHNWRK follows: 

PROGKAM PHNWRK 
C 
C PHNWRK October 26, 1987 
C PROGRAM CALCULATES THE RESISTANCE AND CAPACITANCE VALUES FOR A 
C PHASE SHIFT NETWORK.THE PHASE VALUES DESIRED ARE STORED IN AN 
C ARRAY AS PHASE(N).THE PROGRAM ALSO CALCULATES THE ERROR DUE TO 
C DRIFTS OR VARIATIONS IN THE PARAMETER VALUES. 
C 

IMPLICIT REAL*8 (A-H,O-Z) 
DIMENSION PHASE(34) 
DATA FREQ/4.9138O1D5/,XL1/O.2O29D-3/,R3/,R3/l.S79/,Rl/2.OOD4/ 
DATA NPHT/34/,C~2/l.~D-6/,CAP3/l.D-lO/,VO/l.ODl/,R4/l.OOD6/ 
DATA LOU/8/,LI/O/ 
W=2*3.1415927*FREQ 
CAP1=2./(W*W*XLl) 

DO 10 NPH=2, NPHT 
PHASE(NPH)-PHASE(NPH-l)+5.ODO 

PHASE(1)=-85.0DO 

10 CONTINUE 

20 FORMAT(‘ FREQ ”lPE10.4,’ DR VLT‘,OPF7,3,’ SER R’, 
WRITE(LOU,20)FREQ,VO,Rl,R3,R4 

llPE10.3,’ TND R’,OPF8.3,’ SHNT R”lPE10.3) 
WRITE(LOU,30)XLl,CAPl,CAP2,CAP3 

30 FORMAT(‘ INDUC‘,lPE12.4,‘ TUN CAP’,lPE12.4,’ CUP CAP‘ 
l,lPEl1.3,‘ SHN’T CAP’,ZPE11.3) 

40 

45 

50 

60 

70 
100 

WRITE(LOU,40) 
FORMAT ( 1X) 
WKITE(LOU,45) 
FORMAT ( ’ PHASE TUNING RES MAGNITUDE’) 
DO 100 NPH =l,NPHT 
ARGl-PWASE(NPH)/57.2957795 
R2=(SIN(ARG1)+1.)/(W*CAPl*COS(ARGl)) 
CALL NETWEK(R1,R2,R3,R4,XL1,CA€’1,CAP2,CAP3,W,VO,TMAG,PHA) 
TEST =PHASE(NPH)-PHA 
IF(ABS(TEST).LT.l.OE-6)GO TO 60 
R2-R2*(1+.01*TEST)+TEST 
GO TO 50 
CONTINUE 
WRITE(LOU,70)PHA,R2,TMAG 
FORMAT(OPF9.3,OPF16.4,OPF11.4) 
CONTINUE 
STOP ’JOB ‘ 
END 
SUBROUTINE NETWRK(R1,R2,R3,R4,XLllCAP2,CAP2~CAP3lW,VO,T~G,P~~) 
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c 
C CALCULATES MAGNITUDES AND PHASES FOR THE PHASE SHIFT NETWORK. 
C 

IMPLICIT KEAL*8 (A-H,O-Z) 
A1=R4*VQ*(W*XLl*R2-R3/(W*CAPl)) 
Bl=-R4*VO~(R2*R3+,YLl/CAPl) 
Q 1=Rl*R3 
Q2=SJ*XL1*R1 
Q3=W*CAP3*H2*R4-1./W*(l./CAPl+l./CAP2) 
Q4--a2-R(t-~(CAP3/CAPntCAP3/CAP3/CA~2~1.) 
Q5= (Rl+R3) *R2+XLl/CAP1 
Q6=W*XL1*R2-(Kl.+R3)/(WkCAPP) 
Q7=-1./(W*CAP2) 
QS=-R4*(CAP3/CAP2+1.) 
A2=Q1*Q3-Q2*Q4+c~5.~Q7-Q6*Q8 
B2=QI*Q4+Q2*Q3-@5*Q8+Q6*Q7 
D5=A2*.42+R2*B2 
X=(Al*A2+Bl*R2)/D5 
Y-(A2*Bl-A1*B2)/D5 
TFIAG=SQRT (X*X+Y*Y) 
PHA==57.295/79S*ATAN2(Y,X) 
RETURN 
END 
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