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ABSTRACT 

Laboratory investigations into the physical mechanisms of tracer dispersion and 

retention in a planar fracture were conducted. Iodide and chloride tracers were flowed 

in a fracture, first without obstructions and again with a nylon mesh to stimulate 

transverse mixing and to provide closed pore volumes. Tracer was flowed as a step 

input across the fracture width. Tracer concentration within the fracture was measured 

at a series of electrodes embedded in one of the confining plates. The measurements 

were controlled by and stored in a microcomputer. The theoretical response for linear 

Taylor dispersion was matched to the data to determine the non-linear parameters 

velocity and dispersivity. Despite noisy data it was observed that the presence of the 

nylon mesh did not significantly change the dispersivity. Proposals are presented to 

improve the quality of the data acquired. 
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Section 1: INTRODUCTION 

The study of the flow of fluids in fractures arises in part out of the need to dispose of 

waste hot water in geothermal fields. Although reinjected waste hot water may help to support 

reservoir pressures in some cases (Horne, 1982a) it may also result in a decline in enthalpy 

(Horne, 1982b) and may even decrease reservoir pressure dramatically if steam were to be 

condensed in the reservoir. A decrease in production is due to the premature breakthrough of 

reinjected water through high-conductivity fractures into the produced fluids. Reinjected water, 

although usually hot by ambient surface standards, is nevertheless colder than the hotter 

produced fluids. 

Tracer tests have been used in several geothermal fields worldwide in an attempt to 

characterize the degree of fracturing (Horne, 1982~); however in order successfully to analyze 

tracer tests it is necessary to understand as completely as possible the transfer mechanisms of 

tracer transport through fractures. Home and Rodriguez (1983) examined four mechanisms of 

dispersion in a planar fracture: molecular diffusion, convective dispersion, Taylor dispersion 

and turbulence. 

Laboratory Experiments To Model Tracer Dispersion 

In order to develop successful reservoir engineering techniques to forecast thermal 

breakthrough it is necessary to understand the fluid and heat transfer mechanics of the flow of 

fluids through fractures, to be able to obtain or infer the maximum amount of information from 

tracer tests, and to develop reliable tracer test techniques. To these ends we must develop 

theoretical models of low-temperature fluid flow in a fractured, high temperature reservoir, 

compare the model results with field data, perform experimental investigations in fluid flow in 

fractures, both in large- and small-scale physical models, and field test the stability of tracers. 



The Present Work 

In view of the above discussion it may be seen that a large-scale laboratory fracture 

model is a part of the methodology developed to integrate various parts of the solution to the 

problem of how to design a technique to forecast thermal breakthrough in a geothermal 

reservoir. Gilardi (1984) conducted investigations into the mechanism of Taylor dispersion in 

a fracture using a large-scale laboratory model. The present work continues that of Gilardi, 

broadening the scope of the investigations to include monitoring both dimensions in a planar 

fracture and to consider the effects of transverse mixing and the creation of dead pore volumes. 
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Section 2: THE MATHEMATICAL MODEL 

Taylor Dispersion 

Taylor’s now-classic study of the mechanism of dispersion in the flow of fluids through 

capillary tubes (Taylor, 1953) gave us what has come to be known as “Taylor dispersion.” 

Taylor dispersion (Fig. 1 [after Gilurdi, 19841) combines the effects of convective dispersion 

and transverse molecular diffusion. Taylor (1953) presented the equation governing effective 

longitudinal dispersion: 

where 

T 

C 

Z 

X 

U 

t 

net longitudinal dispersivity 

tracer concentration 

x-ut (translated distance) 

distance 

mean flow velocity 

time. 

Carslaw and Jaeger (1959) have solved Eq. 1 written in terms of heat transfer for a variety of 

inlet and boundary conditions. As Eq. 1 is written the initial condition is 

Ct* = 0, x 2 0  

and the inner boundary condition is 

c,, = 0, t 2 0. 

Carslaw and Jaeger (1959) provide the solution to these conditions on Eq. 1. Written in terms 

of concentration, for a step input we have 



where 

c =  

co = 

c1 = 

erfc = 

concentration at x 

base concentration 

injected concentration 

complimentary error function. 

b 

-b - C  

Convective Dispersion Taylor Dispersion 

Fig. 1: Schematic Representation Of Dispersion Mechanisms. 

The Effect Of Taylor Dispersion 

The effect of convective dispersion in a fracture is to generate large concentration 

gradients across the narrow fracture width. Horne and Rodriguez (1983) point out that in the 

presence of this large concentration gradient molecular diffusion tends to equalize tracer 

concentration across the fracture, thereby ameliorating the effect of convective dispersion. This 

important result may be seen graphically as Fig. 2 (Horne and Rodriguez, 1983). in which the 

difference in dimensionless concentration between the centerline and the boundary of the 

fracture is given as a function of dimensionless time for various slug widths a. It is clear from 

Fig. 2 that regardless of the slug width the concentration is equalized across the fracture by a 



dimensionless time tD = 0.5. Here 

= dimensionless time function 

= coefficient of molecular diffusion for tracer 

= fracture half-width. 

0.2 - 
1 0.01 

0 ---_-\ 
0.001 0.01 0.1 0 

Fig. 2: Time To Equalization For Various Slug Widths. 

Solving Eq. 3 for t gives an expression for the real flowing time it takes for a tracer 

concentration gradient to become equalized across the fracture width. In field'cases this value 

typically translates to distances of order thirty meters; in the case of a laboratory bench model 

it will be shown that the distance may be as small as eight centimeters. 



Net Longitudinal Dispersivity For Fracture Flow 

Taylor (1953) derived an expression for net longitudinal dispersivity for pipe flow, in 

which the tracer front moves with the mean flow velocity. Using a similar derivation Home 

and Rodriguez (1983) presented the equivalent expression for fracture flow: 

2 bzu2 q=--. 
105 D 

Eq. 4 gives an expression for predicting q or more importantly, Eq. 4 may be rearranged to 

solve for by the fracture half-width, if q is known or calculable. In field examples effective 

Peclet numbers are of order 150 (Horne and Rodriguez, 1983); in a laboratory bench model it 

will be shown that effective Peclet numbers are of order 200. 

Applicability Of The Mathematical Model 

Eq. 2 is the exact solution to Eq. 1 for an instantaneous step input. In a series of 

graphical representations designed to demonstrate the applicability and the limitations of 

particular approximations Maloszewski and Zuber (1985) report that in short-term experiments 

in a high matrix porosity, diffusion is dominant and dispersion may be neglected. In a low 

matrix porosity, dispersion only yielded approximately the mean transit time of water. By 

contrast, in long-term experiments the tracer appeared to exploit the total water volume and the 

mean transit time of the tracer was extended beyond the mean transit time of water by the 

retardation factor, given approximately by: 

retardation factor = mobile fissure volume + stagnant micropore volume 
mobile fissure volume 9 ( 5 )  

so long as the tracer was non-adsorbable; for adsorbable tracers, the micropore volume acted as 

a strong sink. 

In reporting on the experimental and theoretical determination of matrix diffusion and 



solute transport properties at the Nevada Test Site, Walter (1982) names molecular diffusion as 

the most important physico-chemical process affecting the degree of nonconvective transport 

into the matrix porosity, followed by the groundwater composition and the degree of 

constrictivity and tortuosity of the matrix. 

.7 



Section 3: SIZING THE LABORATORY MODEL 

Recalling Eq. 3 and substituting tD = 0.5 and b = 0.25 mm (8.202 x lpft) ,  then if we use 

iodide tracer (D = 2.065 x lo-' c d / s  [= 2.223 x 104f?/s]), we can see that the time to 

equalization of the tracer concentration gradient across the fracture is 15.133 seconds. Now if 

we make the apparatus 30.48 cm (1.0 ft) wide (cross-sectional area = 1.524 cm2 

[= l.64O~lO-~f?) and use a volumetric flow rate of 50 cm3/s, the distance to equalization of any 

concentration gradient is only 8.202 cm (0.269 ft). Thus an apparatus 182.88 cm (6.0 fr) long 

fits conveniently on a laboratory bench. 

Peclet Number In The Laboratory Model 

Recall the Peclet number: 

UL 
rl 

N P e = - ,  

where 

u = mean flow velocity 

L = fracture length 

q = net longitudinal dispersivity. 

Calculating values for the variables in Eq. 6 from the quantities proposed in the discussion 

above and using a value of q = 0.5 cm2/s (5.382 x lo"ft2/s, a value typically calculated from 

laboratory data) we can see that Peclet numbers in the laboratory model are of order 200. 

Home and Rodriguez (1983) have shown that under the mechanism of Taylor dispersion, 

effective Peclet numbers in a field-scale fracture are of order 150. 



Section 4: DESIGN OF THE LABORATORY MODEL 

The apparatus used in the experiments is a Hele-Shaw cell 182.88 cm (6.0 8) long and 

30.48 cm (1.0 fr) wide (Fig. 3 [Gilardi, 19843). It was designed by Gilardi (1984) and is 

constructed of a surface ground, polished, anodized aluminum plate into which have been 

press-fit three parallel rows of thirty-two electrodes for a total of ninety-six electrodes. The 

electrodes (Fig. 4 [Gilardi, 19841) are gold-plated; the outer poles are grounded to the 

aluminum plate. 

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  To Computer 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Inlet Tracer Valve Top View Outlet 

fl 0 0 

1 
Clamps Adjustable Legs Side view 

Fig. 3: Hele-Shaw Cell. 

The inner poles of the electrodes are wired to wire looms which terminate in plugs at 

resistor-bank circuit boards. The aluminum plate is grounded through the wire looms to pins 

in the plugs; in addition the aluminum plate is grounded to earth through water system piping 

in the laboratory. 

A slot cut the width of the fracture (Fig. 5 [Gilardi, 19841) insures that the base 

concentration fluid is flowed uniformly across the fracture. The injected fluid is flowed 

through a second slot from a valve arrangement (Fig. 6 [Gilardi, 19841) which also insures 



Fig. 4: Electrode Cross-section. 

uniform flow across the fracture. The design of the valve is such that it is either on or off, 

thereby approximating a step input as closely as possible. 

Clamp 
Plate 

Fig. 5: Detail Of Inlet. 

Both the base- and injected-concentration fluids are stored in reservoirs which maintain a 

constant pressure through a tube arrangement (Fig. 7 [Gilurdi, 19841). Because the reservoir 

system is capable of maintaining a constant pressure it is not necessary to keep the reservoir 

levels the same; nor is it necessary to adapt to the changing head which would result if the 

pressures were not kept constant. 



Teflon Gasket 

Fig. 6: Detail Of Tracer Valve. 

P =P,t, 

- To Inlet 

Fig. 7: Constant-pressure Reservoir Design. 
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Section 5: DATA ACQUISITION HARDWARE 

The advance of the tracer front in the Hele-Shaw cell is monitored at each of the cell’s 

ninety-six electrodes as a voltage by a KEITHLEYIdas Series 500 Measurement And Control 

System and ancillary hardware (Fig. 8). The Series 500 system comprises a microcomputer 

interface card and connecting cable and a box external to the microcomputer and in which are 

a self-contained, multiple-range power supply and ten slots for a variety of circuit boards or 

cards. The cards used in the current configuration are an Analog Measurement Module 

(AMMl), an Analog Output Module (AOM1) and three Analog Input Modules (AIM3’s), all 

manufactured by KEITHLEYIdas. 

The AMMl card performs the functions of global analog signal conditioning through a 

programmable gain amplifier (FGA), switching, and 12-bit analog-to-digital (A/D) conversion. 

The AOMl card provides high-speed analog output through its 12-bit digital-to-analog (D/A) 

converter over a number of voltage ranges. Sample-and-hold time of both the A/D and D/A 

converters is typically 20 to 25 ps and acquisition time is typically 3 p. Each AIM3 card 

offers thirty-two channels of single-ended input and provides high-speed multiplexing and gain 

amplification. Selection of the proper slot and channel on all cards within the Series 500 box 

is software-controlled, which makes configuring the system a software function rather than a 

hardware one. 

External to the Series 500 box is a trio of circuit boards, one for each row of thirty-two 

electrodes. Each board takes a voltage input from the AOMl card and distributes it in parallel 

through thirty-two 1 W k R  resistors to its bank of thirty-two electrodes. Plugs in the boards 

allow cables to and from the Series 500 box and to the Hele-Shaw cell to be disconnected 

easily if necessary. The three external circuit boards were constructed expressly for these 

experiments. Circuits were made by wire-wrapping on gold-plated pins. 

12 



Central to the data acquisition system is a COh4PAQTM personal computer with an 

internal, 360-kilobyte electronic disk emulator. The internal "disk stores raw voltage data 

during an experimental run; since writing to a physical floppy disk does not occur during an 

actual run the data transfer rate is faster than it would be otherwise. Data are not transfered to 

a floppy disk for backup and storage until a run has been terminated. 

Figure 8 illustrates the bridge circuit used to acquire data as a voltage from the 

electrodes. Each electrode has it own dedicated circuit and input channel. Voltage is applied 

in parallel to all ninety-six electrodes simultaneously; the grounds are common as well. 

The 1OO-krR resistor has about the same impedance as the electrode; therefore about half 

the voltage drop occurs across the resistor and half across the electrode. As the conductivity 

of the tracer solution drops, the voltage drop across the electrode increases. 

Cast Aluminum Plate 7 f Electrode 

A/D DC Voltage In f-----------l 

Fig. 8: Schematic Drawing Of Electrode Circuit 
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Section 6: SOFTWARE FOR DATA ACQUISITION AND ANALYSIS 

Data Acquisition Software 

It was necessary to develop and test a completely new software driver for data acquisition 

since the KEITHLEY/das Series 500 Data Acquisition hardware was newly-acquired and the 

laboratory apparatus was going to be used in its full, 96-electrode configuration. Because of 

the new data-acquisition hardware, development of the SCAN500 program suite became of 

primary importance and was therefore addressed first. The reference manual for software 

development was the reference section of the KEITHLEY/das Series 500 Measurement And 

Control System (1984) manual. A suite of programs was developed in compiled Microsoft 

 BASIC^ for use on the C O M P A Q ~  personal computer. The programs comprise the 

following: 

Table 1. SCAN500 Data Acquisition Software 

Program Name Description 

SCAN500 Prints graphic logon; calls system menu 

HEAD500 Prints system menu; calls selected program 

Maintains overall program control 

DATA500 Configures hardware; drives data acquisition 

FIX500 Converts raw data; groups results by electrode 

GRAPH500 Graphically displays electrode response versus time 

TEST500 Tests individual electrode performance 

Provides for a test electrode 

Provides drivers for hardware calibration 

14 



SCAN500 Graphic Logon 

The SCAN500 Data Acquisition Software System is completely interactive and menu- 

driven. It was designed in this manner so that it would be easy to operate without extensive 

knowledge of the code used to generate the programs. SCAN500 is a graphic logon which 

identifies the program suite and chains HEADSOO, the system menu. 

HEAD500 System Menu 

HEAD500 is the overall program controller and system main menu. When one program 

terminates it calls the menu, allowing for continuing analysis of data or a program restart. Any 

of the programs may be called from the menu or control may be returned to the operating 

system. 

DATA500 Data Acquisition Program 

Data acquisition using the KEITHLEY/das Series 500 Data Acquisition System is 

performed by DATASOO. The program may be toggled to operate in demonstration mode to 

illustrate the mechanics of data acquisition using the KEITHLEY/das Series 500 hardware and 

to demonstrate the screen graphic display monitoring and time-delay features. In 

demonstration mode a dummy dataset is produced using a random number generator which 

allows the user to continue through the suite of programs, reorganizing and analyzing data and 

displaying it on the screen. 

The primary function of DATA500 is of course acquisition of data from the Hele-Shaw 

cell for which the program was designed. Initialization of the program includes laboratory 

conditions which are included in a header file unique to each experimental run. Options for 

data acquisition include all three rows of electrodes (96 electrodes total) or the center row only 

(32 electrodes). The program then prompts for a time limit for the run and a time delay 

15 



between datasets. The delay feature uses the ai0 of countdown timers on the microcomputer 

interface card and is accurate to any value within the limits of the ability of the software driver 

to scan the timers (on the order of ps). DATASOO then prompts for graphic display and if this 

option is selected, further prompts for the frequency of display. 

Once DATASOO has been initialized the program waits for the user to toggle the 

beginning of data acquisition. At any time after the run has begun and before it has timed out 

the user may terminate the run with single-stroke function key input. If the graphic display 

option has been selected another single-stroke function key allows the user to change the 

frequency of graphic display. This is an important function since screen graphic display 

requires reconstituting raw data and drawing it on the screen, all of which requires time and 

therefore reduces the number of datasets obtainable during the run. While in some cases this 

may not pose a serious problem, in other cases it may be desirable to obtain as much data as 

possible, for example when voltages are changing rapidly. 

Once a run has either timed out or been terminated DATA500 prompts for disposition of 

the data; in any case the header information is added to a permanent log. Raw data which has 

been stored on the microcomputer’s internal electronic disk may be backed up on a floppy disk 

at this time; however it is possible to proceed directly to data reconstituting and sorting, or 

there is a final escape key which may be used to cancel the run entirely if there is a reason not 

to save the data, after which control is returned to the program menu. 

FIX500 Data Reconstitution And Sorting Program 

The FIX500 program has as its dual purposes the reconstitution of raw data from the 

datafile SCANSOO.DAT created on the microcomputer’s internal electronic disk during data 

acquisition and its reorganization into a voltage-response-versus-time format by electrode. 

Since the SCAN5OO.DAT raw datafile may be large, FIX500 does its work in chunks, the size 

16 



of each of which is manageable by the microcomputer’s random-access memory (RAM) 

limitation of 64 kilobytes. F I X S O O  then writes these chunks to temporary files on a designated 

disk drive. When the entire set of raw data has been read in this manner FIX500 creates its 

output file, FIXSOO.DAT, from the temporary chunks and finally erases the temporary files. 

Although the original datafile SCAN5OO.DAT was written simply as a sequence of times 

and high and low bytes of information, FIX5OO.DAT is actually smaller than SCAN5OO.DAT; 

this is because FIX5OO.DAT writes the run elapsed time to each dataset only once, at the 

beginning of the file. FIX5OO.DAT is typically about 70% the size of SCAN5OO.DAT. This 

is convenient for two reasons: first, it guarantees that FIX5OO.DAT will fit on any device on 

which SCAN5OO.DAT was created; and second, it allows subsequent graphic display and 

curve-fitting analysis programs to access a smaller database, thereby speeding the time of 

execution of the more time-consuming downstream programs. 

FIX500 prompts for the drive designations for both the output datafile and the temporary 

files; it finds the SCAN5OO.DAT datafile and SCAN5OO.HDR run header files itself. Errors 

either correct themselves or prompt for remedial action, thereby allowing for the smooth flow 

of program execution. In the case that program execution must be terminated a single-stroke 

function key closes and erases unnecessary files and returns control to the program menu. 

Finally, on completion of its functions, FIX500 prompts for GRAPHSOO, the screen graphic 

display program which is the first step toward analysis of the data acquired by DATASOO. 

GRAPH500 Optimizing Graphic Display Program 

The datafile created by FIXSOO, FIXSOO.DAT, contains voltage-versus-time information 

for each electrode. GRAPH500 offers three display options: automatic, time-delayed 

sequencing of the entire dataset, in which the user may specify the time delay; time-delayed 

sequencing of the entire dataset, in which the user toggles each dataset; and random-access 

17 



display of any electrode in the dataset, in which the user specifies the electrode to be viewed. 

In the latter option display may either be ahead or back in the dataset; the program 

compensates for both requests. 

Data from FIX5OO.DAT are optimized on the screen; that is, the x- and y-axes are 

automatically scaled to minimize the voltage and time ranges necessary to display the dataset. 

This is an important feature since voltage response for each electrode varies considerably. The 

effect of the automatic scaling is to make the display of the response of each electrode appear 

at the same scale even if the actual range is different. 

Unless the automatic time-delay option has been selected, while a particular electrode is 

being displayed single-stroke function keys allow either or both of the axes to be rescaled, 

Another single-stroke function key r e m  the display to its default (maximized) setting. 

Rescaling the axes is an important diagnostic tool since it allows close scrutiny of any part of 

the dataset. Time rescaling remains in effect for subsequent datasets unless the maximizing 

single-stroke function key is used. 

If it may be desirable to isolate the dataset for a particular electrode for further analysis 

another single-stroke function key prompts for a disk drive designation and creates and labels a 

file containing that dataset. This is particularly useful, for example, for taking the derivative of 

the curve to generate a spike. 

Program execution may be terminated at any time by a single-stroke function key and 

control is returned to the program menu. Error conditions are usually self-correcting; if not, 

the appropriate error message is displayed briefly and control is returned to the program menu. 

In any case, no data are lost and files are closed. 

18 



TEST500 Electrode Performance, Test Electrode And Hardware Calibration Program 

TEST500 was originally written to calibrate the various electronic components on the 

several cards installed in the KEITHLEY/das Series 500 Data Acquisition System chassis. The 

primary calibrations necessary were the A/D converter on the AMMl card, and the D/A 

converter and analog output voltage ranges on the AOMl card. Development of the other 

programs within TEST500 arose out of the needs for test electrode and electrode performance 

programs. 

The calibration programs are expanded versions of program listings in the 

KEITHLEY/das manual referenced above; however in TEST500 those programs were made 

interactive and easier to use by adding user input from an on-screen menu into a compiled 

program. The calibration programs, together with the other programs in the TEST500 suite, 

were then gathered together under the control of a single menu. 

The electrode performance program includes electrode charge time and a linearity test 

between two specified voltage ranges. Since electrode performance may be affected by the 

fluid with which it comes in contact it is necessary to know the charge time. The linearity test 

generates an output datafile so that electrode performance, that is, voltage response to a given 

exciting voltage, may be seen graphically. 

Analysis Software 

All data acquisition and preliminary analysis programs are under the control of the 

SCAN500 program suite; however the critical link between the analytical model and the 

experimental model is the ability to analyze the raw data according to the analytical model. 

For this reason a suite of programs previously written was used for downstream data analysis. 
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Table 2. FIT500 Data Analysis Software 

Program Name Description 

m500 Fits voltage raw data 

FIT600 Fits the derivative of voltage raw data 

PLOTONE Graphs a single fitted dataset 

PLOTALL Graphs all fitted datasets in sequence 

All of the data analysis programs in the FIT500 suite were used in one version or another 

by Gilardi (1984). They were written by R. N. Home. All of the programs have been 

modified, both by the author and by Horne, for their present use. 

FIT500 is a driver written to make use of the curve-fitting program VARPRO (Stanford 

University, 1973). VARPRO fits Eq. 2, the complimentary error function solution to Eq. 1, to 

experimental data from the FIX500.DAT dataset. Linear parameters fitted are Co and C the 

base and injected tracer concentrations; non-linear parameters fitted are u, the velocity and q, 

the dispersivity. FIT500 creates individual data output files for each electrode fitted as well as 

a summary output file and velocity-versus-electrode and dispersivity-versus-electrode datafiles. 

All of the output files are used for analysis and examples are found in the Results section of 

this paper. 

FIT600 is a modification of FIT500 which fits the derivative of concentration-versus-time 

data from the original FIX5OO.DAT dataset; otherwise it functions in exactly the same way as 

FITSOO. 

Output datafiles obtained from either FIT500 or FIT600 may be graphed on the screen of 

a graphic display terminal either by PLOTONE or by PLOTALL. Diagnostically these two 

programs are used to verify the coincidence of the concentration-versus-time data and its fit for 

20 



a particular electrode. It is necessary to eliminate from the complete dataset those electrodes 

for which the fit is not acceptable. Excessive electronic noise, voltage drift or an apparent 

open circuit are possible causes of a bad electrode dataset. PLOTALL makes use of a single- 

stroke function key which removes a given electrode dataset from the active file while 

reserving it for further study. 
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Section 7: EXPERIMENTAL PROCEDURE 

Preparation Of The Experimental Apparatus 

In order for it to fill properly the Hele-Shaw cell must be thoroughly cleaned and dried. 

Cleaning necessitates removal of the clamps and the glass top plate. The glass plate is most 

easily cleaned with a static-free cloth and acetone on a flat laboratory bench where it is 

completely supported. If the glass is stored flat it will stay flat for the duration of an 

experimental run. The constant-pressure tracer reservoirs must be clean and dry as well; they 

will dry if they are drained following a run. 

The apparatus is assembled by first applying a very thin film of silicone stopcock grease 

to the shim and then laying the glass plate on the shim. The purpose of the grease is to help 

provide a tight seal between the glass plate and the shim. Once the glass plate is in place the 

clamps must be positioned and finger-tightened. If this procedure is followed carefully the 

Hele-Shaw cell will not leak 

For the current experiments the Hele-Shaw cell was assembled in one of two 

configurations: open cell, in which nothing obstructed the flow of tracer down the fracture; 

and mixing cell, in which a nylon mesh fabric with a regular, 1.5 x 1.5 mm grid was laid down 

within the cell volume, providing a means of inducing transverse mixing as well as providing 

dead pore volumes within the fracture. 

Preparation Of The Tracer Solutions 

Tracer solutions of various concentrations are prepared from standard solutions according 

to the ratio 

tracer standard = 
0.1 moles tracer 

liter distilled water ’ 

22 



From the standard solution a particular solution of a given concentration may be prepared 

according to the relation 

liters tracer standard - concentration (ppm) 
liter of solution 0.1 gram-moles tracer 

- 

For iodide standard Eq. 8 may be written 

liters iodide standard - concentration (ppm ) . 
liter of solution 12.690 grams iodide ' 

- 

while for chloride standard it is written 

liters chloride standard - concentration (ppm) - 
liter of solution 3.5453 grams chloride * 

Charging the Hele-Shaw Cell 

Following preparation of the two tracer solutions the constant-pressure reservoirs are 

filled. All flowlines must be filled as well. The Hele-Shaw cell is then blown out with COz 

and the flowlines are attached. Prior to filling the Hele-Shaw cell the tracer valve must also be 

filled with fluid. 

The base concentration solution is then flowed slowly into the Hele-Shaw cell. There is 

a tendency for air bubbles to form on top of the electrodes due to their very slight roughness 

compared with the surfaces of the cell; however no air bubbles will form if the glass is tapped 

very gently with a soft rubber hammer as the liquid front passes each electrode. In this 

manner the entire cell is filled. 

Data Acquisition 

At this point the KEITHLEY/das box and the microcomputer are turned on. The 

SCAN500 program diskette is placed in the "A" drive and the SCAN5OO.LOG diskette is 

placed in the "B" drive. The "Scan" option is selected from the program main menu; once all 
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the initializing requested by the program has been completed, data acquisition is ready to 

begin. Data acquisition begins by pressing the RETURN key on the microcomputer. 

It is possible to run the experiment in several ways. In the equations above the variable r 

refers to the real time from the beginning of the continuous step injection; however t = 0 

occurs at some time to, the duration of time for which the base concentration fluid has been 

flowing. If it is desired that to be greater than zero, then the tracer valve is opened after a 

suitable delay; otherwise it may be opened immediately. For the current experiments to was 

usually set to zero. 

Several experimental rum performed with the graphic display option demonstrated that at 

the lowest range of flowrates obtainable the injected tracer front had passed the end of the 

Hele-Shaw cell after no more than six to seven minutes had elaped. Several additional runs 

performed without the graphic display option produced datasets with more than triple the 

density of the earlier runs. It was learned that these higher-density runs provided better 

resolution, especially during the time the injected tracer front was passing a particular 

electrode; subsequently, most of the runs were performed without the graphic display option. 

Cleanup And Storage Of The Apparatus 

Disposition of the data acquired during an experimental run has been explained in the 

section describing software. Following data backup, if another run is not to be performed 

immediately it is good practice to disconnect the flowlines and drain the constant-pressure 

reservoirs. The Hele-Shaw cell should then be blown out with COz, the glass removed, 

cleaned and stored and the cell cleaned, dried and covered. 

It should be pointed out that the injected tracer solution may be higher or lower than the 

base solution. This means that it is possible to perform any number of experimental runs in 

sequence without dismantling the Hele-Shaw cell and without flushing the cell down to the 
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lower concentration. In practice, two runs were usually performed together, since the 

constant-pressure reservoirs hold enough fluid for two runs without refilling. 
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Section 8: ANALYSIS PROCEDURE 

Part 1: All Datasets 

Part of the process of analyzing data from an experimental run has been described in the 

software section of this report. Analysis begins by running FIXSOO, the program which takes 

the raw data written as time and voltage versus electrode number and rewrites it to a new file, 

FIXSOO.DAT, as voltage versus time for each electrode in sequence. 

Next, FIT500 first converts the voltages to Concentrations, then fits Eq. 2 to the 

concentration response curve. FIT600 performs the same conversion; however, it then 

differentiates the data and fits the derivative of Eq. 2 to the result. Meanwhile, GRAPH500 

allows the FIX5OO.DAT file to be viewed graphically. This viewing is an important step, since 

during no experimental run do all the electrodes behave perfectly. Data transmission errors, 

excessive drift, and an occasional "open circuit," caused by an air bubble being trapped on the 

electrode, may be detected. Any electrodes which do not conform to a minimum data 

transmission standard must be discarded from the dataset. 

After FIT500 and FIT600 have been run, the results are viewed using one of the graphic 

display programs, PLOTALL or PLOTONE. As before with GRAPHSOO, viewing the fits is 

necessary in order to reject datasets which do not meet a minimum standard for fitting. It is 

necessary that there not be excessive drift in the original data, which is the primary reason for 

rejecting a dataset at this point; however any datasets for which the match is not close must be 

discarded as unuseable. In most cases the same datasets which were rejected using 

GRAPHSOO are rejected here as well. 

Using the remaining datasets, typically about one-half to two-thirds of the total, a 

comparison of the numerical values of the dispersivity, 9, between matched to the step function 

(FITSOO) and its derivative (FIT600), typically screens several more electrodes. Here some 
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comparison criterion must be applied; typically 10% is used. 

Part 2: Using The Numerical Results 

Confirming Eq. 4 

From the final dataset an average value of velocity is calculated using the statistical mean, 

along with the standard deviation of the velocity. These values are then used to calculate the 

range of the dispersivity, q, from Eq. 4. This value appears on the graphs of the results, as in 

Figs. 8 and 9. 

Investigating The Effects Of Transverse Mixing In The Hele-Shaw Cell 

The same screening and calculation techniques are applied to the datasets from the runs 

in which the mesh was included in the fracture aperture. Here it is desired to contrast the 

results with those from runs in which the fracture aperture was clear of the mesh. The effects 

of transverse mixing and/or the creation of dead pore volumes would then be made manifest in 

any changes in the apparent diffusion coefficient calculated from Eq. 4. 
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Section 9: RESULTS: TAYLOR DISPERSION MODEL 

Typical of the results obtained from runs in which the Hele-Shaw cell was clear of the 

mesh are those given as Table 3 from Run 16. Here the truncated dataset is given so that the 

useable range of values obtained may be seen. Table 4 gives the results from the same dataset 

for the derivative analysis. Appendix A contains a full set of the function matches; Appendix 

B contains a full set of the function derivative matches. The analysis was performed according 

to the procedure described above. 

Results of the analysis and comparison with the values calculated from Q. 4 are given as 

Fig. 9. Eq. 4 predicts that q = 0.4103 c d / s ;  the mean value obtained from the matches is 

q = 0.3824 cm2/s. These two values are well within one standard deviation of each other, since 

the data 
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Fig. 9: Results: Run 16 Dispersivity 
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Table 3. Results: Run 16 Function Match 

Electrode C 0. C 1 9  Velocity, r l *  LD 
Number PPm PPm C A S  cm2/s 5 

8 
13 
14 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
30 
31 
32 
38 
41 
42 
43 
44 
45 
47 
49 
50 
51 
52 
53 
54 
55 
56 
57 
59 
60 
64 
73 
77 
78 
82 
83 
84 
85 
87 
88 
89 
90 
95 
96 

301.4585 
301.4375 
301.4592 
301.9744 
300.6046 
299.8596 
302.1015 
302.1749 
301.8146 
301.5788 
301.0849 
303.9118 
302.5794 
301.7254 
302.8628 
300.9701 
301.6063 
3002421 
300.1323 
299.9247 
300.5925 
300.5379 
300.5592 
300.6788 
302.3793 
301.0013 
300.1586 
300.4196 
301.6875 
300.4023 
300.933 1 
300.6924 
301 .oooO 
302.7237 
301.5180 
301.1286 
300.3258 
299.3334 
300.7867 
301 2524 
300.0170 
2995644 
300.7395 
301.7392 
303 SO22 
302.1294 
302.9916 
307.3179 
301 S720 

99.7838 
100.0154 
100.0227 
99.7453 
1005613 
101.0646 
100.0861 
100.0796 
100.2608 
100.2698 
100.6161 
99.7314 
100.0868 
100.3039 
100.3007 
100.6014 
100.3390 
100.4424 
100.6178 
100.8680 
100.3761 
100.4582 
100.4752 
100.6247 
99.7439 
100.4126 
100.9608 
100.9523 
100.0338 
101.1088 
100.7822 
101.oO08 
100.7868 
99.9000 
100.7503 
102.5596 
100.3682 
100.8362 
100.2841 
100.3085 
100.5247 
100.6431 
100.4554 
100.4260 
100.2358 
100.3910 
100.3839 
100.1716 
100.5215 

0.6866 
0.7047 
0.6895 
0.6721 
0.6881 
0.6680 
0.6934 
0.6949 
0.7005 
0.6976 
0.6983 
0.7008 
0.6954 
0.6915 
0.7059 
0.6964 
0.6829 
0.6844 
0.6666 
0.6658 
0.6815 
0.6824 
0.6681 
0.6745 
0.6756 
0.6679 
0.6630 
0.6523 
0.6607 
0.6567 
0.6613 
0.6544 
0.6526 
0.6631 
0.6633 
0.6250 
0.7963 
0.7573 
0.7843 
0.7791 
0.7567 
0.7604 
0.7713 
0.7777 
0.7708 
0.7710 
0.7769 
0.7584 
0.6990 

0.4504 
0.3904 
0.3879 
0.3%1 
0.3528 
0.3037 
0.3542 
0.3711 
0.3918 
0.3362 
0.3686 
0.3307 
0.3591 
0.3261 
0.3468 
0.3024 
0.2573 
0.4145 
0.3543 
0.3907 
0.3895 
0.4277 
0.3629 
0.447 1 
0.4755 
0.3891 
0.3366 
0.3540 
0.3591 
0.3789 
0.3974 
0.3797 
0.3781 
0.4 172 
0.4346 
0.5928 
0.4561 
0.3%6 
0.4052 
0.4077 
0.3389 
0.3946 
0.4142 
0.4823 
0.41 14 
0.4248 
0.5025 
0.3873 
0.3349 

-0.5717 
-1 .o004 
-0.3701 
-0.1856 
1.0154 
-0.3 160 
-0.2161 
-0.6864 
-0.0433 
-0.3316 
-0.7350 
-0.7789 
-0.5780 
-0.0507 
-0.8829 
-0.931 1 
-0.1706 
-0.2420 
-0.0365 

-0.1421 
-0.9796 
-0.4056 

-0.5198 
-0.6920 
-0.3787 
-0.4450 
-0.7702 
-0.5098 
-0.3967 
-0.9229 
-0.1659 

-0.3 100 
-0.0133 

-0.0070 
-0.4521 

-1.278 1 

-1.263 1 

-0.5110 

-0.7272 

-1.0826 
-1.2880 
-0.7872 
-0.1323 
-0.2606 
-0.5526 
-0.6067 
-0.6085 
-0.7452 
-0.8319 
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Table 4. Results: Run 16 Derivative Match 

Electrode ccb C1, Velocity, q, b* 
Number PPm PPm cmls cm2/s 5 

8 
13 
14 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
30 
31 
32 
38 
41 
42 
43 
44 
45 
47 
49 
50 
51 
52 
53 
54 
55 
56 
57 
59 
60 
64 
73 
77 
78 
82 
83 
84 
85 
87 
88 
89 
90 
95 
96 

-0.0229 
0.0467 
0.0355 
-0.0956 
0.051 1 
0.0168 
0.0506 
-0.0980 
-0.2402 
-0.0778 
-0.0974 
-0.3249 
-0.1648 
-0.1436 
-0.1788 
-0.0053 
0.0144 
-0.0267 
-0.0452 
-0.0904 
-0.0142 
-0.0589 
-0.0838 
-0.1167 
-0.1296 
0.0303 
-0.0748 
-0.0922 
0.1143 
0.0320 
-0.0515 
-0.0147 
0.0217 
-0.0733 
0.1166 
-0.1295 
-0.0450 
-0.1532 
-0.1973 
-0.0132 
0.0376 
0.0072 
-0.0376 
-0.0946 
0.0130 
-0.0623 
-0.0607 
0.0301 
-0.0993 

-200.4117 
-207.3111 
-205.2367 
-191.6559 
-203.0274 
-200.6927 
-209.4178 
-194.9319 
-179.5442 
-193.3969 
-189.6121 
-177.5298 
-182.0753 
-184.9567 
-185.9182 
-199.1477 
-202.3221 
-199.4611 
-1%.0579 
-187.9744 
-198.9020 
-190.6589 
-190.6824 
-187.3702 
-188.0205 
-197.3533 
-188.2832 
-190.2663 
-207.4534 
-201.2188 
-192.5398 
-195.6582 
-199.0190 
-189.3000 
-214.0118 
-189.2347 
-201.9783 
-187.2571 
-187.5193 
-199.3645 
-201.4645 
-195.4469 
-194.3870 
-191.2638 
-202.9410 
-195.6217 
-196.4829 
-209.8610 
-189.5685 

0.6801 
0.7028 
0.6874 
0.6681 
0.6887 
0.6706 
0.6929 
0.6940 
0.7004 
0.6972 
0.6994 
0.6988 
0.6937 
0.6909 
0.7066 
0.6972 
0.6829 
0.6873 
0.6695 
0.6685 
0.6822 
0.6818 
0.6688 
0.6754 
0.6718 
0.6664 
0.6650 
0.6536 
0.6579 
0.6574 
0.6615 
0.6547 
0.6521 
0.6607 
0.6623 
0.6226 
0.8023 
0.7642 
0.7866 
0.7804 
0.7592 
0.7626 
0.7727 
0,7785 
0.7710 
0.7721 
0.7773 
0.7588 
0.6996 

0.4638 
0.4276 
0.4153 
0.3703 
0.3557 
0.3055 
0.3983 
0.3630 
0.3435 
0.3196 
0.3326 
0.2971 
0.3159 
0.2838 
0.3234 
0.2861 
0.2650 
0.4290 
0.3525 
0.3436 
0.3938 
0.3844 
0.3394 
0.4033 
0.4343 
0.3638 
0.2973 
0.3298 
0.3692 
0.373 1 
0.3732 
0.3652 
0.3720 
0.38 13 
0.4798 
0.5966 
0.5038 
0.3630 
0.3815 
0.4033 
0.3324 
0.3602 
0.3815 
0.4334 
0.4179 
0.4047 
0.4741 
0.4191 
0.3099 

-2.58 17 
-1.2963 
-2.0341 
-2.2985 
-0.8903 
-0.%28 
-1.6435 
-0.9198 
-1.3942 
-1.7100 
-1.7149 
-1.3841 
-1.0991 
-1.5582 
-0.6521 
-0.6685 
-1.4611 
-1.2947 
-0.9985 
-0.9029 
-1.3538 
-1.0641 
- 1 5970 
-2.38 11 
-1.3258 
- 1 .M67 
-1.2129 
-1.4323 
-1.5174 
- 1.6025 
-1.6537 
-2.1265 
-1.6492 
-1.3345 
-1.9743 
-3.6868 
-1.4808 
- 1.7054 
-1 A 92 
-0.8607 
-0.8143 
-1.6673 
-1.1222 
-1.3807 
-1.8310 
-1.6591 
-1.7965 
- 1 . w 5  
-0.6353 
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Section 10: RESULTS: MIXING/DWFUSION MODEL 

Typical of the results obtained from runs in which the Hele-Shaw cell contained the mesh 

are those given as Fig. 10 from Run 17 and Fig. 11 from Run 18. Here it is interesting to 

note that, because of the scatter in the data, the calculated effective diffusion coefficients range 

from 1.15 x lo-’ c d / s  to 2.42 x lo-’ c d / s .  The coefficient of molecular diffusion for sodium 

chloride is 1.484 x lo-’ cm2/s. 

o=function; +=derivative 
0.1 

0.08 
h 
m 5 0.06 
3 0.04 

0.02 

r) - 
0 10 20 30 40 50 60 70 80 90 100 

Electrode Number 

Fig. 10: Results: Run 17 Dispersivity 
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Fig. 11: Results: Run 18 Dispersivity 
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Section 11: SUMMARY AND CONCLUSIONS 

This investigation was initiated to continue that of Gilurdi’s (1984) into the physical 

processes which govern the flow of a tracer in a planar fracture. Because new data acquisition 

hardware had been purchased this investigation comprised several parts: data acquisition 

software had to be developed; the data acquisition system had to be tested against the results of 

Gilardi (1984); and the investigation was broadened to include observing the effects of 

transverse mixing and the presence of closed pore volumes in the fracture. 

To simulate the presence of closed pore volumes in the fracture and to effect transverse 

mixing a fine nylon mesh was placed within the fracture volume. Comparing data obtained 

from several runs performed both with and without the mesh showed that analysis was more 

difficult using data from runs in which the mesh was present since the data were uniformly 

more noisy. The subroutine VARPRO was able in most cases to curvefit either Eq. 2 or its 

derivative to the data; however, because of the associated noise, confidence intervals were 

broader and standard deviations were greater. Still it is possible to draw some conclusions 

from what was observed. 

Table 5 summarizes a portion of the results from Run 16, performed without the mesh in 

the cell, and Runs 17 and 18, performed with the mesh in the cell. 

Table 5. Comparison Of Results 

16 49 0.7010 0.3824 0.4104 - 312 

17 16 0.3861 0.07637 2.418 924 

18 12 0.4823 0.1609 - 1.790 548 

As may be seen from the table, the values of q, the dispersivity, D, the (apparent) diffusion 
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coefficient, and Np,, the Peclet number, are all within the same statistical ranges irrespective of 

the nature of the experiment, namely, whether the mesh was present. 

This interesting results suggests that for short-term flow regimes with low matrix 

porosity, even the fact of transverse mixing and the presence of some (low) matrix porosity 

may not significantly affect the value of effective diffusion coefficients. Thus it may be 

possible that the simpler, dispersion-only model, that which assumes only Taylor dispersion as 

the primary flow mechanism of tracer transport in a planar fracture, may adequately describe 

selected field systems. It is also possible that this simple model may fit adequately into a more 

general, more complicated model in which effects outside the limits of the fracture’s physical 

boundaries are being investigated, as being sufficient to describe flow within the fracture itself. 

In general, Eq. 4 tended to predict slightly higher values for q, the dispersivity, than were 

found experimentally. It should be pointed out again that throughout the investigations the 

data were noisy, and there were present occasionally other unexplained electrical phenomena 

such as periodic spikes with frequencies several orders of magnitude less than the frequencies 

generated by the experiments. 

One method which may reduce the noise in the data is to take data in a differential mode, 

that is, to reference the low side of all the electrodes to the low side of a reference electrode 

while applying a higher frequency, alternating-current (AC) signal. The presence of a 

reference electrode would allow data to be acquired anywhere on the AC signal. If there is a 

capacitance effect from the apparatus itself it would tend to become minimized using this 

technique. 
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Appendix A: GRAPHS OF RUN 16 FUNCTION FITS 

This appendix comprises a complete set of graphs of the matches of Eq. 2 for Run 16. 

Each page is in effect a cross-section of the Hele-Shaw cell at a particular distance along the 

cell from the inlet valve. The electrodes are in three groups numbered 1-32, 33-64, and 65-96 

along the cell from the valve. Recall that Table 3 lists the electrodes which were included in 

the final calculations for this run. Any electrode not included in Table 3 was eliminated from 

consideration. From the graphs in this appendix it is usually apparent why a particular 

electrode was not included. 
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Appendix B: GRAPHS OF RUN 16 DERIVATIVE FITS 

This appendix comprises a complete set of graphs of the curvefit matches of the 

derivative of Eq. 2 for Run 16. Each page is in effect a cross-section of the Hele-Shaw cell at 

a particular distance along the cell from the inlet valve. The electrodes are in three groups 

numbered 1-32, 33-64, and 65-96 along the cell from the valve. Recall that Table 4 lists the 

electrodes which were included in the final calculations for this run. Any electrode not 

included in Table 4 was eliminated from consideration. From the graphs in this appendix it is 

usually apparent why a particular electrode was not included. 
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Appendix C: COMPUTER PROGRAM LISTINGS 

This appendix comprises a complete set of program listings for the data acquisition 

programs listed in Table 1. They are: 

Program Title Page 

SCAN500 Graphic Logon 

HEAD500 System Menu 

DATA500 Data Acquisition Program 

FIX500 Data Sorting Program 

GRAPH500 Graphic Display Program 

TEST500 Test And Calibration Program 

FIT500 Function Driver 

FIT600 Function Driver For Derivative 

104 

105 

106 

118 

123 

132 

144 

150 

103 



1000 REM 
1010 REM 
1 0 2 0  REM 
1 0 3 0  REM 
1 0 4 0  REM 
1 0 5 0  REM 
1 0 6 0  REM 
1 0 7 0  REM 
1 0 8 0  REM 
1 0 9 0  REM 
l i00  REM 
1 1 1 0  : 
1 1 2 0  : 
1 1 3 0  REM 
1 1 4 0  REM 
1 1 5 0  REM 
1 1 6 0  : 

* 
* 
* 
* 
* 
* 
* 
***** 

T h f s  
a c q u  t s 
c h a  i ns 

* * * * * * * * * * * * * * ~ * * * * * * * * n * * * * * * * * n * n n * * n * * * * * * * * * * * * * n * * * * * * * n * * *  

* GRAPHIC DISPLAY HEADER FOR SCAN500 DATA ACQUISITION DRIVER * 
* * * * * * n * * * * n * * * * * * * * * * * * * * n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * n  

P r o g r a m  name: SCAN500.BAS 

W r  t t t e n  f o r  * 
S t a n f o r d  U n t v e r s i t y  P e t r o l e u m  E n g i n e e r i n g  D e p a r t m e n t  * 

by L a w r e n c e  W .  B o u e t t ,  A u g u s t  7, 1985  I 

* * * * * * * * n * n * * * * * * * * * * * * * * * * * * * * * * * * * n * * * * * * * * * * * * * * * * * * * * * *  

* 
* 

* 

p r o g r a m  p r i n t s  a g r a p h p l c  d t s p l a y  h e a d e r  f o r  t h e  d a t a  
t t f o n  program p a c k a g e  c a l l e d  SCAN500. T h e  p r o g r a m  then 
t h e  p r o g r a m  m a i n  menu c a l l e d  HEAD500. 

* * * * * * * * * * * * * * * * n * * * * * * * * * n * * * * * * * * * * * n * * * n * * * * * * * * * * * * * * * * * * * * * *  

PRINT SCAN500 COMMERCIAL GRAPHIC DISPLAY HEADER 
n * * * * * * n * * * * * * * * * * * * * * * * * * n * * * * * * * * * * * n * * * * * * * * * n n * * * * * * * * * * * * n * *  

1 1 7 0  REM 
1 1 8 0  REM 
1 1 9 0  REM 
1 2 0 0  : 
1 2 1 0  WIDTH 80:SCREEN 0,0,0:LOCATE I, l ,B:CLS:KEV OFF 
1 2 2 0  GOSUB 9 0 4 0  
1 2 3 0  SCREEN 1 

8 REM 
- .  _.  . 

Read t h e  a l p h a b e t  subrout ine 

1 2 4 0  : 
1 2 5 0  LOCATE 3.1.0 
1 2 6 0  PRINT " The"  
, 2 7 0  : 
, 2 8 0  DRAW " 9 4  c l  bm11,50" 
, 2 9 0  : 
, 3 0 0  DRAW SS 
, 3 1 0  DRAW SSUP%+SEPS 
, 3 2 0  DRAW CS+SEPS 
, 3 3 0  DRAW CAS 
, 3 4 0  DRAW AS+SEPS 
, 3 5 0  DRAW NS+SEP% 
, 3 6 0  DRAW SEPS+SEPS 
, 3 7 0  DRAW FIVES+SEP% 
, 3 8 0  DRAW ZEROS+SEPS 
, 3 9 0  DRAW ZEROS 
, 4 0 0  : 
, 4 1 0  H=53 
, 4 2 0  P I 1  
, 4 3 0  : 
, 4 4 0  PAINT (30,H),P 
, 4 5 0  PAINT (73,Hl .P 
, 4 6 0  PAINT (114,H),P 
, 4 7 0  PAINT (146,H),P 
, 4 8 0  PAINT (191,H),P 
, 4 9 0  PAINT (251,H),P 
, 5 0 0  PAINT (294,H l .P  
, 5 1 0  : 

:REM 

:REM 
: REM 
:REM 
:REM 
:REM 
:REM 
:REM 
: REM 

:REM 
:REM 

:REM 
:REM 

:REM 
:REM 
: REM 
:REM 
:REM 
:REM 
t REM 

L o c a t e  c u r s o r  

Draw t he  f f r s t  p a r t  o f  'S" 
Draw t he  s e c o n d  p a r t  o f  "S" 
Draw " C "  
F i t  ' C "  a n d  "A"  together 
Draw  " A"  
Draw " N u  
L e a v e  a space 
Draw " 5 "  
Draw "0" 
Draw "0" 

S e t  p a i n t  c o l o r  
L o c a t e  y - a x i s  f o r  p a f n t t n g  

P a f n t  ' S a  
P a f n t  " C "  
P a f n t  " A "  
P a i n t  " N n  
P a f n t  " 5 "  
P a l n t  "0" 
P a i n t  .0" 

1 5 2 0  LOCATE 14,5 
1 5 3 0  PRINT " D a t a  A c q u i s i t l o n  S o f t w a r e  Sys tem '  
1 5 4 0  : 
1 5 5 0  DRAW "bm0.35 d 9 1  r 3 1 9  u 9 1  1 3 1 9 "  
1 5 6 0  t 

:REM 

1 5 7 0  FOR I=1  TO 10000:NEXT I 
1 5 8 0  : 
1 5 9 0  CHAIN 'HEAD500.EXE" 
1 6 0 0  : 

:REM 

t REM 

Draw a b o x  around t he  message 

I n i t t a t e  t ime d e i a y  

C h a f n  t he  program m a f n  menu 
- .. 

1 6 1 0  END 
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1 0 4 0  REM 
1 0 5 0  REM * 

P r o g r a m  name: HEAD500.BAS * 
1 0 6 0  REM * 
1 0 7 0  REM 

Ur i t t e n  f o r  

1 0 8 0  REM 
S t a n f o r d  U n l v e r s l t y  P e t r o l e u m  E n g l n e e r l n g  D e p a r t m e n t  

by L a w r e n c e  U. B o u e t t ,  M a r c h  25,  1986  * 
1 0 9 0  REM * * 

* 

1 
1 
1 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

, 1 8 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . _ ~  . - 

,110 r 
, 1 2 0  r 
, 1 3 0  WIDTH 80:SCREEN 0,0,0:LOCATE 1,1,0,0,7:CLS:KEV OFF 
, 1 4 0  r 
, 1 5 0  ULS=CHRS~20l):URS=CHRS~l87~rLRS=CHRS~lEB~:LLS=CHRS~200~ 
, 1 6 0  HS=CHRS(205):VS=CHRS(l86):HSS=CHRS(l96) 
, 1 7 0  : 
, 1 8 0  PRINT ULSH%HtH$H%HSHSHSHtH%HSHSHSHSHSHSHSHSHtHSHSHSHSHSH~HSH$H~HSH$; 
, 1 9 0  PRINT H%H$HSH%HSHSH%HSHSHSHSHSH%HSHSHSHSH%HSHSHSHSHSHSHSHSHSHSHSH%; 
, 2 0 0  PRINT HSHSHSHSHSHSHSHSHSHSHSHSH%H$HSHSHSHSHSHSURSVS TAB(80 )  VS; 
, 2 1 0  PRINT LLSH%H%HSHSHSH$H%HSHSH%H$H%H%H%H%HSH%H%HSH%HSHSH$H$H$H$H$H$H$; 
, 2 2 0  PRINT HSHSH%HSH%HSHSHfHSHSHSH$HSHSHSHSHSHSHSHSHSH~HSHSHSHSHSHSH$H~; 
, 2 3 0  PRINT HSHSH%H$H%HSHSHSHSHSHSHSHSHSHSHSHSHSHSLRS 
, 2 4 0  r 

, 2 6 0  PRINT 'SCAN500 D a t a  A c q u i s i t l o n  S y s t e m  F o r  KEITHLEY/das Serles 5 0 0  Hardware '  
, 2 7 0  : 

1250 LOCATE 2 ,430  

1 2 8 0  LOCATE 6.1.0 
1 2 9 0  PRINT-TAB(5)  'SCAN500 p r e s e n t s  t he  f o l l o w l n g  p rog rams : '  
1 3 0 0  LOCATE 9 .1 .0  

. -. -  

1 3 1 0  PRINT T A B ( l 0 )  "S  SCAN500 D a t a  A c q u i s f t i o n  D r i v e r '  
1 3 2 0  PRINT TAB(10 )  'F F I X 5 0 0  D a t a  F l l e  Generator' 
1 3 3 0  PRINT TAB(10 )  'G GRAPH500 S c r e e n  G r a p h l c  D l s p l a y  D r l v e r '  
1 3 4 0  PRINT T A B ( l 0 )  'T TEST500 C a l i b r a t l o n  And T e s t  Program S u l t e '  
1 3 5 0  LOCATE 14.1.0 
1 3 6 0  PRINT TAB(10 )  " X  
1 3 7 0  LOCATE 1 7 , l . l  

f e r m l n a t e  t h e  program" 

1 3 8 0  PRINT T A B ( 5 )  ' E n t e r  your s e l e c t i o n :  '; 
1 3 9 0  FOR 1-1 TO 4:SOUND RND*l000+37,2rNEXT I 
1 4 0 0  : 
1 4 1 0  XS=INKEYS 
1 4 2 8  I F  XS="s "  OR XS='S" THEN PROGRAMS='DATA500.EXE0:GOTO 1 5 3 0  
1 4 3 0  I F  X f = " f "  OR XS=*F'  THEN P R O G R A M $ = ' F 1 X 5 0 0 . E X E n : G O T O  1 5 4 0  
1 4 4 0  I F  XS='g" OR XS="G" THEN PROGRAMS='GRAPH500.EXE":GOTO 1 5 5 0  
1 4 5 0  I F  X S = " t "  OR XS="T"  THEN PROGRAMS="TEST500.EXE"rGOTO 1 5 6 0  
1 4 6 0  I F  XS="x "  OR XS="X" THEN PRINT "X"rGOT0 1 4 9 0  
1 4 7 0  GOT0 1 4 1 0  
1 4 8 0  t 
1 4 9 0  LOCATE 17,1,0 
1 5 0 0  PRINT TAB(5 )  'Program t e r m l n a t e d  ...' TAB(80)  
1 5 1 0  FOR 111 TO 4000:NEXT IIEND 
1 5 2 0  r 
1 5 3 0  DISPLAYS="DATA500 D a t a  A c q u l s l t i o n  D r l v e r ' r G O T O  1 5 8 0  
154Pr DISPLAY%="FIX500 D a t a  F l l e  Gene ra to r ' rGOTO 1 5 8 0  
1 5 5 0  DISPLAYS="GRAPH500 S c r e e n  b r a p h l c  D i s p l a y  D r l v e r " r G O T 0  1 5 8 0  
1 5 6 0  DISPLAYS="TEST500 C a l l b r a t i o n  a n d  T e s t  P r o g r a m  S u i t e '  
1 5 7 0  r 
1 5 8 0  LOCATE 17,1,0:PRINT TAB(5 )  ' L o a d i n g  ' DISPLAYS ' ...' TAB(80 )  
1 5 9 0  FOR 111 TO 4000:NEXT 1 
1 6 0 0  CHAIN PROGRAMS :REM C h a l n  t he  s e l e c t e d  p r o g r a m  
1 6 1 0  : 
1 6 2 0  END 
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lB00 REM 
1010 REM 
1020 REM 
1030 REM 
1040 REM 
1050 REM 
1060 REM 
1070 REM 
1080 REM 
1090 REM 
llB0 REM 
1110 : 
1120 : 
1130 REM 
1140 REM 
1150 REM 
1160 : 
1170 REM 
1180 REM 
1190 : 
1200 REM 
1210 REM 
1220 REM 
1230 REM 
1240 REM 
1250 REM 
1260 REM 
1270 REM 
1280 REM 
1290 REM 
1300 REM 
1310 REM 
1320 : 
1330 REM 
1340 REM 
1350 REM 
1360 REM 
1370 REM 

1390 REM 
1380 REM 

1400 : 
1410 REM 
1420 R E M  
1430 R E M  
1440 : 
1450 REM 
1460 REM 
1470 REM 
1480 REM 
1490 REM 
1500 REM 
1510 REM 
1520 REM 
1530 R E M  
1540 R E M  
1550 REM 
1560 REM 
1570 REM 
1580 REM 
1590 R E M  
1600 REM 
1610 REM 
1620 REM 
1630 R E M  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* DATA A C Q U I S I T I O N  D R I V E R  FOR KEITHLEYIDAS S E R I E S  500 HARDWARE * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* Program name: DATA500.BAS * 
* W r i t t e n  f o r  * 
* S t a n f o r d  U n i v e r s i t y  Petro leum Engineer lng  Department * * by Lawrence W. Bouet t ,  J u l y  2 ,  1985 * 

* * 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CONFIGURATION OF THE K E I T H L E Y I D A S  S E R I E S  500 HARDWARE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The Ser ies  500 hardware comprises a box w i t h  a power supp ly  
and s i x  cards.  The cards  are:  

Card S l o t  Remarks 

AMM 1 1 A I D  l n p u t  v o l t a g e  
AOM1/2 2 D/A o u t p u t  v o l t a g e  

------ ---- -------------I---_ 

b lank  3 
AIM3 4 L e f t  32 channels 
AIM3 5 Center 32 channels 
AIM3 6 R i g h t  32 channels 
b lank  7 
b lank  8 
b lank 9 
D I O l  10 

There I s  an I B M  I n t e r f a c e  card  i n  s l o t  3 o f  a COMPAQ(TM) persona l  
computer which i s  used t o  d r i v e  t h e  Ser ies  500 hardware. Output 
v o l t a g e  range f rom t h e  AOM1/2 ca rd  i s  c a l i b r a t e d  a t  p l u s  or minus 
2.5 v o l t s .  Ac tua l  o u t p u t  v o l t a g e  i s  so f tware  se lec ted  a t  p l u s  o r  
minus one v o l t .  Output  v o l t a g e  i s  a p p l i e d  on so f tware  command i n  
p a r a l l e l  t o  a l l  96 e lec t rodes .  A g l o b a l  g a i n  o f  1 i s  a p p l i e d  to 
a l l  i n p u t  vo l tages .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VARIABLE L I S T  AND D E S C R I P T I O N S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CS 
cco 
ccz 
CHANNEL 
co 
COLUMN 
COUNTER 
CURRENTCOUNT 
CYCLE 
CZ  
D 

Type 

SNG 
STR 
SNG 
SNG 
STR 
SNG 
STR 
SNG 
SNG 
I NT 
SNG 
I NT 
I NT 
DBL 
I NT 
SNG 
SNG 

------ Use 

Dummy v a r i a b l e  f o r  d l s k  f l l e  hand l i ng  

CMDA address f o r  S L O T ( i )  
Dummy v a r i a b l e  f o r  d i s k  f i l e  hand l i ng  

Dummy v a r i a b l e  f o r  d i s k  f i l e  hand l i ng  
Dummy v a r i a b l e  f o r  d i s k  f i l e  hand l i ng  
Dummy v a r f a b l e  f o r  d i s k  f i l e  hand l i ng  
Dummy v a r i a b l e  f o r  d i s k  f i l e  hand l i ng  
Cur ren t  count  counter  one 
Cur ren t  count  counter  ze ro  
Analog i n p u t  channel (SLOT dependent) 
Loaded count  counter  one 
Screen o u t p u t  column 
Number o f  da tase ts  between screen d i s p l a y s  
Number o f  c l o c k  pu lses  f rom c l o c k  l o a d i n g  
P o l a r i t y  o f  analog o u t p u t  v o l t a g e  

Dummy v a r i a b l e  f o r  d i s k  f i l e  hand l i ng  
Loaded count  counter  zero  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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1640 REM 
1650 REM 
1660 REM 
1670 REM 
1680 REM 
1690 REM 
1700 REM 
1710 REM 
1720 REM 
1730 REM 
1740 REM 
1750 REM 
1760 REM 
1770 REM 
1780 REM 
1790 REM 
1800 REM 
1810 REM 
1820 REM 
1830 REM 
le40 REM 
1850 REM 
1860 REM 
1870 REM 
1880 REM 
1890 REM 
1900 REM 
1910 REM 
1920 REM 
1930 REM 
1940 REM 
1950 REM 
1960 REM 
1970 REM 
1980 REM 
1990 REM 
2000 REM 
2010 REM 
2020 REM 
2030 REM 
2040 REM 
2050 REM 
2060 REM 
2070 REM 
2080 REM 
2090 REM 
2100 REM 
2110 REM 
2120 REM 
2130 REM 
2140 REM 
2150 REM 
2160 REM 
2170 REM 
2180 REM 
2190 REM 
2200 REM 
2210 REM 
2220 REM 
2230 REM 
2240 REM 
2250 REM 
2260 REM 
2270 REM 

DATASETS 
DATES 
DELAY 
DEHOFLAG 
D H I G H (  1 )  
DISPLAYFLAG 
DLOW( 1 )  
DRES 
DUMMY 
DVOLTS 
DVOLTS( 1 1 
E 
ELECTRODES 
ENDTIME 
ENDTIMEE 
ETIME 
F 
FILENAMES 
F I N I S H  
F I R S T  
FREQUENCY 
G 
HS 
HAN 
HAP 
HO 
HSS 
HZ 
I 
I D L E T I M E  
LAN 
LAP 
LAST 
LO 
LLS 
LRS 
LZ  
N 
NERROR 
OLDTIME 
PRESSURE 
OU I TF LAG 
ROW 
ROWS 
SLOT 
START 
STARTFLAG 
STARTTIME 
STARTTIMES 
STEPS 
TEMPERATURE 
TIME 
TIMES 
T I M E L I M I T  
TIMEOUTFLAG 
TOTALTIME 
ULS 
URE 
VS 
X 
xs 
XAX I S  
Y (  1 )  
YBASE 

I NT 
S TR 
SNG 
I NT 
I NT 
I NT 
1 NT 
SNG 
I NT 
SNG 
SNG 
SNG 
I NT 
SNG 
STR 
SNG 
SNG 
STR 
I NT 
I NT 
1 NT 
SNG 
S TR 
I NT 
I NT 
I NT 
STR 
I NT 
I NT 
SNG 
I NT 
I NT 
I NT 
I NT 
STR 
S TR 
I NT 
I NT 
I NT 
SNG 
SNG 
I NT 
I NT 
I NT 
I NT 
I NT 

SNG 
I NT 

STR 
I N T  
I NT 
SNG 
S TR 
I NT 
I NT 
SNG 
S TR 
STR 
STR 
SNG 
STR 
SNG 
SNG 
I NT 

T o t a l  number of da tase ts  scanned 
The d a t e  f rom t h e  l n t e r n a l  c l o c k  
Tlmc de lay  l n  seconds between da tase ts  
F l a g  t o  t o g g l e  a demonst ra t lon  r u n  
High b y t e  r e s u l t  o f  A I D  v o l t a g e  conversfon 
F l a g  t o  t o g g l e  screen g raph lc  d l s p l a y  
LOW b y t e  r e s u l t  o f  A I D  v o l t a g e  conversfon 
R e c o n s t i t u t e d  raw datum f rom A/D convers ion 
Twe lve- b l t  v o l t a g e  s tep  f o r  demonst ra t ion  r u n  
Convers lon o f  DRES t o  v o l t a g e  
Vo l tage element c o r r e c t e d  f o r  g l o b a l  g a i n  
Dummy v a r l a b l e  f o r  d i s k  f l l e  hand l i ng  
Number o f  e l e c t r o d e s  scanned f o r  each da tase t  
End t l m e  of da tase t  scan l n  seconds 
Index end c l o c k  t l m e  o f  r u n  
Elapsed t tme  o f  da tase t  scan l n  seconds 
Dummy v a r l a b l e  f o r  d l s k  f l l e  hand l l ng  
Name o f  .LOG permanent l o g  f t l e  
O r i g l n  of l a s t  graph f o r  screen d l s p l a y  
F i r s t  s l o t  used f o r  analog l n p u t  
Frequency of graph lc  screen d l s p l a y  updates 
Dummy v a r l a b l e  f o r  d i s k  f i l e  hand l l ng  
Dummy v a r i a b l e  f o r  graph lc  d l s p l a y  
High b y t e  nega t l ve  analog v o l t a g e  o u t p u t  
Hlgh b y t e  p o s l t l v c  ana log v o l t a g e  o u t p u t  
Hlgh b y t e  counter  one ( loaded or read )  
Dummy v a r l a b l e  f o r  g raph ic  d i s p l a y  
Hlgh b y t e  counter  ze ro  ( loaded or read )  
Index f o r  d a t a s e t  element (1-32 or 1-96) 
Cur ren t  d e l a y  between da tase ts  l n  seconds 
Low b y t e  nega t i ve  analog v o l t a g e  o u t p u t  
Low b y t e  p o s i t l v e  analog v o l t a g e  o u t p u t  
Las t  s l o t  used f o r  analog tnpu t  
Low b y t e  counter  one ( loaded or read)  
Dummy v a r l a b l e  f o r  g raph lc  d l s p l a y  
Dummy v a r l a b l e  f o r  g raph lc  d l s p l a y  
Low b y t e  counter  zero  ( loaded o r  read )  
Seconds read f rom TIMES 
Runtlme e r r o r  number 
S t a r t  t i m e  o f  r u n  I n  seconds 
Baromct r fc  p ressu re  d u r l n g  r u n  
F l a g  t o  d l r e c t  t e r m l n e t l o n  o f  r u n  
Screen o u t p u t  row number 
Number o f  rows o f  32 e l e c t r o d e s  used ( 1  or 3) 
Index f o r  hardware s l o t  l o c a t l o n  
O r l g i n  o f  f l r s t  graph f o r  screen d l s p l a y  
F l a g  t o  a l l o w  lndex lng  s t a r t  t l m e  o f  r u n  
S t a r t  t l m e  o f  d a t a s e t  l n  seconds 
Index s t a r t  c l o c k  t t m e  of r u n  
Number o f  v o l t a g e  s teps f o r  demonst ra t lon  r u n  
Amblent temperature  d u r l n g  r u n  
Abso lu te  e lapsed t l m e  on c l o c k  s l n c e  l oad fng  
The t tme  f rom t h e  t n t e r n a l  c l o c k  
Ttme llmlt o f  r u n  l n  seconds 
F l a g  t o  d f r e c t  s t a t u s  d l s p l a y  a f t e r  t e r m l n a t l o n  
Elapsed t l m e  o f  r u n  l n  seconds 
Dummy v a r l a b l e  f o r  g raph lc  d l s p l a y  
Dummy v a r i a b l e  f o r  g raph ic  d l s p l a y  
Dummy v a r i a b l e  f o r  g raph lc  d l s p l a y  
Dummy argument f o r  I N T ( x )  convers lon 
Dummy v a r i a b l e  f o r  INKEYS f u n c t l o n  
X-coordinate f o r  screen g raph lc  d l s p l a y  
Y-coord lnate  f o r  screen g raph lc  d l s p l a y  
L o c a t l o n  o f  X a x l t  f o r  each graph on screen 
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2 2 8 0  REM Y O L D ( 0  SNG 
2 2 9 0  : 

P r e v i o u s  Y - c o o r d i n a t e  f o r  screen g r a p h i c  d i s p l a y  

2 3 0 0  
2 3 1 0  
2 3 2 0  
2 3 3 0  
2 3 4 0  
2 3 5 0  
2 3 6 0  
2 3 7 0  
2 3 8 0  
2 3 9 0  
2 4 0 0  
24 1 0  
2 4 2 0  
2 4 3 0  
2 4 4 0  

: 
GOSUB 7 0 4 0  :REM Read s t r f n a  subrout ine 
LOCATE 2,1,0 
PRINT ULSHSH%H%HSH%HSHSHSHSHSHSHSHSHSHSHSHSHSHSH$H$HSHSHSHSHSHSHSHSHSH~: 

- ~ ~~ - - -  
:REM P r i n t  t he  sign-on message 

PRINT HSHSHSHSHSHSH$HSHSHSHSHSHSHSHSHSHSHSH$HSHSHSH$HSHSHSHSH$H~H$H$H$~ . 
PRINT HSHSHSHSHSHSHSHSHSHSHSHSHSHSHSURSVS TAB(80 )  VSVS TAB(80 )  V$; 
PRINT VS TAB(34 )  " S  C A N 5 0 0" TAB(80 )  VSVS TAB(80 )  VS; 
PRINT VS TAB(16 )  'Da ta  A c q u i s i t i o n  D r i v e r  for  D i s p e r s i o n  E x p e r i m e n t s " ;  
PRINT TAB(80 )  VSVS TAB(80 )  VSVS TAB(80 )  VSVS TAB(34)  HSHSHSHSHSHSHSHSHS; 
PRINT HSHSHSHSHS T A E l 8 0 )  VSVS TAB(80 )  VS: 
PRINT VS TAB(20 )  'Wri t ten 0 2  Ju l y  1985  b; L a w r e n c e  W .  B o u e t t "  TAB(80 )  VS; 
PRINT VS TAB(80 )  VS: 

. - . . . . . . . . . . - . - . . . . - 

2 4 5 0  PRINT VS T A B ( l 5 )  " S t a n f o r d  U n i v e r s i t y  P e t r o l e u m  E n g i n e e r i n g  D e p a r t m e n t " ;  
2 4 6 0  PRINT T A B ( 8 0 )  VSVS TAB(80 )  VSVS TAB(80 )  VS: 
2 4 7 0  PRINT LL%H%HtHtHSHSH%HSHSH%HSHSH%HSHSHSH%HSHSHSH$HSHSHSHSHSHSHSHSHSHSHS; 
2 4 8 0  PRINT HSH$HSHSH%HSHSHSHSHSHSH$HSHSH$HSHSHSHSH~H~HSHSHSH$HSHSHSHSHSHSHSHSHS; 
2 4 9 0  PRINT HSHSHSHSHSHSHSHSHSHSHSH$H$HSHSHSLRS 
2 5 0 0  PR1NT:PRINT 
2 5 1 0  PRINT " P r e s s  t h e  RETURN k e v  to c o n t i n u e .  ": 
2 5 2 0  LOCATE , * 1 , 0 , 7  :REM W a i t  t o  s t a r t  t he  p r o g r a m  
2 5 3 0  FOR 1-1 TO 4:SOUND RND*1000+37.2:NEXT I 

2 6 2 0  GOSUB 7 1 3 0  
2 6 3 0  LOCATE 2.4.0 

:REM P r i n t  t h e  p e r m a n e n t  l og  h e a d e r  

2 6 4 0  PRINT ''SCAN500 D a t a  A c q u i s i t i o n  D r i v e r  P e r m a n e n t  L o g "  
2 6 5 0  : 
2 6 6 0  LOCATE 5 .1 .0  :REM R e q u e s t  p e r m a n e n t  l og  i n f o r m a t i o n  

e enter t he  f o l l o w i n g  i n f o r m a t i o n  f o r  t h e  n ;  

:" 
2 6 7 0  PRINT T A B ( I 0 )  ' P l e a s  
2 6 8 0  PRINT " p e r m a n e n t  log 
2 6 9 0  LOCATE 8.1.1 
2 7 0 0  PRINT TAB(20 )  'Is t h  
2 7 1 0  XS=INKEYS 
2 7 2 0  I F  XS="n"  OR XS='N' 
2 7 3 0  I F  XS="y "  OR XS="V" 
2 7 4 0  GOTO 2 7 1 0  
2 7 5 0  : 

i s  a d e m o n s t r a t i o n  r u n ?  "; 

THEN PRINT 'No.":DEMOFLAG=I:GOTO 2 7 6 0  
THEN PRINT "Yes.":DEMOFLAG=l:GOTO 2 7 6 0  

2 7 6 0  
2 7 7 0  
2 7 8 0  
2 7 9 0  
2 8 0 0  
2 8 1 0  

2 8 3 0  
2 8 4 0  
2 8 5 0  
2 8 6 0  
2 8 7 0  
2 8 8 0  
2 8 9 0  
2 9 0 0  
2 9 1 0  

2 8 2 0  
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2920 LOCATE 2,4,0 
2930 PRINT 'SCAN500 Data Acqutsttlon Drtver Menu' 
2940 : 
2950 LOCATE 5,1,0 
2960 PRINT TAB(l0) 'Gtven the foilowtng conffgurattonsr'rPRINT 
2970 PRINT TAB(20) '1 
2980 PRINT TAB(20) "3 

Center row only ' HSSHSS ' 32 electrodes' 
All 3 rows ' HSSHSS ' 96 electrodes' 

2990 LOCATE 10,1,0 
3000 PRINT TAB(10) 'Please enter your relectlon: '; 
3010 LOCATE ,,l 
3020 XS=INKEYS 
3030 IF XS="l' THEN PRINT 'Center 32 electrodes only.';:GOTO 3070 
3040 I F  XS='3" THEN P R I N T  'All 96 clectrodes.';rGOTO 3080 
3050 GOT0 3020 
3060 : 
3070 ROWS=l:ELECTRODES=32:GOTO 3100 
3080 ROWS=3:ELECTRODES=96 

:REM Set varfables for 32 or 96 

3090 : 
:REM electrodes 

3100 LOCATE 12,1,1 
3110 PRINT TAB(l0) 'Enter the tlme ltmtt for the run  fn mtnutes: '; 
3120 INPUT: '", TIMELIMIT :REM User tnput value for tfme 
3130 I F  TIMELIMIT>B GOT0 3160 
3140 TIMELIMIT=lB 
3150 PRINT "10" 

:REM Default value for tlme ltm 

1 tmft 

It 

3168 TIMELIMIT=TIMELIMIT*60 
3170 : 

rREM Convert ttme ltmlt to seconds 

3210 INPUT: ",DELAY 
3220 I F  DELAY>0 GOTO 3270 
3230 LOCATE ,CPOS,B :REM Default values for tfme delay 

3250 DELAY-2:PRINT ' 2 '  
3240 DELAY=B:PRINT 'No delay.' TAB(80)rGOTO 3270 

3260 : 
3270 LOCATE 16,1,1 
3280 PRINT TAB(10) 'Do you wlsh the results dtsplayed graphtcally? "; 
3290 XS=INKEYS 
3300 I F  XS="y" OR XS='Y' THEN DISPLAYFLAG=l:PRINT 'Yes.':GOTO 3340 
3310 I F  XS="n" OR XS='N" THEN DISPLAYFLAG=B:PRINT 'No.":PRINT:GOTO 3550 
3320 GOTO 3290 
3330 : 
3340 ROW=l:COLUMN=70 
3350 t 

:REM User fnput value for tfme delay 

:REM Toggle graphtc dlsplay of data 

:REM Coordlnates for ttme dlsplay 
---I 

3360 
3370 
3380 
3390 
3 400 
3410 
3420 
3430 
3440 
3450 
3460 
3470 
3480 
3490 
3 500 
3510 
3520 
3530 
3540 
3550 

PRINT TAB(10) 'Enter the frequency for graphtng the results: .; 
INPUT; '*,X % R E M  User lnput value for frequency 
FREQUENCY=INT(X) 
IF FREQUENCY>B THEN PR1NT:PRINT:GOTO 3570 

rREM Convert frequency to an fnteger 

:REM Calculate default value for 
I F  DELAY<S GOTO 3440 
FREQUENCY-1 

:REM frequency of graphic dfsplay 

PRINT 'Graph all datasets.':PRINT:GOTO 3570 
:REM so that the screen I s  refreshed 

I F  ELECTRODESs96 GOTO 3480 :REM at least once each ftve seconds 
I F  DELAY+1.556>5 GOTO 3420 
FREQUENCY=INT(5/(DELAY+l.556)) 

~~ ~ - _ _  ~ _ _  . ~ _ _ .  

: 
ROW=E:COLUMN=35 rREM Coordlnates for tlme dlsplay 
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3 5 6 0  
3 5 7 0  
3 5 8 0  
3 5 9 0  
3 6 0 0  
3 6  10 
3 6 2 0  
3 6 3 0  
3 6 4 0  
3 6 5 0  
3 6 6 0  
3 6 7 0  
3 6 8 0  
3 6 9 0  
3 7 0 0  
3 7 1 0  
3 7 2 0  
3 7 3 0  
3 7 4 0  
3 7 5 0  
3 7 6 0  
3 7 7 0  

3 7 9 0  
3 8 0 0  

3 8 2 0  
3 8 3 0  

3 8 5 0  
3 8 6 0  
3870  

3 7 8 0  

3810  

3 8 4 0  

3880  
3890  
3 908  
3 9 1 0  
3 9 2 0  
3 9 3 0  
3 9 4 0  
3 9 5 0  
3 9 6 0  
3 9 7 0  
3 9 8 0  
3 9 9 0  
4 000 
4 0 1 0  
4 0 2 0  
4 0 3 0  
4 0 4 0  
4 0 5 0  
4 0 6 0  
4 0 7 0  
4088  
4 0 9 0  
4 100 
4 1  10 
4 1 2 0  
4 1 3 0  
4 1 4 0  
4 1 5 0  
4 1 6 0  
4 1 7 0  
4 1 8 0  
4190  

: 
ON ERROR 60TO 9 2 1 0  rREM S e t  up er ror  t rapp ing  

ON KEY(1)  GOSUB 7500 :REM S e t  up F 1  t o  h a l t  e x e c u t t o n  
KEY(1)  ON :REM A c t t v a t e  F 1  key c a p t u r e  
KEY(1)  STOP :REM R e t a l n  F 1  f o r  n e x t  KEY(1)  ON 
ON KEY(2)  GOSUB 9 4 5 0  rREM S e t  up F2  t o  c h a n g e  d t s p l a y  
KEY(2 )  ON 
KEY ( 2 1 STOP 

OPEN "C:SCAN500.DATn FOR OUTPUT AS I.1 

: 

:REM A c t i v a t e  F2 k e y  c a p t u r e  
:REM Re ta ln  F2  f o r  n e x t  KEY(2)  ON 

:REM Open I n s t a - D r t v e  f o r  d a t a  output  
: 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM SET THE INTERVAL TIMER 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: 
DEF SEGrLHAFF0 :REM S e t  cu r ren t  segment a d d r e s s  
C0=50000!  :REM S e t  pu lses fo r  c o u n t e r  one 
CZ=50000!  :REM S e t  pu lses fo r  counter z e r o  

HZ= INT(CZ /256 )  
LZ=CZ-(256*HZ)  

;REM High by te  c o u n t e r  z e r o  

HO=INT(C0/256)  
:REM Low by te  c o u n t e r  z e r o  

LO=CO-(256*HO) 
:REM H l g h  by te  c o u n t e r  one 
:REM Low by te  c o u n t e r  one 

POKE hHE0, l  :REM T i m e r  g l o b a l  command 

POKE &HC3,54 :REM Counter z e r o  c o n t r o l  ( t f r n e r )  
P O K E  LHC0,LZ :REM Write l o w  b y t e  
POKE hHC0,HZ :REM Wr i te  h t g h  by te  

POKE LHC1,LO 
POKE LHC3,116 :REM Counter one con t ro l  ( c a r r y )  

POKE hHC1,HO 

t 

: 

:REM Write l o w  b y t e  
:REM W r f t e  h i g h  by te  

REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM I N I T I A L I Z E  THE PROGRAM FOR MENU-SELECTED HARDWARE CONFIGURATION 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OPTION BASE 1 :REM S e t  s u b s c r f p t  l o w  v a l u e  a t  1 
D I M  ADDRESS(6) 

I F  ROWS=l THEN FIRST=S:LAST=5:GOTO 4 0 2 0  
FIRST=4:LAST=6 

ADDRESS(4)=bH86 :REM S e t  CMDA a d d r e s s  f o r  s l o t  4 
ADDRESS(5)-&H88 :REM Set CMDA a d d r e s s  f o r  slot 5 
ADDRESS(6)=&HEA :REM S e t  CMDA a d d r e s s  f o r  s l o t  6 

REM ................................................................. 

REM WAIT FOR START COMMAND TO BEGIN DATA ACQUISITION 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: 
PRINT TAB(10 )  " T h e  s o f t w a r e  f s  r e a d y  f o r  d a t a  a c q u i s i t l o n . "  
PRINT TAB(10 )  " F u n c t t o n  key F l  t e r m i n a t e s  p r o g r a m  e x e c u t i o n . '  
I F  DISPLAYFLAGl0 THEN PRINTtGOTO 4 1 5 0  
PRINT TAB(10 )  " F u n c t t o n  key F2  a l l o w s  t he  g r a p h i c  d i s p l a y  f r e q u e n c y  "; 
PRINT " t o  be changed." :PRINT 
LOCATE , ,1 
PRINT T A B ( I 0 )  "Press t h e  RETURN key t o  beg in  or " CHRS(34) " X "  CHRS(34); 
PRINT " t o  r e s t a r t .  "; 
FOR I = 1  TO I6:SOUND RND*1000+37,2:NEXT I 
XStINKEYS 
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4 2 0 0  I F  XS=CHRS(13) THEN CLScGOSUB 7040:GOTO 4 2 8 0  

4 2 2 0  GOTO 4 1 9 0  
4 2 1 0  I F  X S = ' x "  OR XS= 'X '  THEN CL0SE:CLEAR:GOSUB 7040rCOTO 2 6 2 0  

4 2 3 0  : 
4 2 4 0  REM ******.********** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 2 5 0  REM SET UP SCREEN ACCORDING TO GRAPHIC OUTPUT TOGGLE 
4 2 6 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 2 7 0  : 
4 2 8 0  D I M  Y ~ 1 0 0 ~ , Y O L D ~ I 0 0 ~ ~ D V O L T S ~ l 0 0 ~ ~ D H l G H ~ l 0 0 ~ , D L O W ~ l 0 0 ~  
4 2 9 0  STARTTIMEO=TIMES 
4 3 0 0  I F  DISPLAYFLAGI l  COT0 4480 
4 3 1 0  : 
4 3 2 0  GOSUB 7 1 3 0  rREM P r l n t  s t a r t u p  s c r e e n  h e a d e r  
4 3 3 0  LOCATE 2,4.0 
4 3 4 0  PRINT 'SCAN500 D a t a  A c q u l s i t l o n  A c t f v e  ...' 
4 3 5 0  : 
4 3 6 0  TIMEOUTFLAG=0 
4 3 7 0  GOSUB 7 2 8 0  
4 3 8 0  GOTO 4 6 1 0  
4 3 9 0  : 
4 4 0 0  SCREEN 2 
4 4 1 0  I 
4 4 2 0  I F  ROWS=l THEN START=129rFINISH=129:REM S e t  up f o r  3 2  e l e c t r o d e s  
4 4 3 0  I F  ROWS63 THEN START=59rF IN ISH= l99  :REM S e t  up fo r  96 e l e c t r o d e s  
4 4 4 0  t 
4 4 5 0  FOR YBASE=START TO F I N I S H  STEP 70 rREM L o o p  t o  d r a w  b o x ( e s )  
4 4 6 0  L I N E  ( I ,YBASE-59)-(0,YBASE) :REM 1 
4 4 7 0  L I N E  ( l ,YBASE-59)-(1,YBASE) rREM 
4 4 8 0  L I N E  (0,YBASE)-(639,YBASE) :REM 1-Dr8w b o x  f o r  one r o w  
4 4 9 0  L I N E  ( 6 3 9 , Y B A S E ) - ( 6 3 9 , Y B A S E - 5 9 )  :REM ) of 3 2  e l e c t r o d e s  
4 5 0 0  L INE  (638.YBASE)-(638,YBASE-59) :REM 1 
4 5 1 0  L INE  (639,YBASE-59)-(0,YBASE-59) :REM 1 
4 5 2 0  NEXT YBASE 
4 5 3 0  I 

:REM I n d e x  s t a r t  t l m e  o f  run 
:REM Jump a h e a d  If d l s p l a y  d e s i r e d  

:REM T o g g l e  s t a r t  o f  run  
:REM P r t n t  s t a r t u p  s t a t u s  s c r e e n  
:REM Junp a h e a d  s l n c e  no d t s p l a y  

:REM L o o p  t o  d r a w  n e x t  box 

4 5 5 0  I F  FZFLAG=l GOTO 5 8 7 0  
4 5 4 0  LOCATE 1 ,2 rPRINT  ' '+DATES+' = :REM P r l n t  d a t e  I n  ULH corner 

4 6 0 0  : 
4 6 1 0  DATASETSIB 
4 6 2 0  COUNTER=0 
4 6 3 0  I 
4 6 4 0  H A P = l l  
4 6 5 0  LAP=51 
4 6 6 0  HAN-4 
4 6 7 0  LAN1205 
4 6 8 0  : 
4 6 9 0  : 
4 7 0 0  POKE bH9A,3 
4 7 1 0  POKE &H9D,64 
4 7 2 0  : 
4730  PRINT el ,  USING '##";ELECTRODES 
4 7 4 0  2 
4 7 5 0  STARTFLAGl l  
4 7 6 0  : 
4 7 7 0  FOR CYCLE=l TO 2 ~~ 

4 7 8 0  : 
4 7 9 0  I F  CYCLE=2 GOTO 4 8 8 0  
4 8 0 0  : 
4 8 1 0  DATASETS=DATASETS+I 
4 8 2 0  COUNTER=COUNTER+I 
4 8 3 0  POKE aH82.0 

:REM I n l t t a l i z e  d a t a s e t  c o u n t e r  
:REM I n i t i a l i z e  g r a p h i c  d l s p l a y  counter 

:REM H i g h  by te  p o s l t i v e  a p p l i e d  v o l t a g e  
:REM Low by te  p o s i t l v e  a p p l i e d  v o l t a g e  
:REM High by te  n e g a t i v e  a p p l i e d  v o l t a g e  
:REM Low by te  n e g a t i v e  a p p l f e d  v o l t a g e  

:REM S e t  g lobal  g a l n  ( X  10) 
rREM S t r o b e  e n a b l e  command 

rREM Wri te  number o f  e l e c t r o d e s  t o  d i s k  

:REM A l l o w  l n d e x l n g  s t a r t  t t m e  o f  r un  

:REM A l t e r n a t e  + a n d  - a p p l f e d  v o l t a g e s  

rREM Increment the d a t a s e t  c o u n t e r  
:REM I n c r e m e n t  g r a p h i c  d i s p l a y  c o u n t e r  
:REM D/A c o n t r o l  CMDA l o w  by te  
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4 8 4 0  
4 8 5 0  
4 8 6 0  
4 8 7 0  
4 8 8 0  
4 8 9 0  
4 9 0 0  
4 9 1 0  
4 9 2 0  
4 9 3 0  
4 9 4 0  
4 9 5 0  
4 9 6 0  
4 9 7 0  
4 9 8 0  
4 9 9 1  
5 000 
5 0 1 0  
5 0 2 0  
5 0 3 0  
5 0 4 0  
5 0 5 0  
5 0 6 0  
5 0 7 0  
5 0 8 0  
5 0 9 0  
5 1 0 0  
5 1  1 0  
5 1 2 0  
5 1 3 0  
5 1 4 0  
5 1 5 0  
5 1 6 0  

POKE hH83,LAP 
POKE hH82 , I  
POKE hH83,HAP:GOTO 4 9 3 0  

POKE &H82,0 
POKE LH83,LAN 
POKE hH82.1 
POKE hH83,HAN 

I 

POKE aH9D.1 
GOSUB 8 9 7 0  
I F  STARTFLAG4 GOTO 4 9 8 0  
OLDTIMEmTIME 
STARTFLAG=0 
STARTTIMEZTIME-OLDTIME 

;OR SLOTsFIRST TO LAST 
FOR CHANNELEl TO 32 
I=(SLOT-FIRST)*32+CHANNEL 
POKE ADDRESS(SLOT),CHANNEL-1 
POKE hH81,SLOT 
POKE hH9B.255 
I F  PEEK(&H96)<>127 GOTO 5 0 6 8  
DLOW(I)=PEEK(&H80) 
DHIGH( I )=PEEK(&HSI)  

NEXT CHANNEL 
NEXT SLOT 

I F  CYCLE-2 GOTO 5900 
GOSUB 8 9 7 0  
ENDTIMEzTIME-OLDTIME 
ETJMExENDTIME-STARTTIME 

: 

:REM Wr l te  CMDB p o s i t i v e  l o w  b y t e  
:REM D/A c o n t r o l  CMDA h f g h  by te  
:REM Wri te  CMDB p o s t t l v e  h igh  by te  

rREM D/A c o n t r o l  CMDA l o w  b y t e  
:REM Wri te  CMDB n e g a t i v e  l o w  by te  
:REM D/A c o n t r o l  CMDA h igh by te  
:REM Wri te  CMDB n e g a t f v e  h i g h  b y t e  

rREM S t r o b e  send d a t a  
rREM Read t i m e  

:REM C a l c u l a t e  s t a r t  t f m e  o f  run  
:REM then set STARTFLAG t o  z e r o  
:REM C a l c u l a t e  s t a r t  t i m e  o f  d a t a s e t  

:REM 
:REM 
:REM 
:REM 
:REM 
:REM 
:REM 
:REM 
:REM 
:REM 
:REM 

S t a r t  s l o t  s e l e c t f o n  loop 
S t a r t  c h a n n e l  s e l e c t f o n  loop 
C a l c u l a t e  f n d e x  f o r  a r r a y  element 
S e l e c t  c h a n n e l  ( 0 - 3 1 )  
S e l e c t  s l o t  
S t a r t  A/D c o n v e r s f o n  
L o o p  f f  A I D  c o n v e r s l o n  i n c o m p l e t e  
Read l o w  by te  
Read h igh by te  
L o o p  f o r  n e x t  c h a n n e l  
Loop  f o r  n e x t  s l o t  

:REM Read t h e  cur ren t  t f m e  
:REM C a l c u l a t e  s t o p  t i m e  o f  d a t a s e t  
:REM C a l c u l a t e  e l a p s e d  t i m e  o f  d a t a s e t  

~~ ~~~~ ~ ~~ ~ ~~ ~ ~~ 

5 1 7 0  LOCATE ROW.COLUMN:PRINT -+TIMES+. -; 
5 1 8 0  
5 1 9 0  : 
5 2 0 0  PRINT # I ,  USING "###.###";STARTTIME 
5 2 1 0  
5 2 2 0  PRINT #1, USING "#.##X';ETIME 

:REM Wr i te  ET t o  s t a r t  o f  d a t a s e t  

5 2 3 0  : 
rREM W r i t e  e l a p s e d  t ime  o f  d a t a s e t  

5 2 4 0  I F  DEMOFLAG-0 GOTO 5 2 8 0  :REM Jump a h e a d  f f  not a d e m o n s t r a t t o n  
5 2 5 0  N=INT(VAL(MID%(TIMES,7,2))) :REM Read s e c o n d s  f rom TIMES 
5 2 6 0  RANDOMIZE N :REM Seed  random number g e m e r a t o r  
5 2 7 0  : 
5 2 8 0  FOR SLOT=FIRST TO LAST 
5 2 9 0  FOR CHANNEL=I TO 3 2  

:REM Write h igh  and l o w  b y t e s  f o r  e a c h  

5 3 0 0  I=(SLOT-FIRST)*32+CHANNEL 
:REM e l e c t r o d e  f rom t h e  l a s t  d a t a s e t  

5 3 1 0  I F  DEMOFLAG=0 GOTO 5 3 6 0  
:REM I n d e x  t h e  d a t u m  

5 3 2 0  STEPS=INT(RND*4096/20)+2048 
:REM Jump a h e a d  if no t  a d e m o n s t r a t f o n  
:REM ***** DUMMY DEMO DATUM ***** 

5 3 3 0  DUMMY=INT(STEPS/256) :REM ***** DUMMY DEMO DATUM ***** 
5 3 4 0  DHIGH(I)=DUMMY+240 :REM ***** DUMMY DEMO DATUM ***** 
5 3 5 0  DLOW(I)=STEPS-(DUMMY*256) :REM ***** DUMMY DEMO DATUM ***** 
5 3 6 0  PRINT X1, USING "#X# #+#";DLOW(I),DHIGH(I) 
5 3 7 0  NEXT CHANNEL 
5 3 8 0  NEXT SLOT 
5 3 9 0  : 
5 4 0 0  TOTALTIME=ENDTIME :REM F I X  e l a p s e d  t ime  o f  run 
5 4 1 0  : 
5 4 2 0  I F  DISPLAYFLAG=l GOT0 5 7 3 0  :REM Jump a h e a d  f f  no d i s p l a y  des i red  
5 4 3 0  I F  COUNTER=FREQUENCY THEN COUNTER=B:GOTO 5 4 7 0  
5 4 4 0  
5 4 5 0  GOTO 5 7 8 0  
5 4 6 0  : 
5 4 7 0  FOR YBASE=START TO F I N I S H  STEP 7 0  :REM Loop  t o  d r a w  g r a p h ( s 1  i n  b o x t e s )  

:REM P r t n t  r e a l  t i m e  on t h e  s c r e e n  

:REM Graph r e s u l t s  a t  FREQUENCY 
:REM Jump ahead ;  no d f s p l a y  requ i red  
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5 4 8 0  
5 4 9 0  
5 5 0 0  
5 5 1 0  
5 5 2 0  
5 5 3 0  
5 5 4 0  
5 5 5 0  
5 5 6 0  
5 5 7 0  
5580  
5590 
5 6 0 0  
5 6 1 0  
5 6 2 0  
5 6 3 0  
5 6 4 0  
5 6 5 0  
5 6 6 0  
5 6 7 0  

L INE (B,YBASE)-(B,YBASE),B rREM L o c a t e  o r l g l n  o f  b o x  
FOR XAXIS=9 TO 639  STEP 20 :REM Loop  for e a c h  e l e c t r o d e  
I=INT((Y8ASE-START)/70)*32+1NT(XAXIS/20)+1 

rREM C a l c u l a t e  f n d e x  f o r  a r r a y  e l e m e n t  
DRES=DLOW(f)+(DHIGH(I)-240)*256 rREM R e c o n s t l t u t e  da tum 
DVOLTS=ABS(DRES*(20/4095)-10) rREM C o n v e r t  t o  v o l t s  
I F  DVOLTS>l THEN DVOLTS=.99 
Y(I)=YBASE-INT(DVOLTS*58)-1 

:REM D i s p l a y  a maxtmum v a l u e  on ly  
:REM L o c a t e  Y w i t h l n  t h e  b o x  

I F  Ill OR 1133 OR 1165 GOTO 5 6 3 0  :REM No segment  e r a s u r e  for  f l r s t  p o i n t  
I F  DATASETSll GOTO 5 6 1 0  
I F  DATASETS<=FREQUENCY GOT0 5 6 1 0  

:REM No g r a p h  e r a s u r e  f o r  f t r s t  g r a p h  

:REM E r a s e  segment  from p r e v l o u s  g r a p h  
L INE (XAXIS-Z0,YOLD(I-I))-(XAXIS~YOLD(I))~0 

L INE (XAXIS-20.Y(I-l))-(XAXIS.Y(1)) 

LOCATE I t71 :PRINT TIMES 
I F  111 OR 1133 OR 1165 GOTO 5 6 6 0  rREM No e r a s u r e  needed f o r  f t r s t  p o l n t  
Y O L D ( I - l ) = V ( I - l )  :REM S t o r e  d a t a  fo r  e r a s i n g  o l d  g r a p h  

rREM Draw a l l n e  f rom t h e  l a s t  p o l n t  
:REM P r i n t  t lme  I n  URH c o r n e r  

NEXT XAXIS :REM Loop t o  n e x t  e l e c t r o d e  
Y O L D ( I ) = Y ( I )  :REM S t o r e  l a s t  da tum f o r  e r a s i n g  

5 6 8 0  NEXT YEASE 
5 6 9 0  : 

:REM Loop t o  d r a w  n e x t  g r a p h  

5 7 0 0  LOCATE 25,2,0:PRINT DATASETS; :REM P r t n t  g r a p h  number l n  LLH c o r n e r  
5 7 1 0  LOCATE 25,71,0:PRINT USING #I#.+## ';TOTALTIME;:GOTO 5780 
5 7 2 0  
5 7 3 0  LOCATE 8,36,I:PRINT TIMES 

:REM P r t n t  e l a p s e d  t t m e  l n  LRH c o r n e r  

5 7 4 0  LOCATE 9,36,0:PRINT USING "#++.###':TOTALTIME 
:REM P r t n t  s t a t u s  u p d a t e  on t h e  s c r e e n  

5750  LOCATE 10,36,0:PRINT USING '###.###":ETIME 
5 7 6 0  LOCATE 11,36,0:PRINT USING '#+##":DATASETS 
5 7 7 0  : 
5780  I F  TOTALTIME>TIMELIMIT THEN TIMEOUTFLAG-1 :GOSUB 7 5 0 0  

S t o p  If t l m e  l t m l t  1s exceeded  5790  
5800  : 
5 8 1 0  KEY(1) ON 
5820  KEY(1) STOP 
5830  I F  DISPLAYFLAGz0 GOT0 5 8 7 0  
5 8 4 0  KEY(2) ON 
5 8 5 0  KEY(2) STOP 
5 8 6 0  : 
5870  GOSUB 8 9 7 0  
5 8 8 0  IDLETIMESTIME-OLDTIME-ENDTIME 
5890  I F  IDLETIME>DELAY GOTO 5 9 4 0  
5900  LOCATE ROW,COLUMN:PRINT "+TIMES+' 
5910  I F  CYCLE=2 GOTO 5 9 4 0  
5920  GOTO 5870  
5 9 3 0  : 
5 9 4 0  NEXT CYCLE 
5 9 5 0  GOTO 4770  
5 9 6 0  : 
5 9 7 0  END 
5 9 8 0  : 

:REM 

: REM 
: REM 

: REM 
:REM 

: REM 
: REM 
:REM 

:REM 
: REM 

:REM 
:REM 

: REM 

Check fo r  p r o g r a m  t e r m t n a t i o n  
R e t a  fn F l  f o r  n e x t  KEY( 1 ) ON 

Check f o r  change  o f  d i s p l a y  
R e t a t n  F2 f o r  n e x t  KEY(2)  ON 

Read t h e  c u r r e n t  t t m e  
C a l c u l a t e  t l m e  o f  t n a c t t v t t y  
I m p l e m e n t  t i m e  d e l a y  

P r l n t  r e a l  t i m e  on t he  s c r e e n  
Loop b a c k  to c h e c k  t l m e  d e l a y  

R e v e r s e  a p p l f e d  v o l t a g e  p o l a r l t y  
Return f o r  a n o t h e r  d a t a s e t  

P rog ram e n d  

113 



7 1 3 0  
7 1 4 0  
7 1 5 0  
7 1 6 0  
7 1  7 0  
7 1 8 0  
7 1 9 0  
7 2 0 0  
7 2 1 0  
7 2 2 0  
7 2 3 0  
7 2 4 0  
7 2 5 0  
7 2 6 0  
7 2 7 0  
7 2 8 0  
72 9 0  
7 3 0 0  
7 3 1 0  
7 3 2 0  
7 3 3 0  
7 3 4 0  

WIDTH 80:SCREEN 0.0.0:LOCATE 1.1.0:CLS:KEY OFF 
PRINT ULSH%HSH$HSHSH%HSHSHSHSHSHSHSHSHSHSHSHSHSH~HSHSH~HSHSH$HSH$H$; 
PRINT HSHSHSHSHSHSHSHSH%H%H$H%H%H%H%HSHfH%H%HsHSHSHSHSHSHSHSH$H$HS; 
PRINT HSHSHSHSHSHSHSHSHSHSHSHSHSHSHSHSHSHSHSURSVS TAB(80 )  VS; 
PRINT LL%HSH%HSH%HSH%H%HSHSH%H$H%H%H%HSHgHSH$H~HSHSHSHSHSHSHSHSHSHSHSHSHSHSHSH$; 
PRINT H%H%H$H%H%H%HSHSHSH%H%H$HfH$H$H%HtHfHSH%HSHSHSH~HSHSHSH$H$H$; 
PRINT HSHSHSHSHSHSHSHSHSH$H$HSH$H$HSHSHSHSHSHSLRS 

~ E T U R N  
: 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM SUBROUTINE: S e t  up S t a t u s  S c r e e n  
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I F  DISPLAYFLAG=0 AND TIMEOUTFLAGS1 THEN LOCATE 8,1,0:60TO 7 3 2 0  
LOCATE 6 .1 .0  :REM P r i n t  s t a t u s  s c r e e n  v a r i a b l e s  
PRINT TAB(10 )  ' D a t e  o f  r u n  : " :DATES 
PRINT TAB(10 )  " S t a r t  t i m e  o f  r u n  
I F  TIMEOUTFLAGPB GOTO 7 3 3 0  

I ";STARTTIMES 

PRINT T A B ( l 0 )  " End  t i m e  o f  run  : ":ENDTIMES:GOTO 7 3 4 0  
PRINT T A B ( 1 0 )  " C u r r e n t  t i m e  
I F  DISPLAY=0 AND TIMEOUTFLAGS1 THEN RETURN 

: ";TIMES 

7 3 5 0  PRINT TAB(10 )  " E l a p s e d  t i m e  o f  run  . . I .  , 
7 3 6 0  PRINT USING "#X#.#XXU;TIME; 
7 3 7 0  PRINT " s e c o n d s "  
7 3 8 0  PRINT T A B ( l 0 )  " E l a p s e d  t i m e  o f  d a t a s e t :  "; 
7 3 9 0  PRINT USING "+##.+X#";ETIME; 
7 4 0 0  PRINT ' s e c o n d s "  
7 4 1 0  PRINT T A B ( 1 0 )  "Number o f  d a t a s e t s  
7 4 2 0  PRINT U S I N G  "###";DATASETS 

: "; 

7 4 3 0  : 
7 4 4 0  RETURN 
7 4 5 0  : 

7 4 7 0  REM SUBROUTINE: E x e c u t e  F u n c t t o n  Key F 1  
7 4 8 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 4 9 0  : 
7 5 0 0  CLOSE #l 
7 5 1 0  ENDTIMESmTIMES 
7 5 2 0  I F  DISPLAVFLAG=B GOTO 7 5 7 0  
7 5 3 0  GOSUB 7 1 3 0  
7 5 4 0  LOCATE 2 . 4 . 8  :REM s t a t u s  h e a d e r  f o r  s h u t d o w n  
7 5 5 0  PRINT "SCAN500 D a t a  A c q u i s i t i o n  T e r m i n a t e d  ...' :GOTO 7 6 0 0  
7 5 6 0  : 
7 5 7 0  LOCATE 2.29 
7 5 8 0  PRINT " T e r m i n a t e d  ..." 
7 5 9 0  : 
7 6 0 0  GOSUB 7 2 7 0  
7 6 1 0  : 
7 6 2 0  LOCATE 13.1.1 :REM P r l n t  s h u t d o w n  message 
7 6 3 0  FOR 161 TO 16rSOUND RND*1008+37,2rNEXT I 
7 6 4 0  PRINT " P r o a r a m  e x e c u t i o n  h a s  b e e n  h a l t e d . "  

7 4 6 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:REM Close t h e  o u t p u t  f i l e  
:REM I n d e x  t he  end t i m e  o f  t h e  run  
:REM Continue t f  no d i s p l a y  d e s i r e d  
:REM C l e a r  g r a p h i c s  s c r e e n  a n d  p r i n t  

:REM P r i n t  s h u t d o w n  s t a t u s  s c r e e n  

~- ~ 

7 6 5 0  PRINT " E l a p s e d  t i m e - o f  t he  r u n  i s  ' I -  

~~ 

I 7 6 6 0  I F  TOTALTIME>l00 THEN FS="##+.X+X" i L S E  F%="##.###" 
7 6 7 0  I F  TOTALTIME<lB THEN FS='#.#+#" 
7 6 8 0  PRINT USING FS; TOTALTIME: 
7 6 9 0  PRINT " s e c o n d s  a f te r " :DATASETS:  
7 7 0 0  I F  DATASETS>l THEN PRINT "da tasets . " :GOTO 7 7 3 0  
7 7 1 0  PRINT " d a t a s e t . "  
7 7 2 0  : 
7 7 3 0  LOCATE 16.1.1 :REM R e q u e s t  to c o n t i n u e  p r o g r a m  
7 7 4 0  PRINT "Do you w t s h  t o  o r g a n i z e  t h e  d a t a  a t  t h i s  t l m e ?  "; 
7 7 5 0  X%-INKEYS 
7 7 6 0  I F  X$="y "  OR XS='Y" THEN PRINT "Yes."tQUITFLAG=B:GOTO 7 8 0 0  
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7770 
7780 
7790 
7 800 
7810 
7820 
7830 
7840 
7850 
7860 
7870 
7880 
7890 
7 900 
7910 
7920 
7930 
7940 
7950 
7960 
7970 
7980 
7990 
8010 

IF XS="n" OR XS='N' THEN PRINT 'No."tQUITFLAG-l:GOTO 7800 
COT0 7750 

LOCATE 18.1.1 :REM Request f l oppy  d lsks  f o r  backup 
PRINT 'Place a format ted d l sk  ln d r t v e  A and t h e  .LOG d l sk  l n  d r f v e  B' 
PRINT " then press RETURN. "; :REM of log and header ln format ton 
XS= I NKEVS :REM l n  d r t v e  B: even If raw data 

rREM organ tza t lon  1s no t  performed 

1 

I F  XSsCHRS(13) GOT0 7880 
I F  XS="x"  OR XS='X '  THEN DEMOFLAG=2:GOTO 8140 

GOTO 7830 :REM a t  t h t s  tfme. 

LOCATE 21,1,0 
P R I N T  'Worklng ... '; 

OPEN 'CrSCAN500.DAT" FOR INPUT AS +1 
OPEN "A:SCANSBB.DAT' FOR OUTPUT AS 12 

IN P U T  +1, A 
P R I N T  12, USING gll"; A :REM Copy number o f  e lec t rodes 

I F  EOF(1) GOTO 8080 

: 

: 

: 

: 

i N P u T  +i .  B ,  C 
PRINT 12. USING ~111.111~: B rREM COPY ET t o  s t a r t  o f  dataset  
P RI NT  I C Z ;  US ING = # . # w n :  c :REM Copy-ET o f  dataset 

8010 : 
8020 FOR 1-1 TO ELECTRODES 
8030 INPUT 11, D, E 
8040 PRINT 12, USING #I.#": D, E :REM Copy raw data f o r  each e lec t rode  
8050 NEXT 1 
8060 GOTO 7970 
8070 : 
8080 CLOSE +l:CLOSE 12 
8090 : 
8100 LOCATE 18,1,0 
8110 FOR I = l  TO 8:SOUND RND*lB08+37,2tNEXT I 
8120 PRI N T  " D a t a  backup has been w r l t t e n  t o  d r t v e  A.' TAB(80) 
8130 : 

:REM P r l n t  backup completlon message 

8140 LOCATE 18,1,0:PRINT TAB(80) 
8150 LOCATE 19,1,0:PRINT TAB(80) 
8160 LOCATE 21,1,0:PRINT TAB(80):IF DEMOFLAG-2 GOTO 8350 
8 1 7 8  x - - . -  
8180 LOCATE 20,1,0 :REM Add In format ton on cur ren t  run  t o  

8200 O PE N F I L E N A M ES  FOR I N ~ U T  AS 1.1 
8190 PRINT "Working ... 
8210 OPEN "B:COPY.TMP" FOR OUTPUT AS 12 
8220 : 
8230 A50 
8240 : 
8250 I F  EOF(1) GOT0 8330 
8260 IN P U T  #l,A,B,AS,BS,CS,C,D,E,F,C rREM flle 
8270 AS=CHR%(34)+AS+CHRS(34) 
8280 BS=CHRS(34)+BS+CHRS(34) 
8290 C$=CHRS(34)+CS+CHRS(34) 
8300 P R I N T  #2, A;B;AS;BS;CS;C:D;E;F;G 
8310 GOTO 8250 
8320 I 
8330 CLOSE C1 
8340 : 
8350 A=A+l 
8360 A$=CHRS(34)+DATES+CHRS(34)  
8370 BS=CHR%(34)+STARTTIMES+CHRS(34) 
8380 C%=CHRS(34)+ENDTIMES+CtiRS(34) 
8390 B=DEMOFLAG 
8400 C=TOTALTIME 

'. rREM permanent log 

;REM Copy permanent log  t o  temporary 
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8 4 1 0  DlELECTRODES 
8 4 2 0  E=DATASETS 
8 4 3 0  F-TEMPERATURE 
8 4 4 0  G=PRESSURE:IF DEMOFLAG=2 GOT0 8 6 6 0  
8 4 5 0  : 
8 4 6 0  OPEN "B:SCAN500.HDRm FOR OUTPUT AS tl 
8 4 7 0  OPEN "A:SCANWb.HDR" FOR OUTPUT AS +3 
8 4 8 0  : 
8 4 9 0  PRINT # I ,  A;B;AS;BS;CS;C;D;E;F;G :REM W r t t e  h e a d e r  f o r  c u r r e n t  run  
8 5 0 0  PRINT #2,  A;B;AS;BS;C%;C;D;E;F;G :REM Add c u r r e n t  run  t o  p e r m a n e n t  l og  
8 5 1 0  PRINT X3, A;B;A%;BS;CS;C;D;E;F;G :REM W r l t e  h e a d e r  t o  b a c k u p  d l s k  
8 5 2 0  t 

8 5 3 0  CLOSE #l:CLOSE #2:CLOSE #3 
8 5 4 0  K I L L  FILENAME$ 
8 5 5 0  NAME "B:COPY.TMP" AS FILENAMES 
8 5 6 0  : 
8 5 7 0  LOCATE 19,1,0 :REM P r i n t  d i s k  f i l e  c o m p l e t i o n  message 
8 5 8 0  PRINT 'Header b a c k u p  and .LOG f i l e s  h a v e  been w r l t t e n  t o  d r l v e s  A a n d  B. 
8 5 9 0  : 
8 6 0 0  LOCATE 20.1.1 :REM Request t o  c o n t i n u e  program 
8 6 1 0  PRINT ' P l a c e  t he  SCAN500 s y s t e m  d f s k  i n  d r i v e  A then p r e s s  RETURN. -; 
8 6 2 0  XSsINKEYS 
8 6 3 0  I F  XS=CHRS(l3)  GOT0 8 6 6 0  
8 6 4 0  GOTO 8 6 2 0  
8 6 5 0  t 

8 6 6 0  LOCATE 22,1,0 
8 6 7 0  PRINT "Working ... * ;  
8 6 8 0  : 
8 6 9 0  OPEN "A:SCAN500.HDRm FOR OUTPUT AS I 1  
8 7 0 0  PRINT e l ,  A;B;AS;B%;CS;C;D;E;F;G 
8 7 1 0  CLOSE #1 
8 7 2 0  : 
8 7 3 0  LOCATE 20,1,0 
874% PRINT 'The run h e a d e r  f l l e  h a s  been w r t t t e n  t o  d r t v e  A.' TAB(80 )  
8 7 5 0  LOCATE 21,1 ,0  
8 7 6 0  PRINT TAB(80 )  
8 7 7 0  : 
8 7 8 0  FOR I = 1  TO 4:SOUND RND*1000*37,2rNEXT I 
8 7 9 0  I F  QUITFLAG=0 GOTO 8 8 5 0  :REM End a t  t h l s  t i m e  if q u i t  s e l e c t e d  
8 8 0 0  : 
8 8 1 0  LOCATE 22,1,0 :REM C h a l n  b a c k  t o  s y s t e m  menu 
8 8 2 0  PRINT " P r o g r a m  t e r m l n a t e d  ...' 
8 8 3 0  FOR Ill TO 4000:NEXT 1:CHAIN 'HEAD500.EXE' 
8 8 4 0  : 
8 8 5 6  LOCATE 22,1 ,0  :REM C h a i n  n e x t  p r o g r a m  if s e l e c t e d  
8 8 6 0  PRINT " L o a d i n g  F I X 5 0 0  d a t a  o r g a n i z e r  ..." ; 
8 8 7 0  FOR I = 1  TO 4000:NEXT 1:CHAIN "FIX500.EXE" 
8 8 8 0  : 
8 8 9 0  RETURN 
8 9 0 0  t 

8 9 2 6  REM SUBROUTINE: Read t h e  I n t e r v a l  T l m e r  

8 9 4 0  : 
8 9 5 0  REM L a t c h  the  I n t e r v a l  Counters 
8 9 6 0  : 
8 9 7 0  DEF SEG=LHAFF0 
8 9 8 0  : 
8 9 9 0  POKE LHC3.0 
9 0 0 0  LZ-PEEK(tHC0) 
9 0 1 0  HZrPEEK(LHC0) 
9 0 2 0  CCZ=LZ+(HZ*256) 
9 0 3 0  : 
9 0 4 0  POKE LHC3.64 

8 9 1 0  REM **** l*************C************I****I**************************  

8 9 3 6  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:REM S e t  c u r r e n t  segmen t  a d d r e s s  

:REM L a t c h e s  c o u n t e r  z e r o  
:REM Reads l o w  by te  
:REM Reads h f g h  by te  
:REM R e c o n s t i t u t e s  c o u n t e r  z e r o  

:REM L a t c h e s  c o u n t e r  one 
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9050 LO=PEEK(&HCl) :REM Reads low byte 
9060 HO*PEEK(&HCl) :REM Reads high byte 
9070 CCO=LO+(H0*256) * R E M  Reconstltutes counter one 
9080 : 

9100 : 
9090 REM Convert Current Count to Elapsed Ttme 

9110 CURRENTCOUNT#=(((CZ-CCZ)*CO)+(CO-CCO))/Z 
9120 :REM Current count In clock pulses 
9130 TIME=CURRENTCOUNT#*.000001046# :REM Elapsed tlme In seconds 
9140 I 
9150 RETURN 
9160 : 
9170 R E M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9180 R E M  SUBROUTINES Error Trapplng 
9190 R E M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9200 : 
9210 I F  ERR<>61 GOTO 9270 
9220 LOCATE 14.1.8 
9230 FOR Is1 TO 4:SOUND RND*1000+37,2rNEXT I 
9240 P R I N T  "Data acqulsttlon has stopped. "; 
9250 PRINT 'Internal drive C: is full.' 
9260 : 
9270 I F  ERR<>53 GOTO 9310 
9280 OPEN FILENAMES FOR OUTPUT AS #l 
9290 CLOSE #l:RESUME :REM Resume wrltlng to .LOG ftle 
9300 : 
9310 LOCATE 20.1.0 
9320 NERROR-ERR 
9330 FOR I = 1  TO 4:SOUND RND*1000+37,2:NEXT I 
9340 P R I N T  "Program executlon has been halted because of runtime error '; 
9350 P R I N T  USING "##';NERROR; 
9360 PRINT "." 
9370 : 
9380 FOR 111 TO 4000:NEXT IrCHAIN 'HEAD500.EXE' 
9390 : 
9400 END 

9420 R E M  SUBROUTINE: Execute Function Key F2 
9430 REM  * t * * * * w ~ * * * * * * * * * * t * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * *  

944n : 
9450 WIDTH 80:SCREEN 0.0.0 
9460 GOSUB 7130 
9470 LOCATE 2.4.0 
9480 PRINT 'Modlfy Graphtc Dlsplay Frequency' 
9490 : 
9500 LOCATE 17.1.1 

:REM Prtnt 'Dtsk full' message 

:REM Open .LOG ftle If nonexlstent 

9410 REM  * t * * * * * * * * * * * * * C * * * * * * * * * * . * * . * * . * * * * * * * * * * * * * * * * * * w * * * * * * * * * * * * * * * * * * *  

9510 PRINT-TABilb) 'Enter the frequency for graphfng the results: '; 
9520 INPUT: "".X 
9530 FREQUENCY=INT(X) 
9540 FPFLAG=l:GOTO 4400 
9550 : 
9560 RETURN 
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1 0 4 0  REM * 
1 0 5 0  REM * 

P r o g r a m  name: F I X 5 0 0  * 
* 

1200  
1 2 1 0  
1 2 2 0  
1 2 3 0  
1 2 4 0  
1 2 5 0  
1 2 6 0  
1 2 7 0  
1 2 8 0  
1 2 9 0  
1 3 0 0  
1 3 1 0  
1 3 2 0  
1 3 3 0  
1 3 4 0  
1 3 5 0  
1 3 6 0  
1 3 7 0  
1 3 8 0  

PRINT UL%HSHSHSHSHSH%HSHSHSHSHSHSH%HSHSHtHSH%HSHSHSHSHSHSHSHSHSHSHS; 
PRINT HSHSHSHSHSHSH%HSHSH%HSHSH$H~HSHSHSHSHSHSHSHSH~HSHSHSH~HSHSHS: 
PRINT H%H%H%H%H%HSHSH%HSHSHSHSHSHSHSHSHSHSHSURS; 
PRINT VS I' F I X 5 0 0  D a t a  O r g a n i z a t i o n  P r o g r a m"  TAB(80)  VS; 
PRINT LLSHSHSHSHSH$HSHSH$H$HSHSH$HSHSHSHSH$HSHSHSH$HSHSHSHSHSHSHSHS~ 
PRINT HSHSHSH%H$H$H$H%HfHSHSHSH$H$HSH~HSHSHSHSHSH~HSHSHSH$HSH$H$HSHS; 
PRINT HSHSHSH$H%H%HSH%H$H%H%H%HSHfH%HtHfH%HSLRS 

ON ERROR GOTO 3 4 2 0  
ON KEY(1)  GOSUB 3 8 3 0  
KEY(1 )  ON 
KEY(1)  STOP 

LOCATE 6.1.0.0.7 
PRINT T A B ( l 0 )  " T h i s  p r o g r a m  o r g a n i z e s  t he  d a t a f l l e  SCAN500.DAT c r e a t e d "  

: 
:REM S e t  up error t r a p p l n g  
:REM S e t  up f u n c t i o n  k e y  F 1  
:REM t o  terminate p r o g r a m  
:REM e x e c u t i o n  

:REM P r i n t  s t a r t u p  message t o  s c r e e n  

PRINT TAB(10 )  "by SCANSB0 t n t o - a  u s e a b l e  f o r m a t  f o r  g r a p h i c  d i s p l a y  o r "  
PRINT TAB(10 )  " c u r v e - f i t t i n g . '  

1 3 9 0  LOCATE 10,1,0 
1 4 0 0  PRINT TAB(10 )  " E n t e r  t h e  d r l v e  d e s i g n a t  
1 4 1 0  L INE  1NPUT;OUTDRIVES 

' 1 4 2 0  LOCATE 10 .1 .0  

i 

1 4 3 0  PRINT T A B i l 0 )  " E n t e r  t he  d r l v e  d e s i g n a t  
1 4 4 0  L INE  1NPUT;TEMPDRIVES 
1 4 5 0  LOCATE 10,1,0:PRINT TAB(80):LOCATE 10.1 
1 4 6 0  I F  OUTDRIVES=TEMPDRIVES GOTO 1 4 9 0  
1 4 7 0  PRINT TAB(10 )  " P l a c e  f o r m a t t e d  d f s k s  i n  
1 4 8 0  
1 4 3 0  
1 5 0 0  
1 5 1 0  
1 5 2 0  
1 5 3 0  
1 5 4 0  
1 5 5 0  
1 5 6 0  
1 5 7 0  
1 5 8 0  
1 5 9 0  
1 6 0 0  
1 6 1 0  
1 6 2 0  
1 6 3 0  

on f o r  t he  ou tpu t  f i l e :  "; 

on f o r  t h e  t e m p o r a r y  f i l e s :  "; 

1 

d r l v e s  OUTDRIVES ' and "; 
PRINT TEMPDR1VES;:GOTO 1 5 0 0  
PRINT TAB(10 )  " P l a c e  a f o r m a t t e d  d i s k  i s  d r l v e  OUTDRIVES; 
PRINT " t h e n  press RETURN. ": 

X$= I NKEYS 

GOTO 1 5 1 0  

FILEFLAGS1 
DRIVES="A" 
OPEN DR1VES+"rSCAN500.DATn FOR INPUT AS #1 
CLOSE #1 
FILENAME%=DRIVE%+"rSCAN500.DAT":DATDRIVE$=DRIVE$ 

LOCATE 10,10,0 
PRINT "SCAN500.DAT i s  r es i den t  i n  d r i v e  " DRIVES I . "  TAB(80 )  

: 

I F  XSrCHRS(13) THEN LOCATE 10,10,0:PRINT TAB(80):GOTO 1 5 6 0  

: 
:REM Confirm l o c a t i o n  o f  f i l e  
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1 6 4 0  : 
1 6 5 0  FILEFLAG=2 
1 6 6 0  DRIVES="A' 
1 6 7 0  OPEN~DRIVES+"rSCAN500.HDR' FOR INPUT AS I.l 
1 6 8 0  INPUT +I, A.B.AS,BS,CS,C,D,E,F.G :REM Read header to establtsh vartables 
1 6 9 0  CLOSE +l:HDRDRIVES=DRIVES 
1700 x - .  -- 
I 7 1s ELECTRODESSD 
1 7 2 0  DATASETS=E 
1 7 3 0  : 
1 7 4 0  D I M  DVOLTS(96,120),TIME(l000) 
1 7 5 0  P A S S E S = F I X ( ( D A T A S E T S - 1 ) / 1 2 8 ) + 1  
1 7 6 0  : 
i 7 7 0  LOCATE 12.1.0 
1 7 8 0  PRINT TAB(20 )  'Start ttme o f  program run: ';TIMES 
1 7 9 0  PRINT TAB(20 )  'Current ttme 
1 8 0 0  : 

: ";TIMES 

:REM Set UP program status on screen 

1 8 1 0  LOCATE 15,5,0 
1 8 2 0  PRINT ' T h t s  ts pass";rPOSPASS=POS(X):PRINT ' 1 out of a total o f g  PASSES; 
1 8 3 0  I F  PASSES=l THEN PRINT 'pass.' ELSE PRINT "passes." 
1 8 4 0  x 
1 8 5 0  LOCATE 17.5.0 
1 8 6 0  PRINT 'Input datasets total 
1 8 7 0  : 

x ' USING '###'; DATASETS 

1 8 8 0  LOCATE 18.5.0 
1 8 9 0  PRINT 'Input datasets processed:' 
1 9 0 0  : 
1 9 1 0  LOCATE 17.48.0 
1 9 2 0  PRINT 'Output datasets total : " USING " W ' ;  ELECTRODES 
1 9 3 0  : 
1 9 4 0  LOCATE 18 .48 .0  
1 9 5 0  PRINT 'Output datasets processedt' 
1 9 6 0  : 
1 9 7 0  LOCATE 20,5,0 
1 9 8 0  FOR 111 TO 4:SOUND RND*l000+37,2rNEXT I 

2 0 0 0  I 
1 9 9 0  PRINT "Worktng ...' 
2 0 1 0  I F  DATDRIVESLHDRDRIVES GOT0 2 0 9 0  

2 0 3 0  AS=CHRS(34)+A%+CHRS(34) 
2 0 2 0  OPEN OUTDRIVES+"rSCAN500.HDRm FOR OUTPUT AS cC1 

:REM Wrtte the .HDR ftle to the 
2 0 4 0  BS=CHRS(34)+8S+CHRS(34) :REM dlsk on whtch FIX500.DAT 
2 0 5 0  CS=CHRS(34)+CS+CHRS(34) :REM wtll restde 
2 0 6 0  PRINT +1, A;B;Ar;B%;CS;C;D:E;F;G 
2 0 7 0  CLOSE 4'1 
2 0 8 0  : 
2 0 9 0  OPEN OUTDRIVES+"rFIX500.DAT' FOR OUTPUT AS I.2 
2 1 0 0  : 
2 1 1 0  PRINT #2, USING '###";DATASETS 
2 1 2 0  : 
2 1 3 0  I F  DATASETS>120 THEN MAXDATUM=lLB ELSE MAXDATUM=DATASETS 
2 1 4 0  PASS=l 
2 1 5 0  : 
2 1 6 0  OPEN FILENAMES FOR INPUT AS #I 
2 1 7 0  INPUT #1, ELECTRODES 
2 1 8 0  : 
2 1 9 0  FOR K=1 TO DATASETS 
2 2 0 0  I F  EOF(1)  GOT0 2 6 0 0  

2 2 2 0  TIME(K)=STARTTIME 
2 2 1 0  INPUT e l ,  STARTTIME, ETIME 

2 2 3 0  J=K-(PASS-1)*120 
2 2 4 0  : 
2 2 5 0  FOR 1-1 TO ELECTRODES 
2 2 6 0  INPUT e l ,  DLOW, DHIGH 
2 2 7 0  DRES=DLOW+(DHIGH-240)*256 
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2 2 8 0  DVOLTS=ABS(DRES*(5/4096)) 
2 2 9 0  DVOLTS(I,J)=DVOLTS/S 
2 3 0 0  NEXT I 
2 3 1 0  : 
2 3 2 0  KEY(1 )  ON 
2 3 3 0  KEY(1 )  STOP 
2 3 4 0  : 
2 3 5 0  LOCATE 13,48,0:PRINT TIMES 
2 3 6 0  LOCATE 18.32.0:PRINT USING '###":K 
2 3 7 0  : 
2 3 8 0  I F  K<MAXDATUM GOTO 2 5 7 0  
2 3 9 0  I F  PASSES-]. GOTO 2 5 8 0  
2 4 0 0  I F  PASSlPASSES GOTO 2 5 8 0  
2 4 1 0  : 
2 4 2 0  T E M P F I L E S = T E M P D R I V E S + " : T E M P ' + M I D S ( S T R S ( P A S S ) , 2 , l ) + " . T M P n  
2 4 3 0  OPEN TEMPFILES FOR OUTPUT AS #3 

. .  

2 4 4 0  FOR J = l  TO ELECTRODES 
2 4 5 0  FOR J-1 TO 1 2 0  
2 4 6 0  PRINT #3, USING "#.CX##";DVOLTS(I,J) 
2 4 7 0  NEXT J 
2 4 8 0  LOCATE 13.48.0:PRINT TIMES 
2 4 9 0  LOCATE 18;67,0:PRINT USING *###" ; I  
2 5 0 0  NEXT I 
2 5 1 0  CLOSE #3 
2 5 2 0  t 
2 5 3 0  PASS=PASS+l 
2 5 4 0  LOCATE 15,POSPASS.I:PRINT PASS 
2 5 5 0  MAXDATUM=120*PASS:IF MAXDATUM>DATASETS THEN MAXDATUMIDATASETS 
2 5 6 0  : 
2 5 7 0  NEXT K 
2 5 8 0  CLOSE X1  

1 2 5 9 0  
2 6 0 0  
2 6 1 0  
2 6 2 0  
2 6 3 0  
2 6 4 0  
2 6 5 0  
2 6 6 0  
2 6 7 0  
2 6 8 0  
2 6 9 0  
2 7 0 0  
27 1 0  
2 7 2 0  
2 7 3 0  
2 7 4 0  
2 7 5 0  
2 7 6 0  
2 7 7 0  
2 7 8 0  
2 7 9 0  
2 8 0 0  
2 8 1 0  
2 8 2 0  
2 8 3 0  
2 8 4 0  
2 8 5 0  
2 8 6 0  
2 8 7 0  
2 8 8 0  
2 8 9 0  
2 9 0 0  
29 1 0  

J F I N A L s J  
I 
FOR K-1 TO DATASETS 

PRINT #2. USING "###.###":TIME(K) 
NEXT K 

I F  PASSES31 GOTO 2 9 7 0  

FOR PASSSl TO PASSES-1 
: 

T E M P F I L E S = T E M P D R I V E S + " : T E M P ~ + M I D % ( S T R S ( P A S S ~ , 2 , l ~ + " . T M P "  
FILENUMBER=PASS+Z 
OPEN TEMPFILES FOR INPUT AS #FILENUMBER 

NEXT PASS 

FOR 111 TO ELECTRODES 
FOR PASSP1 TO PASSES-I 
FILENUMBER=PASS+Z 

FOR J = C T O  1 2 0  ~ 

INPUT #FILENUMBER, VOLTAGE 
PRINT X 2 ,  USING "#.####";VOLTAGE 

NEXT J 
LOCATE 13.48.0:PRINT TIMES 

NEXT PASS 
FOR J = 1  TO JF INAL  

NEXT J 

LOCATE 18,67,0:PRINT USING "###";I  

, .  

PRINT X2, USING "#.####";DVOLTS(I,J) 

LOCATE 13,48,0:PRINT TIMES 

NEXT I 

CLOSE #2 
FOR PASSS1 TO PASSES-1 

; 
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2920 TEMPF1LES-TEMPDR1VES+':TEMPw+M1DS~STRS~PASS~,2,1~+'.TMP* 
2930 FILENUMBER-PASS+2 
2940 CLOSE #FILENUMBER:KILL TEMPFILES 
2950 NEXT PASS:GOTO 3100 
2960 : 
2970 FOR 1 1 1  TO ELECTRODES 
2980 FOR J-1 TO DATASETS 
2990 PRINT +2, USING *#.####';DVOLTS(I,J) 
3000 NEXT J 
3010 LOCATE 13,48,0:PRINT TIMES 
3020 LOCATE 18,67,0:PRINT USING '###':I 
3030 NEXT I 
3040 CLOSE #2 
3050 : 

3070 R E M  Shutdown The Program 3080 REM *cc*******t*****************..r*****s****e***~~********************* 
3090 : 
3100 LOCATE 20,5,0 
3110 PRINT 'Job complete ... 
3120 x 
3130 LOCATE 21,5.0 
3140 PRINT "The output fllename I s  FIX500.DAT. 
3150 : 
3160 LOCATE 22,5,1 
3170 FOR 1-1 TO 4:SOUND RND*1000+37,2:NEXT I 
3180 PRINT 'Do you wtsh the results dtsplaysd graphtcally? .; 
3190 XSLINKEYS 
3200 I F  XS-"Y' OR XS-"Y" THEN PRINT 'Yes.':GOTO 3290 

~~ 

3060 R E M  ****************CC**.**.***l .*.***L.*************************************** 

:REM Prtnt status message to screen 
W 

:REM !rlnt output filename to screen 

:REM Request contlnuatlon of program 

3210 I F  X%=*>" OR X%-'N" THEN PRINT 'No.':GOTO 3240 
3220 GOTO 3190 
3230 : 
3240 LOCATE 24,5,0 
3250 FOR 111 TO 4:SOUND RND*1000+37,2:NEXT I 
3260 PRINT "Program termtnated ... .: 
3270 FOR 111 TO 4000:NEXT 1:CHAIN 'HEAD500.EXE' 

3290 LOCATE 24,5,0 
3280 I 

3300 FOR I t 1  TO 4:SOUND RND*1000+37,2:NEXT I 
3310 PRINT 'Loadlng GRAPH500 graphic dlsplay drlver ...'; 
3320 FOR 1 - 1  TO 4000:NEXT I :REM Initlate tlme delay 
3330 : 
3340 CHAIN 'GRAPH500.EXE' 
3350 : 
3360 END 
3370 : 

3390 R E M  SUBROUTINE: Error Trapptng 

3410 : 
3420 N=ERR 
3430 IF ERR<>53 GOTO 3630 
3440 : 
3450 I F  DRIVES-'A" THEN DRIVES="B*xRESUME 
3460 I F  DRIVE$="B" THEN DRIVES="C':RESUME 
3470 I F  DRIVE$="C" THEN LOCATE 16.1.1 

rREM Prlnt shutdown message 

:REM Prlnt contlnuatfon message 

:REM Load graphlcs dtsplay program 

3380 RE M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3400 R E M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3480 I F  FILEFLAGs2 THEN FILES='SCAN500.HDRm ELSE FILES-'SCAN50#.DAT" 
3490 FIL E F L A G s 0  
3500 PRINT TAB(10) FILES I s  not resfdent In the computer." 

3520 FOR 111 TO 4:SOUND RND*l000+37,2:NEXT I 
3510 PRINT TAB(10) "Please lnstall " FILES " then press RETURN. ": 

3530 : 
3540 XS=INKEYS 
3550 I F  XS=CHRS(13) GOTO 3590 
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3560 I F  XS="x= OR XS="X' THEN CHAIN 'HEAD500.EXE" 
3570 GOT0 3540 
3580 : 

3600 LOCATE 17,10,0:PRINT TAB(80) 
3590 LOCATE 16,10,0:PRINT TAB(80) 

3610 DRIVES="A":RESUME 
3620 : 
3630 I F  ERR<>71 GOTO 3670 
3640 I F  DRIVES='A" THEN DRIVES="S":RESUME 
3650 IF DRIVES="B" THEN DRIVES="C":RESUME 
3660 : 
3670 LOCATE 20,10,1 
3680 FOR 111 TO 4:SOUND RND*1000+37,2rNEXT I 
3690 PRINT "Program e x e c u t f o n  has been h a l t e d  because of r u n t i m e  e r r o r  "; 
3700 PRINT USING " + X "  :N: 
3710 PRINT " i n  l l n e  ";:PRINT USING '+###';ERL; 
3720 PRINT " ." 

.~ 

3730 : 
3740 FOR 11 1  TO 4:SOUND RND*1000+37,2:NEXT I 
3750 FOR 1 3 1  TO 4000:NEXT 1:CHAIN 'HEAD500.EXE" 
3760 : 
3770 EN D  
3790 R E M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3780 : 

3800 REM SUBROUTINE: F u n c t l o n  Key F l  To Terminate Program E x e c u t i o n  

3820 : 
3830 CLOSE #l:CLOSE +2:KILL 'B:FIX500.DATM 
3840 FOR 111 TO 4:SOUND RND*1000+37,2:NEXT I 
3850 LOCATE 17,1,0:PRINT TAB(80) 
3860 LOCATE 18,1,0:PRINT TAB(80) 
3870 LOCATE 20,5,0:PRINT "Program e x e c u t f o n  has been h a l t e d .  O r f g f n a l  d a t a  "; 
3880 PRINT "has been p r e s e r v e d : "  
3890 PRINT TAB(5) "however t h e  f l l e  " CHRS(34) "FIX500.DAT" CHRS(34); 
3900 PRINT " has been e r a s e d . "  
3910 I 
3920 FOR 1 1 1  TO 4:SOUND RND*1000+37,2:NEXT I 
3930 FOR 1 1 1  TO 4000:NEXT 1:CHAIN "HEADS00.EXE' 
3940 : 
3950 END 

3810 R E M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. .  . 

1 3 2 0  : 
1 3 3 0  LOCATE 9,1,0 
1 3 4 0  PRINT TAB(10 )  'FIX500.DAT 1s r es l den t  on d r l v e  ' DRIVES '.' 
1 3 5 0  : 
1 3 6 0  LOCATE 11,1,0 
1 3 7 0  PRINT TAB(5 )  'From t h e  f o l l o w t n g  o p t t o n s : '  
1 3 8 0  LOCATE 13,1,0 
1 3 9 0  PRINT TAB(10 )  " 1  C o n s e c u t l v e  d f s v l a u  w t t h  user- set  t l m e  de 
1 4 0 0  
1 4 1 0  
1 4 2 0  
1 4 3 0  
1 4 4 0  
1 4 5 0  
1 4 6 0  
1 4 7 0  
1 4 8 0  
1 4 9 0  
1 5 0 0  

PRINT T A B ( I 0 )  ' 2  C o n s e c u t i v e  d t s p l a y  w l t h  user- togg 
PRINT TAB(10 )  " 3  D l s p l a y  a p a r t t c u l a r  e l e c t r o d e "  
LOCATE 17,1,1 
PRINT TAB(5 )  " P l e a s e  enter your s e l e c t f o n :  '; 

X$= I NKEYS 
I F  XS="1"  THEN PRINT XS:CHOICE=l:GOTO 1 5 1 0  
I F  X%="2"  THEN PRINT XS:CHOICE=Z:GOTO 1 5 2 0  
I F  XS="3"  THEN PRINT XS:CHOICE=S:GOTO 1 5 3 0  

GOT0 1 4 5 0  
: 

1 ay' 
l e d  t l m e  d e l a y '  

- _. ~ 

1 5 1 0  SELECTIONS= 'consecu t l ve  d f s p l a y  w l t h  user- set  t l m e  delay.':GOTO 1 5 5 0  
1 5 2 0  SELECTIONS="consecu t i ve  d l s p l a y  w f t h  user- toggled t lme delay.':GOTO 1 5 5 0  
1 5 3 0  SELECTIONS="s lng le  e l e c t r o d e  d t s p l a y . '  
1 5 4 0  : 
1 5 5 0  LOCATE 11,1,0:PRINT TAB(80 )  
1 5 6 0  LOCATE 13,1,0:PRINT TAB(80 )  
1 5 7 0  LOCATE 14,1,0:PRINT T A B ( 8 0 )  
1 5 8 0  LOCATE 15,1,0:PRINT TAB(80 )  
1 5 9 0  LOCATE 17,1,0:PRINT TAB(80 )  
1 6 0 0  : 
1 6 1 0  LOCATE 10,1,0 
1 6 2 0  PRINT TAB(10 )  ' O p t t o n  l s  ' SELECT1ONS:PRINT 
1 6 3 0  : 
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1640 
1650 
1660 
1670 
1680 
1690 
1 700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 

198d 
1970 

1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2 100 
21 10 
2120 
2130 
2140 
2150 
2160 
21 70 
2180 
21 90 
2 200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 

FILENAME1S=DRIVES+'tSCAN500.HDRm 
FILENAME2S=DRIVES+"rFIXS00.DAT" 

I F  CHOICE<>l GOT0 1750 
PRINT TAB(10) "Ttme delay between graphs tn seconds: '; 
INPUT: "",DELAY 
LOCATE , (0 
I F  DELAY>0 THEN PR1NT:PRINT:GOTO 1730 
DELAY=P:PRINT "2":PRINT 
DURATION=DELAY*2000 

FILENAMES="SCAN500,HDR" 
OPEN FILENAMElS FOR INPUT AS #1 :REM Initialize variables f o r  message 

CLOSE #1 
I N P U T  #l, A,8,A%,B%,CS,C,D,E,F,G $REM written to the screen 

RUNNUMBER=A 
DEMOFLAGoB 
IF DEMOFLAGs0 THEN DEMOFLAG%='" ELSE DEMOFLAGS="demonstration " 
ELECTRODES=D 
DATASETSoE 

IF RUNNUMBER>lIB THEN FlS="###" ELSE FlS='##* 
I F  R U N N U M B E R < l 0  THEN FlS="#" 

I F  DATASETS>100 THEN F2S="###" ELSE F20='#+' 
I F  DATASETS<10 THEN FZS='#" 

PRINT TAB(1I) 'Thls dataset 1s DEMOFLAGS .run number "; 
PRINT USING FlS; R U N N U M B E R ;  
PRINT " There are " *  

PRINT " electrodes," 
PRINT TAB(l0) "each with "; 
PRINT USING FZS; DATASETS; 
PRINT " timesteps.":PRINT 

: 

P R I N T  U ~ I N G  " I # " ;  ELE~TRODES; 

REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R E M  SETUP FUNCTION KEYS RE M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ON KEY(1) GOSUB 3570 
KEY(1) ON 
KEY(1) STOP 

ON KEY(2) GOSUB 3810 
KEY(2) ON 
KEY(?.) STOP 

ON KEY(3) GOSUB 4090 :REM Set up F3 to maxlmlze data 
KEY(3) ON :REM Acttvate F3 key capture 
KEY(3) STOP :REM Retain F3 for next KEY(3) ON 

KEY(4) OFF:KEY(5) OFF:KEY(C) OFFrKEY(7) OFF:KEY(8) OFF 
ON KEY(9) GOSUB 5730 :REM Set up F9 to generate PLOT file 
KEY(9) ON :REM Activate F9 key capture 
KEY(9) STOP :REM Retain F9 f o r  next KEY(9) ON 

ON KEY(l0) GOSUB 6040 
KEY( 10) ON 
KEY(10) STOP 

:REM Set up F 1  to halt execution 
:REM Activate F 1  key capture 
:REM Retaln F 1  f o r  next KEY(1) ON 

:REM Set up F2 to change window 
:REM Acttvate F2 key capture 
:REM Retatn F2 f o r  next KEY(2) ON 

t 

:REM Set up FIB to dlsplay HELP menu 
:REM Activate F 1 0  key capture 
:REM Retafn F 1 0  f o r  next KEY(10) ON 

RE M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R E M  INITIALIZE THE SCREEN FOR GRAPHIC DISPLAY 
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2320 
2330 
2348 
2358 
2360  
2370 
2380  
2390  
2 4 0 0  
24 10 
2420  
2430  

' MATCH=B:IF CHOICE<>3 COT0 2380  
' PRINT T A B ( I 0 )  'Enter t he  e l e c t r o d e  t o  be d l s p l a y e d :  ': 
' INPUT: " .MATCH 
' I F  MATCH>0 AND MATCH<-ELECTRODES THEN PR1NT:PRINT:GOTO 2380 
' FOR 111 TO 4:SOUND RND*1000+37,2:NEXT I 
' LOCATE ,1,0:PRINT TAB(80):LOCATE ,1,0:GOTO 2330  

PRINT TAB(10)  'The p r o g r a m  1s r e a d y  f o r  g r a p h l c  d t s p l a y . '  
PRINT TAB(10)  ' F u n c t i o n  k e y  F 1  t e r m l n a t e s  p r o g r a m  e x e c u t t o n  
I F  CHOICE=l THEN PR1NT:COTO 2440 
PRINT T A B ( I 0 )  ' F u n c t l o n  k e y  F2 changes t h e  d t s p l a y  wfndow.' 
PRINT TAB(10)  'The RETURN k e y  t o g g l e s  t he  n e x t  d lsp lay . ' :PR 
: 

I NT 

2440  LOCATE .,l 
2450  PRINT TAB(10)  'P ress  t h e  RETURN k e y  to b e g l n .  '; 
2460  XSsINKEYS 
2470  I F  XS=CHRS(13) GOTO 2500  
2480  GOT0 2 4 6 0  
2490  I 
2500  LOCATE ,I,0:PRINT TAB(80)  
2 5 1 0  LOCATE ,1,0:PRINT TAB(10)  "Working ...'; 
2520  FILENAMES="FIX50I.DATm 
2530  OPEN FILENAMEZS FOR INPUT AS #1 
2 5 4 0  INPUT # I ,  DATASETS 
2550  : 
2560  FOR 111 TO DATASETS 
2 5 7 0  INPUT # I ,  TIME(1)  
2580  NEXT I 
2590  XINC=592/TIME(DATASETS) 
2600  XMIN=B:XMAX=TIME(DATASETS) 
2610  XSTART=l:XFINISH=DATASETS 
2620  : 
2630  ELECTRODE=0 
2640  : 
2650  I F  EOF(1) THEN GOSUB 3570  
2660  : 

2 6 8 0  FOR Ill TO DATASETS 
2670  YMIN=9.999999E+37:YMAX=-9.999999E+37 

2690  INPUT + I ,  YVALUE(1) 
2700  I F  I<5 GOTO 2740 
2710  I F  I<XSTART OR I>XFIN ISH GOTO 2740 
2720  I F  YVALUE(I)>YMAX THEN YMAX=YVALUE(I) 

2740  NEXT I 
2730  I F  YVALUE(I)<YMIN THEN WIN-YVALUE(1) 

2750  I F  ABS(YMAX-YMIN)<.0001 THEN YMIN=YMAX-.I 
2760  OFFSET-(YMAX-YMIN)/ZB 
2770  YMIN=YMIN-OFFSET:YMAX=YMAX+OFFSET:YINC=l60/(YMAX-YMIN) 
2780  : 
2790  ELECTRODE=ELECTRODE+I 
2800  I F  MATCH>ELECTRODE GOT0 2670  
2 8 1 0  : 
2820  GOSUB 4690  
2830  : 
2840  LOCATE 1.44 
2850  PRINT USING "##':ELECTRODE 
2860  : 
2870  I F  XSTART<S THEN START=5 ELSE START=XSTART 
2880  FOR I-START TO XFINISH 
2890  X A X I S ~ I ) ~ 4 9 + I N T ~ X I N C e ~ T I M E ~ 1 ~ - X M I N ) )  
2900  Y A X I S ~ I ) ~ 1 7 0 - I N T ( Y I N C e ~ Y V A L U E ~ I ~ - Y M I N ) )  
2 9 1 0  I F  Y A X I S ( I ) < l B  THEN Y A X I S ( I ) = 1 0  
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2 9 2 0  I F  Y A X I S ( I ) > 1 7 0  THEN Y A X I S ( I ) = l 7 0  
2 9 3 0  I F  I<=START GOTO 2 9 5 0  
2 9 4 0  L I N E  ( X A X I S ( I - l ) , Y A X I S ~ I - l ~ ~ - ~ X A X I S ( I ~ , Y A X I S ~ I ~ ~  
2 9 5 0  NEXT I 
2 9 6 0  : 
2 9 7 0  KEY(1)  ON 
2 9 8 0  KEY( 1 ) STOP 
2 9 9 0  : 

:REM Check  f o r  p r o g r a m  t e r m t n a t l o n  
:REM R e t a l n  F 1  f o r  n e x t  KEY(1 )  ON 

3 0 0 0  I F  CHOICEI l  GOTO 3 1 1 0  
3 0 1 0  STARTFLAG=I 
3 0 2 0  KEY ( 1 ) ON 
3 0 3 0  KEY(2) ON 
3 0 4 0  KEY(3)  ON 
3 0 5 0  KEY(9 )  ON 
3 0 6 0  KEY( 1 0 )  ON 
3 0 7 0  XS=INKEY$ 
3 0 8 0  I F  X%=CHRS(l3)  60TO 3 1 3 8  
3 0 9 0  GOTO 3 0 7 0  
3 1 0 0  : 
3 1 1 0  FOR Is1 TO DURATI0N:NEXT I 
3 1 2 0  : 
3 1 3 0  KEY(1)  STOP:KEY(Z) STOP:KEY(3) STOP 
3 1 4 0  KEY(9)  STOP:KEY(10) STOP 
3 1 5 0  I F  YMAXFLAG=l AND C H O I C E 0 3  GOTO 2 6 5 0  
3 1 6 0  FOR I=START TO XFIN ISH 
3 1 7 0  I F  I<=START GOTO 3 1 9 0  
3 1 8 1  L INE  ~ X A X I S f I - 1 ) , Y A X l S I I - l ~ ~ - ~ X A X I S ~ I ~ , Y A X I S ~ I ~ ~ , 0  
3 1 9 0  NEXT I 
3 2 0 0  : 
3 2 1 0  I F  CHOICE<>3 GOTO 2650 
3 2 2 0  LOCATE 10,25,1 
3 2 3 0  PRINT " E n t e r  t h e  n e x t  e l e c t r o d e :  "; 
3 2 4 0  INPUT: " "  . NEWMATCH 
3 2 5 0  
3 2 6 0  
3 2 7 0  
3 2 8 0  
3 2 9 0  
3 3 0 0  
3 3  1 0  
3 3 2 0  
3 3 3 0  
3 3 4 0  
3 3 5 0  
3 3 6 0  
3 3 7 0  
3 3 8 0  
3 3 9 0  
3 4 0 0  
3 4 1 0  
3 4 2 0  
3 4 3 0  
3 4 4 0  
3 4 5 0  
3 4 6 0  
3 4 7 0  
3 4 8 0  
3 4 9 0  
3 5 8 0  
3 5 1 0  
3 5 2 0  
3 5 3 0  
3 5 4 0  
3 5 5 0  

LOCATE 10;25,0:PRINT TAB(80)  
I F  NEWMATCH=>0 AND NEWMATCH<=ELECTRODES GOTO 3281 
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3 5 6 0  
3 5 7 0  
35  8 0  
3 5 9 0  
3 6 0 0  
3 6 1 0  
3 6 2 0  
3 6 3 0  
3 6 4 0  
3 6 5 0  
3 6 6 0  
3 6 7 0  
3 6 8 0  
3 6 9 0  
3 7 0 0  
3 7 1 0  
3 7 2 0  
3 7 3 0  
3 7 4 0  
3 7 5 0  
3 7 6 0  
3 7 7 0  
3 7 8 0  
3 7 9 0  
3 8 0 0  

3 8 2 0  
3 8 1 0  

3 8 3 0  
3 8 4 0  
3 8 5 0  
3 8 6 0  
3 8 7 0  
3 8 8 0  
3 8 9 0  
3 9 0 0  
3 9 1 0  
3920  
3 9 3 0  
3 9 4 0  
3 9 5 0  
3 9 6 0  
3 9 7 0  
3 9 8 0  
3 9 9 0  
4 0 0 0  
4 0 1 0  
4020  
4030  
4 0 4 0  
4050  
4068 
4 0 7 0  
4 0 8 0  
4090  
4 1 0 0  
4 1  1 0  
4120 
41  3 0  
4140  
4 1 5 0  
4160  
4 1 7 0  
4180  
4190 

r 
CLOSE #1 
SCREEN 0.0.0 
GOSUB 3 4 3 0  

LOCATE 5,1,0 
FOR 1-1 TO 4:SOUND RND*1000+37,2:NEXT I 
PRINT T A B ( 1 0 )  'P rog ram e x e c u t t o n  h a s  been ha l t ed  a f t e r  d f s p l a y l n g  '; 
PRINT USING "##';ELECTRODE 
I F  ELECTRODE>l THEN PRINT TAB(10)  "graphs ";:GOTO 3 6 7 0  
PRINT T A B ( l 0 )  "graph "; 
PRINT 'out o f  a t o t a l  of "; 
PRINT USING '##';ELECTRODES; 
PRINT ' f n  the  d a t a s e t . '  

LOCATE 9 , l - 1  
PRINT TAB(10 )  'P rog ram t e r m i n a t e d  ... -. 
FOR 1-1 TO 4000:NEXT I r C H A I N  "HEAD500.EXi" 

RETURN 

: 

x 

x 

I 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM SUBROUTINE: E x e c u t e  F u n c t f o n  Keys F2-F4 -- Change D f s p l a y  Wlndow 
REM * * * * * * * * * * * * * * * * * * * * * * * t * * I * * L * . * * * * * * * * * * * * * * * * * * * * * * * * * * * n * * m * * * * * * * * *  

x 
KEY(1)  STOP 
KEY(2) STOP 
KEY(3)  STOP 
KEY(4)  STOP 
KEY(9)  STOP 
KEY(10)  STOP 
WINDOWFLAG=0:GOSUB 3 3 8 0  
LOCATE 6.1.0 
PRINT TAB(10 )  "From the  f o l l o w f n g  o p t l o n s r '  
LOCATE 8 . l .B  
PRINT TAB(15 )  " X  Change t h e  s c a l e  o f  the x- 8 x 1 s"  
PRINT TAB(15 )  " Y  Change t h e  s c a l e  o f  t h e  y - a x f s '  
PRINT TAB(15 )  " 2  Change t h e  s c a l e s  o f  both axes. 
LOCATE 12,1,0 
PRINT TAB(15 )  'D 
LOCATE 14,1,1 

Return t o  m l n l m u m  s c a l e  on bo th  a x e s  ( d e f a u l t ) '  

PRINT TAB(10 )  ' P l e a s e  enter your s t l e c t l o n :  -: 

XS=INKEYS 
t 

I F  XS=.x' OR XS="X" THEN PRINT 'Change x - a x l s " r G O T 0  4060  
I F  XS='y' OR XS='Y' THEN PRINT "Change y-axts" :GOTO 4 0 7 0  
I F  XS='2"  THEN PRINT 'Change b o t h  axes' rGOT0 4 0 8 0  
I F  XS-"d"  OR XS-"D" THEN PRINT " M a x l m l r e  a l l  d a t a ' r 6 0 T O  4 0 9 0  

GOT0 3 9 9 0  

PRINTrGOSUB 4170:GOSUB 4280:GOSUB 4520:6OSUB 4690:GOTO 2840  
PR1NT:GOSUB 4420:GOSUB 4630:GOSUB 4690:GOTO 2 8 4 0  
PRINTrGOSUB 4170:GOSUB 4280:GOSUB 4420:GOSUB 4630:GOSUB 4690:GOTO 2840  
KEY(1) STOP:KEY(P) STOP:KEY(3) STOP:KEY(S) STOP:KEY(10) STOP 
XMIN~I:XMAX~TIME(DATASETS):YMIN~9.999999E+37:YMAX=-9.999999E+37 
GOSUB 4280:GOSUB 4520:GOSUB 4690:GOTO 2 8 4 0  
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4 2 0 0  I F  XMAX>TIME(DATASETS) THEN XMAX=TIME(DATASETS) 
4 2 1 0  I F  XMIN<XMAX THEN RETURN 
4 2 2 0  FOR 111 TO 4:SOUND RND*1000+37.2:NEXT 1:GOTO 4 1 7 0  

4 4 3 0  PRINT T A B ( I 0 )  " E n t e r  t h e  i i m l t s  o f ' t h e  y- axis  ( m i n ,  m a x ) :  "; 
4 4 4 0  INPUT; '",YMAX,YMIN 
4 4 5 1  I F  YMIN>YMAX THEN RETURN 

4 5 3 0  I F  XSTART<5 THEN STARTIS ELSE STARTmXSTART 
4 5 4 0  FOR I=START TO X F I N I S H  
4 5 5 0  I F  YVALUE(I)>YMAX THEN YMAXrYVALUE(1) 
4 5 6 0  I F  VVALUE( I )<YMIN  THEN YMINsYVALUE(1)  
4 5 7 0  NEXT I 
4 5 8 0  t 
4 5 9 0  I F  ABS(YMAX-YMIN)<.0001 THEN YMINmYMAX-.I 
4 6 0 0  OFFSET=(YMAX-YMIN)/20 
4 6 1 0  I F  YFLAGs0 THEN YMAX=YMAX+OFFSET:VMINIYMIN-OFFSET 
4 6 2 0  t 
4 6 3 0  V I N C = 1 6 0 / ( Y M A X - Y M I N ) : Y F L A G e l r R E T U R N  
4 6 4 0  I 

4 6 6 0  REM SUBROUTINE: D r a w  C o o r d l n a t e  A x e s  A n d  S c a l e  A x e s  

4 6 8 0  : 
4 6 9 0  CLStKEV 0FF:SCREEN 2 
4 7 0 0  : 
4 7 1 0  LOCATE 10 , l :PR INT  'V" 
4 7 2 0  LOCATE 11 , l :PR INT  "0"  
4 7 3 0  LOCATE 12.1:PRINT " 1 "  
4 7 4 0  LOCATE 1 3 , l r P R I N T  at" 
4 7 5 0  LOCATE I4 .1 :PR INT  "s" 
4 7 6 0  : 
4 7 7 0  L I N E  ( 4 7 , 8 ) - ( 4 7 , 1 7 4 )  
4 7 8 0  L I N E  ( 4 8 , 8 ) - ( 4 8 , 1 7 4 )  
4 7 9 0  L I N E  ( 4 2 , 1 7 1 ) - ( 6 3 9 , 1 7 1 )  
4 8 0 0  t 
4 8 1 0  LOCATE 24 .35 :PRINT " T t m e  ( s e c o n d s ) " ;  
4 8 2 0  t 
4 8 3 0  LOCATE 1 ,34  

4 6 5 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 6 7 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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4 8 4 0  
4 8 5 0  
4 8 6 0  
4 8 7 0  
4 8 8 0  
4 8 9 0  
4 9 0 0  
49 10 
4 9 2 0  
4 9 3 0  
4 9 4 0  
4 9 5 0  
4 9 6 0  
4 9 7 0  
4 9 8 0  
4 9 9 0  
5 0 0 0  
5 0 1 0  
5 0 2 0  
5 0 3 0  
5 0 4 0  
5 0 5 0  
5 0 6 0  
5 0 7 0  
5 0 8 0  
5 0 9 0  
5 100 
5 1  10 
5 1  2 0  
5 1 3 0  
5 1 4 0  
5 1 5 0  
5 1 6 0  
5 1 7 0  
5 1 8 0  
5 1 9 0  
5 2 0 0  
5 2 1 0  
5 2 2 0  
5 2 3 0  
5 2 4 0  
5 2 5 0  
5 2 6 0  
5 2 7 0  
5 2 8 0  
5 2 9 0  
5 3 0 0  
5 3 1 0  
5 3 2 0  
5 3 3 0  
5 3 4 0  
5 3 5 0  
5 3 6 0  
5 3 7 0  
5 3 8 0  
5 3 9 0  
5 4 0 0  
5 4 1 0  
5 4 2 0  
5 4 3 0  
5 4 4 0  
5 4 5 0  

PRINT ' E l e c t r o d e ' ;  

REM S c a l e  T h e  X - a x l s  And  P r l n t  T f c s  

EXPONENT-0 
SCALER=TIME(XFINISH)-TIME(XSTART) 
I F  SCALER<=l0 GOTO 4 9 3 0  

I 

SCALER=SCALER/l0 
EXPONENT-EXPONENT+l:GOTO 4 9 0 0  

. . - 

SCALER=INT(SCALER) 

FOR 110 TO SCALER 

~ ~ . 

: 

X1-47+XINC*I*10AEXPONENT 
X Z = X I + I  
L I N E  ~ X 1 . 1 7 1 ~ - ~ X 1 . 1 7 4 ~  

COLUMN-INT(XI/O) 
L I N E  (X2,171) - (X2,174)  

I F  COLUMN>77 THEN COLUMN-78 
XSCALE=I*I0^EXPONENT+XMIN - . . . . . . . - . . 
LOCATE 23,COLUMN 
PRINT USING '###";XSCALE; 

NEXT I 
: 
REM S c a l e  T h e  Y - a x l s  A n d  P r l n t  T f c s  

FOR YT IC-11  TO 155  STEP 16 

NEXT YTIC 
L I N E  ( 4 2 , V T I C ) - ( 4 7 , V T I C )  

VSTEP=(YMAX-VMIN)/ l0 
ROW=0 
FOR VSCALE=VMAX TO VMIN STEP -VSTEP 

: 

: 

I F  VSCALE=VMAX THEN FORMATS='I.##. ELSE FORMATS='.##" 
I F  VSCALElVMAX THEN COLUMN=2 ELSE COLUMN13 
ROW=ROW+2 
LOCATE ROW.COLUMN.0 
PRINT USING F0RMATS:VSCALE 
I F  VSTEP<.I I  GOTO 5 2 5 0  

NEXT VSCALE 
IF V S C A L E - V S T E P < V M I N ~ ~ O T O  5 2 5 1  

I 

LOCATE 22,2,0 
PRINT USING "#.##":YMIN 

RETURN 
: 

I 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM SUBROUTINE: E r r o r  T r a p p l n g  
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: 
N-ERR 
I F  ERR<>53 60TO 5 5 5 0  

I F  DRIVES="A" THEN DRIVES="B'rRESUME 
I F  DRIVES-"B" THEN DRIVE%="C':RESUME 
I F  DRIVES=*C* THEN LOCATE 16.1.1 
I F  FILEFLAG=P THEN FILES='SCAN500.HDRn ELSE FILES="FIX500.DATn 
FILEFLAG- 0 
PRINT TAB(10)  F I L E S  " 1s not  r es l den t  l n  t h e  computer.' 
PRINT TAB(10 )  " P l e a s e  l n s t a l l  ' F I L E S  " then p r e s s  RETURN. 
FOR 1-1 TO 4:SOUND RND*1000+37,2:NEXT I 
t 

5 4 6 0  XS-INKEVS 
5 4 7 0  I F  XS=CHRS(13) GOTO 5 5 1 0  
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5 4 8 0  I F  XS='x" OR XSS'X' THEN CHAIN 'HEAD500.EXE' 
5 4 9 0  GOT0 5 4 6 0  
5 5 0 0  : 
5 5 1 0  LOCATE 16,10,0:PRINT TAB(80)  
5 5 2 0  LOCATE 17.10.0:PRINT TAB(80)  
5 5 3 0  DRIVES-"A":RESUME 
5 5 4 0  : 
5 5 5 0  I F  ERR<>71 GOT0 5 5 9 0  
5 5 6 0  I F  DRIVES- "A" THEN DRIVES='B':RESUME 
5 5 7 0  I F  DRIVES="B" THEN DRIVES-"C'rRESUME 
5 5 8 0  : 
5 5 9 0  LOCATE 20 .10 , l  
5 6 0 0  FOR 111 TO 4rSOUND RND*1000+37,2tNEXT I 
5 6 1 0  PRINT ' P r o g r a m  e x e c u t f o n  h a s  been h a l t e d  because o f  r u n t l m e  error  
5 6 2 0  PRINT USING "##";N;  
5 6 3 0  PRINT " ." 
5 6 4 0  : 
5 6 5 0  FOR Is1 TO 4000:NEXT 1:CHAIN "HEAD500.EXE' 
5 6 6 0  : 
5 6 7 0  END 
5 6 8 0  : 

5 7 0 0  REM SUBROUTINE: E x e c u t e  F u n c t i o n  Key F9  - G e n e r a t e  PLOT F l l e  

5 7 2 0  : 
5 7 3 0  KEY(1)  STOPrKEY(2) STOP:KEY(3) STOP:KEY(4) STOP 
5 7 4 0  KEY(9)  STOP:KEY(IB) STOP 
5 7 5 0  LOCATE 25.1 .1  
5 7 6 0  PRINT 'Enter t h e  dr lwe d e s l g n a t l o n :  .; 
5 7 7 0  XS=INKEYS 
5 7 8 0  I F  XS="a"  OR XS="A" THEN DRIVES="A":GOTO 5 8 3 0  
5 7 9 0  I F  XS="b"  OR XS="B" THEN DRIVES="B":GOTO 5 8 3 0  
5 8 0 0  I F  X%="C"  OR XS="C" THEN DRIVE%="C"rGOTO 5830 
5 8 1 0  GOTO 5 7 7 0  
5 8 2 0  : 
5 8 3 0  PRINT DRIVES; 
5 8 4 0  RUNNUMBERS=MIDS(STR$(RUNNUMBER).2) 

5 6 9 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 7 1 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 8 5 0  ELECTRODES=MIDS~STRS(ELECTRODE);Z)  
5 8 6 0  P L O T F I L E S = D R I V E % + " : R U N " + R U N N U " + E L E C T R O D E $ + ' . D A T "  
5 8 7 0  : 
5 8 8 0  OPEN PLOTFILES FOR OUTPUT AS 1.2 
5 6 9 0  FOR I=START TO XF IN ISH 
5 9 0 0  PRINT +2, USING "+#X.### #.#+++";TIME(I),YVALUE(I) 
5 9 1 8  NEXT I 
5 9 2 0  CLOSE +2 
5 9 3 0  : 
5 9 4 0  LOCATE 25.1.1 

5 9 6 0  XS=INKEYS 
5 9 5 0  PRINT ' F l l e  " PLOTFILES ' c r e a t e d .  Press RETURN t o  c o n t l n u e .  "; 

5 9 7 1  I F  X$=CHRS(13) THEN LOCATE 25.1.0:PRINT TAB(80);:GOTO 3 0 2 0  
5 9 8 0  GOTO 5 9 6 0  
5 9 9 0  
6 000 
6 0 1 0  
6 0 2 0  
6 0 3 0  
6 0 4 0  
6 0 5 0  
6 0 6 0  
6 0 7 0  
6 0 8 0  
6 0 9 0  
6 100 
6 1  I0  
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6120 PRINT TAB 
6130 PRINT TAB 
6140 PRINT TAB 
6150 PRINT TAB 
6160 PRINT TAB 
6170 PRINT TAB 
6180 PRINT TAB 
6190 PRI N T  TAB 
6200 PRINT TAB 
6210 PRINT TAB 
6220 PRINT TAB 

I 
I 
I 

1 
1 
1 
1 
1 
I 

! 0 )  'Key Functton' 
,0);rFOR I = l  TO 60rPRINT HSS;:NEXT I 
.0) 'F1 
. 0 )  "F2 

Termfnate program exccutlon' 

-0) 'F3 
Change graphtc dtsplay wfndow' 

10) 'F4' 
Maximize graphlc dlsplay of  the data on both axes' 

. 0 )  'F6' 
-0) 'F7' 
0 )  'FB' 

10) 'F5' 

: i i j  =is Generate a PLOT f l l e  of  the data on the screen. 
6230 PRINT TAB(10) O F 1 0  Prtnt the HELP menu (thts screen)' 
6240 PR1NT:PRINT:PRINT TAB(5) 'Press the RETURN key to conttnue program *; 
6250 PRINT 'executlon. ': 
6260 LOCATE ,,1 
6270 XSsINKEYS 
6280 I F  XS-CHRS(13) GOTO 2820 
6290 GOTO 6270 
6300 : 
6310 RETURN 
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1000 REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1010 REM * * 
1 0 2 0  REM * 

E l e c t r o d e  C h a r g e  T i m e / T r a c e r  C o n c e n t r a t t o n  C a l i b r a t t o n  
P r o g r a m  F o r  KEITHLEV/das S e r t e s  5 0 0  AOMl C a r d  * 

1 0 3 0  REM * * 
1 0 4 0  REM * 

U s i n g  a D i g i t a l  Mult i-Meter O r  I n t e r n a l  AMMl O r  AIM3 C a r d  * 
1 0 5 0  REM * 
1 0 6 0  REM * 

P r o g r a m  Name: TEST500.BAS * 
* 

1 0 7 0  REM * Wtth Options F o r  A l t e r n a t i v e  V o l t a g e  I n p u t s  * 
1 0 8 0  REM * * 
1 0 9 0  REM * 

And  A L i n e a r t t y  P r o g r a m  F o r  Any  G i v e n  V o l t a g e  Range 

1 1 0 0  REM * Wr i t ten  02 M a r c h  1986 by L a w r e n c e  W. B o u e t t  * 
1 1 1 0  REM * * ( C )  Copyr ight  1986  by LaBoDAS, I n c .  

1 1 3 0  : 
1 1 4 0  DEF SEG=&HAFF0 :REM Deftne segment address 
1 1 5 0  POKE hH9A.0 :REM S e t  g l o b a l  g a i n  a t  x 1  
1 1 6 0  DMM=B:AMM=B:SPACEBAR=0 :REM S e t  i n te rna l  f l a g s  t o  z e r o  
1 1 7 0  CHARGE=0:SELECTION=0 
1 1 8 0  : 
1 1 9 0  GOSUB 9 0 4 0  :REM P r i n t  p r o g r a m  h e a d e r  
1 2 0 0  : 
1 2 1 0  STROBEILHSD 
1 2 2 0  POKE STROBE.64 
1 2 3 0  : 
1 2 4 0  LOCATE 5,1,0,0,7 :REM S e l e c t  p r o g r a m  
1 2 5 0  PRINT TAB(10)  'Choose a p r o g r a m  op t ion  from the  l i s t  b e l o w : '  
1 2 6 0  LOCATE 7,1,0 
1270  PRINT TAB115) . l  G e n e r a l  t e s t  e l e c t r o d e  p r o g r a m "  
1280  PRINT TAB(15 )  "2 S p e c i a l  e f f l u e n t  c o n c e n t r a t i o n  program" 
1 2 9 0  PRINT TAB(15 )  " 3  G e n e r a l  c a l i b r a t i o n  program" 
1 3 0 0  PR1NT:PRINT TAB(15 )  'X 
1 3 1 0  : 

E x i t  t h e  p r o g r a m "  

1 3 2 0  LOCATE 14,1,1 
1330  PRINT TAB(10 )  " E n t e r  your s e l e c t i o n :  * ;  
1 3 4 0  XS=INKEYS 
1 3 5 0  I F  X S = " l "  THEN SELECTION=l:GOTO 1 4 5 0  
1360  I F  XS="2" THEN SELECTION=Z:GOTO 1 3 4 0  
1 3 7 0  I F  XS="3"  THEN SELECTION=3:GOTO 1 7 3 0  

1 3 9 0  GOTO 1 3 4 0  
1 3 8 0  I F  XS="x "  OR X$="X" GOTO 7 2 5 0  

1 4 0 0  : 

1 4 2 0  REM PROGRAM 1: S e t  Up T o  Run T h e  G e n e r a l  T e s t  E l e c t r o d e  P r o g r a m  

1440  : 
1450  CMDA=&H82:CMDB=tH83rAIMSLOT=l:AOMSLOT=2 

* 

1 1 2 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:REM Def lne s t r o b e  a d d r e s s  
:REM E n a b l e  s t robe  

1 4 1 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 4 3 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 4 6 0  C H A N N E L O U T = B : C H A N N E L I N I B  
1 4 7 0  DIVISOR=5/4096:OFFSET=2.5 
1 4 8 0  AMM=l:SPACEBAR=l 

:REM Def ine program p a r a m e t e r s  

1 4 9 0  : 
1 5 0 0  GOSUB 9 0 4 0  
1 5 1 0  LOCATE 6.1.0 :REM Check  op t ions  
1 5 2 0  PRINT TAB(5 )  'YOU a r e  p e r f o r m t n g  a v o l t a g e  t n p u t  c h e c k  u s t n g  '; 
1530  PRINT " t he  t e s t  e l e c t r o d e . "  
1 5 4 0  PRINT TAB(5 )  "If t h i s  i s  NOT w h a t  you w a n t  then p r e s s  ESC; o t h e r w l s e , ' ;  
1 5 5 0  PRINT "immerse" 
1 5 6 0  PRINT TAB(5 )  " t he  t e s t  e l e c t r o d e  i n  t he  s o l u t t o n  t o  be t e s t e d " ;  
1 5 7 0  PRINT " t h e n  p r e s s  RETURN. "; 
1 5 8 0  LOCATE ,,1 
1 5 9 0  : 
1 6 0 0  XS=INKEYS 
1 6 1 0  I F  X%=CHRS(13) GOT0 1 6 5 0  
1 6 2 0  I F  X%=CHRS(27) THEN CLSIGOTO 1 1 4 0  
1 6 3 0  GOTO 1 6 0 0  
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1 6 4 0  : 
1 6 5 0  LOCATE 7.1.0:PRINT TAB(80) 
1 6 6 0  LOCATE 8.1.0:PRINT TAB(80):GOSUB 9600rGOTO 6860  
1 6 7 0  t 

tREM S c r e e n  c l e a n u p  

i 688 
1 6 9 0  
1700  
1 7 1 0  
1 7 2 0  
1 7 3 0  
1740  
1750  
1 7 6 0  
1770  
1786  
1790  
1800  
1810  
1820  
1 8 3 0  

: 
LOCATE 
LOCATE 
LOCATE 
LOCATE 
LOCATE 
LOCATE 
LOCATE 

LOCATE 
: 

5,1,0:PRlNT TAB(80)  :REM S c r e e n  c l e a n u p  
7.1.0:PRINT TAB(80)  
8.1.0:PRSNT TA6(80)  
9,l.B:PRINT TAB180) 
11,1,0:PRINT TAB(80)  
12.1.0:PRINT TAB(80)  
14.1.0:PRINT TAB(80) 

5.1.0 :REM Get AOMl c a r d  t v D e  
PRINT T A B ( l 0 )  ' E n t e r  t h e  f o l l o w l n g  l n f o r m a t l o n r '  
LOCATE 7.1.0 

- --. - 
1840  PRINT T A B ( l 5 )  'AOMl c a r d  type: ': 
1850  PRINT TAB(17)  '2 AOM1/2' 
1860  PRINT TAB(17)  '5 . AOM1/5' 
1870  : 
1880  LOCATE 7.32.1 
1890  XS=INKEYS 
1900 I F  XS='2" GOTO 1940  
1910  I F  XS="5" GOTO 1940  
1920  I F  XS=.x" OR XS="X' COTO 7250  
1930  GOTO 1890  
1940  PRINT XS:CARD=VAL(XS):TYPESrXS 
1950  : 

:REM S e t  v a r l a b l e s  

1960  LOCATE 11.1.1 :REM Get AOMl s l o t  number 
1970  PRINT TAB(15)  'AOMl/" TYPES ' s l o t  number (2 -10 ) :  '; 
1980  GOSUB 9 2 6 0  
1990  PRINT XS:AOMSLOT=VAL(XS) 
2000  : 
2010  LOCATE 13.1.1 :REM Get AOMl c h a n n e l  number 
2020  I F  CARD12 THEN AS='(0-1) '  ELSE AS=" (0 -4 ) '  
2030  PRINT TAB(15)  ' O u t p u t  c h a n n e l  number o f  AOM1/" TYPES ' AS 'I ': 
2040  XS=INKEYS 
2050  I F  X S = " 0 "  GOTO 2130  ~~ ~ ~ 

2060  
2070  

2090  
2080  

2 100 
2 1  10 
2 1  2 0  
2130  
2140  
2150  
2160  
2170  
2180  
2190  
2 200  
22 1 0  
2220 
2230  
2240  
2250  
2260  
2270  

I F  X S = ~ ~ "  GOTO 2I3B 
I F  CARD=Z GOTO 2040  
I F  XS="Z" GOTO 2130  
I F  X$="3" GOTO 2130  
I F  XS="4' GOTO 2130  
I F  X$=.X" OR XS='X' GOTO 7 2 5 0  

GOTO 2040  
PRINT XS:CHANNELOUT=VAL(XS) 

LOCATE 15.1.0 
PRINT TAB(15)  ' O u t p u t  r a n g e  o f  AOMl/' TYPES ' t  '; 
PRINT TAB(17)  "1 0 t o  +5V' 
PRINT TAB(17) '2 0 t o  + 1 0 V '  
PRINT TAB(17) '3 +/-  2.5Y' 
PRINT TAB(17)  " 4  + /-  5V' 
PRINT TAB(17) " 5  + /-  10V '  

LOCATE 15,40,1 
XS= INKEYS 

: 
:REM Get output r a n g e  

: 

I F  X S = " l "  THEN GOSUB 9450:GOTO 2330  
I F  XS="2" THEN GOSUB 9470:GOTO 2330  
I F  X$="3* THEN GOSUB 9490:GOTO 2330 

o f  AOMl 
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2 2 8 0  I F  XS='4' THEN GOSUB 9510:GOTO 2 3 3 0  
2 2 9 0  I F  XS="5"  THEN GOSUB 9530:GOTO 2 3 3 0  
2 3 0 0  I F  XS=*x "  OR XS="X" GOT0 7 2 5 0  
2 3 1 0  GOTO 2 2 4 0  
2 3 2 0  I 
2 3 3 0  PRINT XS:VOLTSS=LOWS 
2 3 4 0  : 
2 3 5 0  
2 3 6 0  
2 3 7 0  
2 3 8 0  
2 3 9 0  
2 4 0 0  
24 10 
2 4 2 0  
2 4 3 0  
2 4 4 8  
2 4 5 0  
2 4 6 0  
2 4 7 0  
2 4 8 0  
2 4 9 0  
2 5 0 0  
2 5 1 0  
2 5 2 0  
2 5 3 0  
2 5 4 0  

LOCATE 22,1,0 :REM T o g g l e  DMM or AMMl c a r d  f o r  I n p u t  
PRINT T A B ( l 5 )  "Method of ou tpu t  d isp lays '  
PRINT TAB(17 )  " 1  
PRINT TAB(17 )  " 2  AMMl or AIM3 c a r d " :  

D i g l t a l  Mul t i-meter '  

LOCATE 22,42,1  
XS= I NKEYS 

I 

I F  X S = " l "  THEN METHODS="a d i g i t a l  mu l t l -meter " rDMM=l :GOTO 4 6 6 0  
I F  XS="2"  THEN DMM=0tGOTO 2 5 1 0  
I F  X % = " X "  OR X $ = " X "  GOTO 7 2 5 0  

GOTO 2 4 1 0  

REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM ANALOG INPUT OPTION FOR PROGRAM 3 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 

GOSUB 9 0 4 0  :REM P r l n t  p r o g r a m  h e a d e r  
LOCATE 6,1,0 :REM Get t n p u t  c a r d  type 

PRINT TAB(17 )  " 1  
PRINT TAB(10 )  ' E n t e r  t he  i n p u t  c a r d  type:"  

AMMl c a r d "  
2 5 5 0  PRINT TAB(17 )  '2  AIM3 c a r d "  
2 5 6 0  LOCATE 6.38.1 
2 5 7 0  XS=INKEY$ 
2 5 8 0  I F  X S = " l "  THEN METHODS="the AMMl card":A$='(0-7)":AMMPlrROWllb:GOTO 2 6 7 0  
2 5 9 0  I F  XS="2"  THEN METHOD$="the AIM3 card":AS="(0-3l)":ROW=121GOT0 2 6 2 0  
2 6 0 0  I F  X%="X"  OR XS="X' GOTO 7 2 5 0  
2 6 1 0  GOT0 2 5 7 0  
2 6 2 0  PRINT XS 
2 6 3 0  : 
2 6 4 0  LOCATE 10,l.l 
2 6 5 0  PRINT T A B ( l 0 )  ' E n t e r  t h e  s l o t  number o f  t h e  AIM3 c a r d  ( 2 - 1 0 ) :  ': 
2 6 6 0  GOSUB 9 2 6 0  
2 6 7 0  PRINT XS:AIMSLOT=VAL(XS) 
2 6 8 0  I 
2 6 9 0  LOCATE ROW,l, l  
2 7 0 0  PRINT T A B ( 1 0 )  ' E n t e r  t he  Input  c h a n n e l  on METHODS " AS; 
2 7 1 0  I F  AMM=0 THEN PRINT " then press RETURN: ";:GOT0 2 8 6 0  
2 7 2 0  PRINT .: "; 
2 7 3 0  XS=INKEYS 
2 7 4 0  I F  X$="0"  GOTO 2 8 4 0  
2 7 5 0  I F  X$- "  1 " GOTO 2 8 4 0  
2 7 6 0  1F XS="2"  GOTO 2 8 4 0  
2 7 7 0  I F  XS=*3 "  GOTO 2 8 4 0  
2 7 8 0  I F  X%="4 "  GOTO 2 8 4 0  
2 7 9 0  I F  XS="5"  GOTO 2 8 4 0  
2 8 0 0  I F  XS="6"  GOTO 2 8 4 0  
2 8 1 0  I F  X%="7"  GOTO 2 8 4 0  
2 8 2 0  I F  X%="x "  OR XS="X' GOTO 7 2 5 0  
2 8 3 0  GOTO 2 7 3 0  
2 8 4 0  PRINT XS:CHANNELIN=VAL(XS)sGOTO 2 9 0 0  
2 8 5 0  : 
2 8 6 0  INPUT "",CHANNELIN 
2 8 7 0  I F  CHANNELIN=>0 AND CHANNELIN < = 3 1  GOTO 2 9 0 0  
2 8 8 0  LOCATE ROW,l,l:BEEP:PRINT TAB(80):GOTO 2 6 9 0  
2 8 9 0  I 
2 9 0 0  LOCATE ROW+2,1,0 ;REM Get c a l l b r a t i o n  op t ion  
2 9 1 0  PRINT TAB(10 )  " E n t e r  the type o f  c a l l b r a t i o n :  ": 

:REM Get AIM3 s l o t  number 

:REM Get  AOMl c h a n n e l  number 

:REM Get AIM3 c h a n n e l  number 
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2920 POSITION=POS(X) - 
2930 
2940 
2950 
2960 
2970 
2980 
2990 
3000 
301 0 
3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3 100 

PRINT TAB(17) '1 channel' CHANNELOUT 'of the AOMl/' TYPES ' card .; 
PRINT 'in slot" AOMSLOT 
PRINT TAB(17) '2 Electrode charge ttme/tracer concentratton' 

LOCATE ROW+2,POSITION,I 
X$= INKEYS 

: 

.. ~- ~ 

I F  XS='l' GOT0 4660 
IF XS="2" THEN PRINT XS:GOTO 3080 
I F  XS-'x' OR XS-'X" COTO 7250 

GOTO 2980 

3110 INPUT '",CONCENTRATION 
3120 I F  CONCENTRATION=B THEN LOCATE ROW+6,POSITION,0:PRINT "distilled water' 
3130 I F  CONCENTRATION<B THEN LOCATE ROW+6,1,B:PRINT TAB(80):BEEP:GOTO 3080 
3140 : 
3 150 LOCATE ROW+8 * 1.0 :REM Get type of test 

3170 POSITION=POSIX) 
3160 PRINT TAB(10) 'Enter the type of test: '; 
3180 PRINT TAB(17) '1 Electrode charge tfne" 
3190 PRINT TAB(17) '2 Input voltage '; 
3200 IF CONCENTRATION>B GOTO 3220 
3210 PRINT 'using disttlled water'rGOT0 3240 
3220 PRINT "at' CONCENTRATION "ppm tracer concentration" 
3230 t 
3240 LOCATE ROW+8,POSITION,l 
3250 XSsINKEYS 
3260 I F  X S = " l "  THEN TESTS='an electrode ch8rse time':CHARGE=l:GOTO 3310 
3270 I F  XS="2" THEN TESTS="a concentratlon voltage'rGOT0 3310 
3280 I F  XS='x' OR XS="X' GOTO 7250 
3290 COTO 3250 
3380 : 
3310 GOSUB 9040 
3320 LOCATE 6.1 *0 :REM Check opt 
3330 PRINT TAB(5) 'YOU are Derformlna ' TESTS ' test us 
3340 PRINT CHANNELOUT 'output' 
3350 PRINT TAB(5) "from the AOMl/' TYPES ' card in slot 
3360 PRINT ' volts DC and channel" CHANNELIN 'input" 
3370 PRINT TAB(5) "of ' METHODS; 
3380 I F  D M M = 0  THEN PRINT ' in slot '; 
3390 I F  D M M = 0  A N D  AMM=l THEN PRINT "1';rGOTO 3420 
3400 I F  AIMSLOT-10 THEN FORMATS="##' ELSE FORMATS='#' 

- 
t ons 
tng channel'; 

3410 IF D M M = 0  THEN PRINT USING F0RMATS;AIMSLOT; 
3420 PRINT * The tracer '; 
3430 I F  CONCkNTRATION>I GOTO 3450 
3440 
3450 
3460 
3470 
3480 
3490 
3 500 
3510 
3520 
3530 
3540 
3550 

" AOMSLOT 'at ' RANGES; 

PRINT "is dtstilled water. ';:POSITION=POS(X):GOTO 3460 
PRINT 'concentration Is" CONCENTRATION 'ppm.' 
PRINT TAB(5) "If this 1s NOT what you want then press ESC; otherwise, "; 
PRINT "connect channel' 
PRINT T A B O )  CHANNELOUT 'output of the AOMl/' TYPES ' card to test * ;  
PRINT 'point one (TP1) o f  the elcctrtde" 
PRINT zAB15) 'test stand and channel CHANNELIN 'input o f  ' METHODS; 
PRINT to test point two (TP2)" 
PRINT TAB(5) 'then press RETURN. "; 

LOCATE ,.l:BEEP 
XS= I NKEYS 

: 
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3 5 6 0  
3 5 7 0  
3 5 8 0  
3 5 9 0  
3 6 0 0  
36 1 0  
3 6 2 0  
3 6 3 0  
3 6 4 0  
3 6 5 0  
3 6 6 0  
3 6 7 0  
3 6 8 0  
3 6 9 0  
3 7 0 0  
3 7 1 0  
3 7 2 0  
3 7 3 0  
3 7 4 0  
3 7 5 0  
3 7 6 0  
3 7 7 0  
3 7 8 0  
3 7 9 0  
3 8 0 0  
3 8 1 0  
3 8 2 0  
3 8 3 0  
3 8 4 0  
3 8 5 0  
3 8 6 0  
3 8 7 0  
3 8 8 0  
3 8 9 0  
3 9 0 0  
3 9 1 0  
3 9 2 8  
3 9 3 0  
3940  
3 9 5 0  
3 9 6 0  
3970  
3980  
3990  
4080 
4010 
4020 
4030 
4040 
4050 
4 0 6 0  
4 0 7 0  
4080  
4090  
4 1 0 0  
41 1 0  
4120  
4130  
4 1 4 0  
4150  
4 1 6 0  
4178  
4 1 8 0  
4190 

IF XSrCHRS(27) GOTO 1 1 4 0  
I F  XSrCHRS(13) GOTO 3 6 0 0  

GOTO 3 5 5 0  

LOCATE 9,1,0:PRINT TAB(80 )  
LOCATE 10, l .B:PRINT TAB(80 )  
LOCATE 11,1,0:PRINT TAB(80 )  
LOCATE 12,1,0:PRINT TAB(80 )  

:REM S c r e e n  c l e a n u p  

REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REM SET THE INTERVAL TIMER 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C0=50000!  
CZ=50000!  

HZ=INT(CZ/256)  :REM H i g h  by te  c o u n t e r  z e r o  
LZ=CZ-(HZ*256) :REM Low b y t e  c o u n t e r  z e r o  
HO=INT(C0/256)  :REM High by te  c o u n t e r  one 
LO=CO-(HO*256) :REM Low by te  counter one 

POKE L H E 0 . 1  :REM T i m e r  g l o b a l  command 

POKE hHC3,54 :REM Counter z e r o  c o n t r o l  ( t l m e r )  
POKE hHC0,LZ :REM Wr l te  l o w  by te  
POKE hHC0,HZ :REM Wrl te  h lgh  b y t e  

POKE LHC3.116 :REM C o u n t e r  one c o n t r o l  ( c a r r y )  
POKE hHC1,LO :REM Wr l te  l o w  b y t e  
POKE LHC1,HO :REM Wrl te  h i g h  b y t e  

LOCATE 12,1 ,0  
BEEP 
PRINT TAB(5 )  'Immerse t he  t e s t  e lect rode l n  t he  t r a c e r  ": 
PRINT " t h e n  press RETURN. ": 

LOCATE ,,I 
X$= INKEVS 

:REM S e t  p u l s e s  f o r  c o u n t e r  one 
:REM S e t  p u l s e s  f o r  c o u n t e r  z e r o  

: 

: 
:REM I n s t r u c t i o n s  t o  begin t e s t  

GOTO 3 9 3 0  
I F  XS=CHRS(13) THEN LOCATE 12,1,0:PRINT TAB(80):GOTO 3 9 7 0  

OLDDLOW=500 
LOCATE 12,1 ,0  
BEEP 

:REM Get ou tpu t  v o l t a g e  

PRiNT TAB(5)  " E n t e r  a n  output  v o l t a g e  b e t w e e n  ' RANGES; 
PRINT " V D C  t h e n  p r e s s  RETURN: " ; rPOSITION=POS(X) 

INPUT " " ,VOLTAGE 
I F  VOLTAGE=0 THEN LOCATE 12,POSITION,0~PRINT '0.000" 
I F  VOLTAGE=>VAL(LOWS) AND VOLTAGE<=VAL(HIGHS) GOTO 4080 
LOCATE 12,1,0:PRINT TAB(B0):GOTO 3 9 7 0  

I F  RANGE%="0 t o  +5" OR RANGESm"0 t o  +II" GOTO 4 1 0 0  
DVOLTS=FIX(VOLTAGE/DIVISOR)+2048:GOTO 4 1 1 0  
D V O L T S = F J X ( V O L T A G E / D I V I S O R )  
DHIGH=FIX(DVOLTS/Z56) 
DLOWzDVOLTS-(DHIGH*256) 
DRES=DLOW+DHIGH*256 
I F  RANGES="0 t o  +5" OR RANGESs"0 t o  +10"  GOTO 4 1 6 0  
CVOLTAGE=(DRES-2048)*DIVISOR:GOTO 4 1 7 0  

: 

CVOLTAGE=DRES*DIVISOR 
POKE CMDA.Z*CHANNELOUT:POKE CMDB.DLOW 
POKE CMDA,Z*CHANNELOUT+~:POKE CMDB,DHIGH 
POKE STROBE.l 
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4 2 0 0  
4 2 1 0  
4 2 2 0  
4 2 3 0  
4 2 4 0  
4 2 5 0  
4 2 6 0  
4 2 7 0  
4 2 8 0  
4 2 9 0  
4 3 0 0  
4 3 1 0  
4 3 2 0  

4 3 4 0  
4 3 3 0  

4 3 5 0  
4 3 6 0  
4 3 7 0  

GOSUB 9820:STARTCOUNT#=CURRENTCOUNT# 

POKE drH81.1 
POKE LH80,CHANNELIN 

:REM S e l e c t  s l o t  1 fo r  AMMl c a r d  

POKE drH98.255 
:REM S e l e c t  c h a n n e l  on AMMl c a r d  
:REM S t a r t  A/D c o n v e r s l o n  

I F  PEEK(&H9B)<>127 GOT0 4 2 5 0  
DLOWnPEEK(drH80) 

:REM L o o p  If c o n v e r s l o n  i n c o m p l e t e  

DHIGH-PEEK(bH81) 
:REM Read l o w  by te  

GOSUB 9820:ENDCOUNT#=CURRENTCOUNT# 
:REM Read h igh by te  

I F  OLDDLOWPDLOW GOTO 4320 
OLDDLOW=DLOW:OLDENDCOUNT#=ENDCOUNT#:GOTO 4 2 4 0  

DRES=DLOW+(DHIGH-240 ) *256  
D V O L T S = D R E S * ( 2 0 / 4 0 9 6 ) - 1 0  

TIME=(OLDENDCOUNT#-STARTCOUNT#)*.000001046# 

t 
:REM C a l c u l a t e  r e s o l u t l o n  o f  d a t u m  
:REM a n d  c o n v e r t  t o  v o l t s  

I 

:REM C a l c u l a t e  e l a p s e d  t i m e  i n  s e c o n d s  
: 

4 3 8 0  LOCATE 14.1 .0  :REM P r t n t  r c s o l u t t o n  ou tpu t  v o l t a g e  
4 3 9 0  PRINT TAB(5 )  " O u t p u t  v o l t a g e :  "; 
4 4 0 0  PRINT USING "#t#.#X###";CVOLTACE 
4 4 1 0  : 
4 4 2 0  LOCATE 15.1 .0  :REM P r l n t  l npu t  v o l t a g e  
4 4 3 0  PRINT TAB(5 )  " Inpu t  v o l t a g e  : '; :REM and c h a r g e  t f m e  
4 4 4 0  PRINT USING "#X#.#####";DVOLTS; 
4 4 5 0  I F  CHARGE=0 GOTO 4 4 9 0  
4 4 6 0  PRINT TAB(40 )  " C h a r g e  t lme:  "; 
4 4 7 0  PRINT USING "##.##X###":TIME::PRINT ' s e c o n d s "  
4 4 8 0  : 
4 4 9 0  LOCATE 21.1.1 
4 5 0 0  PRINT T A B ( 5 )  'Press RETURN to c o n t l n u e  or ESC t o  q u i t  t h e  p r o g r a m .  '; 
4 5 1 0  BEEP 
4 5 2 0  X%=INKEY$ 
4 5 3 0  I F  XS=CHR%(13) GOTO 4 5 7 0  
4 5 4 0  I F  XS=CHR%(27) THEN LOCATE 21,1,0:PRINT TAB(80):GOTO 7 2 5 0  
4 5 5 0  GOTO 4 5 2 0  
4 5 6 0  : 

:REM P r l n t  op t ions  t o  p r o c e e d  

4 5 7 0  LOCATE 21.1 .0 tPRINT TAB(80 )  
4 5 8 0  LOCATE 15,1,0:PRINT TAB(80 )  
4 5 9 0  LOCATE 14.1.0:PRINT T A B ( 8 0 )  

:REM S c r e e n  c l e a n u p  

4 6 0 0  LOCATE 12;1;0:PRINT TAB(80):GOTO 3 8 7 0  
4 6 1 0  : 

4 6 3 0  REM ANALOG OUTPUT VOLTAGE CALIBRATION OPTION 

4 6 5 0  : 
4 6 6 0  GOSUB 9 0 4 0  :REM P r i n t  program h e a d e r  
4 6 7 0  LOCATE 6 , l . l  :REM Confirm a l l  op t ions  
4 6 8 0  BEEP 
4 6 9 0  PRINT TAB(5 )  " You  a r e  c a l i b r a t i n g  channa!"  CHANNELOUT " o f  an AOMl / " ;  
4 7 0 0  PRINT TYPES " c a r d  I n  s l o t "  AOMSLOT ' a t  RANGES 
4 7 1 0  PRINT TAB(5 )  ' v o l t s  DC us lng "; 
4720  I F  DMM=0 THEN PRINT " c h a n n e l "  CHANNELIN 'of  "; 
4 7 3 0  PRINT METHODS; 
4 7 4 0  I F  DMM=0 THEN PRINT ' i n  s l o t  "; 
4 7 5 0  I F  DMM=0 AND AMM=l THEN PRINT "1";:GOTO 4 7 8 0  
4 7 6 0  I F  A IMSLOT=> l0  THEN FORMATS="##" ELSE FORMATS="#" 
4 7 7 0  I F  DMM=0 THEN PRINT USING F0RMATS;AIMSLOT: 
4 7 8 0  PRINT ". "::POSITION=POS(X):PRINT "If t h i s  1s NOT' 

4 6 2 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 6 4 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 7 9 0  PRINT T A B t 5 j  " w h a t  you w a n t  then p r e s s  ESC; o t h e r w l s e ,  c o n n e c t  c h a n n e l ' ;  
4 8 0 0  PRINT CHANNELOUT " o f  t h e  AOMl / "  TYPES; 
4 8 1 1  PRINT TAB(5 )  " c a r d  t o  ": 
4 8 2 0  I F  DMM=0 THEN PRINT ' c h a n n e l "  CHANNELIN 'o f  "; 
4 8 3 0  PRINT METHODS " t h e n  press RETURN. "; 
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4 8 4 0  I 
4 8 5 0  XSmINKEYS 
4 8 6 0  I F  XS=CHRS(13) GOT0 4 9 0 0  :REM P r o c e e d  f f  opt lons a r e  c o r r e c t  
4 8 7 0  I F  XE=CHRS(27) GOT0 1 1 9 0  :REM Return If c o r r e c t l o n s  n e c e s s a r y  
4 8 8 0  GOTO 4 8 5 0  
4 8 9 0  
4 9 0 0  
4 9 1 0  
4920  
4 9 3 0  
4 9 4 0  
4 9 5 0  
4 9 6 0  
4 9 7 0  
4980  
4 9 9 0  
5 0 0 0  
5 0 1 0  
5 0 2 0  
5 0 3 0  
5 0 4 0  
505% 
5 0 6 0  
5 0 7 0  
5 0 8 0  
5 0 9 0  
5 1 0 0  
5 1  1 0  
5 1 2 0  
5 1 3 0  
5 1 4 0  
5 1 5 0  
5 1 6 0  
5 1  7 0  
5 1 8 0  
5 1 9 0  
5 2 0 0  
5 2  10 
5 2 2 0  
5 2 3 0  
5 2 4 0  
5 2 5 0  
5 2 6 0  
5 2 7 0  
5 2 8 0  
5 2 9 0  
5 3 0 0  
5 3 1 0  
5 3 2 0  
5 3 3 0  
5 3 4 0  
5 3 5 0  
5 3 6 0  
5 3 7 0  
5 3 8 0  
5 3 9 0  
5 400  
5 4 1 0  
5 4 2 0  
5 4 3 0  
5 4 4 0  
5 4 5 0  
5 4 6 0  
5 4 7 0  

LOCATE 7,POSITION,0:PRINT TAB(80 )  :REM S c r e e n  c l e a n u p  
LOCATE 8.1,B:PRINT TAB(80 )  
LOCATE 9,1,0:PRINT TAB(80 )  

LOCATE 11.1 .0  
BEEP 

: 

PRINT TAB(5 )  ' E n t e r  your se lec t i on  from the f o l l o w i n g  opt lons: "; 
POSITION=POS(X) 
LOCATE 13,1,0 :REM Get c a l t b r a t l o n  optlons 
PRINT TAB(10 )  '1 P r o c e e d  w l t h  t he  c a l l b r a t l o n "  
PRINT TAB(10 )  "2 
I F  DMM=l GOTO 5030 

T e s t  a d l f f e r c n t  ou tpu t  v o l t a g e '  

PRINT TAB(10 )  " 3  Run a l i n e a r l t v  t e s t  o v e r  a a t v e n  v o l t a a e  r a n a e "  - 
PR1NT:PRINT T A B ( I 0 )  " X  E x i t  t h e - p r o g r a m "  
LOCATE l l , P O S I T I O N , l  
XS=INKEYS 

I F  
I F  
I F  
I F  
I F  

GOTO 

REM 
REM 
REM 

: 

X$="1"  THEN GOSUB 5170:GOTO 6 0 7 0  
X$="2"  THEN SPACEBAR=l:VOLTSS=HIGHS:GOSUB 5170:GOSUB 9600:GOTO 6 8 6 0  
DMM=l GOTO 5 1 0 0  
X$="3"  THEN GOSUB 5170:GOTO 5 2 8 0  
X%="x "  OR X % = " X '  GOTO 7 2 6 0  
5 0 5 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INTERNAL SUBROUTINE: SCREEN CLEANUP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LOCATE 11.1.0:PRINT TAB(80 )  
LOCATE 13,1,0:PRINT T A B ( 8 0 )  
LOCATE 14.1.0:PRINT TAB(80 )  
LOCATE 15,1,0:PRINT TAB(80 )  
LOCATE 16,1,0:PRINT TAB(80)  
LOCATE 17 , l , l :PR INT  TAB(80)rRETURN 

:REM S c r e e n  e r a s e  subrout ine 
:REM used w i t h  t h e  INKEYS 
:REM f u n c t i o n  a b o v e  

LOCATE 11,1,0 
PRINT T A B ( 5 )  " E n t e r  t h e  f o l l o w l n s  f o r  t he  l l n e a r t t v  t e s t : "  - 
LOCATE 13 ,1 ,0  
PRINT T A B ( l 0 )  "Minimum v o l t a g e  - 
INPUT "",MINVOLTS 
LOCATE 14 ,1 .0  
PRINT T A B ( 1 0 )  "Maxlmum v o l t a g e  
INPUT "",MAXVOLTS 
LOCATE 15,1,0 
PRINT TAB(10)  " V o l t a g e  Increment 
INPUT "",INCREMENT 
LOCATE 16.1.0 

: "; 

PRINT T A B i l 0 )  " E f f e c t t v e  s y s t e m  r e s t s t a n c e  (k '  CHRS(234) 
INPUT ' I a  .RESISTANCE 
: 
LOCATE 18.1.1 :REM S e t  up fo r  d a t a  

X$= INKEYS 
PRINT TAB(5 )  " I n s e r t  t h e  d a t a  d i s k  i n  d r t v e  B then press 

GOTO 5 4 5 0  
I F  X$=CHRS(l3)  GOTO 5 4 9 0  

' ) :  '; 

storage 
RETURN. ": 
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5480 : 
5490 LOCATE 11,5,0:PRINT '6tven':60TO 5500 
5500 LOCATE 18,1,0rPRINT TAB(80) :REM Set up for screen output of  data 
5510 LOCATE 18,1,0 
5520 PRINT TAB(5) 'Output voltage: ';:POSOUT=POS(X) 
5530 PRINT TAB(53) "Input voltage: ";:POSIN=POS(X) 
5540 LOCATE 20,1,0rPRINT TAB(5) "Uorklng ... " 
5550 : 
5560 
5570 
5580 
5590 
5 600 
5610 
5620 
5630 
5640 
5650 
5660 
5670 
5680 
5690 
5 700 
5710 
5720 
5730 
5740 

OPEN "B:CALVOLT.DAT" FOR OUTPUT AS #1 
OPEN "B:CALVOLT.ERR" FOR OUTPUT AS #2 

PRINT el, USING "####';RESISTANCE 
PRINT X1,RANGES 
PRINT #2, USING "####";RESISTANCE 
PRINT #2,RANGES 

MAXERROR~0:MINERROR~0:OLDDLOW~500:CVOLTAGE~MINVOLTS-l 

I 

FOR VOLTAGEPMINVOLTS TO MAXVOLTS STEP INCREMENT 
I F  VOLTAGE<10 AND VOLTAGE =>-10 THEN FORMATS="##.####' 
I F  VOLTAGE<=CVOLTAGE GOTO 5960 
DVOLTS=FIX(VOLTAGE/DIVISOR)+2048 
DHIGH=FIX(DVOLTS/256) 
DLOW=DVOLTS-(DHIGH*256) 
I F  DLOWlOLDDLOW GOTO 5960 
DRES=DLOW+DHIGH*256 
IF RANGES-"I to + 5 "  OR RANGESm"0 to +l0' 60TO 5760 

5750 CVOLTAGE=(DRES-2048)*DIVISOR:GOTO 5770 
5760 CVOLTAGE=DRES*DIVISOR 
5770 LOCATE 18.POSOUT.0:PRINT USING F0RMATS:CVOLTAGE 
5780 OLDDLOW=DLOW 

~~~ 

5790 POKE CMDA,Z*CHANNELOUT:POKE CMDB,DLOW 
5800 POKE CMDA,Z*CHANNELOUT+l:POKE CMDB,DHIGH 
5810 POKE STROBE.l 
5820 POKE hH81,l. 
5830 POKE hH80,CHANNELIN 
5840 POKE &H9B,255 
5850 I F  PEEK(&H9B)<>127 60TO 5 8 5 0  
5860 DLOW=PEEK(hH80) 
5870 DHIGH=PEEK(&HBl) 
5880 DRES=DLOW+(DHIGH-240)*256 
5890 DVOLTS=DRES*DIVISOR-OFFSET 
5900 VALERRORsDVOLTS-CVOLTAGE 
5910 I F  VALERROR>MAXERROR THEN MAXERRORIVALERROR 
5920 I F  VALERROR<MINERROR THEN MINERROR-VALERROR 
5930 PRINT #1, USING "X##.#### +##.####";CVOLTAGE,DVOLTS 
5940 PRINT #2, USING "###.###e ##.X####";CVOLTAGE,VALERROR 
5950 LOCATE 18,POSIN.B:PRINT USING F0RMATS;DVOLTS 
5960 NEXT VOLTAGE 
5970 : 
5980 PRINT #2, USING "##.####X ##.#####";MAXERROR,MINERROR 
5990 CLOSE #l:CLOSE 12 
6000 GOSUB 5170:LOCATE 18,1,0:PRINT TAB(80) 
6010 LOCATE 20,l.I:PRINT TAB(80):GOTO 4940 
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6 1 2 0  POKE CMDA,2*CHANNELOUTzPOKE CMDB.0 :REM Write min tmum v o l t a g e  limit 
6 1 3 0  POKE CMDA.Z*CHANNELOUT+l:POKE CMDB.0 
6 1 4 0  POKE STROBE,l 
6 1 5 0  x 

:REM U p d a t e  o u t p u t  v o l t a g e  on AOMl 
- - _ _  
6 1 6 0  ADJUSTS=-OFFSET' 
6 1 7 0  I F  DMM=l THEN DISPLAYS*"DMM" ELSE D ISPLAYS="sc reen "  

6 1 9 0  LOCATE 23.1.0 
6 1 8 0  : 

6 2 0 0  PRINT T A B i 5 )  'Press the SPACE b a r  t o  t e s t  a d f f f e r e n t  l npu t  v o l t a g e .  .; 
6 2 1 0  ROW=23:POSITION=POS(X) 
6 2 2 0  I F  DMM=l THEN LOCATE . . I  
6 2 3 0  I F  SPACEBAR=l GOTO 6 3 4 0  
6 2 4 0  : 
6 2 5 0  I F  VOLTSSPLOWS THEN LOCATE 24.1.0:PRINT TAB(80);:GOTO 6 2 9 0  
6 2 6 0  LOCATE 24.3.0 
6 2 7 0  
6 2 8 0  
6 2 9 0  
6 3 0 0  
6 3 1 0  
6 3 2 0  
6 3 3 0  
6 3 4 0  
6 3 5 0  
6 3 6 0  
6 3 7 0  
6 3 8 0  
6 3 9 0  
6 4 0 0  
6 4 1 0  
6 4 2 0  
6 4 3 0  
6 4 4 0  
6 4 5 0  
6 4 6 0  
6 4 7 0  
6 4 8 0  
6 4 9 0  
6 5 0 0  
6 5 1 0  

PRINT T A B t 5 )  'Press ESC t o  r e s t a r t  or r e p e a t  t he  c a l i b r a t f o n .  "; 

LOCATE 9,1,1 rREM P r l n t  c a l f b r a t i o n  message on 
BEEP :REM s c r e e n  
PRINT TAB(5 )  " A d j u s t  c h a n n e l "  CHANNEL ADJUSTS f o r  " VOLTS%; 

ROW=S:POSITION=POS(X) 
PRINT " v o l t s  on t h e  " DISPLAYS " t h e n  p r e s s  RETURN. "; 

X$= INKEYS 

: 

I F  XSsCHRS(13) THEN LOCATE 9.1.0:PRINT TAB(80 ) : IF  CHOICEe3 GOT0 6 6 1 0  
I F  XSsCHRS(27) THEN I F  SPACEBAR=I AND VOLTSSeHIGHS THEN GOT0 6 0 7 0  
I F  XS=CHRS(32) THEN SPACEBAR=l:VOLTSS=HIGHS:GOTO 6 8 6 0  
I F  DMM=l GOTO 6 3 4 0  
POKE hH80,CHANNELIN :REM S e l e c t  c h a n n e l  on AMMl c a r d  
POKE hH81.1 :REM S e l e c t  s l o t  1 f o r  AMMl c a r d  
POKE hH9B.255 :REM S t a r t  A I D  c o n v e r s i o n  
I F  PEEK(hHSB)<> lZ7 GOTO 6 4 2 0  :REM Loop  if c o n v e r s i o n  i n c o m p l e t e  
DLOW=PEEK(&H80) 
DHIGHIPEEK(hH81) 
DRES=DLOW+(DHIGH-240)*256 :REM C a l c u l a t e  r e s o l u t f o n  o f  d a t u m  
DVOLTS=DRES*(20/4096)-10 :REM and c o n v e r t  t o  v o l t s  
LOCATE 11,69,0 
I F  DVOLTS(10 THEN FORMATS="##.####" ELSE FORMATS="###.+###" 
PRINT USING F0RMATS;DVOLT.S 
I F  DVOLTS>0 THEN LOCATE 11,69,0:PRINT '+" 
LOCATE 13.POSINHIGH.l:PRINT USING "X+#":DHIGH-240 

:REM Read l o w  by te  
:REM Read h t g h  b y t e  

:REM U p d a t e  l n p u t  v o l t a g e  on s c r e e n  

6 5 2 0  LOCATE 14,POSINLOW,0:PRINT USING "###";DLOU 
6 5 3 0  LOCATE ROW.POSITION.1 



6 8 6 0  
68 7 0  
6 8 8 0  
6 8 9 0  
6 9 0 0  
6 9 1 0  
6 9 2 0  
6 9 3 0  
6 9 4 0  
6 9 5 0  
6 9 6 0  

LOCATE 9,1,0rPRINT TAB(80)  :REM C l e a r  b o t l e r p l a t e  for  new d a t a  
LOCATE 11,22,0:PRINT ' 
LOCATE 11.69.0:PRINT TAB(80 )  
LOCATE 13,POSOUTHIGH,0:PRINT ' " 
LOCATE 13,POSINHIGH,0:PRINT ' " 
LOCATE 14.POSOUTLOW.0:PRINT ' " 
LOCATE 14,POSINLOW,0:PRINT ' 
LOCATE 16,POSOUTLOW,ltPRINT TAB(80)  
LOCATE 23.1.0:PRINT TAB(80 )  
LOCATE 24.1,B:PRINT TAB(80 ) ;  

I 

6 9 7 0  LOCATE 11,22,0  :REM Get output v o l t a g e  
6 9 8 0  INPUT "",VOLTAGE 
6 9 9 0  I F  RANGESc"0 t o  +5" OR RANGES='0 t o  +10'  GOTO 7 0 1 0  
7 0 0 0  DVOLTS=FIX(VOLTAGE/DIVISOR)+2048:GOTO 7 0 2 0  
7 0 1 0  DVOLTS=FIX(VOLTAGE/DIVISOR) 
7 0 2 0  DHIGH=FIX(DVOLTS/256) 
7 0 3 0  DLOW=DVOLTS-(DHIGH*256) 
7 0 4 0  CVOLTAGE=((DHIGH*256)+DLOW)*DIVISOR-OFFSET 
7 0 5 0  POKE CMDA,Z*CHANNELOUT:POKE CMDB,DLOW 
7 0 6 0  POKE CMDA,Z*CHANNELOUT+l:POKE CMDB,DHIGH 
7 0 7 0  POKE STROBE.1 
7 0 8 0  LOCATE 13.POSOUTHIGH.0:PRINT USING '###";DHIGH 

7 1 0 0  I F  SELECTION<>l  GOTO 7 1 4 0  
7 0 9 0  LOCATE 14,POSOUTLOW,0:PRINT USING "###";DLOW 

7 1 2 0  LOCATE 16,POSOUTLOW.I 
7 1 1 0  I F  CVOLTAGE<10 THEN FORMAT%="##.####* ELSE FORMATS="###.####w 

7 1 3 0  PRINT USING F0RMATS;CVOLTAGE 
7 1 4 0  LOCATE 24.1.0 
7 1 5 0  PRINT TAB(5)  " P r e s s  RETURN t o  c o n t i n u e  or ESC t o  qui t . " ; :GOTO 6 1 9 0  
7 1 6 0  : 
7 1 7 0  LOCATE 21.1.1 
7 1 8 0  BEEP 
7 1 9 0  PRINT TAB(5)  'Do you w t s h  t o  c a l l b r a t e  a n o t h e r  c a r d / c h a n n e l ?  "; 
7 2 0 0  X%=INKEY% 
7 2 1 0  I F  X%="y "  OR XS="Y" GOTO 1 1 9 0  
7 2 2 0  I F  X%='n" OR XS="N' THEN LOCATE 21,l .B:PRINT TAB(80):GOTO 4 9 4 0  
7 2 3 0  GOTO 7 2 0 0  
7 2 4 0  : 
7 2 5 0  LOCATE 21,1,0:PRINT TAB(80 )  
7 2 6 0  LOCATE 21.1.8 :REM T e r m l n a t e  program 
7 2 7 0  PRINT TAB(5)  'P rog ram t e r m i n a t e d  ..." 
7 2 8 0  FOR 111 TO 4000:NEXT 1:CHAIN 'HEAD500.EXE' 
7 2 9 0  : 
7 3 0 0  END 
7 3 1 0  I 
9 0 0 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 0 1 0  REM SUBROUTINE: P r t n t  The  P r o g r a m  Header  
9 0 2 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 0 3 0  I 
9 0 4 0  WIDTH 80:SCREEN 0,0,0:LOCATE lll,O:CLS:KEV OFF 
9 0 5 0  t 
9 0 6 0  U L S = C H R S ~ 2 0 1 ~ : U R S ~ C H R S o : L R S I C H R S ( 1 8 8 ~ : L L S ~ C H R S ~ 2 0 0 ~  
9 0 7 0  H%=CHRS(205):VS=CHRS(186):HSS=CHRS(l96) 

:REM Optlon t o  a d j u s t  a n o t h e r  c a r d  
:REM or  c h a n n e l  

:REM P r o g r a m  end 
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9 0 8 0  
9 0 9 0  
9 100 
9 1  10 
9 1 2 0  
9 1 3 0  
9 1 4 0  
9 1 5 0  
9 1 6 0  
9 1 7 0  
9 1 8 0  
9 1 9 0  
9 2 0 0  
9 2 1 0  
9 2 2 0  
9 2 3 0  
9 2 4 0  
9 2 5 0  
9 2 6 0  
9 2 7 0  
9 2 8 0  
9 2 9 0  
9 3 0 0  
9 3 1 0  
9 3 2 0  
9 3 3 0  
9 3 4 0  
9 3 5 0  
9360  
9370  
9380  
9390  
9 400 
9410 
9420 
9430  
9440 
9 4 5 0  
9 4 6 0  
94 7 1  
9 4 8 0  
9 4 9 0  
9 5 0 0  
9 5 1 0  
9 5 2 0  
9 5 3 0  
9 5 4 0  
9 5 5 0  
9 5 6 0  
9 5 7 0  
9 5 8 0  
9 5 9 0  
9 6 0 0  
9 6 1 0  
9 6 2 0  
9 6 3 0  
9 6 4 0  
9 6 5 0  
9 6 6 0  
9 6 7 0  
9 6 8 0  
9 6 9 0  
9 7 0 0  

: 
LOW%="0.000":HIGHS~"+4.999":RANGES~"0 t o  +5":DIVISORm1.220703E-03 

LOWS="I.000":HIGHS="+9.996":RANGES="0 t o  +10":DIVISOR~2.441406E-03 
OFFSETm0:RETURN 

OFFSETz0:RETURN 

OFFSETt2.5:RETURN 

OFFSET=S:RETURN 

OFFSET=lB:RETURN 

L O W S = " - 2 . 5 0 0 " ~ H I G H % ~ " + 2 . 4 9 9 " r R A N G E $ ~ " + / -  2.5":DIVISOR~1.220703E-03 

LOW%="-5.000":HIGHS="+4.996":RANGE%I '+ / -  5":DIVISOR=2.441406E-03 

LOW$="-10.000":HIGHS1"+9.992":RANGESr'+ / -  10":DIVISOR~4.882813E-03 

: 
REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REM * * * * * * * X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
REM SUBROUTINE: P r l n t  O u t p u t  B o i l e r p l a t e  On T h e  S c r e e n  

~ O C A T E  11 . 1.0 :REM U p d a t e  l npu t  v o l t a g e  on s c r e e n  
PRINT TAB(5 )  " O u t p u t  v o l t a g e :  " VOLTS$: 
I F  DMM=l THEN RETURN 
PRINT TAB(53 )  " I n p u t  v o l t a g e : "  TAB(80 )  
LOCATE 13 .1 .0  
PRINT TAB(10 )  "h fgh by te :  ";:POSOUTHIGH=POS(X):PRINT " 0"; 
PRINT TAB(57 )  " h l s h  byte: "::POSINHIGH=POS(X) - 
LOCATE 14.1.8 
PRINT TAB(11 )  " l o w  byte:  "::POSOUTLOW=POS(X):PRINT ' 0"; 
PRINT TAB(58 )  " l o w  by te :  ";:POSINLOW=POS(X) 

9 7 1 0  iOCATE 16.1 .0  
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9800 REM L a t c h  t h e  I n t e r v a l  Coun te r s  
9810 : 
9820 POKE hHC3,0 :REM La t ches  c o u n t e r  z e r o  
9830 POKE LHC3.64 :REM L a t c h e s  c o u n t e r  one 
9848 : 
9850 LZ=PEEK(&HCI) 
9860 HZ=PEEK(&HC0) 
9870 CCZ=LZ+(HZ*256) 

:REM Reads low byte 
:REM Reads h igh b y t e  
:REM R e c o n s t i t u t e s  c o u n t e r  z e r o  

9880 : 
9890 LO=PEEK(&HCl) 
9900 HO=PEEK(&HCl) 
9910 CCO=LO+(HO*Z56) 
9920 I 
9930 REM C o n v e r t  C u r r e n t  Count  t o  E l apsed  Tlme 
9940 I 
9950 CURRENTCOUNT#=(((CZ-CCZ)*CO)+(CO-CCO))/Z 
9960 
9970 RETURN 

:REM Reads low b y t e  
:REM Reads h i g h  b y t e  
:REM R e c o n s t l t u t e s  c o u n t e r  one 

:REM C u r r e n t  c o u n t  i n  c l o c k  p u l s e s  
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c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C PROGRAM T I T L E :  F I T 5 0 0  
C 

C D a t a  A n a l y s i s  P r o g r a m  f o r  F I X 5 0 0 . D A T  D a t a  O u t p u t  F i l e s  
C C r e a t e d  by  SCAN500  D a t a  A c q u i s i t i o n  S y s t e m  

C Wr i t t en  by R o l a n d  N. H o r n e  
C M o d i f f e d  f o r  the  K E I T H L E Y / d a s  S y s t e m  by L .  W .  B o u e t t  
C S t a n f o r d  U n i v e r s f t y ,  22 A p r l l  1986 
C c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

C 

I M P L I C I T  REAL*8(A-B,D-H,O-Z)  
C 
C 
c SET D IMENSIONS FOR VARPRO. BE CAREFUL WHEN S E T T I N G  THE 
C DIMENSIONS FOR THE INCIDENCE MATRIX  I N C .  SEE NOTE. 
C 

COMMON XPOS,TZERO 
COMMON /DUMMY/C(500 ,6 )  
EXTERNAL ADA 
CHARACTER*6 C F I L E ( 9 6 )  
DATA CFILE/*l.dat*.'2.dat*.'3.dat*.'4.dat'.*5.dat'.*6.dat*. 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

311 

12 
C 
C 
C 

@ '7.dat1,'8.dat',*9~dat'~*l%.dat*,~il.dat','l2.dat~~*l3.dat~~ 
1 *14.dat*,*l5.dat'~*l6.dat*,*l7.dat'~'l8.dat*~'l9.dat*~*20.dat'~ 
@ '21.dat','22.dat*,*23.dat*,*24.dat*,*25.dat',*26.dat'~'27.dat', 
2 '28.dat*,*29.dat',*30.dat'~*3l.dat*~'32.dat*,*33.dat*~'34.dat'~ 
@ ' 3 5 . d a t * , ' 3 6 . d a t ' , ' 3 7 . d a t . , " , ' 3 9 . d a t ' , ' 4 0 . d a t * , * 4 l . d a t * ,  
3 *42.dat*,'43.dat',*44.dat','45.~a~~~'46.dat~,'47.dat',*48.dat*, 
@ *49.dat','50.dat*,*5l.dat*,'52.dat',*53.dat*,'54.dat~,'~~.dat'~ 
4 ' 5 6 . d a t * . * 5 7 . d a t * , ' 5 8 . d a t ' , ' 6 8 . d a t * ~ ' 6 1 . d a t ' , * 6 2 . d a t ' ,  
8 '63.dat','64.dat*,'65.dat',*66.dat','67.dat'**68.dat',*69.~at'* 
5 '70.dat','71.dat't'72.dat',*73.dat','74.dat,*'75.dat',*76.dat*, 
Ca '77.dat',*78.dat',*79.dat','81.dat'~*8l.dat','82.~at~,*83.~at', 
6 '84.dat*,'85.dat',*86.dat***87.dat***a8.dat***89.dat'*'90.~at'* 
Q '91.dat*,*92.dat',*93.dat***94.dat','95.dat***96.dat*/ 

SET PARAMETERS FOR VARPRO. 

NMAX = 500 
I PLOT- 0 

I PR I N T = 5 0  

READ DATA SEQUENTIAL ORDERING AND 
PROPER FORMATTING ARE IMPORTANT. 

NL I S  THE NUMBER OF NONLINEAR PARAMETERS 

READ ( 5 . 3 1 1 )  NL 
FORMAT (11)  
W R I T E ( 6 . 1 2 )  NL 
FORMAT { lH0,10X, 'NUMBER OF NONLINEAR PARAMETERS ' / / (XB) )  

L I S  THE NUMBER OF L I N E A R  PARAMETERS 
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C 
C 

C 
C 
C 
C 

E S T I M A T E S  OF THE NONL INEAR PARAMETERS 

C 

L =2 

P O S 0 = 1 4 . 9 2 2 5  

310 FORMAT ( F l 0 . 4 )  

312 FORMAT ( 4 0 1 2 )  

READ (5 ,310)  VELOC,DIFFS,TZERO,DC0,DCl 

READ (5 ,312)  NTRIES,(NELTRY(K),K-l,NTRIES) 

DO 3 1 4  K = 1 , 9 6  
3 1 4  N G O ( K ) = l .  

DO 313 K = l , N T R I E S  
313 N G O ( N E L T R Y ( K ) ) = B .  

W R I T E  (6 ,201 VELOC,D IFFS ,TZERO 
2 0  FORMAT ( / * ’ 0  M e a n  V e l o c f t y ( c m / s e c )  D l f f u s l v f t y  ( c m 2 / s e c ) *  

C 
C 

C 
C 
C 
C 
C 

N I S  THE NUMBER OF OBSERVATIONS 

C 
I V  I S  THE NUMBER OF INDEPENDENT V A R I A B L E S  T 

C 

C 
C 
C 
C 
C T I S  THE INDEPENDENT V A R I A B L E  
C Y I S  THE N-VECTOR OF OBSERVATIONS 
C 
C 

# * T f m e  ze ro  (sec)’,/.(5X,F9.5,10X,Fl3.3.10X~Fl0.3)) 

L P P E = L + N L + Z  

I V =  1 

C 
O P E N ~ l , F I L E = * f f x 5 0 0 . d a t ’ , S T A T U S = * O L D * , A C C E S S = * S E Q U E N T I A L * ~  
o p e n ( 7 , f i l e = ’ r e s u l t s * , s t a t u s = ’ n e w * , a c c e s s ~ * s e q u e n t l a l * )  
o p e n ( 8 , f l l e = ’ e t a . d a t ’ , s t a t u s l ” , s c c e s s = * s e q u e n t l a l * )  
o p e n ( 9 , f f l e = ’ u . d a t ’ , s t a t u s = ’ n e w * , a c c e s s ~ * s e q u e n t l a l ’ )  
open~l0,flle=’et~calc.dat’,statusl’new’,acces~=’sequentfal~~ 

C 

W R I T E  ( 7 , 3 2 3 )  
323 F O R M A T ( Z X , ’ E l e c  co C 1nJ 

1 ’  
V e l o c l t y  ’, 

D l s p  To’ , / ,  * 
2 ’ c m / s e c  c m 2 I s e c  sec ’ ) 

p p m  p p m  * ,  

C 
R E A D ( l , * )  N I N  

5 0  1 F O R M A T ( I 3 )  
C 

w r f t e  (8,501) n t r l e s  
w r f t e  (9 ,501)  n t r f e s  
w r  f t e  (10.501) n t r  les  

DO 6 0 1  I = l , N I N  

6 0  1 CONTINUE 
502 F O R M A T ( F 7 . 3 )  

C 

R E A D ( l , * )  T I N ( 1 )  

A L F ( P ) = D I F F S  
A L F ( l ) = V E L O C  
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C 
602 
503 

3 20 

C 
C 
C 
C 

1 
C 

70 

702 

20 1 
70 1 

C 

21 1 

C 

9 
8 

ALF(3)rTZERO 
DO 200 NELECSl, 96 

DO 602 I = l ,  N I N  
READ(l.*) Y(1) 

WRITE ( 6 , * )  T(I),Y(I) 
CONTINUE 
FORMAT(F6.4) 

I F  (NGO(NELEC).GT.B) GO TO 200 
WRITE (6,320) NELEC 
FORMAT (//,2X,’Electrode number ......................... 
XPOS=POS0+5.08*(NELEC-l) 
If (nelec.gt.32.and.nelec.lt.65) xpos=pos0+5.08*(nelec-33) 
i f  (nelec.gt.64) xpos=pos0+5.08*(nelec-65) 

ALF(l)=VELOC 
ALF(2)=DIFFS 
ALF(3)=TZERO 

W(I) A R E  THE WEIGHTING PARAMETERS 

DO 1 I=l,NIN 
W (  I )El .0 

IMI N P P l  
IMAXPoNIN 

IF(NIN.LT.200) THEN 
IMIN=5 
GOT0 702 

ENDIF 
TMINP=(TZERO+XPOS/VELOC)-l20.0 
TMAXP=TMINP+130.0 
DO 70 I=l,NIN 
I F  (TIN(I).LT.TMINP) I M I N P = I  

CONTINUE 
I F  (TIN(I).LT.TMAXP) IMAXP=I 

I M I N s I M I N P  
NzIMAXP-IMIN 
I F  (N.GT.NIN) N m N I N  
DO 201 I=l,N 
T(I)=TIN(IMIN+I) 
Y(I)=Y(IMIN+I) 
CONTINUE 
CALL VARPRO(L .NL .N .NMAX.LPP2 . IV .T .Y .W.ADA.A .  

. . - . . . - . . - - 

*IPRINT.ALF,BETA,IERR;I#) 
. . .  

VI=BETA(l) 
Vl=BETA(1)+2.*BETA(2) 
BPAR=(Vl-V0)/DLOG(DC0IDCl) 
APAR=Vl+BPAR*DLOG(DCl) 
DO 211 I=l,N 
Y(I)=DEXP((APAR-Y(I))/BPAR) 

CALL V A R P R O ( L , N L , N , N M A X , L P P 2 , 1 V , T 9 Y , W , A D A , A ,  
*IPRINT,ALF,BETA,IERR,l00) 

L P l = L + l  
CALL ADA ( L P l , N L , N , N M A X , L P P 2 , I V , A , I N C , T , A L F , I )  
DO 8 I31.N 
C(I,LP1)=0. 
DO 9 J=l,L 
C(I,J)=BETA(J)*A(I,J) 
C(I,LPl)=C(I,LPl)+C(I,J) 
CONTINUE 
OPEN ( 2 , F I L E = C F I L E ( N E L E C ) , S T A T U S P ” , A C C E S S = * S E ~ U E N T I A L ’ )  
WRITE (2,305) N 
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205 

206 
14 
305 

C 

4 08 
40 1 

30 1 
302 
2 00 

C 
C 

WRITE (2.14) T(I),Y(I) 
DO 205 I=I,N 

WRITE (2,305) N 
DO 206 I = l , N  
WRITE (2,141 T(I),C(I,LPI) 
FORMAT (lX,8F10.4) 
FORMAT (16) 

CLOSE (2) 
DCMID=BETA(l)+BETA(Z) 
DO 400 II=l,N 
IF (DCB.LT.DC1) THEN 

ELSE 
I F  (C(II,LPl).GT.SNGL(DCMID)) GO TO 401 

IF (C(II,LPl).LT.SNGL(DCMID)) GOT0 401 
EN D  I F  
TMID=T(II) 
CONT I NUE 
TICALC=TMID-XPOS/ALF(I) 

WRITE (7,302) NELEC,BETA(l),BETA(1)+2.*BETA(Z),ALF(l),ALF(Z) 
ETACALC=.935695033d0RALF(l)*R2 

1 , T0CALC 
w r i t e  (8,301) NELEC,ALF(Z) 
w r i t e  (9,301) NELEC,ALF(l) 
w r i t e  (10,301) NELEC,ETACALC 
format  (2X.14.Fl2.4) 

FORMAT {2X,I4,5F12.4j 
CONTINUE 
STOP 
END 

DIMENSION ALF(NL),AiNMAX,LPP2).T(NMAX),INC(l2,8) 
COMMON XPOS,TZERO 

C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

P1=4.*ATAN(l.) 
TPI=E./DSQRT(PI) 
L=LP-1 
I F  (NL.LT.3) ALF(3)nTZERO 

THE INCIDENCE MATRIX INC(NL,L+l) IS FORMED BY SETTING 
INC(K.J)=l I F  THE NONLINEAR PARAMETER ALF(K) APPEARS 
I N  THE J-TH FUNCTION PHICJ). (THE PROGRAM SETS A L L  OTHER 
INC(K,J) TO ZERO.) 

IF(ISEL.EQ.2) GO TO 9 0  
IF(ISEL.EQ.3) GO TO 165 

INC(l.I)=0 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
90 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 

81 

165 

THE VECTOR-SAMPLED FUNCTIONS PHI(J) ARE STORED I N  
THE FIRST N ROWS AND FIRST L COLUMNS OF THE MATRIX 
B(I,J). B(I,J) CONTAINS PHI(J,ALF;T(I),I, ... N; 
J=l,L. THE CONSTANT FUNCTIONS PHI WHICH DO NOT 
DEPEND UPON ANY NONLINEAR PARAMETERS ALF MUST 
APPEAR FIRST. 

. 

IF (ISEL.EQ.1) A(I.I)=l.l 
A( I ,2)=0. 
TTI=T(I)-ALF(3) 

TFUNC=DSQRT(ALF(Z)*TTI) 
I F  (TT1.LE.I.) GO TO 81 

A(I,Z)=DERFC((XPOS-ALF(l)*TTI)/(Z.*TFUNC)) 

~~~ - ~ 

I F  (XPOS*ALF(I)/ALF(Z).LT.20.) A(I,Z)=A(I,Z)+DEXP(ALF 
1 (l)*XPOS/ALF(2))*DERFC((XPOS+ALF(l)*TTI)/(Z.*TFUNC)) 

CONTINUE 

I F  (ISEL.EO.2) GO TO 200 

DO 170 I=I,N 

A( I ,4)=0. 
A(I ,5)=0. 
A( I ,6)=0. 
TTI=T(I)-ALF(B) 
I F  (TTI.LE.0.) GO TO 170 
El=DEXP(-~(XPOS-ALF~l)*TT1)**2)/(4.*ALF(Z)*TTI)) 
E2=DEXP(-((XPOS+ALF(l)*TTI)**2)/(4.*ALF(Z)*TTI)) 
E3=B. 

I F  (ALF(l)*XPOS/ALF(Z).LT.28.) E3=DEXP(ALF(l)*XPOS/ALF(2)) 

IF (E3.GT.0.) A(I,4j=A(I,4)+(XPOS/ALF 
1 (Z))*E3*ERFl+E3*(-TPI*E2)*TTI/(Z.*DSQRT(ALF(Z)*TTI)) 

A(1,5)=TPI*El*(XPOS-ALF(l)*TTI)/FUNC 
IF (E3.GT.0.) A(I,S)=A(I.5)-E3*ERFl*ALF(l)*XPOS/ 

1 A L F ( 2 ) * * 2 + E 3 * T P I * E Z * ( X P O S + A L F ( l ) * T T I ) / F l I N C  

A(I.6)~-TPI*El*(XPOS/(Z.*DSQR7(ALF~2~*TTI**3~~+ALF~l~/ 
IF (NL.LT.3) GO TO 170 

1 FUNC) 
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2 *(XPOS/{2.*DSPRT(ALF(l)*TTI**3))-ALF(l)/FUNC) 
I F  (E3.GT.I.) A(I,6)=A(I,6)+E3*(-TPI*E2) 

C 
C 

C 

C 

170 CONTINUE 

200 CONTINUE 

RETURN 
EN D  
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c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C PROGRAM TITLE: FIT600 
C Data Analysts Program for FIX500,DAT Data Output Ftles 
C Created by SCAN500 Data Acqutsttton System 

C Wrttten by Roland N. Horns 
C Modtfled for the KEITHLEY/das System by L. W .  Bouett 
C Stanford Unlverslty, 22  April 1986 

C Modlfted again by R N H  to analyse derlvatlvet wrt tlme 5/23/86 

C 

C 

C 

C 

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 

C 
IMPLICIT REAL*B(A-B,D-H,O-Z) 

L 
C SET DIMENSIONS FOR VARPRO. BE CAREFUL WHEN SETTING THE 
C DIMENSIONS FOR THE INCIDENCE MATRIX INC. SEE NOTE. 
C 

DIMENSION Y(500),T(500),TIN(500)*ALF(3),BETA(2),W(500),A(500,7), 

COMMON XPOS,TZERO 
COMMON /DUMMY/C(500,6) 
EXTERNAL ADA,ADADRV 
CHARACTER*6 CFILE(96) 
DATA CFILE/'l.dat','2.dat','3.dat*,*4.dat*,'5.dat','6.dat'~ 

@ '7.dat','8.dat','9.dat*~'l0.dat','ll.dat*,'l2.dat','l3.dat'~ 
1 *14.dat*,*15.dat*,*l6.dat','l7.dat',*l8.dat*,'l9.dat',*20.dat', 
@ *21.dat*,*ZZ.dat','23.dat*,'Z4.dat*~'25.dat','26.dat*,*27.dat?, 
2 *28.dat','29.dat',*30.dat*,'3l.dat*~'~2.dat~,'33.dat',~34.dat'~ 
@ '35.dat',*36.dat','37.dat',,38.dat',,39.dat'*'40,dat','4l.dat'* 

@ '49.dat','50.dat','5l.dat',*S2.dat','53.dat*,'54.dat'~'55.dat', 
3 '42.dat',*43.dat*,'44.dat',~45.dat~~*46.dat*,'47.dat*,~48.dat', 

4 *56.dat*,*57.dat','58.dat','59.dat*~'60.dat*,*6l.dat'~'6Z.dat'~ 
B '63.dat*,'64.dat','65.dat','66.dat','67.dat','68.dat**'69.dat** 
5 '70.dat','71.dat','7Z.dat','73.dat'*'74.dat',*75.dat'*'76.dat*, 
B *77.dat','78.dat','79.dat*,'80.dat'~'8l.dat*~'8Z.dat'~*83.dat*, 
6 *84.dat','85.dat*,'86.dat','87.dat'~'88.dat',*89.dat*~'90.dat', 
@ '91.dat','92.dat','93.dat',*94.dat','95.dat','96.dat'~ 

*INC(12,8),NELTRY(96),NGO(96),YIN(500) 

C 
C 
C 
C 

SET PARAMETERS FOR VARPRO. 

I PLOT=0 
NMAX = 500 
I P R  I NT=50 

C 

C READ DATA SEQUENTIAL ORDERING AND 
C PROPER FORMATTING ARE IMPORTANT. 
C 
C 
c 
C NL IS THE NUMBER OF NONLINEAR PARAMETERS 
C 
C 

READ (5.311) N L  
311 FORMAT i i l )  

WRITE(6,12) N L  
12 FORMAT (lHB,lIX,'NUMBER OF NONLINEAR PARAMETERS*//(XJ)) 
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C 
C 
C L IS THE NUMBER OF LINEAR PARAMETERS 
C 
C 

C 
C 
C 
C 

ESTIMATES OF THE NONLINEAR PARAMETERS 

C 

L 12 

POS0=14.9225 
READ (5,310) VELOC,DIFFS,TZERO,DC0*DCl 

310 FORMAT (F10.4) 

312 FORMAT (4012) 
RE A D  (5,312) NTRIES,(NELTRY(K),K=l,NTRIES) 

DO 314 Ke1.96 
314 NGO(K)=l. 

DO 313 K=l.NTRIES 
313 NGO(NELTRY(K))=P. 

WRITE (6,20) VELOC,DIFFS,TZERO 
20 FORMAT (/*'0 Mean Velocity(cm/sec) Diffusivlty (cm2/sec)* 

C 
C 

C 
C 
C 
C N IS THE NUMBER OF OBSERVATIONS 
C 
C 

IV IS THE NUMBER OF INDEPENDENT VARIABLES T 

C 

C 
C 
C 
C 
C T IS THE INDEPENDENT VARIABLE 
C Y IS THE N-VECTOR OF OBSERVATIONS 
C 
C 

# .*  Time zero ( s e c ) * . / , ( 5 X , F 9 . 5 , 1 0 X , F 1 3 . 3 s 1 0 X * F 1 0 . 3 ) )  

LPP2=L+NL+Z 

IV=l 

O P E N ~ l , F I L E ~ * f i x 5 0 0 . d a t ~ ~ S T A T U S = * O L D * ~ A C C E S S * ~ S E Q U E N T I A L ~ ~  
OPEN(7,FILE~*results*,STATUS~*new*,ACCESS~*SEQUENTIAL*) 
O P E N ( 8 , F I L E ~ * e t a . d a t ' , S T A T U S = ' n e w * ~ A C C E S S = ' S E Q U E N T I A L * )  
OPEN(S,FILE=*u.dat*,STATUS='new*,ACCESS~'SEQUENTIAL*) 

C 
WRITE (7,323) 

323 FORMAT(2X.*Elec co Cin.1 Velocftv * .  - 
1 '  D i s p  To**/*' 
2 * cm/sec cm2/sec sec * ) 

PPm ppm * * 

C 
READ(l,*) N I N  

501 FORMAT(I3) 
C 

write (8,501) ntrles 
write (9,501) ntries 

DO 601 I=l.NIN 
C 

60 1 CONTINUE 
502 FORMAT(F7.3) 

READ(I,*) TIN(I) 

ALF(l)=VELOC 
ALF(P)=DIFFS 
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C 
602 
503 

328 

C 
C 
C 
C 

1 
C 

70 

702 

C 

C 

ALF(B)=TZERO 
DO ZBB NELEC=l, 96 

DO 602 I=l, N I N  
READ(l,*) YIN(1) 
Y(I)=YIN(I) 

CONTINUE 
FORMAT(F6.4) 

WRITE ( 6 , * )  T(I),Y(II 

I F  (NGO{NELEC).GT.B) GO TO 200 
WRITE (6,320) NELEC 
FORMAT (//,2X,'Electrode number ......................... 
X P O S = P O S 0 + 5 . 0 8 * ( N E L E C - l )  
if (nelec.gt.32.and.nelec.lt.65) xpos=pos0+5.08*~nelec-33) 
If (nelec.gt.64) xpos=pos0+5.08*(nelcc-65) 

ALF(l)=VELOC 
ALF(P)=DIFFS 
ALF(3)=TZERO 

W(I) ARE THE WEIGHTING PARAMETERS 

DO 1 I=l,NIN 
W (  I ) = 1 . 0  

IMINPu5 
I M A X P = N I N  

IF(NIN.LT.200) THEN 
IMIN=5 
GOT0 702 

EN D  I F  
TMINP=(TZERO+XPOS/VELOC)-l20.0 
TMAXP=TMINP+130.0 
DO 70 I = l , N I N  
I F  (TIN(I).LT.TMINP) IMINP- I 

CONTINUE 
I F  (TIN(I).LT.TMAXP) IMAXP=I 

I M I N = I M I N P  
I F  (IMIN.LT.5) IMIN-5 
NsIMAXP-IMIN 
I F  (N.GT.NIN) N = N I N  
write ( * , * I  n,nin,imln,lminp,imaxp,tmlnp,tmaxp 
DO 201 Im1.N 
T(I)=TIN(IMIN+I) 
Y(I)cY(IMIN+I) 
wrfte (*,'(12,2gl0.4)') f,t(l),y(l) 

20 1 CONTINUE 
70 1 CALL VARPRO(L ,NL ,N ,NMAX,LPP2 ,1V ,T ,Y ,W,ADA,A ,  

F 
*IPRINT,ALF,BETA,IERR,l0) 

b, 

VImBETA(1) 
VI=BETA(1)+2.*BETA(Z) 
BPAR=(Vl-V0)/DLOG(DC0/DCl) 
APAR=Vl+BPAR*DLOG(DCl) 
DO 211 I=l.N 

211 Y(I)=DEXP(~APAR-Y(I))/BPAR) 
DO 212 I = l , N I N  

212 YIN(I)=DEXP((APAR-YIN(I))/BPAR) 
C 

NSKI P=3 
CALL FIXUP(Y,YIN,T,TIN,N,NIN,NSKIP) 

C 
C 

CALL VARPRO(L,NL,N,NMAX,LPP2,IV,T,V,W,ADADRV,A, 
*IPRINT.ALF,BETA,IERR,l00) 
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C 

9 
8 

205 

206 
14 
305 

C 

400 
40 1 

301 
302 
2 00 

C 

1 

LPl-L+l 
CALL ADADRV (LPl,NL,N,NMAX,LPP2,IV,A,INC,T,ALF,I) 
DO 8 I=l,N 
C(I,LP1)-0, 
DO 9 Jp1.L 
C(I,J)=BETA(J)*A(I,J) 
C(I,LPl)=C(I,LPl)+C(I,J) 
CONTINUE 
OPEN ( 2 , F I L E I C F I L E ( N E L E C ) , S T A T U S = * u n k n o w n * , A C C E S S ~ ’ S E ~ U E N T I A L * )  
WRITE (2.305) N 
DO 205 IE1.N 
WRITE (2.14) T(I),V(I) 
WRITE (2,305) N 
DO 206 Is1.N 
WRITE (2,14) T(I),C(I,LPl) 
FORMAT (IX,EF10.4) 
FORMAT (16) 

CLOSE (2) 
DCMID=BETA(l)+BETA(2) 
cmax=c(l,lpl) 
DO 400 1Irl.N 
if (dc0.lt.dcl) then 

If (c(tt,lpl).gc.cmax) then 
crnax=c(li,lpl) 
TMID=T(II) 

end if 

if (c(fl,lpl).le.cmax) then 
else 

cmax=c(it.lpl) 
TMID=T(II) 

end if 
end if 
CONTINUE 
TICALC=TMID-XPOS/ALF(l) 
WRITE (7,302) NELEC,BETA(l),BETA(1)+2.*BETA(Z).ALF(l),ALF(2) 
, T0CALC 
write (8,301) nelec.alf(2) 
write (9,301) nelec,alf(l) 

FORMAT {2X,14,5F12.4) 
format (2x,i4,f12.4) 

CONTINUE 
STOP 
EN D  

C c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 
r 

SUBROUTINES 
c. c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C 
C 
C 

SUBROUTINE ADA { L P , N L , N , N M A X , L P P 2 , I V , A , I N C , T , A L F , I S E L )  
IMPLICIT REAL*8(A-H,O-Z) 
DIMENSION ALF(NL),A(NMAX,LPP2),T(NMAX),INC(l2,8) 
COMMON XPOS,TZERO 

PI=4.*ATAN(l.) 
C 
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C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
90 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 

81 

165 

TPI=2./DSQRT(PI) 
L=LP-1 
I F  (NL.LT.3) ALF(3)rTZERO 

THE INCIDENCE MATRIX INC(NL,L+l) IS FORMED BY SETTING 
INC(K.J)=l I F  THE NONLINEAR PARAMETER ALF(K1 APPEARS 
I N  THE 3-TH FUNCT ION PHI(J). (THE PROGRAM SETS A L L  OTHER 
INC(K.J) TO ZERO.) 

IF(ISEL.EQ.2) 60 TO 90 
IF(ISEL.EQ.3) GO TO 165 

INC(l,l)-0 
INC(Z,l)=B 
INC(1.2)rl 
INC(2;2)=1 
I F  (NL.EQ.3) INC(3,2)=1 

THE VECTOR-SAMPLED FUNCTIONS PHI(J) ARE STORED I N  
THE FIRST N ROWS A N D  FIRST L COLUMNS OF THE MATRIX 
B(1.J). B(1.J) CONTAINS PHI(J,ALF;T(I),I,. ..N; 
J=I,L. THE CONSTANT FUNCTIONS PHI WHICH DO NOT 
D E P E N D  UPON ANY NONLINEAR PARAMETERS ALF MUST 
APPEAR FIRST. 

alf(2)=dabs(alf(2)) 
DO 81 I=l,N 
I F  (ISEL.EQ.1) A(I.l)=l.0 
A( I ,2)=0. 
TTI=T(I)-ALF(3) 
I F  (TTI.LE.0.) GO TO 81 
TFUNC=DSQRT(ALF(2)*TTI) 
A(I,2)-DERFC((XPOS-ALF(l)*TTI)/(2.*TFUNC)) 

1 (l)*XPOS/ALF(2))*DERFC((XPOS+ALF(l)*TTI)/(Z.*TFUNC)) 

CONTINUE 

IF (XPOS*ALF(l)/ALF(2).LT.20.) A(1,2)=A(I,2)+DEXP(ALF 

I F  (ISEL.EQ.2) GO TO 200 

DO 170 Iz1.N 

A( I ,4)=0. 
A( I ,5)=0. 
A( I ,6)=0. 
TTI=T(I)-ALF(3) 
I F  (TTI.LE.0.) GO TO 170 
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C 
C 

C 

C 

170 

200 

C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

El=DEXP(-((XPOS-ALF(l)*TT1)**2)/(4.*ALF(2)*TTI)) 
E2=DEXP(-((XPOS+ALF(l)*TTI)**2)/(4.*ALF(Z)*TTI)) 
E3=0. 

ERF~PDERFC((XPOS+ALF(~)*TTI)/(~.*DSQRT(ALF(~)*TTI))) 
FUNC=2.*DSQRT(TTI*ALF(2)**3) 
A(I,4)=-TPI*El*(-TTI/(2.*DSQRT(ALF(2)*TTI))) 
IF (E3.GT.B.) A(1,4)=A(1,4)+(XPOS/ALF 

1 ~2))*E3*ERFl+E3*(-TPI*E2)*TTI/~Z.*DSQRT(ALF~Z~*TTI~~ 
A(1,5)~TPI*El*(XPOS-ALF(l)*TTI)/FUNC 
I F  (E3.GT.0.) A(I,S)~A(I,5)-E3*ERFl*ALF(l)*XPOS/ 

I F  (NL.LT.3) GO TO 170 
A(I,6)~-TPI*El*(XPOS/(2.*DSQRT(ALF(Z~*TTI**3~~+ALF~l~/ 

IF (ALF(l)*XPOS/ALF(2).LT.28.) E3=DEXP(ALF(lI*XPOS/ALF(2)) 

1 ALF(Z)**2+E3*TPI*EZ*(XPOS+ALF(I)*TTI)/FUNC 

1 FUNC) 
I F  (E3.GT.0.) A ~ I , ~ ) I A ( I , ~ ) + E ~ * ( - T P I * E ~ )  

2 *(XPOS/(Z.*DSQRT(ALF(l)*TTI**3))-ALF(l)/FUNC) 

CONTINUE 

CONTINUE 

RETURN 
EN D  

SUBROUTINE ADADRV (LP,NL,N,NMAX,LPPZ,IV,A,INC,T,ALF,ISEL) 
IMPLICIT REAL*B(A-H,O-Z) 
DIMENSION A L F ( N L ) , A ( N M A X , L P P 2 ) . T ( N M A X ) , I N C ( l 2 , 8 )  
COMMON XPOS,TZERO 

PI=4.*ATAN(l.) 
TPI=2./DSQRT(PI) 
L=LP-1 
I F  (NL.LT.3) ALF(3)rTZERO 

THE INCIDENCE MATRIX INC(NL,L+l) IS FORMED BY SETTING 
INC(K,J)=l I F  THE NONLINEAR PARAMETER ALFCK) APPEARS 
I N  THE J-TH FUNCTION PHItJ). (THE PROGRAM SETS ALL OTHER 
INC(K.J) TO ZERO.) 

IF(ISEL.EQ.2) GO TO 90 
IF(ISEL.EQ.3) GO TO 165 

1~~(1,1)=0 
INC(2,1)-0 
INC(l,2)=1 
INC(2,2)31 
I F  (NL.EQ.3) INC(3,2)=1 

THE VECTOR-SAMPLED FUNCTIONS PHI(J) ARE STORED I N  
THE FIRST N ROWS AND FIRST L COLUMNS OF THE MATRIX 
B(1,J). B(1.J) CONTAINS PHI(J,ALF;T(I),I,...N; 
J=l,L. THE CONSTANT FUNCTIONS P H I  WHICH DO NOT 
DEPEND UPON ANY NONLINEAR PARAMETERS ALF MUST 
APPEAR FIRST. 
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C 
c 
C 
C 
C 
C 

90 

C 
C 
C 

C 

C 
C 

81 

C 

C 
C 
C 
C 
C 
C 
C 

C 
165 

alf(2)=dabs(alf(2)) 
DO 81 I=l,N 
I F  (ISEL.EP.1) A(I.1)-1.0 
A( I ,2)=0. 
TTI=T(I)-ALF(3) 
IF (TTI.LE.0.) 60 TO 81 

calculate derlvattves 

ttf=ttf+l.d-5 
TFUNC=DSQRT(ALF(2)*TTI) 
ffunc=DERFC((XPOS-ALF(l)*TTI)/(2.*TFUNC)) 

IF (XPOS*ALF(l)/ALF(Z).LT.20.) ffunc=ffunc+DEXP(ALF 
1 (l)*XPOS/ALF(2))*DERFC((XPOS+ALF(l)*TTI)/(Z.*TFUNC)) 

ttlztti-2.d-5 
TFUNC=DSQRT(ALF(2)*TTI) 
gfunc=DERFC((XPOS-ALF(l)*TTI)/(2.*TFUNC)) 

I F  (XPOS*ALF(l)/ALF(Z).LT.20.) gfunc=gfunc+DEXP(ALF 
1 ( l ) * X P O S / A L F ( 2 ) ) * D E R F C ( ( X P O S + A L F o * T T I ) / ~ 2 . * T F U N C ~ ~  

a(f,2)=(ffunc-gfunc)/2.d-5 

CONTlNUE 

I F  (ISEL.EQ.2) GO TO 200 

DO 170 I=l,N 

A(I,4)=0. 
A( I ,5)=0. 
A (  I ,6)=0. 
TTI=T(I)-ALF(B) 
I F  (TTI.LE.0.) GO TO 170 
tti=tti+l.d-5 
E15DEXP(-((XPOS-ALF(l)*TTI)**2)/(4.*ALF(2)*TTI)) 
E~PDEXP(-((XPOS+ALF(~)*TTI)**~)/(~.*ALF(~)*TTI)) 
E3=0. 

F U N C = Z . * D S O R T ( T T I * A L F ( 2 ) * * 3 )  
A~P=-TPI*E~*(-TTI/(~.*DSQRT(ALF(~)*TTI))) 
I F  (E3.GT.0.) A~D=A~D+(XPOS/ALF 

1 (Z))*E3*ERFl+E3*(-jPI*E2)*TTI/(2.*DSQRT(ALF(Z)*TTI)) 
A5p~TPI*ElRIXPOS-ALF(1)*TTI)/FUNC 

1 A L F ( 2 ) * * 2 + E 3 * T P I * E 2 * ( X P O S + A L F o * T T I ) / F U N C  
IF' (E3.GT.0.) ASp=ASp-E3*ERFl*ALF(l)*XPOS/ 

I F  (NL.LT.3) GO TO 202 
A6p=-TPI*El*(XPOS/(2.*DSQRT(ALF(2)*TTI**3))+ALF(l)/ 

1 FUNC) 

2 *(XPOS/(Z.*DSQRT(ALF(l)*TT1**3))-ALF(l)/FUNC) 
I F  (E3.GT.0.) A6p=A6p+E3*(-TPI*E2) 
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C 
202 

1 

1 

1 

2 
C 
20 1 

C 
c 
C 

C 

170 

200 

C 

tttrtti-2.d-5 
E~PDEXP(-((XPOS-ALF(~)*TTI)**~)/(~.*ALF(~)~TTI)) 
E2=DEXP(-((XPOS+ALF(l)*TTI)*R2)/(4.RALF(2)*TTI)) 
E3=0. 

ERFl~DERFC((XPOS+ALF(l)*TTI)/(2.*DSQRT(ALF(2)*TTI))) 
FUNC=2.*DSQRT(TTI*ALF(2)**3) 
A4m=-TPI*El*(-TTI/(2.*DSQRT(ALF(Z)*TTI))) 
I F  (E3.GT.0.) A4rn=A4m+(XPOS/ALF 

A5m=TPI*E1*(XPOS-ALF(l)RTTI)/FUNC 
IF (E3.GT.0.) A5m=ASm-E3*ERFl*ALF(l)*XPOS/ 

I F  (NL.LT.3) GO TO 281 
A6m=-TPI*El*(XPOS/(2.*DSQRT(ALF(Z)*TTI**3))+ALF(l)/ 

I F  (ALF(l)*XPOS/ALF(2).LT.20.) E3=DEXP(ALF(l)*XPOS/ALF(Z)) 

(Z))*E3*ERF1+E3*(-TPI*E2)*TTI/(2.RDSQRT(ALF(2)*TTI)) 

A L F ( 2 ) * * 2 + E 3 * T P I * E 2 * ( X P O S + A L F ( I ) * T T I ) / F U N c  

FUNC) 

* ( X P O S / ( 2 . * D S Q R T ( A L F ( 1 ) * T T I * * 3 ) ) - A L F ( l ) / F U N C )  
I F  (E3.GT.0.) A6m=A6m+E3*(-TPIRE2) 

a(t,4)=(a4p-a4m)/2.d-5 
e(i,5)=(a5p-a5m)/Z.d-5 
if (nl.lt.3) goto 170 
a(i,6)=(a6p-a6m)/Z.d-5 

CONTINUE 

CONTINUE 

RETURN 
END 

subroutlne f i x u p  (yout,x,tout,t,n,np,nplus) 
implicit real*8 (a-h,o-z) 

dimension t ~ 5 0 0 ~ , ~ ~ 5 0 0 ~ , y o u t ~ 5 0 0 ~ , t o u t ~ 5 0 0 ~  
n3=2*nplus+l 
n =0 
istartrld 
do 1 i=istart+nplus+l,np-nplus 
n=n+l 
sumx=0.0 
sumy=0.0 
sumxy=0.0 
sumx2=0.0 
do 2 j=l-nplus,i+nplus 
sumx=sumx+t(j) 
sumy=sumy+x(j) 
sumxy=sumxy+x(j)*t(j) 

2 
sumxZnsumxZ+t(j)*t(j) 
cont i n u 8  
grad=(sumx*sumy-n3*sumxy)/~surnx*sumx-n3*sumx2~ 
tout(n)=t(i) 
yout(n)=grad 

1 cont f n u e  
return 
end 
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