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ABSTRACT

A COMPUTER-INTERACTIVE

BIPOLAR PULSE CONDUCTANCE SYSTEM

By

Keith Joseph Caserta

A computer-interactive conductance measurement system has been

developed which utilizes the bipolar voltage pulse technique for con-

ductance determination. The entire measurement system is controlled

by1a dedicated minicomputer. Within the system the computer exercises

c00trol over the pulse width, the pulse height, the amount of offset

current applied, and the tracking amplifier gain. The computer also

cOutrols the triggering of the bipolar pulse perturbation and the pulse

repetition frequency. It monitors the conductance signal produced by

the sum of the cell and offset currents, and stores and analyzes this

data. Discrete conductance measurements may be made as often as every

thl'Ir'ty microseconds. The dynamic range of measurable conductances

extends from 0.22 to 1.8 x 10‘79".

Signal-to-noise ratios for this instrumental system vary from

5°40 x.lO2 to 6.70 x 103 over the operating range, for single bipolar

pu‘Seeperturbations. Averaging up to 2000 perturbations per point

1“creases these values to l.l8 x 103 to 6.40 x 105 over the operating

range. The conductance measurement is unaffected by parallel cell

caDacitances at least as high as 1000 pF. Accuracy within the operating



6
%
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range has been found to vary from 0.38 to 0.0037 percent for a series

capacitance of l0 uF. Increased accuracy is obtained at larger series

capacitance values.

The conductance system is capable of measuring temperature

simultaneously by means of a separate analog temperature monitor and

digital conversion circuit. Software has been written which utilizes

this measured temperature for correction of conductance data for tem-

perature fluctuations. This is done by curve-fitting a temperature-

conductance profile obtained by changing the temperature of the system

'u1be studied over the temperature range of interest, while acquiring

conductance and temperature data. The coefficients of the fitted curve

are used to calculate temperature-corrected conductance within various

data analysis routines. In addition to the correction features, a

'ficord of the temperature-conductance behavior of a particular system

any be obtained. This behavior has been investigated for several

ehittrolytes in aqueous media, and several in non-aqueous media. The

curves thus obtained have indicated that the temperature coefficient

0f conductance will often change sign over a few degrees temperature

Change. This preliminary work has indicated that such profiles may

be both qualitatively and quantitatively useful.

Other programs within the computer-interactive conductance system

SOftware set enable the system to acquire and analyze data for conducto-

metric titrations, stopped flow kinetic experiments, dissociation

conStant determinations, absolute conductance measurements, chromatography

m0“'itoring, instrumental performance characterization, and instrumental

Se‘f-testing. In addition, a computer-interactive instructional package

has been developed for teaching operation of the system. It includes
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text messages, interactive dialog, and graphic displays. This facility

provides the novice operator with most of the information required to

Operate and understand the system. It also provides a continual

reference source for the more experienced user.

A number of aqueous and non-aqueous titrations have been investigated

with the system. The chemiluminescence reaction of luminol with base

in DMSO and 1:1 DMSO-EtOH has also been studied with the system by

monitoring the conductance, temperature, and chemiluminescence changes.

The computer-interactive conductance system has been shown to be

a versatile and powerful measurement tool which is capable of monitoring

those conductance changes which are too small for, too fast for, or

beyond the operating range of conventional instruments.



A COMPUTER-INTERACTIVE

BIPOLAR PULSE CONDUCTANCE SYSTEM

By

Keith Joseph Caserta

A DISSERTATION

Submitted to

Michigan State University

in partial fulfillment of the requirements

for the degree of

DOCTOR OF PHILOSOPHY

Department of Chemistry

1974



I dedicate this Dissertation to my sons, Keith and Kevin.

May they love to learn, be strong but gentle,

and be free to dream and create and be happy.

ii



up 51‘

4' :1

|IOIf.

.,.. f

u ..
.,P;

a ‘b‘

'"IOCId.

:.:.. ‘1

a".

-.'|.

 

’h

n

l' D-

I!

I

p

:
~u.1

  



ACKNOWLEDGMENTS

I wish to express my sincere gratitude to Professor C. G. Enke

forlfis help and guidance during the entire project presented in this

Dissertation. Professor Enke succeeded not only in providing technical

aid when it was needed but, equally importantly, helped me develop an

appreciation of the broader perspective of analytical measurement and

scientific technique.

I wish to thank the fellow members of Professor Enke's research

group for the interaction and comradeship which developed between us

mnjng my studies at Michigan State. I especially want to thank Brian

Hau1and Tim Nieman for their friendship, interest, and help during

the past three years. I wish to express appreciation to Professor S. R.

Crouch for his aid during the project, and the other members of my

(hfidance Committee for their comments and interest. Professor R. N.

Hammer deserves special thanks for his contributions to my overall

graduate education.

I want to thank my parents and grandparents who continuously provided

the guidance and encouragement which lead to whatever successes I've

enjoyed in my studies and research. Special thanks go to my father who

has supported me in everything I've done, all my life, and who probably

knows me best of all.

Most importantly, I want to express my deepest thanks to my beautiful

wife, Connie. She has stood with me throughout these last four years of

study, during days when my work has kept me at the laboratory and left her

alone with the children for long hours at a time. She has been a daily

inspiration to me to pursue my work with determination. And, finally, she

iii



typed the initial draft of this entire Dissertation while taking care

of our two sons and our apartment, and preparing our meals and our move

to a new city and a new life.

iv



TABLE OF CONTENTS

Page

LIST OF TABLES ix

LIST OF FIGURES x

INTRODUCTION 1

A. User-Oriented Laboratory Instrumentation l

B. Expanding the Application of Classical

Measurement Techniques Through Laboratory

Automation 3

CHAPTER l. General Description of the Computerized

Conductance System 6

A. Philosophical Overview 6

B. The Computer-Interactive Conductance

System 7

C. The Computerized System Employed in the

Computerized Conductance System 8

D. The Computer-Interactive Conductance

System Block Diagram 10

E. The Computerized Conductance System

Software Library 13

CHAPTER 2. The Analog Measurement of Conductance 20

A. Early use of the AC Bridge Technique 20

B. Later Improvements in the AC Bridge

Technique 23

C. The Bipolar Pulse Technique 26

D. The Analog Circuits of the Computerized

Conductance System 32

E. The Power Suyplies of the Computerized

Conductance System 40

CHAPTER 3. Implementation of a Dedicated Computer for

Total Digitization of the Conductance Mea-

surement Sequence 43



Chapter

CHAPTER 4.

CHAPTER 5.

Page

A. Interfacing the Digital Computer

for Chemical Applications 43

B. Digital Conversion and Control of

Analog Signals 49

C. Digital Sequencing of the Bipolar

Pulse Measurement 55

Programming the Computerized Conductance

System for Optimized Measurement 63

A. Creating a Software Library for Labora-

tory Instrumentation 63

B. Laboratory Computer Languages 64

C. Programming with Commonly Provided

Languages 67

D. The DEC OS/B Operating System 68

E. Creating an Experimentally Flexible

Software Set 73

F. Determination of the Optimum Measure-

ment Parameters for the Computerized

Conductance Instrument 74

G. The Preliminary Scan Routine 75

H. The Averaging Routine 80

I. The Timed Data Acquisition Routine 82

Performance Characteristics and Self

Testing Ability of the Computerized

Conductance System 91

A. Performance Characterization Via the

System Software 91

8. Determination of System S/N, Precision,

and Resolution 91

C. Determination of System Accuracy 98

0. Optimum Pulse Width Selection 105

E. Scale Change Corrections in the Com-

puterized Conductance System 108

F. Linearity, Range and Speed Charac-

teristics llO

vi



Chapter

CHAPTER 6 .

CHAPTER 7.

CHAPTER 8.

6. System Diagnostic and Exerciser

Facility

Temperature Measurement and Compensation

in the Computerized Conductance System

A.

B.

The Temperature Monitor

The Software set for the Determination

of the Thermistor Response Coefficients

of Conductance

Conductance Data Enhancement Through

Temperature Variation Correction

Some Comments on the Shape of Con-

ductance-Temperature Profiles

Application of the Computerized Conductance

System to Titration Monitoring and Analysis

A. Specific Software and Hardware for

Titration Experiments

Titration Data Analysis and Display

Software

Early Studies with the Computerized

Conductance System: Precipitation

Titration of Ag+ with KCl

Some Observations Concerning the End

Point Phenomenon Associated with

Certain EDTA Titrations

Determination of Small Amounts of NaOH

in the Presence of Large Quantities of

Sodium Phenolate

Titration of Phthalic Acid in 1:1 DMSO-

EtOH

Application of the Computerized Conductance

System to Kinetic Studies: Preliminary In-

vestigation of the Luminol Reaction

A.

B.

C.

Specific Software for Kinetic Experiments

Specific Hardware for Kinetic Experiments

Previous Investigation of the Luminol

Reaction

vii

Page

111

119

119

126

139

148

152

152

156

161

163

174

180

184

184

187

191



Chapter

CHAPTER 9.

CONCLUS ION

REFERENCES

APPENDIX

0.

action

E.

Reaction

CBHELP:

A.

B.

C.

Selected Program Listings

x
p
m
z
m
-
n
m
o
n
m
)

Stopped-flow Study of the Luminol Re-

Conclusions from the Preliminary

Investigation of the Luminol

Use of the Computerized Conductance

System by Future Workers

Creating the CBHELP Program

Using the CBHELP Program

CBTSLS

CBPSLT

CBTCLH

CBTALR

CCLALF

CDTALC

CFPTLI

CCLMLT

CDPMLT

FILEII

CBHELP

The System Instructional Package

viii

Page

195

208

212



LIST OF TABLES

Table
Page

1. Computerized conductance system instruc-

tion set.
48

2. Performance characteristics. 99

3. Accuracy for various conductance-series

capacitance combinations 104

ix



Figure

10

11

12

13

14

15

16

17

18

LIST OF FIGURES

Computer System Block Diagram

Computerized Conductance System Block

Diagram

Computerized Conductance System Software

Set Flowchart

AC Conductance Bridge Circuit

DC Coupled Lock-in Detector Conductance

Measurement Circuit

Bipolar Pulse Conductance Device

Schematic Diagram of the Computerized Conduc-

tance System Analog Circuits

Photograph of the Analog Circuits

Photograph of the Conductance Instrument Power

Supply

Schematic Diagram of the +24 Volt Relay

Power Supply

POP/8 Computer Functions Available with

the Heath EU-BOlE Interface System

Signal Sampler and Converter Schematic

Diagram

Control Circuits Schematic Diagram

Measurement Sequencer Schematic Diagram

Photograph of the Digital Circuits Compart-

ment

Photograph of the Control Circuits for Offset

and Gain

Photograph of the Control Circuits for Pulse

Height and the Analog Temperature Monitor

Circuit

Simplified Preliminary Scan Flowchart

Page

11

14

21

25

27

33

39

41

42

47

51

54

57

6O

61

62

77



Figure Page

19 Preliminary Scan Routine Output 79

20 Averaging Routine Flowchart 81

21 Averaging Routine Output 83

22 Timed Data Acquisition Routine Output 84

23 Simplified Timed Data Acquisition Routine

Flowchart 85

24 Simplified Reset Routine 1 Flowchart 88

25 Simplified Reset Routine 2 Flowchart 90

26 Random System Noise Profile (Plot) 94

27 Reduction of System Noise to Quantization

Level (Plot) 95

28 Ensemble Averaging Improvement in S/N and

Resolution (Plot) 97

29 CBPSLT Program Flowchart 101

30 Percent Relative Error vs. Log (R) for

a Series Capacitance of 5.0 pF (Plot) 107

31 Conductance-Time Profile for Cooling of

a Sulfuric Acid-Water System, Raw

and Scale Change Corrected Data (Plot) 109

32 CBTCLH Program Flowchart 113

33 Test Probe Schematic Diagram 114

34 Temperature Monitor Schematic Diagram 122

35 Temperature Monitor Response vs. Thermistor

Conductance (Plot) 125

36 Thermistor Response - Conductance Profiles for

Luminol. PotassiumTertiar Butoxide, and Re-

action Products in DMSO ( lot) 128

37 CBTALR Array Arranger Program Flowchart 130

38 Array Arranged Data from Figure 36 (Plot) 133

39 CCLALF Program Flowchart 134

xi



,.
r:

‘II

a

‘1

'a

‘I

'-



Figure

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Curve Fitting Program Flowchart

CFPTLI Program Flowchart

Temperature - Conductance Profile and

Cubic Fitted Curve for a Sulfuric Acid-

Water System (Plot)

Conductance - Time Profile for Cooling

a Sulfuric Acid - Water System, Raw, Scale

Change and Temperature Corrected Data

(Plot)

Conductance Profile for Addition of

Concentrated Sulfuric Acid to Water.

Raw and Temperature Corrected Data

(Plot)

Temperature Change When DMSO and EtOH

are Mixed in the Stopped Flow. Tempera—

ture Change During a Reaction of Luminol

in DMSO and KOH in EtOH (Plot)

Stopped-Flow Study of the Luminol System.

Raw and Temperature Corrected Conductance

vs. Time (Plot)

Automatic Burette Interface Schematic

Diagram

Simplified CCLMLT Program Flowchart

Simplified CDPMLT Program Flowchart

Conductometric Titration of Ag+ with

KC1 (P10t)

Conductometric Titration of Ca++ with

EDTA in 1111 H 1‘ Buffer Showing End Point

Anomaly (P at

Conductometric Titration of 2.3 x 10'?!

Ca“ with 2.0 x 10-45 EDTA in 1013/1014”

Buffer (Plot)

Induced Conducticator Effect for Titration of

Ca++ with EDTA in 1018/ 11111 Buffer Before and

After Scrubbing the ell (Plot)

xii

Page

136

138

140

141

141

144

145

147

154

157

160

162

165

169

172



Figure

54

55

56

57

58

59

60

61

622

623

64

5H5

(its

(57?

(iii

Conductometric Titration of NaOH with

Phenol in the Presence of Sodium

Phenolate (Plot)

Conductometric Titration of NaOH with

HCl in the Presence of Sodium Phenolate

(Plot)

Conductometric Titration of Phthalic

Acid with KOH in 1:1 DMSO-EtOH (Plot)

Photograph of the Early Hacker Stopped-

Flow Apparatus

Luminescence Data Monitor

Conductance Curve of the Luminol-

Potassium Tertiary Butoxide Reaction

in DMSO (Plot)

Temperature Profile Due to Mixing two

DMSO Solutions of Luminol and Potassium

Tertiary Butoxide in an Unthermostated

Cell (Plot)

Conductance Change with Increasing Con-

centration of KOH in 1:1 DMSO-EtOH (Plot)

Equivalent Conductance vs. (Concentration)1/2

for KOH in 1:1 DMSO-EtOH (Plot)

Conductance and Chemilumenescence Curves for

a Reaction of Luminol in DMSO with KOH in

EtOH (Plot)

Conductance Change for the Reaction of

Luminol in DMSO with KOH in EtOH Corrected

for Background Effects (Plot)

FILEII Program Flowchart

Photograph of CBHELP-Generated Scope Display

of the System Block Diagram

X-Y Plotting of a CBHELP-Generated Graphic

Display Depicting Pulse Width Selection

Curves

Program Set Selection Options in the CBHELP

Program

u-I-i-I

Page

177

179

181

186

190

196

197

201

202

206

207

218

221

222

226



Figure Page

69 CBHELP-Generated Program Flowchart

for Temperature-Conductance Profile

Measurement and Analysis 227

xiv



INTRODUCTION

A. USER-ORIENTED LABORATORY INSTRUMENTATION

A significant portion of the research effort in analytical and

physical chemistry, in recent times, has been directed toward develop-

ment of instrumentation and instrumental techniques for chemical

analysis and basic physical measurement. This research has not only

resulted in faster, more accurate, and more precise measurements, but

also in the ability to perform measurements which were not previously

possible.

Perhaps the greatest problem associated with the use of this new

and sophisticated instrumentation is that most of these measurement

systems require equally sophisticated operators to insure that they

will be utilized to the fullest extent. This situation has resulted

in the emergence of specialists in mm, far IR, interferometric, ESR,

and ESCA spectroscopic techniques, as well as in mass spectrometry,

conventional voltametry, coulostatics, and so forth. These groups of

Specialists have been needed in order to operate these instruments in

the various modes which have been designed into them and to interpret the

extraordinary amounts of data, which these techniques produce. The

conventional laboratory chemist does not usually possess the time or

the inclination to familiarize himself with the details of operation

and data interpretation for more than a few of these methods. Thus.

the “1199" Of the experimentation, which he is able to realize through

the use of these technique$, is very much dependent upon his ability

to cmmcue his desires and goals to the specialists. Unfortunately.

t

he necessary "meeting of minds“ often fails to occur, resulting in a

1



poorly designed experiment and only minimal utilization of the power of

a particular measurement technique.

Problems associated with optimum utilization of an analytical

method are not confined to those techniques which have a significant

group of specialists dedicated to them. In addition to these, there

are numerous other techniques which are commonly used by the laboratory

chemist to solve analytical problems. These techniques are rarely

utilized to their maximum capabilities because there seldom is an

individual present who possesses the necessary expertise to take full

advantage of the method. What appears to be needed in the case of

the specialized instruments and the less complex but more commonly

used techniques is a system through which any operator, with a

reasonable technical background, can realize the best measurement

possible with a particular analytical technique, for each experiment

which he designs and executes himself.

Fortunately, the introduction of monitoring and control computers

into laboratory instrumentation in the past eight years does, at least,

hold the promise of not only greatly enhancing the sophistication of

instrumental techniques, but also adapting easily to operators who

are relatively unfamiliar with the intricacies of these methods.

Nevertheless, this goal can be accomplished only if the computer inter-

action is properly implemented, not only from a hardware standpoint,

but also from a philosophical one. Since computer-interactive instru-

mentation has the ability to perform both unique and delicate experiments

as well as to produce voluminous amounts of data, there exists a very

real danger of building such instrumentation in a manner in which the

overall instrumental system (instrument, computer. peripherals, etc.)
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has a greatly increased "apparent" complexity (as it appears to the

operator) as opposed to more conventional systems.

From a Chemist's viewpoint, then, the goal in designing computer-

interactive instrumentation should be to permit maximum utilization

of a technique. This should be done regardless of the complexity

required for any component of the system. However, an equally important

consideration is that which requires the measurement system-operator

interaction to be such that the experiment performed with the system

will appggr_to be only as complex as the chemistry involved. Further-

more, the final form of the data produced by such a system should make

interpretation as simple as possible. If any analytical technique is

incorporated into such a system, the result will be a user-oriented

laboratory measurement device which is not dependent upon operation by

a specialist. If properly designed, the device will be sufficiently

flexible to move from one analysis problem to another totally different

one with little modification beyond that of changing the operating

program. The instrument can then be "time shared" among many different

users, much as the computer itself can be utilized in the time sharing

mode.

8. EXPANDING THE APPLICATION OF CLASSICAL MEASUREMENT

TECHNIQUES THROUGH LABORATORY AUTOMATION

Recently, there has been a renewed interest in those measurement

‘techniques which monitor the bulk properties of solutions. These

'techniques do not differentiate between chemical species but are

responsive to some overall physical property. Conductance measurement,

with which this thesis is concerned, is, of course, one of these



classical bulk property techniques. It has traditionally been utilized

for titration monitoring, where a specific chemical reaction between

analyte and titrant is chosen such that a chemically specific analysis

method need not be used. Chromatographic monitoring is another area

in which conductance instruments are being used as detectors. Finally,

as will be demonstrated later in this manuscript, reaction mechanisms

can be studied with conductance techniques alone, or by coupling these

measurements with other, more chemically specific, methods.

Conductance methods, although certainly in widespread use, have

been generally ignored by analysts. This is due both to the lack of

understanding of interferences present in real systems when these

measurements are made and to the application problems associated with

the use of classical conductance instruments. The problems include

the necessity of platinizing electrodes, delicately balancing bridge

and grounding circuits, gross dependence of the property measured on

temperature, and the calculations necessary for correction of conduc-

tance data for interferents, for analysis of chemical systems, and

for plotting meaningful data. The measurement of conductance, although

often utilized in laboratories concerned with widely diverse studies,

has usually not been performed in an optimum manner, and has seldom

been exploited for its maximum capabilities. This is the direct

result of the problems mentioned above, as well as the lack of measure-

Inent speed from which the technique has traditionally suffered. Thus,

conductance techniques fit easily into the category of research

techniques which lack a widespread group of routine applications

specialists to oversee the modernization of the technique.

It is the purpose of this thesis to demonstrate how the application
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of a dedicated computer to the monitoring and control of the entire

conductance measurement process results in a dynamic laboratory measure-

ment system which overcomes most of the problems associated with the

conventional application of the conductance technique. In addition,

the use of the computer-interactive system expands the application

possibilities of conductance measurement into areas where it has not

previously been used at all, or only used conservatively. Finally,

the system described here enables an unsophisticated operator to perform

experiments which make the maximum use of conductance measurement

and produce the maximum useful data automatically, without regard to

the operator's degree of understanding of the intricacies of the measure-

ment being performed.



CHAPTER 1

GENERAL DESCRIPTION OF THE COMPUTERIZED CONDUCTANCE SYSTEM

A. PHILOSOPHICAL OVERVIEW

The thoughts presented in the Introduction to this manuscript

could certainly serve as a basis for design of any computerized measure-

ment system. The fact that they were, as will be seen, important

considerations in the design of the computerized conductance system

does demonstrate that they are definite principles which can be

implemented in the design of user-oriented laboratory measuring

apparatus. However, these principles are, in themselves, of little

value to the researcher unless he is directed toward the chemical

problems which this approach to instrumentation is strategically

designed to solve. To one who would be a chemist, the development

of instrumentation performing no unique chemical measurement would

appear to be a foolish pursuit. The author feels certain that this

is the case.

The author wishes to stress, at the beginning of the discussion

of the actual research presented in this thesis, that the work to be

presented here did ggt_involve the building of a unified conductance

instrument. The group of circuits which perform conductance measure-

ment per se do not constitute an independent instrument. Except for

an on-off switch they possess no dials or dial settings and no switches

or indicators which would enable them to be operated in the way that

any other instrument might be. They constitute several functional

blocks out of many separate blocks which, when properly combined in

implementation, are the viable chemical measurement tool referred to





here as the computer-interactive conductance system, Other functional

blocks, such as the temperature monitor, real-time clock, and display

devices, are of nearly equal importance when the overall operation of

the system in a chemical measurement application is considered. The

entire system is welded into a functional unit through a series of

interfaces and a collection of flexible software, all of which are

rendered interactive through the power of the controlling computer.

The author can assume considerable responsibility for the design,

construction, and ultimate operation of many of these functional

blocks but not, by any means, all of them. However, the unique manner

in which these blocks are combined to create a laboratory measurement

system which is user-oriented, and the chemical measurements which

have been made with this system to the present time, are the direct

subject of this thesis and the author's contribution to chemical re-

search.

8. THE COMPUTER-INTERACTIVE CONDUCTANCE SYSTEM

The computerized conductance system itself is constituted from

three interacting elements, the computer and its peripherals, the

conductance instrument (referring, now, to the group of circuits which,

when placed in the system, perform conductance measurement), and the

software. The computer intimately takes part in the operation of the

conductance instrument through the logical flow of the programs. The

experiment, monitored most directly by the conductance instrument itself,

is under the supervision of the measurement system at all times. This

four-way involvement, software-computer-instrument-experiment, results

“in experiments which are modified during their execution by the

 



measurement system in such a way that the best measurement attainable

for that particular chemical process is obtained. Furthermore, the

operator, having set up the experiment, need have no further knowledge

of the intricacies of the bipolar pulse measurement technique because

the system ggg§_possess that "knowledge" through the logical sequencing

and decision processes performed by both the hardware and the software

throughout the experiment and subsequent data analysis. Finally, the

computerized conductance system itself, has become capable of supplying

the operator with much desired information concerning the theory,

operation, adjustment, and trouble-shooting of, as well as program

selection for the computerized conductance system (Chapter 9).

C. THE COMPUTER SYSTEM EMPLOYED IN THE COMPUTERIZED

CONDUCTANCE SYSTEM

The computer system which was available for use with the com-

puterized conductance system is shown in Figure 1. It has proven to

be an extremely powerful system forlaboratory use. This arises from

both the standard peripherals it includes and the specialized peripherals

interfaced in this laboratory.

The computer is a Digital Equipment Corporation (DEC) PDP-8/I

minicomputer with 12K of memory. 8K of this memory is standard core

memory and 4K is a solid state memory block manufactured by Calcomp

Galaxies Inc. The standard computer peripherals include an extended

arithmetic element (EAE) for fast, hardware multiplication and division,

«dual magnetic tape units (DECTAPE), a high speed paper tape reader and

annch (all made by Digital Equipment Corporation) and an ASR 35
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teletype. In addition, several non-DEC peripherals have been inter-

faced to the PDP-8/I in this laboratory. These include an RCA-301

line printer (1), a card punch (2), a Varian F-80 X-Y plotter and a

Tektronix 535A display scope (3) with a character generating capability

(4), and a Heath EU-205-1l strip chart recorder (3). Finally, there

is an extremely versatile mainframe real-time clock, as described by

Hahn and Enke (5).

The Heath EU-BOlE interface system (6) (described in detail in

Chapter 3) was used for interfacing the above peripherals as well as

all components of the conductance instrument itself. The bipolar

pulse conductance instrument, which was made functional through this

computer system, was structured to take advantage of the interactions

available with it.

D. THE COMPUTER-INTERACTIVE CONDUCTANCE SYSTEM BLOCK DIAGRAM

The bipolar pulse conductance measurement technique will be

examined in detail in Chapter 2. Briefly, it involves the application,

to a cell, of two voltage pulses of equal magnitude and duration but

opposite polarity, followed by instantaneous measurement of the cell

current at the exact end of the second pulse. Measurement in this way

has the effect of eliminating the capacitive interferences associated

with real cells, as will be seen, resulting in a much more accurate

determination of the true cell conductivity than possible with more

classical techniques.

The specific modules which constitute the conductance instrument

are shown in the overall conductance system block diagram of Figure 2.

The instrument is controlled by data transferred from the computer to
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the control circuits and the measurement sequencer (both discussed

in detail in Chapter 3) through the Heath interface. The computer also

supplies the triggering signal to the measurement sequencer which

initiates pulsing. The pulse amplitude control receives data which

determines the pulse height. It provides the correct positive and

negative voltage levels to the pulse generator (Chapter 2). The gain

and offset control is set to determine the amplification of the signal

produced by pulsing the cell and the amount of that signal offset

before amplification (Chapter 2). The measurement sequencer, which

supplies the signals that determine the length of the pulses and the

timing of the measurement, contains a time base also controlled by

the computer. The analog signal produced by combination of the cell

and offset currents is tracked, held, and converted (Chapter 3)

under control of the measurement sequencer. Finally, the digital signal

is driven into the computer upon request and stored for later analysis.

Cell temperature may be simultaneously followed by the temperature

monitor which contains its own digital conversion system (discussed in

Chapter 6). The temperature measurement is triggered and the data

acquired by the computer. This data can be used by the computerized

conductance system to correct conductance data for temperature fluctua-

tions in the chemical system under study as well as to provide interesting

information on the temperature-conductance behavior of solutions (Chapter

6).
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E. THE COMPUTERIZED CONDUCTANCE SYSTEM SOFTWARE LIBRARY

The flexibility of the computerized conductance system is realized

through the software library which has been developed for it. A flow-

chart-style listing of this library appears in Figure 3. All of the

programs which perform data acquisition or analysis of directly

acquired data are given a six-letter name which codes the Operation

and use of the program. The six-letters are decoded in the following

manner:

Letter 1) A "C" in this position indicates that this program is

a conductance system data acquisition, analysis, or test program.

All other letters represent plotting or file generation routines.

Letter 2) This letter indicates the program sequence position in

a group of programs performing acquisition and analysis of the

same type of data. The letters run from B to F. The exception

to this sequencing is CBTALR, which must follow CBTSLS. However,

since CBTALR, as will be seen, creates a "new" data set, it was

given a "8" sequence symbol.

Letter 3) This letter indicates the output devices used by the

program. A "T" implies use of the teletype only. An "L" implies

the use of the line printer and possibly the plotters and tele-

type also. A "P" implies the use of plotters and the teletype.

Letters 4 and 6) These are codes which designate the particular

task which the program performs (discussed below).

Letter 5) This letter indicates the memory requirements for the

Particular program. An "L" indicates an 8K program, a ”C"

indicates a 12K program. The exception to this nomenclature,

CBHELP, is coded to immediately inform the novice operator of
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the program to call in order to solve problems in system opera-

tion.

Although most of these programs were originally written to perform

specific chemical or instrumental measurements, when they are considered

as a program system, they can accomplish an astounding variety of

intricate measurements.

These programs may be divided into six basic groups including

titrations and analysis, kinetics and analysis, instrumental tests

and adjustments, temperature-conductance profiles and analysis, plotting

for various types of analysis, and aid in using the system. The basic

tasks which these groups perform are data acquisition, data analysis,

data display, and reference. Each group and its particular approach

to these tasks is summarized below:

The general data acquisition program for the system CBTSLS will

be described in detail in Chapter 4. It includes routines for initially

optimizing the instrument with respect to accuracy and resolution for

the particular conductance measurement to be made, ensemble averaging

of a selected number of points, and timed data acquisition of both

conductance and temperature. All of the programs flowcharted from

CBTSLS except CCLMLD are temperature-conductance profile analysis

and fitting routines for correction of conductance measurements for

temperature variation. There are two possible sequences within these

routines, the CCLTLF sequence and the CBTALR sequence. They are very

similar in basic function, each of them plots conductance vs. tempera-

One data, fits the resulting curve, and outputs the data and plots

the fitted curve. CBTALR is, however, a pre-analysis data arranging

Program (explained in detail in Chapter 6) which enables data to be
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fitted without accidental weighting due to a non-linear rate of tempera-

ture variation during the measurement of the temperature-conductance

profile. Program CCL(T or A)LF outputs the raw or arranged data

respectively prior to fitting and sets up the fitting parameters.

Program CDT(T or A)LS performs a fit to a function of the form Ax +

3x"2 + c. Program CDT(T or A)L(L,Q, or C) performs fits to linear,

quadratic, or cubic equations respectively. Program CDTALF can fit

data to a fifth order equation. Raw data, fitted data from any program,

and residuals may be output on the line printer with CELTLR. Fitted

curves of any integer power may be plotted by the faster CFPTLI. This

entire group is discussed in detail in Chapter 6.

Program CCPMLD is a data analysis routine for use with CBTSLS.

It calculates standard deviation and SIM, as well as plotting raw

data, for determination of instrumental performance, as presented in

Chapter 5.

The CBTMLT sequence is used in titrations (Chapter 7) and dis-

sociation studies (Chapter 8). Program CBTMLT is a simple modification

of CBTSLS which contains instructions for titrator control. Program

CCLMLT performs analysis of titration data including scale change,

dilution, and temperature correction of such data. Program CCLMLK

provides equivalent conductance and concentration data for determina-

tion of dissociation constants. Program CDPMLT plots conductance data

vs. time (which corresponds to volume of titrant added for a timed

data acquisition) for raw data and scale change, dilution, tempera-

‘0ne, and dilution-temperature corrected data.

The CBTMLS sequence is used in kinetic studies. Program CBTMLS

is a simple modification of CBTSLS which contains the instructions
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for the stopped flow apparatus triggering of data acquisition. Pro-

grams CCLMLS and CDPMLS are similar to CCLMLT and CDPMLT, but do not

include dilution correction provisions.

Programs CBTDCS and CCLDCS are designed to acquire and analyze

not only conductance and temperature data but also data from some

auxiliary source, such as a spectrophotometer, for kinetic studies.

Program CCLDCS is capable of analyzing all three types of data and

outputing their values on the line printer. In addition, it can fast

plot on the display scope or slow plot on the X-Y plotter all three

of these types of data plus the integral of the auxiliary data. These

routines are described in detail in Chapter 8.

Programs CBTCLH is the general system exercisor and diagnostic

program. It is used for troubleshooting, testing, or adjusting the

conductance and temperature monitors. It outputs error messages

which help to pinpoint instrument failure. The other testing programs

for the conductance monitor are CBPSLT and CBTELC. Program CBPSLT

is designed to test the system for accuracy, for use in not only

characterizing the system but also in determining the optimum pulsing

parameters to be used in a particular conductance region, and in

instrument adjustment. Program CBLERC is another random exerciser

for the conductance circuits which is no longer often used since

CBTCLH has proven to be a more powerful diagnostic tool.

A real time clock testing and exerciser program, CLKTST (7)

is included in the computerized conductance system to assure that

Tuitical timing of data acquisition will proceed smoothly.

A general utility plotting program, XYOPT, has proven to be a

imefin routine for plotting data for any calculation purposes. It
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accepts scope and plotter scaling parameters and X and Y values input

from the teletype. It may then plot those values on the display scope

and X-Y plotter as Y vs. X or V vs. l/X. It is also capable of plotting

axes on the resulting plot.

Four other plotting routines (7) are used for data display in

Inany of the analysis routines described above. Program SCOPE enables

fast plotting of data on the display scope. It can be used to point

plot or plot straight lines between points. Program SAXIS is used

to plot axes on the display scope plots. Programs XYSYS and AXIS

are x-Y plotter (and thus, slower) equivalents of SCOPE and SAXIS.

There are three other programs which are not currently functional

but may be of use to future workers. Program CBTFLS takes temperature

data simultaneously with (not immediately after) conductance data.

It results in a savings in time when long pulses must be used. Pro-

gram CBTFLA was designed to take data in the fastest possible manner,

even where the range of data required one or more scale Changes,

for use in kinetic studies. It hasn't been completed since scale

changes appear to be rare for the cell and flow system which have been

used. Thus, CBTMLS has proven sufficient. Program CBLCLQ was designed

for continuous analysis of slow data, such as slow chromatographic

data. It prints out such data as they are acquired and plots them on

the strip chart recorder. However, since no such systems have been

investigated in the studies done to the present time, this program

has not been updated for the latest computerized conductance system

Changes.

The final operating program in the computerized conductance

flutenlibrary is CBHELP. Program CBHELP is a rather elaborate attempt
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to bridge the gap between experimenter and instrumentalist. It is

an operator-interactive program designed to input to the novice user

that information which he must know in order to use the computerized

conductance system. It can lead an operator from a very shallow

understanding of the measurement system to a detailed comprehension

of the total operation and theory of the technique. It does this by

explanations, questions, graphic displays, and user interactions. These

text messages and graphic displays are generated by the FILEII program for

use in CBHELP. CBHELP includes virtually all information which an

experimenter would need in order to understand, operate, troubleshoot,

and maintain the system. Furthermore, a very real effort was made,

in writing CBHELP, to make it an enjoyable means of learning the system

operation. This was done to enable an operator with no instrumenta-

tion or computer orientation to get a "hands on" feel for the computer

and the computerized conductance system, thus relieving the often

inherent fear of such systems. The author considers CBHELP to be so

important to the accomplishment of the overall aim of the work pre-

sented here that the entire last chapter will be devoted to discussion

of CBHELP goals and implementation.



CHAPTER 2

THE ANALOG MEASUREMENT OF CONDUCTANCE

A. EARLY USE OF THE AC BRIDGE TECHNIQUE

As early as 1926, Morgan and Lammert ( 8) had stated that, "The

present status of our knowledge of methods for measuring the electrolytic

conductance of solutions and liquids is such that it is quite necessary

for a conscientious investigator, who wishes to make even a small number

of determinations with any degree of precision, to have at his disposal

a generous supply of both time and equipment." Now, forty-eight years

later, conductance measurements are still not a bulk property analysis

technique which can be quickly applied to a short-term chemical problem

by the casually interested. Conductance has, instead, become the concern

of specialists or those willing to invest the time required to master

the technique, set up the apparatus, the cell, and the experiment, and

perform the measurement. The increased complexity required for the

technique to remain "competitive" with new "simpler-tO-use" methods has

resulted in the disuse of the technique. Many other electrochemical

techniques have met similar fates with time.

Conductance measurements were then, as they still are, most often

nude by the use of a bridge circuit to which an oscillating field is

applied to prevent electrode polarization. This technique was first

made popular by Kohlrausch ( 9). Such a bridge circuit is shown in

Figure 4 where the conductance cell occupies one arm of the bridge.

Kohlrausch was the first investigator to place a capacitor, CS in

20
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Figure 4, in parallel with the standard resistance, R5’ to compensate

for the reactance caused by the double layer capacitance, the major

source of Cx. He did not recognize the parallel cell capacitance, CP,

which results from several cell parameters including the dielectric

properties of the solution between the electrode plates and the capaci-

tance associated with the cell leads and their contact with the electrodes.

The relative error associated with measuring conductance in this

way (disregarding the pecularities of the instrument employed) results

from the effects of the impedances of Cx and CP. For a capacitor, the

frequency dependent impedance, XC, is given by:

x=‘
C 2570

where 2nf is the angular frequency

C is the capacitance in farads

Johnson and Enke (10) have shown that the magnitude of this relative

error, for a perfectly balanced bridge obtained by adjusting RS and CS

in Figure 4, is (2Rxanf)'2. The measurement may be compensated for

this term if Cxare f are known. However, as they pointed out, the

correction term should be kept small. In order to minimize this correc-

tion term in performing a conductance measurement using the AC-bridge

technique, one generally tries to make the frequency of the applied

field, and the magnitude of the series capacitance, Cx, both high enough

that ch is small compared to Rx. Likewise, Rx measured must be kept

large enough that ch is insignificant. This places a lower limit on

the resistances measurable. On the other hand, as f increases, XCP also

decreases. For large Rx, significant current may be diverted through
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CP, causing error and placing an upper limit on the value of f employed

and the maximum measurable resistance.

8. LATER IMPROVEMENTS IN THE AC BRIDGE TECHNIQUE

Kohlrausch's initial design of the AC conductance apparatus, as

well as the design of conduCtance cells, were improved by later workers.

Jones and Bollinger (11) were the first to realize the presence of CP.

Their solution to the problem of the lead and contact capacitance and

resistance was to design a cell in which close proximity of parts of

opposite polarity is avoided.

Washburn and Bell (12) improved the Kohlrausch bridge by using a

stable signal source of 1 KHz with a stable power supply and a tuned

"telephone" as the null detector. Washburn (13) did recognize that at

high frequencies, CP contributes significantly to the error in the measure-

ment. Jones and Josephs (14) used a modified Wagner ground which enabled

them to measure smaller signals and thus extend the operating range

upwards to about 60 K ohms. They also indicated the importance of

balancing the reactance in each arm of the bridge to bring the current

and voltage into phase in any two adjacent arms. At about the same time,

Shedlovsky (15) used a screened bridge to increase the resolution to 1

part in 105.

Various modifications for special tasks were designed into the same

basic bridge circuit over the next forty years. The improvement in

electronic circuitry has yielded oscillators of increased stability, more

sensitive and useful detectors (especially the phase angle voltmeter as

discussed by Schmidt (16)). and components with generally improved long

term stabilities.
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Quite recently Bentz, Sandifer, and Buck (17) introduced a DC

coupled lock-in detector for extension of the dynamic operating range

of the bridge to cover nine orders of magnitude (102 to 10119). Their

measurement circuit is shown in Figure 5. The differential input of the

operational amplifier serves as a null detector and keeps the circuit

in balance regardless of changes in the cell impedance. The current-

voltage phase relationship in the cell can be obtained by resolution of

the amplifier output into in-phase (resistive) and quadrature (reactive)

components with respect to the signal source. They resolved these

components by correlating the amplifier response with square waves that

were in phase and 90° out of phase with the perturbation signal. By

interchanging RM and the cell they were able to measure admittance rather

than impedance. They performed their measurements in the admittance mode.

They were able to resolve the quadrature admittance in either quadrature

to 1% when it was 100 times smaller than the real admittance. They

could then resolve the admittance to 1 part in 104. However, the in-

phase admittance, which approximates the conductance at high frequencies,

could still only be resolved to 1%.

They were able to operate with frequencies on the order of 1000

Hz for conductance determination where the real admittance expression

simplified to l/Rx. They claimed an accuracy of 1% from 102 to 1080

and 3% from 108 to 10110.

It can be seen that a number of workers made significant contribu-

tions to the enhancement of conductance measurement by modification of

the AC bridge. Nevertheless, these applications of the traditional

AC techniques all suffered from the complication of the instrument as

it appeared to the experimenter, the confusing criteria developed for
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Figure 5. DC Coupled Lock-In Detector Conductance Measurement Circuit.
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cell design, the necessity of platinizing the electrodes to increase

Cx and the amount of time required for the actual measurement. Further-

more, thechemist's attention began to be drawn toward specific rather

than bulk property techniques. It has only been in the past few years

that more specific chemical reactions or separations, such as those

employed in chromatographic analysis, have given rise to a rebirth of

interest in bulk property detection techniques such as conductance.

The first real breakthrough in fast and accurate conductance measure-

ments, in which the AC bridge was finally put aside altogether, occurred

in 1970.

C. THE BIPOLAR PULSE TECHNIQUE

In 1970 Johnson and Enke (1(» introduced the bipolar pulse technique

for rapid and accurate measurement of conductance. The technique

involves the sequential application of two voltage pulses of equal

magnitude and duration but opposite polarity to a cell, followed by

measurement of the instantaneous cell current at the exact end of the

second pulse. The effects of the capacitances are minimal at this

time because the voltage across the series capacitance of the cell

electrodes is nearly zero and the parallel capacitances associated with

the conductivity cell and connections are drawing essentially no current.

A determination of the cell current/voltage ratio at this time, therefore,

allows an accurate measurement of the cell resistance. The sequence of

events, illustrated in Figure 6 (lCD proceeds as follows:

At the instant the first pulse is applied to the cell, CP, being

small, will charge quickly to the first potential, E], causing a spike

in the cell current. T, the length of one pulse, must be chosen such
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that RxCx>>T>>RoCP where R0 is the output impedance of the pulse generator.

If this is true, Cx will develop only small polarization during the pulse

and will charge approximately linearly with time. Thus at the end of

the first pulse, CP is fully charged to E] and is drawing no current,

and Cx is charged to some potential less than E]. When the polarity

reverses, CP will again quickly charge to the new potential, E2 (-E]).

Cx will begin to discharge approximately the same number of coulombs

that it charged during the first pulse. At the exact end of the second

pulse, the voltage across Cx is nearly zero and CP is again drawing no

current. Thus the instantaneous current measured at this time is only

that current due to the voltage drop across Rx. The effects of Cx

and CP are not just reduced but are virtually eliminated when pulses

of the appropriate duration are chosen. The measurement itself is there-

fore subject only to the limitations of the particular instrument and

not to the cell design, chemical application, or solvent system employed.

Johnson and Enke showed that the theoretical relative error, Q,

for this measurement technique is given by:

Q = b(a - l) - b2[a(d + 2) - 11/2 + o3[a(d2 + 3d + 3) -l]/6-...

where a = -E]T]/E2T2

b = T2/RXCx

and d = T1/T2

If the pulses are truely symmetrical (E]=-E2 and T1=T2), Q~-b2.

Since pulses as short as 10 useconds can be easily utilized with state-

of-the-art electronic circuitry, even for Rx=100 ohms and Cx=lO 0F,

Qle"4 or 0.01% relative error. There is no theoretical dependence on

CP as long as CPR0 (Ro is the output impedance of the pulse generator)

<512.
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For their prototype instrument, Johnson and Enke reported 0.01%

linearity, no dependence on CP (<0.0004%), the predictable dependence

on Cx which was always less than that obtained using the conventional

bridge, and a dynamic range also superior to that of the bridge. For

a later instrument, with analog interactions similar to the instrument

which will be reported here, Johnson (18) claimed accuracies of up to

0.01% and sensitivities of up to 1 part per million over a dynamic

range extending from 0.10.] to 10'797‘.

Recently, Daum and Nelson (19) announced an interesting variation

on the Johnson-Enke bipolar pulse technique. They claimed to have over-

come the problem of series capacitance effects, to which the Johnson-

Enke method is still susceptible at low resistances, by controlling the

current in the cell through the application of bipolar current pulses.

The resistance of the cell can then be determined in either of two ways.

The cell voltage at the end of the second pulse (equal to the product

of Rx and the current supplied) can be sampled, or the cell voltage

during both pulses can be rectified and integrated. They showed that

for the second method, the integral was proportional to RX° They chose

this method of analysis for its expected improvement in signal-to-

noise ratio. They claimed excellent results in the area of conductance

greater than 10"29'1 , where the bipolar voltage pulse technique encounters

its most serious series capacitance effects. They felt they could

Obtain accuracies of 10% for conductances as high as 100'].

The potential of the cell during the current pulse is shown in

the following waveform:
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At the beginning of the current pulses, the potential across the cell

will rise very rapidly, but not instantly, due to the current required

to Charge CP to the voltage IRX. Later in the pulse, the voltage in—

creases due to the charging of the series capacitance Cx. The charging

of CP is a function of the RXCP time constant which is, of course,

smaller for small Rx. If the polarity of the current pulse should be

reversed before CP is significantly charged, the IRx drop and the amount

of charging of Cx will diminish and the voltage at the end of the

second pulse will be somewhat less than it should be. The current pulse

must, therefore, last long enough to cause the potential change in the

cell to be predominately a function of IRx and the Charging of Cx(IT/CX).

Longer current pulses are required as Rx increases due to the slower

charging of CP through larger RX'

As mentioned previously, the bipolar voltage pulse technique requires

that as the series resistance and capacitance get smaller, the pulse

width must decrease to prevent significant charging of Cx from affecting

the measurement. This results from the predominant term, b, in the

error equation. A decrease in Rx causes b to increase. This increase

must be offset by a decrease in pulse width, T, to maintain an accurate
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measurement. There is virtually no effect of the parallel cell capacitance

on the measurement.

Thus, it can be seen that the bipolar current technique essentially

exchanges the Cx dependence of the bipolar voltage technique for a CP

dependence. Better results at low Rx are Obtained at the expense of

measurement speed at high Rx. Both techniques have distinct advantages

in particular conductance regions. However, for solutions normally

encountered in conductometric studies, the cell resistance rarely is

below 1009. One possible exception to this might be highly buffered

solutions required in biological studies. Nevertheless, the bipolar

voltage pulse technique appears to provide the most useful operating

region as well as the theoretical ability to measure more rapidly through-

out this region as compared to the bipolar current technique.

The difficulties in the application of conductance measurement to

real chemical problems, which the non-expert finds discouraging, are

largely eliminated through the use of the bipolar voltage pulse tech-

nique. The cell design becomes relatively unimportant due to the expanded

dynamic range of operation. Since Cx is no longer an interferrent,

platinization of the electrodes is not necessary. By clever use of a

four cell lead system, Johnson and Enke reduced the effect of contact

resistance, making cell connections less critical. However, selection

of the various measurement parameters incorporated in the new instrument

(18) was certainly time consuming and required significant expertise.

Training was required in both the use of the instrument and its applica-

tion to solving particular chemical measurement problems. Conductance

detenmination, as a step toward chemical determination, had been brought

(floser to the experimenter. Nevertheless, the interaction between the
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experimenter, the instrument, and the chemical process might still be

quite complex.

0. THE ANALOG CIRCUITS OF THE COMPUTERIZED CONDUCTANCE SYSTEM

The computerized conductance system has been developed to overcome

these application problems and the others previously discussed. Since

the instrument was specifically designed for computer control and monitor-

ing, it was possible to simplify the analog circuits by use of digital

circuit adjustment techniques and a digital data acquisition system to

be discussed in Chapter 3.

Figure 7 is a schematic diagram of the analog circuits. It consists

of the precision power supplies, the pulse generator, the offset generator,

and the current follower. Because the pulses must be exactly equal in

magnitude for the technique to be free of dependence on the series

capacitance and because reproducibility iS‘a function of the long term

stability of these signals, the sources of the positive and negative

voltages were chosen with care. The precision +5 volt signal is produced

by a Signetics $5723L regulator. This Signal is inverted by operational

amplifier A], an ultra low drift amplifier set to give a gain of -l.

The precision +5 and -5 volt signals are fed to the two voltage divider

circuits of the pulse amplitude control. The computer selects the pulse

height to be either :5, t0.5, or 10.05 volts by switching one of the

three DPDT reed relays at the outputs of the divider. The pulse generator.

Operational amplifier A3 connected as a fast voltage follower, applies

the chosen positive and negative pulses to the cell. Pulsing occurs

during the timing sequence A-B-C, shown on the waveforms in Figure 7.
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The positive pulse is applied when the measurement sequencer causes

field effect transistor switch X to change state at time A. The polarity

reverses when FET switch X returns to its initial state at time B. The

output of amplifier A3 is connected to the cell during the pulsing inter-

val (time A-C) by FET switch Y, which is also controlled by a measurement

sequencer waveform. TWO cell leads are used here, contact 1A to maintain

the cell at the chosen voltage level and contact 2A to supply current

for the cell. This was done to reduce the effect of contact resistance

by causing that resistance to appear to be part of the input impedance

of amplifier A3. The other electrode is similarly connected to the

circuit by two cell leads from operational amplifier A4; contact 18

provides the control potential and contact 28 the current path. Amplifier

A4 is the very fast current follower and grounding amplifier. It con-

trols electrode 8 to be always at virtual ground and sinks all spurious

cell currents to virtual ground when pulses are not being applied by its

connection to electrode A through FET switch Y.

In order to provide additional resolution and improved sensitivity,

most of the cell current may be offset by a stable, constant current

supplied by operational amplifier A2. The required amount of offset

is selected by the computer through the appropriate combinations of

feedback resistors. These resistance values are such that l, 2, 4, and

8 volts (or any combination of these up to 10 volts) are produced at the

output of amplifier A2 by opening the corresponding shunt relays. The

computer selects a particular decade current scale by switching the

signal from amplifier A2 through one of the four resistors provided at

its output. These combinations provide offset in integer units from O

to 10 for current scales of mA, mA x 10", mA x 10’2, and uA. Thus
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up to four additional most-significant bits of resolution are added, by

the analog circuit, to the 12 bits of the conductance A/D converter.

The cell and offset currents are summed at the inverting input of

amplifier A4. During the positive pulse, the cell and offset currents

are both positive resulting in a large positive current at amplifier A4.

Since the current output of the cell is not being monitored at that

time, a 5000 resistor is switched into the feedback loop of amplifier

A4 by FET switch Z to insure that the inverting input will be at virtual

ground by preventing amplifier saturation. During the negative pulse

(time B-C), when the cell current is being sampled, the appropriate

computer-selected feedback resistance is switched into the circuit by

FET switch 2 under control of the measurement sequencer. The available

feedback resistances allow a 10 volt output signal to be produced by

amplifier A4 for input signals of lmA, lOO uA, 10 uA, and l uA. For the

highest gain, a "TEE" circuit (20) equivalent to mm is used for greater

precision and shorter response time than could be obtained from a lOMQ

resistor.

The current follower output is divided to give a Signal to the sample-

and-hold module of the signal sampler and converter, ES, which is 4/5

of the actual output. To the analog circuit, then, the 0-10 volt A/D

converter actually looks like a 0-12.5 volt converter. This was done

to provide overlap at scale changes which eliminates the need for pre-

cise scale adjustments, as will be explained in Chapter 5. The voltage

output, E5, is tracked during B-C and held at exactly time C by the

signal sampler and converter.

The net voltage, ES, produced by the analog circuits can only

represent the true signal to the extent which the various components
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of the circuit approach their ideal true values. The choice of components

is critical to the production of an accurate, sensitive, fast instrument.

Some comments about the components used in the analog circuits are

necessary for an understanding of how these goals are successfully

accomplished.

The precision positive voltage is regulated to 0.01% by the $5723L

regulator which will drift a maximum of 0.01% per 1000 hours of operation.

Amplifier A], which produces the precision negative voltage, does not

have to be fast, but it must be constant and steady. The amplifier

Chosen (Analog Devices 184J) has an initial offset not greater than

t50u Volts and will drift a maximum of :3 uV/month and 11.5 uV/°C.

Amplifier A2 must be somewhat fast since the offset may be expected

to change quickly and settle quickly during an experimental run. It

must also be stable as any error produced by drift will directly affect

the measured conductance. The amplifier which was chosen (Analog Devices

1488) will slew at 50 V/ usec and settle to within 0.01% of the true

value in‘l usecond. It can be trimmed to zero initial offset voltage

and has a maximum drift of :50 uV/day and :20 uV/°C.

The pulsing amplifier, A3, must be stable in order to provide the

true voltage signals to the cell. It must have minimal offset voltage

as this would result hiasymmetrical pulses and subject the measurement

to series capacitance effects. It must also be fast in order that it

be able to switch between positive and negative input signals and settle

to its new value quickly. Finally, it must provide sufficient current

when cell conductivity is high. At the time the instrument was built,

the Analog Devices 1498 had the best of these characteristics with a

slew rate of lOOV/ usec, settling to within 0.01% of true value in 1.5 psec.
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Its offset can be trimmed to zero and its maximum drift is :50 uV/day

and :15 uV/C. It can supply up to 20 mA at 110 Volts output. Amplifiers

which are still better suited to this use are available now. However,

no serious problems have been encountered with the use of this amplifier

which would warrant its replacement.

Some problems were encountered with the use of this same type of

amplifier as the current follower. The current follower is probably

the most critical component in the analog Circuit. It must not only

supply the final composit signal to the signal sampler and converter,

but also provide a controlled, stable cell ground. In addition it must

track the signal in the time periods of the shortest pulse widths,

sometimes being slowed by large feedback resistors. It must also quickly

sink all spurious cell currents to ground in the brief interval (as

short as 10 nseconds) between discrete pulsing sequences to prevent

a build-up of charge in the cell which would result in gross nonlinearity

and measurement error. Therefore, a very new, fast amplifier (Analog

Devices 50K) slewing at 500 V/usec and settling to 0.1% in 200 nseconds

was substituted for the 1498. It can be trimmed to zero initial offset

voltage and has a maximum drift of 1500 uV/month and 125 uV/°C.

Relays C, D, and E are DPDT reed relays (Electrol RA 30212241)

which were fastest available (150 usec on plus 150 usec bounce, 20

usec off) with low contact resistance (0.10). Relays were chosen over

FET switches for these applications because the significantly larger

contact resistance of FET switches would cause serious measurement errors

which could only be eliminated by trimming the circuit at each control

point. The I'on" resistance of FET switch Z, in series with the selected

feedback resistance of amplifier A4, is significant for the 10 KS2
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feedback resistor. Therefore, provisions are made for trimming the

Circuit at this point. Relays F-R are SPST reed relays (Electrol RA

30211241), which have specifications identical to relays C-E.

All resistors less than 1M0 in the pulse generator, offset generator

and current follower are fast response, 0.01% Vishay metal film resistor

($102 or $106). All 1 M9 resistors are General Resistance fast, wire-

wound, 0.01% "Nanistors". All FET switches are monolithic N-channel

junction FETS with TTL compatible drivers made by Siliconix. In the

application where FET switch Z is used, small leakage currents could

cause significant errors for measurements of low conductivities.

Therefore a special military-grade switch was used with a maximum leak-

age current of less than 1 nA.

For the purpose of noise reduction through shielding, the instrument

itself and its power supplies were built in two separate modules. Within

the instrument module, two compartments are arranged, one on top of the

other. Most of the digital circuits and the interface, which will be

described in Chapter 3, are located in the large compartment. The

smaller compartment below it is divided into three sections. The outer

sections contain the control circuits and relays which are shielded

from the other circuits. The center section, shown in the photograph

of Figure 8, contains the analog circuits described above. These cir-

cuits are mounted directly above the signal sampler and converter, in

the large compartment on the other side. In this way the signal, ES,

from the current follower must be sent only a very short distance to

the sampler. The circuits in each section receive the signals from

other circuits by wires which run through the aluminum shielding walls

of each section.
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Photograph of the Analog Circuits.Figure 8.
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The connection of the instrument to the cell is made by four leads

from the analog circuits to gold plated banana jacks on the chassis.

A gold-plated "Kelvin Klip" probe assembly (made by ESI) plugs directly

into these jacks. This probe clips directly onto the cell leads to

complete the circuit.

E. THE POWER SUPPLIES OF THE COMPUTERIZED CONDUCTANCE SYSTEM

An early production model Heath 181-75 :15 volt power supply card

is used to provide 115 volt signals to various parts of all circuits.

The +5 volt signal for the digital circuitry is produced by a prototype

Heath 181-74 +5 volt power supply card. A Heath 54-206 transformer was

used to supply both of these cards. The entire assembly is mounted in

the power supply module shown in the photograph of Figure 9.

The +24 volt relay power supply is also mounted in this module.

A schematic diagram of this circuit appears in Figure 10. It consists

of a second Heath 54-206 transformer, a rectifier, and the two transistors

which constitute the 24 volt regulator. It can supply up to 1A at 24

volts. It would, however, not have to supply more than 320 mA to the

relays at any given time.

The power supplies, circuit common, and chassis ground are all

connected to the instrument through shielded cable which is grounded

at the power supply end only, for noise reduction. In addition, a separate

lfigh quality ground line is provided for directly connecting the ground

fur the precision signals in the measurement to the power supply. Using

this technique, noise signals generated on the ground which parallels

the power supply lines for the various components has only minimal effect

on the precision signals.
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Figure 9. Photograph of the Conductance Instrument Power Supply.
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CHAPTER 3

IMPLEMENTATION OF A DEDICATED COMPUTER FOR TOTAL

DIGITIZATION OF THE CONDUCTANCE MEASUREMENT SEQUENCE

A. INTERFACING THE DIGITAL COMPUTER FOR CHEMICAL APPLICATIONS

During the past ten years the digital computer has become an in-

creasingly important tool in performing chemical analysis. Looking

back over this period, it is possible to identify at least five steps

through which computer-instrumentation interaction has passed. These

interactions became increasingly intimate as the computer assumed greater

responsibilities for control of the measurement process. They might be

summarized as follows:

1)

2)

3)

4)

5)

Analysis of experimental data by a computer isolated from the

data source, after the data has been produced.

Direct acquisition of experimental data by a computer at the

instrumental site, during run time, followed by analysis.

On-line acquisition and analysis of experimental data during

run time with the computer exercising control of the measure-

ment parameters as a result of the quality of that data.

In addition to on-line analysis and parameter control, initia-

tion and control of the entire measurement sequence by the

computer.

Computer generation of the perturbation signal in addition to

control of the measurement sequence and parameters.

In his review article on computer applications in the chemistry

laboratory, Perone (21) has pointed out that the earliest laboratory

43
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uses of digital computers involved the collection and analysis of the

extraordinary amounts of data produced by mass spectrometry. The earliest

examples of computer control over instrumental parameters and generation

of the perturbing waveform came in the area of electroanalytical chemistry.

Eventually chemists became aware that new or previously impractical

chemical measurement techniques could now easily be implemented in the

laboratory through computer-interactive instrumentation. Unfortunately,

the programmers who set up the experimental software and the electronic

specialists who designed the instrumental systems had little chemical

intuition which would have enabled them to provide the optimum chemical

measurement system. Thus, the chemist was forced to become active in

these fields. Frazier (22) argued that it was important for the chemist

to be involved in actually programming the experiment if he wished to

realize the maximum benefit and flexibility of his computer system. He

indicated that if there is anything more difficult than interfacing

a computer and an instrument, it is interfacing the chemist with the

programmer, who has no knowledge of experimental laboratory operations.

Probably the greatest problem of using the computer in the labora-

tory in the early years was the enormous cost of custom built interfaces

supplied by computer manufacturers for chemical systems as indicated

by Venkataraghvan, Klimowski, and McLafferty (23) at the time. They

also felt that these costs could be brought under control by having the

chemist himself assume a greater responsibility in development of inter-

facing techniques.

Discussion of programming, digital circuitry, and interfacing

techniques began to appear in chemical journals. An article by Dessy

and Titus (24) was one attempt to familiarize the chemist with the



45

fundamental building blocks of interfacing systems. They explained

standard logic circuits, A/D and D/A converters, multiplexers, clocks,

and general computer functions. Their discussion was intended for the

chemist interested in becoming involved in computer applications with

little background in these techniques. In their later article (25)

they presented a system through which laboratory automation could be

achieved in a minimum amount of time.

Other systems have been developed in the last few years in an attempt

to bring the computer into operation in the laboratory with the same

ease with which oscilliscopes have been used for some time. Ramaley and

Wilson (26) interfaced an H-P 2115A computer using Raytheon hardware.

Their setup consisted of a real time clock, two D/A converters, a data

storage register and a sequencer. A fast A/D converter was supplied

through an eight channel analog multiplexer. Two of these channels

contained sample and hold amplifiers to take X-Y data with no time skew.

They claimed their system could be used as a "black box" and programmed

by those with no experience in electronic design.

Parker and Pardue (27) have gone as far as developing an in-house

micro-computer using a Texas Instruments 74181 arithmetic logic unit

as the central processor and equipping it with various external peri-

pherals. These include an A/D converter, a logarithmic amplifier module

with temperature compensation, a sample-and-hold amplifier, and display

facilities. This micro system was used with considerable success for

single component analysis, two component analysis and simulated response.

They estimated that it could be duplicated for $300.

DeVoe, et al. (28) used a parallel data bus to provide a computer

utility to a series of labs by connection to a medium size UNIVAC
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computer. They stressed the ease with which the chemist in the labora-

tory could connect his instruments to the system, interact with his own

programs, and receive his analysis and data display in his own lab.

One of the most flexible interfacing systems, with respect to

laboratory applications, which has been developed at this time is the

Heath EU-801E interface for the POP-8 computers, diagramed in Figure 11

( 6). This interface provides 12 input lines to the single 12-bit

accumulator (AC) of the POP-8, 12 buffered AC out lines, and 12 buffered

memory buffer (8M8) lines. It also permits control of external sequences

and gating of data transfer by means of device select (DS) lines, input-

output transfer pulses (IOP), and skip (SKP), program interrupt (PI),

initialize (INIT) and run lines. Access to these functions is made by

connection of an interface buffer box to the computer bus. Connections

of the Heath EU-801-21 I/O cards (29) to this buffer box bring the signals,

in parallel, to the instrument. Since the system was partially developed

in this laboratory, it was available for incorporation into the computerized

conductance system from the earliest design stages.

The computerized conductance system requires two I/O cards, one

providing AC in and the operating controller functions, one providing

AC out and these same functions. The I/O cards also provide 8M8 bits

3-8 which form the device select code. These bits are decoded in the

instrument by a prototype of the Heath EU-BOOSA dual octal decoder card

(29) and a series of NOR gates to give device select codes 32, 33, 34,

35, and 36. These are combined with IOP pulses l, 2, and 4 to perform

the various instrumental functions Shown in Table 1. These functions

will appear on the diagrams which follow.
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Table l. Computerized conductance system instruction set.

 

 

 

Device

Select IOP

(OS) Pulse Function

32 1 Clear conductance circuit flag; clear conductance

program interrupt ability

32 2 Gate conductance circuit driver

32 4 Enable conductance circuit program interrupt

33 1 Test conductance circuit flag

33 2 Turn off pulse sequence

33 4 Trigger pulse sequence

34 1 Test temperature circuit flag

34 2 Latch accumulator into relays F - Q

34 4 Latch accumulator into relays C - E, Time base

35 1 Enable temperature circuit program interrupt

35 2 Clear temperature circuit flag; clear temperature pro-

gram interrupt ability; gate temperature driver

35 4 Trigger temperature A/D conversion

36 1,2,4 Available to control peripheral devices such as

.titrators, flow systems, etc.
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8. DIGITAL CONVERSION AND CONTROL OF ANALOG SIGNALS

One of the first examples of an attempt to create a general purpose

laboratory data acquisition and control system was that described by

Lauer and Osteryoung (30), for the POP-8 computer. Their system con-

sisted of an A/D converter, three D/A converters, a real time clock,

a relay controller, a solenoid controller, four solid state switches,

an interrupt control, and a plotter. They used the system for electro-

chemical studies, producing the waveform, triggering the measurement

sequence, and tracking, analyzing and outputting the data through the

computer. Perone, Jones, and Gutknecht (31) used another system built

around an H-P 2115A computer to optimize the measurement parameters in

another electrochemical system during actual run time. Keller and

Osteryoung (32) were able to perform measurements which would other-

wise have been impossible by use of a computerized electrochemical

system for pulse polarography.

Daum and Nelson (19) demonstrated the only previous use of digital

conversion techniques in conductance measurement systems. Since they

had chosen to integrate over the entire pulsing period, they were

able to use digital counters at the integrator output to provide auto-

matic A/D conversion of this signal. Their data could then be displayed

directly as a 3 digit 8CD nixie tube display or stored as 8CD data in

MOS-LSI shift registers. This provided them with a digital means of storing

data from rapid changes in conductance such as kinetic studies. A D/A

converter was also provided in order that the data could be read out

of memory and recorded in analog form on a slow time scale.

The analog circuits of Chapter 2 were designed for use with

computer control and monitoring only. No other means of external
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control or measurement were provided. In developing an instrument with

this type of computer dedication, circuitry which would be found in

conventional instruments to provide repeatable pulsing, analog tempera-

tures compensation, signal conditioning for output to plotters, integra-

tion, etc., could be eliminated since the computer, coupled with several

digital circuits, could assume these tasks. Another major advantage

of the computerized system is its ability to make a discrete measurement

at the completion of each pulsing sequence (each "scan"). Each data point

can then be ensemble averaged with any number of subsequent scans for

signal improvement, or stored separately to provide a picture of a

rapidly changing conductance pattern. In order to provide measurements

at this rate, the signal sampler and converter of Figure 12 was designed.

The signal, ES, from the divider at the current follower output,

is sent, along with the quality analog ground, to the sample-and-hold

module of Figure 12. The tracking/holding sequence of this module is

controlled by measurement sequencer waveform 2. Thus, at the beginning

of the second pulse (time 8), the module is placed in the tracking mode

and follows the signal produced by the analog circuits. At the exact

end of the second pulse (time C), waveform Z returns to zero, causing

the module to hold the signal which existed at that time, as required

by the bipolar pulse technique.

The falling edge of waveform 2 also triggers a 1.5 IIsecond mono-

stable. The monostable pulse, initiated at time C, resets the A/D

converter on its rising edge and causes conversion to begin on its

falling edge at time 0. When conversion begins, the A/D status output

goes high and remains high until conversion is complete at time E.

The A/D converter performs the conversion on the analog signal held by
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the sample and hold module. When the status output returns to zero

upon completion of conversion, it sets a flag and may cause a program

interrupt if this function had been previously enabled. The computer,

upon testing the flag, will gate the infbrmation at the A/D output into

the accunulator for storage and analysis.

The flag is initially cleared by an INIT pulse issued by the com-

puter at the start of each program. It is cleared by the computer

during a run by a 05-10? signal. The computer can also enable the

flag circuit to produce an interrupt if it is desired to run in this

mode.

Since the bipolar perturbation pulses can be as short as 10 u

seconds each, the sample-and-hold module must be able to track the

signal and reach the true value quickly. The module chosen, Analog

Devices SHA-lA, can settle to within 0.01% of true value anywhere

within its range (:10 volts) in 5 nseconds. The A/D converter (Analog

Devices ADC-U) uses the successive approximations technique to convert

12 bits in 7-10 nseconds. Thus, the entire measurement sequence, from

the start of the first pulse to the end of the A/D conversion requires

a minimum of 30 nseconds.

The gated driver is a prototype of the Heath EU-BOO-JL gated driver

card Q9). It contains 12 open collector buffers which are gated to

provide input to the accumulator of the information from the A/D

conversion.

In order to overcome the time delay involved in setting the measure-

ment timing and the analog circuit parameters, the computer has been

given complete control over the 3888 possible combinations of pulse

width, pulse height, offset, and current follower gain. Since many of
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these combinations are redundant with respect to the output voltage,

Es, which they produce, the computer is also allowed to make the decision

as to which circuit setting provides the optimum resolution and accuracy.

In this way the system relieves the operator of the task of setting up

the measurement system parameters, and does so more quickly and cor-

rectly than the operator could himself. The computer can then check

the data which it receives during a run to assure that the optimum

measurement continues to be made. If a change of circuit parameters

is required at this time, the computer can effect such a change quickly.

The analog circuit parameters of pulse height, offset, and gain are

set by the state of the relays of Figure 6. The relays, in turn, are

controlled by the series of latches, drivers, and gates of Figure 13.

The proper logic level for each controlling bit is set in the accumulator

by the program. Two words, one of 12 bits and one of 6 bits, are re-

quired. The 12 bit word controls offset unit steps (O-lO), decade

steps, and current follower gain. It is transferred to three latches

of the control circuit by a DS-IOP combination. The six bit word is

similarly transferred by a separate DS-IOP signal, controlling the pulse

height and width. The latches turn drivers on (logic "0") or off (logic

“1"), which in turn open or close the relays respectively. The other

latch controls the time base of the measurement sequencer through a

multiplexer described in the next section.

The latches used are 7475 TTL quad latches. The three latches

Iwhich control offset and gain had a tendency to unlatch when computer

generated noise appeared on the I/O lines. This problem was minimized

by use of a 7437 NAND buffer, with greater fan out than the 7400, for

the gate and by a small, 220pF capacitor connected between the IOP
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pulse line and ground to absorb short noise pulses. The problem still

occurs, although never during a run, when a peripheral device which uses

the conductance instrument interface is being set up.

The relay drivers are 75451 dual positive AND drivers. They can

switch up to 35 volts and continuously dissipate up to 300 mA of cUrrent.

When the Signal from the latch connected to a driver goes high, the

driver base voltage goes low causing the 24 volts at the collector to

be applied to the relay coil, closing the relay. Inversely, a low

signal from the latch causes the driver transistor to turn on, the 24

volts at the collector is dropped across the transistor and not the

relay coil, and the relay is opened.

C. DIGITAL SEQUENCING OF THE BIPOLAR PULSE MEASUREMENT

In their earliest bipolar conductance instrument, Johnson and Enke

(10) utilized a series of monostables to produce the switching wave-

forms which control the critical timing of the bipolar pulse measure-

ment. Their trigger for the sequence could be an internal unijunction

oscillator, line frequency via this oscillator, or some external trigger

source. Because the timing of pulses is most critical to the successful

application of the bipolar technique, Johnson (18) used a more precise

timing circuit in his later instrument. He used a crystal oscillator

to provide the time base and a set of flip flops and logic gates to

produce the switching waveforms. Pulses could also be repeatedly

triggered by this circuit at precise intervals which could be varied.

Pulsing could also be initiated by an external trigger. Daum and

Nelson (19) used a similar circuit to generate the switching waveforms

and repetition frequency signal for their bipolar current instrument.

IIIIIIIIIIIIIIIIIIIIlE::_______________________
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During the early design stages of the computerized conductance

instrument, two different means of timing the measurement were con-

sidered. The first, which initially seemed the most attractive, was to

program the computer to produce the switching waveforms by DS-IOP

signals to external counters. The computer would also provide the

voltage levels for the pulses by control of a fast D/A converter.

The second method was to produce the timing signals and bipolar pertur-

bation pulses within the instrument itself. The first method would

have resulted in extremely flexible measurement timing as well as pulse

heights which were variable in small steps over the operating range.

Unfortunately, this method had to be discarded because of the timing

errors it introduced.

The PDP-B/I has inherent cycle time uncertainties which would

have caused these errors. Furthermore, there is a variable delay of

up to 6 Iseconds from the time the computer responds to a flag to the

time it issues a DS-IOP signal to an external device. This same delay

would have affected transfer of data from the computer to a D/A con-

verter producing the pulses. Even if the mainframe real time clock

(as described by Hahn and Enke (5)) had been equipped with Schmidt

triggers for direct external triggering, an uncertainty of up to

:1 usecond would have existed in the pulse width for each pulse.

This would have yielded a pulse assymmetry of up to 20% for the 10

u second pulse. It was thus decided to take the second approach,

which avoids the large error in pulse width but allows a small error

in repetition rate as will be seen below. The computer is still able

to provide control and increased flexibility compared to previous

sequencing Circuits. The measurement sequencer, shown in Figure 14
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was thus built into the instrument. Its functions are described below:

The time base for the measurement sequencer consists of the 1 MHz

oscillator and its 7 decade scaler on a Heath EU-BOOKC time base card

(29). The output of the card is set by the computer through latch

5 of the control Circuit (Figure 13). The timing circuit is arranged

such that the pulse applied to the cell will be ten times this output.

This permits pulse widths in decade steps from 10 useconds to 100

seconds. Only the four shortest are used by the system. The time base

output is connected to a 7490 decade counter, wired to give a gated

divide-by-five output. Initially, flip flop A is cleared by an INIT

pulse at the start of the program.’ Flip flops B-G are cleared by their

connection to QA' 'The signal at QA is set to "1" which inhibits the

clocking of the a 5 counter by the chosen time base.

When the computer issues the DS-IOP trigger pulse, flip flop A

is set, releasing flip flops B-G. The signal,QA, becomes "0" which

enables the counter to be clocked by the chosen time base. The counter

output, in turn, clocks flip flops 8-G. Flip flops 8, C, and 0 form

a synchronous three-bit binary counter. Their outputs are used to

inhibit the J and K inputs of flip flops E, F, and G which produce the

switching waveforms X, Y, and Z discussed previously. The Q outputs

of flip flops 8 and D are also gated to trigger flip flop A on the fifth

count (time C). This signal returns the sequencer to its initial state.

Provision is also made for the computer to terminate pulsing by a DS-IOP

command at any time. The computer thus retains control over the pulse

width and the triggering of the measurement sequence. The only un-

certainty in the pulse width comes from the negligible (<40 nsec).

Pr0pagation delay through the flip flops. There is a delay of up to
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4.5 useconds in triggering the sequences due to the DS-IOP signal

interval. Also, since the a 5 counter will only clock on a 1 4-0

transition at its input from the time base, an additional triggering

delay error which can be as large as one time base cycle is added.

This results from the uncertainty in the state of the time base output

at the instant of triggering.

When the measurement sequencer was originally designed, the

outputs of the synchronous counter were Simply gated to produce the

necessary waveforms. This approach was found to be unsatisfactory.

The response of the gates was sufficiently faster than the propagation

time of flip flops 8, C, and D that the waveforms produced by the gates

contained glitches at the transition times of these flip flops. These

glitches caused the FET switches of the analog circuit to momentarily

change state,greatly disturbing the pulsing and signal tracking. By-

pass capacitors failed to remedy the situation. The circuit was re-

constructed as described above. No significant glitches are present

in it.

The computer interface, the signal sampler and converter, the two

latches which control pulse width and pulse height, and the measurement

sequencer are contained on Heath compatible circuit cards in the large

compartment of the instrument module. They are shown in the photograph

of Figure 15. These cards all plug into the main digital board which

provides the interconnections between them. Thus they can easily be

removed for inspection. The other section of the control circuits,

shown in the photographs of Figures 16 and 17, are mounted, with the

relays they control, in the two end sections of the other compartment

of the module. They also lift up for easy inspection.
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Figure 15. Photograph of the Digital Circuits Compartment.



Figure 16. Photograph of the Control Circuits for Offset and Gain.
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ANALOG

 

 
Figure 17. Photograph of the Control Circuits for Pulse Height and

the Analog Temperature Monitor Circuit.





CHAPTER 4

PROGRAMIING THE COMPUTERIZED CONDUCTANCE SYSTEM

FOR OPTIMIZED MEASUREMENT

A. CREATING A SOFTWARE LIBRARY FOR LABORATORY INSTRUMENTATION

From the references discussed in Chapter 3 it is evident that

considerable work has been done by chemists interested in simplifying

applications of computer interfacing hardware in the chemical laboratory.

This work has resulted in increased availability of standard, inexpensive

interfaces and digital hardware for laboratory uses. Unfortunately,

at the present time only a small amount of work has been done to relieve

similar problems in programing the systems which have been interfaced.

Consequently the experimenter often spends an amount of time programing

which is equal to or exceeds the time spent designing and building the

instrument. This situation affected the rate of the implementation of

the computerized conductance system as is described below.

There are three approaches to solving the problem of creating a

flexible software set for a particular instrumental system. The first

is for the chemist to hire a programer to perform the task for him.

The danger in this approach was mentioned in Chapter 3. It is often

more difficult for the chemist to comunicate his exact wishes concern-

109 experimental operation and data analysis to the programer than it

would be for him to do the programing himself. Furthermore, should

the nececessity of altering the program arise after the programer is

gone, the chemist is faced with the double task of decoding the original

program and rewriting it to suit his new idea. Nevertheless, this

method is definitely attractive, especially for those systems where

63



64

changes are to be infrequent.

The second, and most gallant, attempt to solve the programming

problem involves the creation of a computer language or subroutine set

which is specifically oriented toward laboratory operations. Very

few workers have implemented this approach (three references are

presented below). Their systems are not yet capable of solving

sophisticated research problems, but they do indicate a direction in

which computer application programming must proceed if the researcher

is to realize the maximum experimentation possible from the time he is

willing to devote to measurement system development. The third ap-

proach to programming, which will be discussed later, involves the

chemist intimately in the software development.

8. LABORATORY COMPUTER LANGUAGES

The earliest of the attempts to create a laboratory-specific

computer language involved a scheme to introduce digital computer

applications into undergraduate laboratories. Perone and Eagleston

(33) wished to effect this introduction without significant alteration

of the sophistication of the experimentSIwhich might result if the

students were also required to spend large amounts of time programming.

They therefore developed a series of data acquisition and control sub-

routines for use with the BASIC language. They chose BASIC because it

is easy to learn, is an algebraically-oriented conversational language,

and because it is interactive, interpreting and executing programs

line-by-line. It is also available on most computers, providing more

widespread use. Their new subroutines performed data acquisition,

experimental control, and timing through control of such peripherals
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as D/A and A/D converters, clocks, and trigger lines. The interactions

between experimenter and instrument, through the development of software,

were thus greatly simplified. However, their routines did nothing to

simplify programming for data analysis or manipulation which is usually

a much more complex task. The BASIC language itself does, to some extent,

simplify data analysis. However, because it is an interpretive language,

available core space in a minicomputer using BASIC is limited. BASIC

therefore lacks the power and speed to perform data analysis of the

complex systems often encountered in research.

The next attempt involved the develOpment of an interpretive

laboratory computer language, LABTRAN, by Toren, Carey, Sherry and Davis

(34). LABTRAN was designed for use with the ELLA system (35) for

clinical analysis. LABTRAN consists of nine statements, each of which

causes perfbrmance of a specific task such as pipetting, measuring

reaction rate, pausing, and so forth. The commands are decoded by the

computer into a series of instructions which performs these tasks. The

only instruction which required the computer to make a decision was the

instruction to compare analyses to determine whether or not to terminate

the run. The comparison criteria were input by the experimenter.

The net result was a neat system of perfonming routine analysis. An

experiment could be designed by a person with no programming background

at all. The experimenter would simply list the tasks (not the decisions!)

he would perform if he were doing the experiment himself. The computer

acted as an elaborate sequencer. The use of the computer's decision

making abilities was neglected as LABTRAN contained no provisions for

branching, altering tasks, etc. The research applications of LABTRAN

could only include those types of measurements and analyses which
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must be mechanically duplicated often for bulk data compilation.

The most sophisticated laboratory-oriented language which has yet

been developed is the MIRACL language presented by Keller, Courtois,

and Keller (36). MIRACL (Macro Implimented Real-time Analytical Chemistry

Language) is a macro assembler built around a modified PAL-ll assembler

for use on a POP-ll computer with a floating point processor and 8K of

memory. It makes use of macros, coded statements which usually are

designed for a specific task, in performing laboratory operations.

When a macro statement is encountered by the assembler, the statement

is translated into a pre-arranged set of machine language instructions

and a set of constants corresponding to the argument of the macro.

Examples of nine macro statements which MIRACL uses were presented.

They included branching macros with arguments which could be data tests,

printing macros, assignment macros, etc. An interesting macro was the

AT TIME statement which initiated a block of statements to be executed

whenever the clock time was equal to the time variable argument of the

macro. Complex timing algorithms could thus be created by nesting such

statements.

The authors indicated three basic defects in the use of MIRACL

in research. These were the slowness of their floating point processor

(all MIRACL functions were performed in floating point arithmetic),

limitation by available core space to 36 variables, and lack of a plotting

facility and corresponding macros. These problems were to be remedied

in a later version of MIRACL.

It became evident throughout the article that the MIRACL system

suffered from lack of computer power. Looking ahead toward future

developments one might envision a multi-level system, both in software
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and hardware. Laboratory job descriptions of a series of tasks, including

branching and decisions jobs, could constitute a super-compiler labora-

tory language. Once the order of such tasks had been determined by

the experimenter, a large batch processor would translate the jobs,

compile the resulting program, and assemble a machine language program

suitable for operation on the particular laboratory mini or micro

computer which was to be used for actual operation of the experiment.

The assembled program could also be optimized for core space and run

time by the large processor. Programming could thus be done in the same

modular way in which interfacing is done in the Heath system described

in Chapter 3. The amount of time which the experimenter would save as

a result would be comparable to the savings realized by using a modular

interface as opposed to designing and building an interface each time

a different experiment was performed. Such a system does not yet exist

but its creation would seem inevitable.

C. PROGRAMMING WITH COMMONLY PROVIDED LANGUAGES

The third approach to programming is, of course, for the chemist

to do it himself. This is the approach which was taken with the com-

puterized conductance system. The basic problem is obvious; the ex-

perimenter's time is channeled toward software development rather than

experiment design. It should, however, be noted that such programming

can be greatly simplified by use of a higher level language, such as

FORTRAN, wherever possible. Furthermore, after the initial time spent

learning software techniques and writing the first programs, it was

found that the experimenter became sufficiently "fluent" in the language
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employed that the time required to create new programs or alter old

ones decreased considerably. For example, all operating programs for

the computerized conductance system presented in this thesis, with the

exception of the data treatment program for determination of S/N dis-

cussed in Chapter 5, were completely written or derived from extensively

modified programs in only four months. This was, of course, the direct

result of over a year's previous exposure to programming the system,

which constituted the necessary learning experience. As a consequence

one of the most sophisticated and intricate program sets in the com-

puterized conductance system was created by extensive modification of

existing programs in a single day. This was the program set written

for simultaneous acquisition and analysis of conductance, temperature,

and luminescence data, discussed in Chapter 8. This indicates that once

the chemist masters the intricacies of programming, the subsequent

time devoted to programming becomes reasonable compared to the ex-

perimental time, when a sufficiently powerful, general-purpose compiler

system (such as the DEC 0§l8 system described below) is available.

0. THE DEC OS/8 OPERATING SYSTEM

All programs for the computerized conductance system were written

using the Digital Equipment Corporation 0S/8 operating system (37).

This system is based on a Keyboard Monitor which allows the user to

control the flow of programs. A Symbolic Editor (EDIT) is provided

for creation or modification of source files. A Peripheral Interchange

Program (PIP) enables the user to transfer files between system devices.

An absolute assembler (PAL-8) and loader as well as a relocatable
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assembler (SABR) and loader are included. FORTRAN II is available.

The FORTRAN compiler translates FORTRAN source files into SABR, per-

mitting mixing of these two languages. This enables the programmer to

write the necessary instrumental control and monitoring routines in

assembler language, while performing data manipulation and system

device I/O in FORTRAN. This combination of FORTRAN and SABR is

exclusively used in the computerized conductance system programs

presented in this thesis.

The 05/8 system does contain several idiosyncracies which were

discovered during development of these programs. The more important

of these are discussed below to prevent future workers desiring to

expand this program set from repeating mistakes or encountering problems

which have previously been resolved.

Because of the limited core space available in the 12K PDP-B/I

it is impossible for both data acquisition and analysis routines to

be resident in memory at the same time, except for the few very simple

programs. It is, therefbre usually necessary to write the data obtained

during an acquisition onto tape at the completion of a run, for later

analysis. Initially, it had been decided to write file-structured

data blocks on tape by use of the device independent I/O command

OOPEN in FORTRAN (38). The acquisition program would then use the

CHAIN command (38) to call the first analysis program. For some reason,

however, these routines failed to work with the programs which had

been written for the computerized conductance system. Consultation

with DEC software specialists failed to resolve the problem. Fortunately,

the eventual solution provided a better means of bulk data storage than

that first sought.
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It was found that the best method for transfer of data from memory

to DECTAPE and vice versa was to use the non-file structured I/O

commands WTAPE and RTAPE in FORTRAN (39). With these routines the

absolute block number on the DECTAPE where data transfer is to begin

is input to the routine as an argument. The computer proceeds im-

mediately to that location and transfers the data. No consultation with

the DECTAPE directory is necessary, as in the case of OOPEN and IOPEN,

resulting in considerably faster data transfer.

It is now suspected that the problem with OOPEN and CHAIN arose

from the use of certain page zero locations (74 to 103) by the com-

puterized conductance system programs. It was discovered (40) that

these locations are used by the PS/8 operating system (which preceeded

05/8) for device independent I/O pointers. 05/8 was to have been

configured in such a way that these locations would be freed. However,

it is suspected that this has not been the case. In any event, there

is no desire to return to the use of these device independent I/O

routines because of the higher speed at which WTAPE and RTAPE operate.

It should be noted, however, that WTAPE and RTAPE can only be used with

the TC08 direct memory access (data break) tape controller. These

routines will not function with a tape controller, such as the TDBE,

which does not transfer data by direct memory access. Transfer of the

computerized conductance system to a computer system with such a

controller would necessitate use of OOPEN and IOPEN for data transfer.

One feature which the FORTRAN II compiler supplied with the 05/8

system lacks and which would prove extremely useful is the ability to

use the extended arithmetic element (EAE) in its math routines. This

FORTRAN package performs all mathematic operations by means of software.
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even where an EAE is available. A considerable improvement in speed

would result from use of the EAE instead, for fast hardware multiply,

divide, and shift functions. Unfortunately, since a SABR listing of the

FORTRAN II compiler was not available, it has not been possible to

incorporate the EAE into the FORTRAN package.

The SABR language allows the programmer to be rather careless in

core location assignment and paging, by supplying indirect statements

and page pointers, where needed, itself. However, this convenience

can inhibit smooth operation in some applications. For example, SABR

inserts a CDF 0 (change to data field zero) instruction each time it

encounters an instruction which uses the indirect addressing mode.

This not only results in loss of core space and time but can be catas-

trophic in a program sending infbrmation into other data fields under

command of the source program. This problem is circumvented in the

computerized conductance system in two ways. One is to define an

absolute address pointer on page zero. This pointer is then loaded

with the address to or from which data is to be transferred. The

actual octal instruction is then used in the program to reference

indirectly the page zero location. The assembler is "fooled" without

further incident.

Another method, employed only in the timed data acquisition

routine, is that suggested by DEC concerning optimization of SABR

code (41). This is to define a series of indirect statements (e.g.

OPDEF TADI 1400) which are equivalent to the POP-8 memory reference

instructions but contain an indirect bit. These statements will work,

if used sparingly, but they go precipitate an (illegal character)

error message from the assembler. When such an error occurs in
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assembly, the assembler will ngt_call the LINKING LOADER to load the

program but will return control to the Keyboard Monitor when assembly

is complete. Therefore it is necessary to have saved the relocatable

file generated by SABR so that the LINKING LOADER may be called by the

user to load the program. Once this is done, the program will run

properly, ignoring the error statements.

The final problem with the use of the 05/8 system, which has not

been overcome, is that one cannot make use of the program interrupt

facility with it. This appears to result from part of the system sub-

routine calls occupying the first few locations on page zero, including

location zero. Location zero is the address to which the POP-8 com-

puters jump for the interrupt service routine pointers when an interrupt

is sensed. According to the DEC literature (42), locations 0 to 6 on

page zero in each field are available to the user. However, it has been

found in operation that this is not the situation. Thus the computerized

conductance system has never been operated in the interrupt mode although

its hardware is capable of doing this.

Despite these few defects, the 05/8 system has enabled the

sophisticated programming of the computerized conductance system, for

both data acquisition and analysis, to be completed and implemented

with relative ease. It seems most instructive to discuss the particulars

of each of these programs in the chapters that present the chemical measure-

ments which these programs perform and analyze (Chapters 5-8). However,

three routines which appear often in the data acquisition programs are

sufficiently important and general to be discussed separately. These

programs are presented in the following sections. They are all contained

in the example system program CBTSLS in the Appendix.
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E. CREATING AN EXPERIMENTALLY FLEXIBLE SOFTWARE SET

The component circuits of the instrument provide the sequence of

events necessary to perform a bipolar pulse measurement of conductance.

These blocks are hardware combined only to the extent required by

these sequences. This was done with the intention of producing an

instrument with the highest degree of internal flexibility, both in

combination of functions and in timing these functions. The use of

digital measurement and timing techniques places the computer's decision-

making abilities within the instrumental framework. This encourages

the use of "intelligent" rather than fixed interactions between the

various separate circuits. In this way, the experiment itself may be

"designed" during run time such that the data received as a result of

the software-instrument-chemistry correlation are the optimum data

attainable by the technique.

If these design philosophies are properly implemented, a system

which is user-oriented results. Any experiment, even one designed by

the most novice operator, will yield the maximum amount of information

because the computer will be programmed to automatically optimize the

entire measurement sequence. Thus, if a chemist designs a significant

"chemical" experiment, even though he has no knowledge of the intricacies

of measurement which the computerized conductance system employes,

he is guaranteed to receive data which is of a quality commensurate

with the quality of the chemistry involved. The only assumption is

that the experimenter have sufficient knowledge of the parameter he

wishes to measure to enable him to decide that a conductance measure-

ment is suitable. It will be seen in Chapter 9 that the computerized

conductance system is even capable of providing this information.



74

F. DETERMINATION OF THE OPTIMUM MEASUREMENT PARAMETERS

FOR THE COMPUTERIZED CONDUCTANCE INSTRUMENT

For the circuit presented in Figure 6 the cell conductance, GCELL’

in MHOS, is given by:

RI RF-ES)

RD RINRI EINRv

where RT is the total divider resistance (100009), R0 is the divider

 

GCELL =

resistance to ground, RF is the offset amplifier feedback resistance,

RIN is the offset amplifier input resistance (200000), RI is the

offset current producing resistance, RV is the current follower feed-

back resistance, EIN is the precision -5 volt power supply level

(-5.000‘Volts), and E5 is the sampled voltage (on a scale of 0 to 12.5

volts).

It was indicated in Chapter 3 that certain arrangements of the

circuit settings (for a given conductance measurement) will produce

values of the output signal, ES, equivalent in magnitude. It was

desirable to design the software in such a way that each time the

computer set the circuit, the minimum instrumental error and noise

level and the maximum resolution resulted. Since the tolerance for

each component, C1, of the above equation is known, the maximum error

in GCELL (corresponding to all component deviations being in the

same direction), dGCELL’ is given by:

d0 = él GGCELL IdC + QUANTIZING ERROR
CELL 1:] ‘3C;“' i



75

The quantizing error is the error due to digitization of the signal

as a result of the A/D conversion, as discussed by Kelly and Horlick

(43). It is the resolution limit of the instrument for a single measure-

ment, equal to or less than i1/2 of the least significant bit (LSB)

of conversion. For one discrete A/D conversion of 12 bits with no_

offset applied, the maximum quantizing error of GCELL is the product of

cell current and Rv divided by 8192 (1/2 digital value of LSB). A

program was written to solve for the error fraction, dGCELL/GCELL’ for

all circuit settings and various sampled voltages, ES. It was found

that maximum accuracy was obtained at maximum pulse height, minimum

current follower feedback resistance, and maximum offset. The error

also decreased as ES increased. Since maximum offset also corresponds

to maximum resolution, no trade-off between accuracy and resolution was

necessary.

In summary, then, the sequence of events for the computer to follow

in setting the circuit for optimized measurement is:

l) Maximize the pulse height to make ES>12.5 volts if possible.

2) If necessary, increase RV to make ES>12.5 volts.

3) Apply the maximum offset possible to bring ES within the

range of O to 12.5 volts.

G. THE PRELIMINARY SCAN ROUTINE

In order to set up the system for data acquisition, it is neces-

sary for the computer to determine the conductivity region in which

the measurement is to occur and to establish the optimum circuit

settings for measurement in that region. To accomplish this, all data

acquisition routines in the computerized conductance system utilize
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the preliminary scan routine for measurement initialization. 'This

routine is flowcharted in Figure 18. A complete listing of the routine

appears in the CBTSLS program in the Appendix.

The preliminary scan sequence begins when a "G" is entered on the

teletype. The computer initially selects the 10 u second pulse width.

It sets the circuit in its widest possible range. This corresponds to

minimum pulse height (RD = 100), minimum current follower gain (Rv = 104).

and no applied offset current (RI = 0, RF = 4000). These values are

latched into the control circuit. The computer waits for the relays

to close, then measures. The measurement is tested to determine if the

A/D converter is reading full scale. If it is not, the pulse height

is increased (RD increased ten-fold) until the converter reads full

scale or the maximum pulse height is reached. If the A/D converter

still does not read full scale, the gain of the current follower is

increased (Rv increased ten-fold) until it does or until the maximum

gain is reached. If, at maximum gain, the A/D converter still does not

read full scale, the computer outputs a resolution error, stores the

scale settings and takes and outputs the measurement, and proceeds to

the next pulse width. The resolution error indicates to the Operator

that the conductance was too small to permit offset to be applied, thus

eliminating the extra bits of resolution which the offset provides.

As soon as the A/D converter output becomes equal to full scale,

the computer begins to apply offset to bring the signal within the

O to 12.5 volt range of the converter. The computer sets the proper

decade scale of offset (RI = Rv/lO), latches in one offset unit on this

scale, and measures. The computer continues to apply offset until the

A/D converter reads less than full scale. At this time the computer
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Figure 18. Simplified Preliminary Scan Routine Flowchart.



78

records the settings, measures, outputs the measurement parameters,

and goes on to the next pulse width.

If, on the initial measurement of the sequence, the A/D converter

.had read full scale and the computer could not apply sufficient offset

to bring it on scale, the computer outputs a high conductance error,

which indicates that the conductance is greater than 0.220-1 and, thus,

beyond the operating range of this instrument. The measurement is skipped

and the computer proceeds to the next pulse width.

Typical computer output from the preliminary scan routine is shown

in Figure 19. After the parameters for the first pulse width measure-

ment are determined, the computer, having measured the conductance at

these circuit settings, outputs the chosen pulse height (PH), pulse

width (PW), offset units applied (UNITS), and the current follower feed-

back resistance (RV). The computer also outputs the magnitude of the

voltage signal from the current follower (ES), the calculated cell

resistance (RCELL), and conductance (CCELL).

When the sequence has been repeated for the next three pulse

widths, the computer measures the response of the temperature sensor,

as will be discussed in Chapter 6, and outputs the value. Finally,

the computer prints the available measurement options and waits for

selection of one of them.

The circuit parameters determined by the preliminary scan routine

are stored in two ways. The instruction words, which, when output to

the instrument, cause the Circuit to be set in that particular optimum

mode, are stored intact, one set for each pulse width. These are

later used to set the circuit in the correct initial state when an

Option routine is called. In addition, a single parameter word is
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TYPE "G” TO START

G

PH 8 OoSOOOEffll VOLTS

PH 8 OoIOOOE'OI MSEC

UNITS 8 Bo9090E+OI

RV 8 001000E¢06

SAMPLED V 8 90729980E*01

RCELL 8 00513876E+04 OHMS

CCELL 8 0.1946OOE'03 MHOS

PH 8 605000E*OI VOLTS

PH 8 001000E+00 MSEC

UNITS 8 009000E+01

RV 8 O-IDOOErflb

SAMPLED V 8 $0741272E+01

RCELL 8 00513280E004 OHMS

CCELL 8 00194825E'03 MHOS

PH 8 005000E+OI VOLTS

PH 8 001000E+BI MSEC

UNITS 8 009000E+OI

RV 8 001000E966

SAHPLED V 8 60721130E*O|

RCELL 8 0.514343E804 OHMS

CCELL 8 0.194423E‘03 MHOS

PH 8 DoSODOE+OI VOLTS

PH 8 001000E002 MSEC

UNITS 8 O-9OBOEPOI

RV 8 001000E+06

SAMPLED V 8 90685425E+Ol

RCELL = 00516240E‘04 OHMS

CCELL 8 Bol93708E°03 MHOS

TEMP RESPONSE 8 00156494E+01

OPTIONS! I)AVERAGE

2)RESTART

3)TDA

4)CALL EXIT

Figure 19. Preliminary Scan Routine Output.
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stored which contains the information as to how the circuit was set.

This word is decoded by a special subroutine (DCODE in CBTSLS)

where the conductance is calculated from the circuit equation.

In executing the preliminary scan routine, the computer has

optimized the circuit setting according to the sequence described

above. If the computer should be unable to perform this optimization,

appropriate messages inform the operator. Thus, at the end of this

routine, the operator may be assured that the measurement of conductance

for that particular system has been initially optimized.

H. THE AVERAGING ROUTINE

One of the option routines which the operator may always select

is the Option to average a specified number of scans (discrete measure-

ments) for a more precise determination of the measured conductance.

This routine is flowcharted in Figure 20. A listing of this routine

also appears in CBTSLS in the Appendix.

In order to utilize the averaging routine the operator must input

the pulse width to be used in the measurement (which is chosen by the

criteria presented in Chapter 5), the number of scans, from 1 to 2047,

to average, and whether or not double precision data is to be taken.

(Double precision data arises from the additional bits of resolution

resulting from averaging, as discussed in Chapter 5.) The computer

then looks up the instruction words corresponding to the chosen pulse

width, sets the circuit, and measures. The measurements are summed

as they are taken and stored in two words. When all scans have been

taken, the sum is loaded into the EAE and divided. This provides fast.

hardware calculation of the average ES. The DCODE subroutine is called
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to calculate the conductance. The average ES, RCELL, and CCELL are

output, the temperature response is measured again and output, and

the program returns to the option selection. The printout generated

by this routine is shown in Figure 21.

I. THE TIMED DATA ACQUISITION ROUTINE

Most chemical measurements involve the acquisition of data at

regular intervals. The timed data acquisition routine (TDA) provides

the computerized conductance system with a flexible means of sequencing

this experimental interaction, both for conductance monitoring and for

control of other peripheral devices used in the experiment. This routine

is found in most of the conductance system programs for chemical analysis.

It is also listed in the sample program, CBTSLS, in the Appendix.

The computer dialog for this routine is shown in Figure 22: the

flowchart appears in Figure 23. Initially, the computer requests the

total number of data points to be taken. Up to 500 points may be taken

with this routine if temperature and double precision data are taken,

up to 1000 points if they are not. Next, the time interval between points

is requested. This can be any time from 130 ‘useconds to 40000 seconds.

The computer then requests the number of temperature measurements to

average. If zero is input, the temperature measurement is skipped.

The computer then outputs the approximate length of time the experiment

will require and requests the address of the first tape block on which

to write the data accumulated during the run. The operator inputs the

pulse width, the number of conductance scans to average (up to 2047)

for each point, and whether or not double precision data are to be
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OPTIONS! I)AVERAGE

21RESTART

3’TDA

4’CALL EXIT

AT HHAT PH? (MSEC)8 cl

NUMBER OF G SCANS TO AVERAGE! 100a

DOUBLE PRECISION? (I8YoO8N)tl

TYPE EXPERIMENTAL INFO (CNTRL G TO END)!

CONDUCTANCE MEASUREMENT OF A 00000! M

SOLUTION 0F HCL

8/25/74

AVERAGE OF 100. SCANS! SAMPLED V 8 0060561523E+01 VOLTS

RCELL 8 0052052886E904 OHMS

CCELL 8 0.19211230E'03 MHOS

TEMP RESPONSE 8 00168457E+Ol

Figure 21. Averaging Routine Output.



OPTIONS! I’AVERAGE

2)RESTART

3’TDA

4)CALL EXIT

3

TOTAL NUMBER OF POINTSCIOOO

TIME BETHEEN POINTS (SECS)85o

NUMBER OF T SCANS TO AVERAGECZSo

THIS HILL REQUIRE ABOUT 008333E*OI MIN

FIRST BLOCK TO WRITE! 200.

AT WHAT PH? (MSEC)8 cl

NUMBER OF G SCANS TO AVERAGE! TOO.

DOUBLE PRECISION? (I8YOO8N)II

TYPE EXPERIMENTAL INFO (CNTRL G TO END)!

TITRATION OF 50-0 MLS OF 0.002 M

HCL HITH 0.01 M NAOH

CELL THERMOSTATED AT 24.0 C

3/25/74

TYPE "G” TO START

6

Figure 22. Timed Data Acquisition Routine Output.
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PRECISION

YES

F1 gure 23. Simplified Timed Data Acquisition Routine Flowchart.
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taken. The operator may finally record information about the particular

experiment, for future reference, on that printout.

When a “CNTRL G“ is entered on the teletype, the computer looks

up the initial settings from the preliminary scan and sets the circuit

(refer to the flowchart, Figure 23). It translates the timing informa-

tion, sets the clock, and sets up the software pointers utilized during

the run. It then waits for a "G" to be typed before beginning the actual

acquisition. Once a "G" is typed, the computer may initiate operation

of a peripheral device, such as the triggering of a stopped flow

apparatus. It then starts the clock and begins to measure. Averaging

is performed as in the averaging routine discussed previously. If

double precision data are to be taken, the remainder from the EAE

division is saved, to be later re-divided by the analysis routine in

floating point format. If double precision data are not requested, the

remainder is cleared, increasing storage capacity. In addition, the

12 bit dividend and the parameter word which contains the circuit setting

information are stored.

If temperature information is to be taken, it is measured, averaged,

and stored in the same manner as the conductance data. No provision

for double precision is required as will be seen in Chapter 6.

The conductance measurement which the computer has just acquired

15 t(fitted to determine if the sampled signal, E5, is within the proper

limits . The criteria for these limits were determined by the hysterisis

"ECESSary for scale overlap which will be discussed in detail in Chapter

5' If the A/D converter reads less than or equal to 0077, the computer

will execute reset routine 1 to insure that the next measurement will

be 9“ Scale. If the converter reads greater than or equal to 7700.
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reset routine 2 is executed in a similar manner.

If all points are not yet taken the computer may again initiate

operation of a peripheral device, such as the addition of the next

increment of titrant in a conductometric titration. The computer then

waits for the clock to signal time for data to be taken again and

proceeds to measure as before. If more than twice the amount of time

allowed between points has elapsed, due to a clock error or the time

involved in a reset routine, the computer signals that the measurement

timing has been destroyed and halts. If all data points have been

acquired, the program transfers the data to DECTAPE and returns control

to the Keyboard Monitor.

If the conductance has decreased such that the digital value of

conversion is equal to or less than 0077, the circuit must be reset

according to the optimization rules already discussed. This adjustment

is performed in the fastest possible manner by reset routine 1, flow-

charted in Figure 24. This routine will cause the offset to be decreased

So that the signal to the A/D converter is increased to compensate for

decreased cell conductance. If the offset is already 1 unit, the pulse

height: is increased to enhance the signal. If the pulse height is

aIVY-lady at maximum, the current follower gain is increased. Once either

the Pulse height or gain have been increased, the offset is set to 10

units which will cause the next measurement to be properly on scale.

If the Circuit had already been set at maximum gain and 1 offset unit,

the of‘1’set is turned off altogether. Finally, the parameter word is

res“ for the new values of the circuit settings, these values are

iatched in, and control returns to the main program. Reset routine 2,

f" r‘esetting the circuit to compensate for 1'DCI"€'359‘j conductance.
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F1 gure 24. Reset Routine 1. (Simplified)
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works similarly. It is flowcharted in Figure 25. These routines insure

that the optimum measurement will continue to be made during the entire

TDA run. .

At the shortest pulse width, the TDA routine allows individual

conductance scans to be made every 30 11 seconds. Approximately 100 11

seconds are required to calculate the average and store and test the

data between points, if no resetting is required. Reset routines require

300 11 seconds to become "effective" due to the relay closing time.

Simultaneous temperature measurement requires the additional time of 6

mseconds per scan .
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Figure 25. Reset Routine 2. (Simplified)



 

CHAPTER 5

PERFORMANCE CHARACTERISTICS AND SELF TESTING ABILITY

OF THE COMPUTERIZED CONDUCTANCE SYSTEM

A. PERFORMANCE CHARACTERIZATION VIA THE SYSTEM SOFTWARE

An instrumental system, such as the computerized conductance

system, in which the computer has complete control over the measure-

ment process and circuit setting is, in itself, the most powerful tool

in the determination of its own performance abilities. It is possible,

through appropriate software, to determine these characteristics with

considerable efficiency and precision. Accuracy, resolution, and pre-

cision can thus be measured relatively easily over the entire eight

orders of magnitude within the operating range of the computerized

conductance system. In addition, the computer may assume the respon-

sibility for making optimum measurements with respect to any of these

characteristics for any particular region within this range. The

trial and error tedium associated with manually setting a conventional

insotr‘ument for determination of its optimum measuring abilities is

the"C8f‘ore largely eliminated. Finally, performance characteristics

Which may only be discussed in relatively qualitative terms for many

1"5t"uments may be quantitatively determined with high precision in

the Computerized conductance system.

DETERMINATION OF SYSTEM S/N, PRECISION, AND RESOLUTION

The first performance characteristic which was determined for the

comPulzerized conductance system was the signal-to-noise ratio. S/N.

91



92

in various parts of the operating range. From these measurements,

information concerning precision and resolution were derived.

To determine the S/N the instrument was connected to a standard

resistance with, usually, 1 ppm/°C temperature stability (e.g. Vishay

metal film resistors type 5106 or $102). A TDA routine, such as

CBTSLS discussed previously, was utilized to make 500 measurements of

this standard at discrete intervals. Each measurement could be a

single scan or the average of up to 2047 scans. Standards were used

which covered the entire operating range of the instrument. A special

data treatment routine, CCPMLD, was written to analyze the data and

P101: it on the X-Y plotter and the display scope.

The program computes and outputs the maximum and minimum conduc-

tances measured during the run. It also calculates the standard

deviation, o. as given by:

" 1/2

2: (G - 6,12

0 g 1&1

where n = the number of points, G = the average conductance, and G1

15 the measured conductance at point i. Finally, the S/N is calculated

from:

S/N = G/o

The program is also capable of calculating GMAX’ GMIN’ G. o.

and SIN for any continuous group of points in the data set. The operator

may then select to plot any or all of these points. Such a plot is
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shown in Figure 26. This plot represents a worst-case situation for

precision in the computerized conductance system. This occurs in the

region near the highest measurable conductance, corresponding to

the lowest pulse height utilized for bipolar perturbation. The data

consist of single scans taken per measurement (i.e. no ensemble averag-

ing) . The standard deviation calculated for this situation was 4.6 x

10‘5o". The S/N ratio was 1180. The obtainable resolution, in this

region, with no ensemble averaging is limited by noise and not by the

12 bit (1 part in 4096) resolution of the A/D converter.

During the initial stages of these resolution determinations, the

method used for ensemble averaging was the same as that described in

Chapter 4 with the exception that the remainder generated from the EAE

division was always discarded; only the 12 most significant bits of

the dividend were stored for later treatment. At this time, it was

suspected that the attainable resolution would always be limited, by

"9158. to less than the 12 bits of the A/D converter plus any addi-

11101131 most-significant bits supplied by the offset generator. This

quickly proved not to be the case as can be seen in Figure 27. This

plot Clearly shows the measured signal oscillating between two least-

519'” fi cant bit positions for only 16 averages per point in the con-

ductance region around 3 x 10'40']. The resolution has clearly been

limi ted by the 12 bits of the averaging which have been kept for

anaLVS'IS. Increasing the number of averages could do nothing to im-

prove the signal. However, Malmstadt, Enke, Crouch, and Horlick (44)

have Shown that a level of system noise greater than 1/2 of the

quantization level randomizes the quantization error. making S/N

enhancement by ensemble averaging possible. Furthermore, once the
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number of averages decreases the system noise to 1/2 of the quantiza-

tion level, increased resolution beyond the number of bits of the A/D

converter will result. For example, if 16 12-bit A/D conversions are

totaled, a 16 bit word will result. If the noise on the signal was

not greater than 1/2 the value of the least-significant bit when the

data were taken, two of the four bits beyond the initial 12 are

significant, providing a l4-bit conversion and increasing the resolu-

tion by a factor of 4.

It was therefore decided to store the remainder from the EAE

division during the TDA run (essentially "double precision") and re-

(iivide it by software during the data analysis routine. In this way

the predicted improvement in S/N and in resolution could be realized.

ane effect of this technique is demonstrated rather dramatically in

Figure 28.

Figure 28 shows a TDA monitoring of a standard resistance in the

region of 1000:2(10'30'1). Double precision data have been taken (i.e.

the remainder is saved and re-divided during analysis) for an average

Of 2000 scans per point. The two irregularities in the curve were

found to be a disturbance caused by the temperature bath heater switch-

in9 on for 10 seconds, every 35 seconds or so. Although the standard

resistor was attached to an aluminum plate with heat sinking grease,

a Small amount of initial heating can be Observed during the first

10'15 points. After this time, the heating by pulsing and cooling by

31" reach a steady state. Neglecting these recognized interferents,

for Points 250-400 (2000 scans/point), the standard deviation was

found to be 1.58 x 10‘90" yielding a S/N of 624,000. Thus the

Option to take double precision data has henceforth been incorporated
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into all data acquisition and analysis programs.

As shown in Table 2, this region of conductance proved to be the

most precise for measurement by the computerized conductance system.

For an average of 2000 scans, the noise on the signal totaled only

about 1.6 parts per million. In the region of highest conductivity,

the S/N was limited by the number of averages which could be performed

in a reasonable amount of time. The greater noise is most probably

the effect of the relatively higher noise levels on the 0.05 volt

pulsing signal employed here. In the region of lowest conductivity

the results obtained during these measurements are somewhat limited

by the stability of the standards which were available for use. In

«addition, at the very low signal levels being detected for these con-

tiuctances, spurious currents through the glass epoxy printed circuit

laoard become significant compared to the measured signal. Had this

problem been anticipated in the design stages, its effect could have

been minimized by placing ground loop foil patterns around the cell

contacts on the analog printed circuit board. Since few measurements

are made on solutions with a conductivity this low, rebuilding the

board to correct this problem has not appeared necessary.

Finally, increasingly long pulse widths must be employed, as

will be discussed later, at low conductivities, limiting the number

0f averages which can be made in a reasonable amount of time.

C. DETERMINATION OF SYSTEM ACCURACY

The response of the computerized conductance system was found

to be linear for any particular scale setting. Discontinuities, which

were encountered at scale changes (which will be discussed later),
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had no effect on the linearity of measurements made at the same scale

setting. Thus, in making absolute conductance measurements, a standard

resistance is measured which requires the same instrumental scale

settings as the unknown conductance to be determined. Once the computer

is given the true value of the standard, it can software-correct any

conductance measured at that scale setting since the net error will

be constant over that interval. Instrumental drift was found to be an

insignificant problem (less than 0.005% per day) over most of the

Operating range. Accuracy was, rather, found to be predominately a

'function of the series capacitance associated with the cell.

In order to facilitate the determination of maximum accuracy

associated with each conductance region within the operating range of

“the system, the CBPSLT program, flowcharted in Figure 29 and listed in

‘the Appendix, was developed. CBPSLT provides four option routines.

Tum of these routines are data analysis and plotting subprograms

(options l and 2 respectively). The other two are both data acquisi-

tion routines, one for accuracy determination (option 4), and one for

Pulse width optimization (option 3) which will be discussed in the next

section.

The data acquisition routine in option 4 is designed to eliminate

or minimize the effects of extraneous signals on the accuracy determina-

tion. These effects are most often caused by a build up of charge on

the series capacitance due to pulse asymmetry or the short range tempera-

ture characteristics of the standard. Option 4 overcomes these effects

by allowing the operator to vary the relaxation time between single

conCinctance scans as is necessary. The routine functions as follows:

After selection of a pulse width by the operator the computer
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executes a preliminary scan of the system at that pulse width only.

A “i“ is output when the preliminary scan is successfully completed.

The operator may then choose the relaxation interval which is to be

allowed between each individual bipolar pulse perturbation-measurement

sequence. This may be varied from 10 p seconds to 40000 seconds (al-

though useful intervals extend only up to about 50 m seconds). By

varying the relaxation interval, the operator is able to establish a

b
‘
.
n
-
u
-
‘
m
r

i

time during which all excess charge developed on the series capacitance i”

duerto asymmetrical pulses may be sunk to virtual ground by the current

'follower, preventing build-up of this charge from affecting accuracy.

ffithhermore the heating of the "cell", which is a function of the

Pulsing rate, can be decreased.

Following the selection of an interval, the operator may choose

aruy of seven Options. In order to make an instrumental accuracy deter-

milnation for series RC circuits (i.e. "real cells“) at the chosen pulse

Nicjth and interval, the operator connects a resistance standard alone

to the cell leads and selects option 5, to measure the standard. 1000

Single scans are averaged, each following the previous scan by the

time indicated in the chosen interval. Next, the operator places a

Capacitance in series with the resistance standard and selects option

D. This option performs the same measurement as option S above but

records the result as a comparison. If the operator wishes to know

the value of the relative error resulting from this comparison, he

Chooses option 0 which outputs the relative error on the teletype.

Once he has completed the measurement, he may move on to the next

1"terval he wishes to try by selecting option N. This causes the data

Just taken to be entered inthe program output buffer for later plotting
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and analysis. If he desires to change an interval or pulse width

before the data are entered he may select option R or C respectively.

Once all data have been taken, the user selects option E which closes

the output buffer. The buffer is subsequently searched and the computer

ca‘lculates and outputs the maximum relative error. Finally, the data

may be stored on tape for more detailed analysis and/or plotting at

a “later time. This more detailed analysis is performed by CBPSLT

option 1. It can include calculation of maximum and minimum relative

error- , average error for the entire data set, and output of the data

set (2 relative error and pulsing interval) on the line printer. The

data may be plotted by CBPSLT, option 2. The operator inputs the desired

X and Y plotting limits. The computer uses this information to generate

a [mint plot of % relative error vs. log (pulsing interval).

These accuracy determinations were made for conductances covering

the entire operating range with series capacitance of 10, 5, and l p F.

These series capacitance values were equal to or less than the series

capac1 tance of most real conductivity cells (i.e. worst case values

for implementation of the bipolar voltage pulse technique). The results

Of these measurements are sunmarized in Table 3. The presence of

eflee-“its due to series capacitance, in regions where the bipolar pulse

tech""‘<-‘|l.ie should be relatively inmune to these effects, arises from

pulse height asannetry due to finite FET switching and amplifier

sett‘l i ng times as well as the stability of the ground supplied by

the Current follower. This stability decreases as the amount of cur-

rent Supplied to the current follower sunming point increases. The

current reaches a maximum at the highest offset currents, corresponding

1'0 COHductances of 2 x 10'3071, 2 x 1049'], etc. This accounts for
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UWLEZ 23. Accuracy (in percent) for various conductance - series capaci-

tance combinations. Allowed relaxation time is 30 0 seconds

unless otherwise indicated.
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C(uF)

G(o") 10 5 1

10" 0.17 4 4 19

2 x 10"2 0.0053 0.82 0.057

10‘2 0.0071 0.40 1.4

2 x 10‘3 0.12 0.21 0.38

10‘3 0.026 0.059 0.13

2 x 10'4 0.074 0.38 0.15

10‘4 0.0069 0.0045 0.23

2 x 10‘5+ 0.0073 0.0051 0.018

10‘5 0.0037 0.0012 0.28

2 x 10'61F 0.049 0.072 0.095

10‘5 0.024 0.054 0.18

2 x 10'7 0.25 0.52 0.99

1 0'7 0.38 0 45 0.76

Q
 

.1.

9 msec t>eetween pulses.

1'
30 msec t>eetween pulses.

 



105

the relatively poorer accuracies in these areas.

All values in Table 3 represent 30 useconds allowed relaxation

time between pulses except at 2 x “3'59“ and 2 x 10'69'1 where longer

re'l axation times were found to increase accuracy. It can be seen that

over much of the operating region, accuracies of close to 0.02% or

better can be obtained for series capacitances of l0 uF. At lower

capacitances, the effects of pulse asyrnnetry are greater as can be

seen - Correspondingly, at the higher series capacitances of many real

conductance cells ( 20 uF), the accuracy would be even closer to that

obtai ned with the resistance standard alone.

Finally, no measurable effect on accuracy by parallel cell capaci-

tances less than lOOOpF has been observed. Since real cells normally

fall well within this region, any effect of such capacitance has been

discounted.

D. OPTIMUM PULSE WIDTH SELECTION

Two factors must be considered in the selection of a particular

“”59 width for use in a given conductance region. First, the pulse

Width must be short compared to the time constant for the series RC

“”9"“ 1: formed by the conductance cell as discussed in Chapter 2.

SECOndjy’ the pulse width must be long enough to allow the current

fOTIOWer to settle to its true output at the end of pulsing. For low

9°“dUCtances the gain of the current follower must be increased,

$1(""1'39 the response of the amplifier. Thus longer pulse widths must

be “38d at lower conductances.

CBPSLT provides, through option 3, a means to determine exactly
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the optimum pulse width for use in a particular conductance region.

I h using this option, the operator inputs the chosen pulse width and

the number of individual conductance scans to average per measurement.

A preliminary scan is conducted as with option 4. The operator then

inputs the true value of the resistance which is being measured. Using

the same measurement options which are available in option 4, the

operator first measures the standard resistance, then the RC network,

and stores the true resistance and the relative error as an X-Y pair.

After each measurement is stored, the value of the next resistance is

input and the sequence repeated. When the E option is finally selected,

the maximum error is calculated and output. The operator then selects

the plotting scale and the data is point plotted as relative error

vs.
109 (true resistance). The data may then be stored on tape for

the more detailed analysis provided by option l or replotted by option

2.

A composite plot of data obtained in this way for each of the four

ShO”test pulse widths, over the entire operating range of the instru-

ment, appears in Figure 30. This particular plot corresponds to a

591793 capacitance of 5 “F. The two factors which contribute to the

"m" . a pulse length that is significant compared to RC and the current

fonower settling time, are manifest in the rapid increase in error at

ather-
end of a particular pulse width region. It can be seen from

the 9'1 ot that, for the best accuracy, the pulse width should be chosen

as 170110ws: Above 1049'] (<l0 K0) the shortest pulse width (0.0l msec)

is “59d, between l0'49'1 and l.4 x 10'59‘100 K - 70162) the pulse width

= 0.1 msec, between 1.4 x 10'59" and 1.4 x 10‘%‘1 (70 K - 700 m)

the PU1se width - 1.0 msec, and between l.4 x 10-69-1 and the 10""
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conductance end of the scale (700 K - 80 M0), the pulse width = 10.0

msec. A series of such plots were prepared for various other series

capacitances. They are all in approximate agreement with Figure 30

concerning which pulse width to select for a particular conductance

region.

E. SCALE CHANGE CORRECTIONS IN THE COMPUTERIZED

CONDUCTANCE SYSTEM

The instrument, as initially designed, performed well over its

enti re range except in the regions of scale changes. It was found to

be impossible to perfectly align the pulse height, current follower

gain . and offset such that there was no overlap or underlap of scales.

The problem of underlap was most severe as it resulted in a "dead zone"

1" Which data points were lost altogether, as the computer caused the

instrument to oscillate between the lower offset, gain, or pulse height

59151:? ng full scale conversion and the higher offset, gain, or pulse

he19"”: setting zero conversion because of the area where the scales

failed to meet. All data taken during the underlap interval were lost.

1" add‘ition, some non-linearity occurred at low voltage level outputs

Of the current follower, apparently due to pulse asynmetry with insuf-

fici ent allowed relaxation time. Both problems were solved by PVOVIding

over] ap of the scales through the divider at the current follower

thut. Hysteresis was provided at both ends of the scale by not

perm‘11:ting an A/D conversion above 77008 or below 00778 without a

59918 change. Any discontinuity occurring at the scale change point

(see raw data, Figure 31) was eliminated by programing the computer
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to adjust mathematically the data at those points (see scale change

corrected data, Figure 31. The computer performs this correction by

ca‘l culating the best straight line through the last three points

measured on the previous scale setting and from this calculation,

Predicting the position of the next point. The offset between the

Pr‘ed icted position and the actual position of the first point at the .

new scale setting is used to correct all subsequent data. If fewer i!

than three points are taken at a particular scale setting, as may 1

be the case for very rapid conductance changes, scale change correction

is not performed by the computer.

After implementation of the hysterisis and scale change correc-

ti on provisions, it was found that instrumental adjustment was virtually

unrNecessary. Only infrequent trinming of the current follower, to

p"‘event non-linear response due to pulse asynlnetry, power supply adjust-

ment, and adjustments for extremely accurate absolute conductance

determinations are performed.

F. LINEARITY, RANGE, AND SPEED CHARACTERISTICS

Many of the operational amplifiers in the analog circuit have

Very fast response times and, thus, a tendency to oscillate. A 56 pF

ca Dacitor in the feedback loop prevents oscillation of the offset am-

p] 1 f‘i er but would cause the current follower response to become non-

1 7 hear if used. The resulting small 10 MHz oscillations of the current

‘70] Tower are transparent to the measurement and are allowed to occur

8 -

1 "(:e the noise bandwidth of the instrument is upper-limited by the

‘
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frequency response of the sample and hold module (500 KHz).

The instrument was found to be linear over its entire operating

8 1
range, which extends from 0.22 to 1.3 x 10' o‘ . Above 0.220“.

the conductivity is so high that maximum offset is insufficient

to put the conversion system on scale. Below 1.3 x 10-80.], as previously

mentioned, conduction between the copper foil pattern through the glass

epoxy printed circuit board becomes significant compared to the measured

conductance .

l
‘
“
I
.
~
.

v

Fi nally, the instrument can be completely reset by the computer

and settle to its new settings in 300 nseconds, limited by the relay

C1051n9 time. Discrete conductance measurements may be made in 30

useconds (20 nseconds for pulsing and 10 nseconds for relaxation during

"MC" A/ D conversion takes place) at the maximum rate.

G. SYSTEM DIAGNOSTIC AND EXERCISER FACILITY

EVen during the earliest stages of development of computers and

computer systems, software sets were designed specifically for exercising

these s.Y:s.tems and indicating malfunctions within them. It was found

that 1' F such tests WEre conducted routinely, the system gained a high

degree Of reliability. This is because many malfunctions can be detected

befO'e they become sufficiently serious to effect Operation of the entire

system. Furthermore. Computer systems can become so complex that they

are 111’—er‘<'-.Illy impossible to troubleshoot in any other way. Thus, when

a CONPUter system is developed, appropriate testing software should

a
15° be Written. Such software is standard for the computer part of

 the PDP‘BI I system described in Chapter 1. It includes central processor

‘
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tests, magnetic tape transfer and transport tests, extended memory

test, and EAE tests (45).

This same mode of testing may be extended to non-standard peripherals

such as those developed in a chemical laboratory. The computerized

conductance system is, of course, such a peripheral. In the interest

of a smoothly running system, then, it was desirable to take advantage

of the power inherent in software instrument tests. In this way, again,

an operator lacking a feel for instrumentation would be able to implement

a software test which would pinpoint a particular hardware malfunction.

Often, the problem may be solved simply by tightening a circuit card

connection or replacing an integrated circuit chip. The software

diagonostics can lead the inexperienced Operator to these causes. If

the problem is more complex, the system can inform the user to seek

The manner in which the operator is taught the use and

The

outside help.

interpretation of these system tests is described in Chapter 9.

Program which performs these tests, CBTCLH, is flowcharted in Figure 32

and 1 isted in the Appendix. Its function is described below:

In order to use CBTCLH to perform instrument tests, the test probe

shown in Figure 33 is normally plugged into the instrument cell lead

c°""eCtions. This probe provides series resistances and series and

para] Tel cell capacitances for use in the system tests. These components

are avai Table through switches on the probe itself. A BNC connection

for 05C? ‘lloscopic monitoring of the pulses is also provided. For most

instrument tests, the 100052 resistance standard with no series or

pa"iiile‘l capacitance is chosen. The program is entered by the operator

in the nonnal manner. The operator is asked to choose a P0159 "1‘1““

He n

Orma] 1y will select one of the shortest which provides the greatest

¥
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number of tests in the shortest time. A preliminary scan of the resistance

standard "cell" begins at the chosen pulse width. If either the conduc-

tance or the temperature flag (to be discussed in Chapter 6) fails to

appear in the proper amount of time, the appropriate error message

(ERROR 3 or ERROR 6 respectively) is given as output. The program will

then move to a routine which continuously triggers conductance pulse

sequences and temperature measurements, testing for proper flag response

at the appropriate time. Error messages will continue to be given for

flag failures until the operator is able to correct this problem or

until he halts the program manually. If the user is unable to correct

the problem, CBHELP (discussed in detail in Chapter 9) will instruct

him in the proper troubleshooting procedure to follow.

If A/D conversion problems arise during the preliminary scan,

If the scan is completed successfully,

Two of these

error messages are also given.

the operator may select any of seven option test routines.

routi nes involve averaging of measurements; option 1 for 100 conductance

scans and option 6 for 25 temperature points. It was found that these

routines proved especially useful for testing experimental measurements

prior to an actual run or for general tests of reproducibility where

an aCtual quantitative measurement of deviation is unnecessary.

OPtion 2 allows the operator to restart the program. The other

four options actually exercise and test the hardware functions of the

instrument. Option 3 causes the conductance circuit to continuously

pulse the cell at a rate equal to ten times the chosen pulse width.

NO ”"0?“ checks are made which would cause the timing to be disturbed.

Th' .
-

1S peY‘mi ts the operator to use an oscilloscope to check the generation

of me . .
asUr‘ement sequencer waveforms, proper amplifier sw1tch1ng, sample

 

r
'
"
3
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and hold tracking/holding sequence, the A/D triggering monostable signal,

the conductance A/D converter status output, and finally, the bipolar

perturbation pulses themselves. This routine proved to be invaluable

when the hardware was initially being debugged. It is still used when

instrument performance indicates failure of a circuit producing one of

.
7 l

the above signals.

Option 4 causes the conductance conversion system to be tested.

«
I
n
-
h
i
.

'
-

It assumes that a stable resistance has been placed in the cell position

(as in the test probe) and that a zero or full scale A/D conversion is

not required to measure that particular resistance. The bipolar perturba-

ti on pulses are applied at intervals equal to ten times the chosen

pulse width. If the conductance flag fails to raise within this period,

the computer outputs an error message (ERROR 3). If the conductance

A/D converter returns a zero or full scale conversion, the computer

OUtPu ts ERROR 4 or ERROR 5 respectively. The probable causes of these

errors are explained by CBHELP (Chapter 9).

failure of the A/D triggering monostable, momentary failure of the

These causes would include

latches to hold circuit settings, or failure of the A/D converter itself,

the gated driver, or one of the analog components. CBHELP informs the

user 01’ the components to check for the particular failure circumstances

encountered.

The temperature conversion circuit may be exercised and tested

in a similar manner by option 7. Flag, zero conversion, and full scale

conversion error messages (ERRORS 6, 8, and 9 respectively) are given.

CBHELP a] so aids in interpretation of these failures.

Options 4 and 7 are combined into one routine by option 5. This

DGrm‘

Its tests of the entire computerized conductance instrument at one

¥
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In designing the exerciser routines for the computerized conductance

system, no new hardware, specific for testing purposes, was built into

‘the instrument. The only additional implement is the test probe which

nuarely substitutes for the cell. It did not appear desirable to introduce

extraneous circuits into the instrument which might possibly interfere

vvi‘th the testing and operation of the instrument in determining its

characteristics and in performing chemical measurements, which is the

basis of this thesis. However, expanded testing capabilities and

increasingly detailed diagnostics could be obtained by the inclusion of

several other circuits of varying complexity. These might include:

1)

2)

3)

4)

Read-out read-in latches. This circuit would enable the com-

puter to test the state of the latches at any time by reading

their real settings back into the accumulator and comparing

these with the intended settings.

IOP and DS test circuit. A flag which the computer could

set and clear itself could be used to determine if the device

select and input-output transfer pulses were, indeed, reaching

the instrument and being decoded properly.

Measurement sequencer test circuit. The waveforms generated

by the measurement sequencer could be digitally sampled and

measured through reference to the computer mainframe clock.

Problems with the circuiiswhich produce each of these signals

could then be isolated.

Pulse generator monitor. The bipolar perturbation pulses

‘themselves could be sampled and measured for determination of

'their magnitude, symmetry, etc.
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5) Gated Driver I/O test circuit. The gated driver inputs could

be multiplexed between the A/D converter and a set of computer-

controlled latches. The computer could read out to these

latches and back in through the driver to determine data

transfer errors.

6) Power supply level test circuit. The power supply voltage

levels could be analog multiplexed and read by an A/D converter

to see if they required adjustment.

Inclusion of all of the above circuits (and probably others) would

add considerably to the real complexity of the instrument. One could

probably argue that failures increase as complexity does. However,

the counter argument is that these circuits would make the "apparent"

complexity of the instrument considerably less than it currently is

by pinpointing errors more exactly. Development of self-testing

instrumentation certainly has been the subject of an entire thesis

itself (probably not a chemical thesis!). The degree of self testing

in the computerized conductance system was thus purposefully limited

to those interactions which the measuring circuits themselves already

Provided,

Finally, it should be mentioned that the computerized conductance

Syste'fl utilizes the real time clock diagnostics written by B. K. Hahn

(45) for detection of circuit malfunctions in the computer mainframe

real time clock.



CHAPTER 6

TEMPERATURE MEASUREMENT AND COMPENSATION IN THE

COMPUTERIZED CONDUCTANCE SYSTEM

A. THE TEMPERATURE MONITOR

The performance characteristics presented in Chapter 5 indicate

that the computerized conductance system is essentially unaffected by

instrumental drift or parallel cell capacitance and only slightly

affected by the series cell capacitance. The single remaining effect

which will most influence the quality of data obtained from a computerized

conductance system measurement is that of temperature changes in the

chemical system under study.

Very little work has been done at this time in providing automatic

correction of conductance measurements for temperature fluctuations.

lflost workers have been extremely careful to maintain a constant tempera-

‘ture (within 0.01 to 0.001°C) for the duration of a particular conduc-

‘tance measurement process. In order to maintain these temperature

sstabilities, conductance-based studies of chemical systems with inherent

temperature variations had to be avoided. These included reactions

vvhich are significantly exothermic or endothermic, solvent systems which

have large enthalpy changes associated with mixing, and mixing systems

themselves which caused more than a few hundredths of a degree Centigrade

temperature change when used. One of the few attempts to compensate

Conductance measurements automatically for temperature changes was the

Circuit employed in Johnson's later bipolar pulse instrument (18).

Johnson assumed that over a narrow temperature range, the conduc-

tance of a thermistor and the conductance of the chemical system being

119
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studied vary approximately linearly with temperature. He used this

assumption in providing automatic signal feedback compensation in

his analog conductance circuit. In this way he was able to boost a

conductance signal produced after a drop in temperature proportionately

and, likewise, scale a conductance signal obtained after an increase

in conductance accordingly. Johnson showed that temperature compensa-

tion was possible for his circuit provided that either the temperature

coefficients of the thermistor temperature sensor and the chemical

system are constant or that they vary in exactly the same way. He

assumed that they would be nearly constant over a 1°C temperature change.

Since he realized that it is extremely difficult to make a prediction

of the temperature coefficient of the chemical system, the circuit

settings for temperature compensation for that particular system were

determined by varying the temperature over the 1°C range in which the

conductance measurement was to be made. The accuracy of the conductance

(determinations made with this type of correction was improved by one

<>r two significant figures. Johnson claimed excellent results for 1°C

liegative temperature deviation correction but positive deviation correc-

i:i0ns were not suitable beyond O.25°C.

In designing the computerized conductance instrument, it was

desirable to keep the analog conductance circuit as simple as possible,

"(It encumbering it with those amplifiers and multipliers which were

necessary to compensate for temperature variation in Johnson's instrument.

If! addition, situations could be envisioned in which a record of the

aC‘tual temperature change itself would be useful. Reaction studies

in which heating due to a reaction or mixing would affect the system

chemistry is one such example. In order to accomplish both of these
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goals, it was decided to include in the computerized conductance system

a separate analog temperature measuring and digital conversion circuit

for fast monitoring of temperature simultaneously with, but not affect-

ing, the measurement of the conductance signal. The temperature monitor

designed for these measurements is shown in the schematic diagram of

Figure 34.

The temperature monitor consists of an analog bridge circuit and

difference detector to follow the conductance of a thermistor, RT’ and

an A/D conversion system with a flag. The precision 5 volt signal

produced by the $5723L regulator of Figure 6 is used to provide the

stable signal for the bridge. The bridge is designed in such a way

that a 10 KO thermistor will produce a potential difference between

points A and B of about 1 volt. The voltage level at B is subtracted

from the level at A by operational amplifier A5 which also supplies a

gain of 5.11 to this difference. The output of amplifier A5 is connected

directly, along with the quality analog ground signal discussed in

Chapter 2, to a dual-slope, integrating A/D converter. The MD con-

verter is triggered directly by a DS-IOP signal from the computer,

"E‘Setting on the rising edge and initiating conversion on the falling

Edge. Upon triggering, the STATUS output goes high. When STATUS returns

to low, it triggers a flag and possibly a program interrupt. The flag

Ci"‘Cuit is identical to the conductance flag circuit discussed in

Ch‘i‘Pter 3. After testing the flag and finding it raised, the computer

wi] 1 gate the driver and transfer the data to the accumulator.

The analog section of the temperature monitor appears in the

photograph of Figure 17. It is mounted directly over the temperature

moni tor A/D converter which is located in the digital circuit compart-

me

"t . photographed in Figure 15.
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Originally, a temperature sensor which consisted of a thermistor in

the feedback loop of an operational amplifier was used with the same

digital conversion system. It was found, however, that considerably

more noise appeared on the signal for this circuit than could be tolerated.

The bridge circuit was therefore built. The results were far superior

to the previous method. Noise on the signal for the circuit of Figure

34 is lower in magnitude than 3 least significant bits of conversion

and can usually be reduced to less than the least significant bit level

by averaging 16 single temperature points.

Amplifier A5 is the moderately fast Analog Devices 149B, identical

to the 1498 used as the pulsing amplifier in the analog conductance

circuit. The A/D converter is a Teledyne-Philbrick 410910, a 0 to + 10

*volt converter which utilizes the dual slope technique to convert in

5 In seconds. For the signals produced by ordinary temperature sensors,

a liigh speed of conversion is not necessary but some means of signal

averaging is desirable due to the noise on such signals. The resolution

01’ these signals can be enhanced through use of an integrating converter.

The gated driver is a prototype of the Heath EU-800-JL gated driver

(25’) identical to the conductance circuit gated driver. The resistors

“58d in the bridge and amplifier are all metal film resistors of 0.1%

to‘ erance or better.

'Fwo thermistors have been used for temperature monitoring in the

computerized conductance system. One of these is the 44006 Yellow

Spri ngs Instrument Company thermistor with a resistance of 10 KO at

250(:- It is encased in a teflon sheath to prevent electrical contact

"1th the solution and to protect the thermistor from harmful solvents.

T .

“‘3 thermistor has a time constant of 25 seconds in still air and 2.5
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seconds in a l'well stirred" oil bath. (The time constant is the time

required for a thermistor to indicate 63% of a new impressed tempera-

ture). The resistance change for the 44006 thermistor is 4%/°C. It

was used for most studies in slowly mixing solutions where response

speed was not critical, but mechanical strength was.

For very fast applications, such as temperature monitoring in

stopped flow kinetic systems (to be discussed in Chapter 8), the fastest

possible thermistor probe was desired. The fastest probe which could

be obtained proved to be the 41A40 Victory Engineering Corporation bead-

in-glass-probe thermistor. This thermistor is extremely fast due to its

tiny size (0.02" outside diameter). It has a time constant in still air

Of'l.4 seconds, in a still oil bath 0.11 seconds, and in still water

(1.055 seconds. Its resistance change is 3.9%/°C. Faster thermistors

are available from the same company (up to a time constant of 300

useeconds in still air), but they are not available in a configuration

sui table for use as a probe and would be too fragile for use in a liquid

f10w stream of high velocity.

The response of the temperature monitor, the voltage output of

a'"Dlifier A5, vs. the conductance of the thermistor, is shown in Figure

35. This curve includes the range from 17 to 43 °C for the two ther-

mistors described above. It can be seen that the response is not linear

With thermistor conductance, which is proportional to the temperature.

This is the result of the design of the monitor analog circuit. The

output of this circuit, which is the signal, EIN’ which the A/D converter

re - . .
Celves, 1s given by:

25.55R

E = T - 1 062
IN ‘l‘2‘i"‘“00+RT '
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The voltage, EIN’ can also be seen to be inversely proportional to

temperature. This non-linearity and inverse proportionality have no

effect on the implementation of temperature correction in the computerized

conductance system. This is because the variation in conductance, as

a function of thermistor response (which is the "monitored" function of

temperature), is fitted to an equation suitable for describing its

behavior. The coefficients of thermistor response are then used in data

analysis routines to provide the necessary temperature variation correc-

tion of the measured conductance. The details of this correction

technique are given below.

B. THE SOFTWARE SET FOR THE DETERMINATION OF THE

THERMISTOR RESPONSE COEFFICIENTS OF CONDUCTANCE

In order to perform corrections of measured conductance for changes

if! temperature in the computerized conductance system, the actual varia-

ti43ri of the conductance of a system with temperature variation must be

measured in the absence of other effects, such as changes in the ionic

Chair‘acter or dielectric properties of the solution. If these other

Effects should occur the resulting correction parameters will be formed

to iliclude them. Implementation of these parameters will eliminate the

”he?" effects as well as temperature effects. Since changes in ionic

Char‘élczter or dielectric pr0perties are most often the effect which the

Opera tor desires to follow, such a "correction" for them would destroy

the measurement.

‘To construct a temperature-conductance profile, the temperature

Of ‘tJTGE chemical system under study is varied over at least the tempera-

tu . . .

he range which would occur during a measurement run. While the
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temperature variation is occurring, a TDA routine such as CBTSLS,

described previously, is used to monitor both conductance and tempera-

ture. The raw data from such a run may be plotted as conductance vs.

thermistor response (EIN) by the CCLTLF program which will not be

described here. Such raw data is shown in Figure 36 a, b, and c for

three systems in dimethyl sulfoxide (DMSO); 4 x 10'421 luminol (36a),

l0'3fl potassium tertiary butoxide (36b), and the products of the reac-

tion between these species (36c) which will be discussed in Chapter 8.

These curves cover a temperature range of 5.4 °C, from 29.9 to 24.5 °C.

They have been included in this manuscript because they demonstrate

several interesting qualitative aspects of the work done with temperature-

conductance profiles which will be discussed later in this chapter.

It can be seen that the temperature change which occurred during

the runs in which the data of Figure 36 were obtained was, itself, non-

Iiloear. This is evidenced by the accumulation of an increased density

01’ (iata points near the 24.5°C region of the curve (lower right).

TVTEB cause of this effect is the way in which the data was generated,

by 1=irst heating the solutions in the conductivity cell and then plung-

IOSJ the cell into a constant temperature bath at 24.5°C when the data

accluisition began. The cooling was, of course, much faster in the early

Sta962's of the run. In general, it is common for temperature to change

"OFF-Lnoiformally in an experiment. This presents an interesting problem

ir‘ CHJr~ve fitting which is the method employed to construct temperature

co"""ec:tion parameters for the conductance of a particular system. If

there are more points in one section of a curve than another, the

method of least squares will effectively weight that portion of the

c

Urve most heavily at the expense of the rest of the curve (unless the
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Figure 36.

Thermistor Response

Termistor Response-Conductance Profiles for (a) Luminol,

(b) Potassium Tertiary Butoxide, (c) Products of Reaction

of (a) and (b) all in DMSO.
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curve is perfectly linear).

There are two possible solutions to the problem. One is to program

the computer to store measured temperature-conductance data only when

the temperature is at a certain value, set up by the initial measure-

ment and a running increment. This method leaves some doubt as to the

length of a particular run, what increment to set up, how many points

to take, etc. It has the advantage of automatically constructing a data

set with points linear in thermistor response.

The other approach was chosen for the computerized conductance

system. It involves arranging the raw data set in monotonically de-

creasing order with respect to thermistor response. Intervals within

the array were created by software. Each interval contains a single

thermistor response-conductance point which would be the average of all

measured points which fell within that interval. The program which

performs this "array arranging", CBTALR, is flowcharted in Figure 37

and is listed in the Appendix.

(It should be noted, to avoid confusion for the reader who is also

rteferring to the CBTALR Appendix listing, that the flowchart in Figure

37 is considerably simplified. Many of the operations of CBTALR which

éir“e explained in FORTRAN terms in the flowchart are actually manipula-

tions which are done in assembly language in CBTALR for reasons of

Speed and necessity. These include magnitude comparisons, data switches,

array addressing, averaging of thermistor response measurements, and

$0 forth).

(CBTALR begins by requesting the first block on the DECTAPE where

the data from the TDA routine was written, reads the file, and sets up

U"’ necessary software pointers. The raw data array must consist of a
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l2 bit conductance word, the 12 bit division remainder, the parameter

word, and the l2 bit, averaged thermistor response word. After CBTALR

has completed the array arranging process, the data in the array will

consist of the 3-word FORTRAN floating point values of the conductance

(scale change corrected) and the l2 bit, averaged thermistor response

words. The array arranger begins ordering the array in decreasing

value of thermistor reSponse by comparing the first temperature measure-

ment (T(l) in Figure 37) with all other temperature elements in the array.

If a thermistor response is encountered which is larger than T(l),

the two measurements are switched in location along with their corres-

ponding conductance values. In this way, at the end of the first pass

through the array, the largest thermistor response is in T(l); the other

values are in indeterminate order. The second pass through the array

compares all remaining values to T(2) so that at the end of this pass

the second largest thermistor response is in T(2) and its corresponding

conductance value is in 6(2). The process is repeated until the entire

array is ordered in decreasing thermistor response.

The array arranger next begins to scan the array to determine what

the largest interval between thermistor response points (X in Figure 37)

in the data set is. Once it has determined this interval it sets up

the first boundary in which to average the data by starting at T(l)

and going to the value of T given by T(l) - X. It zeros SUMl and SUMZ

which will contain the running summations of thermistor response data

and conductance data respectively, within a given interval. CBTALR

then checks each thermistor response word to see if it is within the

current interval. It continues to sum these T and G values until a

thermistor response value is encountered which is outside this interval.
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At this point the sums are divided by the number of measurements totaled

(Y in Figure 37). The averages are stored back in the array beginning

at the location which had corresponded to the first element and continuing

to as many locations as needed (given by T(J) and G(J) in Figure 37).

CBTALR then moves the boundary downward by X, resets SUMl and SUM 2 to

zero, and repeats the process beginning with the first point to fall

outside the previous interval. When the arranging is complete, there

are J points left in the array. Only one point may exist per interval,

thus eliminating the apparent "weighting" of points toward one region

of the curve. Some points will, of course, be more precise than others.

The computer outputs the chosen interval and number of final points in

the array, and the new array is stored on tape 16 blocks beyond the

raw data array. Arrangement of a 500 point array requires approximately

145 seconds.

The effect of CBTALR on the data of Figure 36 is shown in Figure

38 a, b, and c. The shape of the curves is unaltered. Some of the

noise has been reduced by averaging of discrete points. The data are

Properly suited for fitting by the least squares technique.

The data of Figure 38 were plotted by CCLALF. This is the second

analysis program in the temperature-conductance coefficient determining

routines which use the array arranger. A series of programs was re-

quired due to limited core space in the POP-8/I. CCLALF is flowcharted

in Figure 39 and listed in the Appendix. CCLALF reads the arranged data

from tape, outputs it on the line printer'if the operator desires, and

plots the data on the X-Y plotter and/or the display scope. Plotting

options include plotting axes or the data set. The Operator may request

that any continuous group of points within the data set be plotted.
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Thermistor Response

F.

.ISJIJre 38. Array-Arranged Data From Figure (6-3) (a) Luminol. (b)

Potassium Tertiary Butoxide, (c) Products of Reaction of

(a) and (b) all in DMSO.
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7 
F1'Qure 39. CCLALF Program Flowchart. (Simplified)
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In plotting, the program searches the array for the maximum and minimum

conductance and thermistor response for that group of points and uses

this information to automatically scale the data for output to the

plotter and scope. If the operator does not require hard copy of the

data, he may fast point-plot it in a second or two on the display

scope. Point-plotting on the X—Y plotter requires as much as 20

minutes for 500 points.

When the operator selects the FIT option, he may fit any con-

tinuous block of points within the data set. The maximum and minimum

conductance and temperature are calculated for the selected group of

points and they are plotted. The program then stores, in the indication

portion of the data array, the values of the first and last points to

be fitted and the calculated plotter scaling parameters. The entire

array is retransferred to tape with these new indicators included.

The operator may, at this time, select any of five fitting programs

which generate least squares fits to functions of the following forms:

aT + b

aT + 611/2 + c

aTz + bT + c

aT3 + sz + cT + d

C
)

C
)

G
)

G
3

C
)

I
I

aTS + bT4 + cT3 + de + eT + f

The general form of these fitting programs appears in the flow-

chart of Figure 40. The cubic fitting program, CDTALC, is listed in

the Appendix. The chosen fitting program reads the array written onto

téitlee by CBTALR and CCLALF, initializes software pointers, and proceeds
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FIgure 40. Curve Fitting Program Flowchart.
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to calculate the summations required for the least squares fit to the

particular order of equation chosen. Once the summations are complete,

the program sets up the determinant to be solved for the coefficients.

a, b, c, etc. of the chosen fitting equation. The determinant is solved

by a pivotal condensation (47), to help reduce roundoff errors, for all

functional forms except the linear function which is solved directly

from the least squares formulae for slope (a) and intercept (b). Once

the determinant is solved, the equation giving conductance as a func-

tion of thermistor response is printed on the teletype. The coefficients

of thermistor response are stored on tape within the data array to enable

the operator to obtain comparison of the real data and the fitted curve.

A 100 point cubic fit requires about 9 seconds of POP-8 run time.

The fitted data, real data, and residuals may be listed on the line

printer by CELTLR (not included in the Appendix). The fitted curve

from any function may be plotted by CFPTLR. Any function with only

integer powers of T may also be plotted by the faster CFPTLI, flow-

charted in Figure 41 and listed in the Appendix. CFPTLI reads the T—G

coefficients determined by the fitting routine and sets up the plotter

scaling parameters determined by CCLALF. It calculates one five-

hundreth of the measured thermistor response range for that data set

and plots the first point as the conductance calculated from the fitted

equation vs. the smallest thermistor response measured. It then proceeds

to plot the entire measured thermistor response range according to the

fitted equation by incrementing T by l/SOO for each successive point.

It plots straight lines between points, producing a continuous curve.

Pf the plot of raw data generated by CCLALF or CCLTLF has been saved on

”We scope or X-Y plotter, it will, by plotting the fitted curve on the
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Figure 4l. CFPTLI Program Flowchart.
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same scale on top of the raw data, allow the user to qualitatively

examine the fit. When the entire curve is plotted, the program ter-

minates and returns computer control to the Keyboard Monitor.

It should be noted here that there is an entire series of T-G

data analysis routines and fitting programs which run without using the

array arranger. These routines were written for the computerized con-

ductance system prior to the implementation of the array arranger.

They are essentially analogs of the programs discussed above. They

are still useful where temperature variation can be relatively linear

although they are seldom used due to the simplicity and speed with which

the array arranged data can be manipulated.

C. CONDUCTANCE DATA ENHANCEMENT THROUGH

TEMPERATURE VARIATION CORRECTION

Figure 42 shows a raw data set with its corresponding fitted curve

as discussed above. The raw data displayed in Figure 42 is the data in

the form in which it was acquired by CBTSLS, before array arranging.

The fitted curve was calculated for the arranged data. In this case

the data was nearly linear, but sufficiently curved so that all terms

in the cubic fitting equation were of nearly equal size when the magni-

tude of T is considered. This particular fit was used to correct the

data of Figure 43 for temperature variation. This run was performed to

demonstrate the power of this temperature correction technique. The

TDA run involved varying the temperature of a dilute sulfuric acid

solution l5 °C while no bulk ionic change occurred. Thus, the only

3
conductance change (about 2 x 10' 9'1) which takes place is that due

to the temperature change of the system. The data of Figure 43 are
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corrected for temperature change by inputting the thermistor response

coefficients from the fitted equation of Figure 42 to the data analysis

routine used to construct the curves of Figure 43. Notice that the

effects of temperature (except for the first 9 points out of 500 which

were rather random and not well fitted) have been virtually eliminated,

even over a l5°C change. The variation of conductance data has been

reduced from 1.99 x 10‘39" (10.9% of the signal) to 6.6 x 10’59"

(0.358% of the signal). The noise on the signal is on the order of

2 x 10"59'1 which indicates that the temperature correction for this

system was good to about 0.l5% over the l5°C temperature change.

Fitted curves have been consistently good to 0.l - 0.01% over as

much as a 50°C temperature change. Temperature changes of this magnitude

would, of course, not be encountered in normal operation but the shapes

of some of these curves have been interesting in themselves. An attempt

was made to fit the curves of Figures 36 and 38 b and c with third, fifth,

and seventh order equations. The third order equation failed to fit

even approximately the rather sharp curvature of the lower end of these

curves or the smooth curve in the center of the plot. The fifth order

equation fit the data properly except at the end of the sharp curve

at temperatures around 24.5°C. The seventh order fitting routine failed

altogether. This was apparently because the summations became so

large (up to T14) that significant round-off error was introduced into

the determinant coefficients due to the limited precision of the POP-8

FORTRAN word size. It is suspected that the fifth order equation may

also be somewhat affected by round-off error since it had been expected

to fit Figures 36 and 38 b respectively easily. Nevertheless, if the entire

temperature range represented by these curves was to be used in data
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analysis from an actual experiment, the T-G data could be fit in two

parts, to two separate equations with no difficulty. The data analysis

would also be done in two parts.

The conductance change of a chemical system in which a bulk ionic

change is occurring along with a temperature change is shown in Figure

44. The experiment consisted of injection of concentrated sulfuric

acid into a solution of dilute sulfuric acid which was being continuously

stirred in a conductance cell suspended in a constant temperature bath.

A very sharp rise in conductance occurs at the instant sulfuric acid

is injected into the solution, due to autoionization of the acid. This

dissociation is well known to be exothermic so that the overall curve

obtained (see raw data, Figure 44) reflects not only the increase in

bulk ionic character but also the conductance change due to an increase

in temperature. A temperature profile and cubic fit were performed on

the resulting solution and the thermistor response coefficients input

to the data analysis program which produced Figure 44. It can be seen

that the conductance change due to heating of the solution has been

eliminated from the temperature corrected data. The result is a truer

picture of the conductance change due only to the change in ionic

character of the system.

The author wishes to present one other example of temperature cor-

rection on a real system. The preliminary kinetic studies of the liminol

reaction, which will be presented in Chapter 8, produced some interesting

temperature curves. These curves were encountered during the search

for the most suitable solvent for these studies. Figure 45 shows the

temperature changes which occurred in the observation cell of the

stopped flow apparatus used in these studies when dimethyl sulfoxide

(DMSO) and ethanol (EtOH) were mixed, both with and without reactants
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present. The conductance mointor in the computerized conductance

instrument was used to follow the conductance of the fast thermistor

described earlier, which was embedded in the wall of the observation

cell extending into the flow stream. The cell was thermostated with

circulating water from a constant temperature bath at 23.5°C. It can

be seen (curve A) that the conductance of the thermistor drops significantly

when these solvents are mixed, corresponding to a decrease in cell

temperature due to a positive enthalpy of mixing. The temperature change

can be seen to be about l.5°C. The reaction occurring between luminol

and KOH is shown by curve B to also be endothermic, causing an additional

0.5°C temperature decrease.

A temperature conductance profile and cubic fit were performed on

the products of the reaction. The temperature response coefficients

were utilized in the data analysis routine which produced Figure 46.

This figure corresponds to a stopped flow run of the luminol—KOH

reaction monitored by the conductance change associated with it. The

raw data does not reflect the true change of conductance due to the

reaction because of the attendant cooling of the system due to mixing

and reaction enthalpy changes. The temperature corrected data can be

seen to provide the necessary correction in conductance change at the

beginning of the reaction, where the temperature effects most strongly

influence the measured signal. The two curves approach each other at

later stages of the reaction where thermal equilibrium becomes estab—

lished again.

The solvent system investigated in these figures was used for some

of the luminol studies discussed in Chapter 8. However it should be

rurted that although the conductance curves could be corrected for the
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conductance change due to cooling, little could be done to correct

rate constants calculated from the data obtained during these tempera-

ture changes. Nevertheless, the power of the conductance correction

for temperature changes by the technique presented here can be clearly

seen .

D. SOME COMMENTS ON THE SHAPE OF

CONDUCTANCE-TEMPERATURE PROFILES

At the time the initial temperature-conductance measurements were

made using the computerized conductance system, it was assumed that the

curves obtained would be approximately linear over the few degrees

of temperature change investigated. Most of the curvature expected

was to be that curving due to the slightly non-linear response of the

temperature monitor. It was thought that the real temperature co-

efficients of conductance (approximately proportional to (thermistor

response)']) would always be positive, even where they were not constant.

It can be seen from the curves of Figure 36 b and c (and others which

could have been presented here) that neither of these expectations

proved to be totally correct. In Figure 36 b the temperature coef-

ficient of conductance actually changed sign in the area around 25°C.

This behavior was found to be by no means unique. Curves which were

approximately sinusoidal were obtained for certain concentrations of

sulfuric acid. Curves with plateaus were observed for solutions of

NH3 NH: buffer at pH l0 when Ca++ was present. Other curves measured

were nearly linear or curved slightly upward or downward.

Franklin (48) was one of the earliest workers to discover chemical

systems which possessed a negative temperature coefficient of conductance.
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These included various solutions of an iodide salt in liquid sulfur

dioxide. For tetramethylammonium iodide, he discovered a positive

temperature coefficient at high and low concentrations and a negative

one at intermediate concentrations. Armitage and French (49) also

reported negative temperature coefficients of conductance for cupric

perchlorate dihydrate in ethyl methyl ketone and in n-propyl ketone

over certain ranges of concentration. They believed that the occurrence

of this type of phenomena might be more general than had previously been

assumed.

Some explanation of these effects and the effects encountered with

computerized conductance system measurements might be found in the

studies done by Falkenhagen (50). In an attempt to analyze the variation

of conductance with temperature for electrolytes, he differentiated the

Onsager conductance equation with respect to temperature. He obtained

an expression for the equivalent conductance which is the difference

between two terms. The first term increases with temperature owing

to a decrease in viscosity. The second term, which contains the square

root of concentration and the reciprocal of the solvent dielectric

constant, also increases with temperature since dielectric constants

decrease with increased temperature. Falkenhagen suggested that the

measured equivalent conductance will pass through a maximum at a certain

temperature. This maximum will be lower for solvents with lower di-

electric constants and for higher solute concentrations. For a par-

ticular concentration these two terms may balance each other; for higher

concentrations, then, the second term will predominate and the tempera-

ture coefficient of conductance will become negative. The theory does

predict a maximum but no minimum. However, Armitage and French (49)
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have pointed out that the presence of the solute itself will offset

the dielectric constant of the system. It seems reasonable, therefore,

to assume that a point may be reached in a given solution when the effect

of an increase in system dielectric constant, due to the presence of

solute, outweighs the effect of increased concentration from Falkenhagen's

second term. The equivalent conductance might again increase with

increasing temperature, causing a minimum in the curve. It is possible

that such effects are being observed in the case of the solutes in DMSO

of Figures 36 and 38.

A qualitative examination of the curves in Figures 36 and 38 seems

to indicate that the T-G curve for the products of the reaction between

luminol and potassium tertiary butoxide is the sum of the curves for

the reactants. This would appear to be a reasonable assumption, since

conductances are approximately additive in dulute solutions, provided

that the ionic character of the products in the reaction is similar to

that of the reactants. It was previously mentioned that attempts to

fit these curves were not entirely successful. However from the equa-

tions obtained, the predominating coefficients (which corresponded to

the coefficients of the higher order terms) for the two reactants do

roughly add to produce the coefficients of the fitting equation for

the product. In any event, these results lend some credence to the

method of performing the T-G profile run and fit on the products of

the reaction in order to compensate for temperature variations which

occur during the reaction. In practice, no other approach is possible

short of developing correction software which employs differential

fitting equations which are, in themselves, functions of the changing

ionic character which results from a reaction in progress.
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Finally, as a result of the preliminary work presented here, the

author is able to state that the T-G profiles appear to be both quali-

tatively and quantitatively useful. Variation in the fitting functions

occurs with both changes in concentration and in the chemical systems

investigated. It appears that a significant amount of work could still

be done in this area for further elucidation of the mechanism by which

these profiles are formed as well as their applicability as an analytical

tool. It is possible that the fitting functions of T-G profiles will

be shown to be sufficiently diverse to be used for identification of the

concentration of solute, the particular solute, and the particular

solvent in a chemical system.



CHAPTER 7

APPLICATION OF THE COMPUTERIZED CONDUCTANCE SYSTEM

TO TITRATION MONITORING AND ANALYSIS

A. SPECIFIC SOFTWARE AND HARDWARE FOR TITRATION EXPERIMENTS

One of the most popular uses of conductance as a detector for

chemical processes has been the determination of titration endpoints.

This is the result of titrations, in themselves, being specific

chemical techniques where the analyte and titrant are engaged in a

specific chemical reaction. If an interferent is present, the end-

point will usually be uncertain regardless of the detection method

since the chemistry involved will no longer be specific. Thus, equally

pertinent results are obtained for detectors which are monitoring a

particular change in the system (such as the change in the absorption

at a particular wavelength) as well as detectors which examine the

overall bulk properties of the solution, assuming both methods can

detect the change. Often, a general, bulk property detection technique,

such as conductance, is much more suitable as a detector for a wider

variety of analysis-by-titration problems.

Endpoint detection in titrations was the first chemical problem

investigated with the computerized conductance system. There are, at

the present time, three programs in the system software set specifically

designed or modified for use with titrations. Two of these are

analysis programs discussed in Chapter 78. The other program is a

data acquisition program, CBTMLT. The program CBTMLT is a modifica-

tion of the standard acquisition program, CBTSLS, discussed in

Chapter 4. Program CBTMLT contains instructions for control of

152
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an E298 Metrohm Motor Burette which has been interfaced to the computer

through the peripheral control facility in the computerized conductance

system.

During the titration CBTMLT will cause the computer to measure

the conductance, measure the thermistor response if the operator

desires, and test to see if the conductance system is on scale. If

it is not, the instrument will be reset and the measurement for that

titrant volume retaken. (This can be done in titrations where measure-

ment timing is not critical). When an on-scale measurement has been

made, the computer will immediately signal the titrator to add the

next volume of titrant. The computer will then wait for the clock

to signal the time for the next data acquisition. During this waiting

period, the cell solution will be continuously stirred to assure

mixing by the time the next measurement is made. When the computer

has completed the titration, data is transferred to tape in the usual

manner.

A schematic diagram of the burette interface appears in Figure

47. A DS-IOP command from the computer is gated through 1/2 of a

7545l driver, pulled up to +5 volts, to trigger a l.5 second monostable.

When the monostable is triggered, 6 goes low, turning "on" the other

half of the 75451 driver. This causes the relay to change state,

switching the 120 volts AC to the motor driver of the burette. The

1.5 second pulse causes the burette to add 0.2 ml of titrant to the

cell when it is in the l/lOO volume increment mode. It will exactly

pipette l/lOO of its total volume (l/lOO x 20 ml = 0.2 ml) for each

computer command signal. The titrator interface may be plugged

directly into the conductance instrument module which has provisions
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for supplying DS-IOP signals (08 36, IOP, l, 2, and 4) to external

devices used with the computerized conductance system.

The cell which was used for most of the titrations investigated

with the computerized conductance system was constructed from a l00

ml three-neck, round-bottom flash with two platinum wire electrodes

mounted in the side, facing each other end to end. There are no

platinum discs on the ends of the wires and the wires themselves are

not platinized. The side of the flask was idented above the electrodes

to provide a "shelf" which shields the electrodes from waves formed

on the surface of the solution by the action of stirring. Stirring

is accomplished by a 3/4" glass propeller placed in the center of the

cell through the central opening of the flask and connected to an over-

head stirrer. A glass bushing is provided around the propeller shaft

to hold it in place. The burette delivery tip and the thermistor probe

are each mounted in ground-glass joint plugs which can be inserted

into the other two openings of the cell and held firmly in place.

Most of the cell is immersed in a constant temperature bath. The

measured cell constant, k, is defined as

K

II

KR

where K is the specific conductance of a particular solution in

'1 and R is the measured resistance. The constant, k, for this

cell was found to be 1.889:.002 cm".

0'] cm
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B. TITRATION DATA ANALYSIS AND DISPLAY SOFTWARE

Once the computer has completed a titration and written the data

onto DECTAPE, the operator will call CCLMLT, the first of two analysis

routines for titration data. Program CCLMLT is flowcharted in Figure

48 and listed in the Appendix. It begins by asking the operator for

the first block on tape which contains the data to be analyzed and then

reads that data. It determines, from the parameters written into the

data set, whether or not temperature and double precision data were

taken. If it finds that temperature data were taken, the computer asks

the operator to input the coefficients from the temperature-conductance

profile fit for that system. (The operator may input zeros for these

coefficients if the temperature-conductance run has not yet been

performed). Finally, the computer asks for the initial volume in

the cell before the titration began so that the data may be corrected

for dilution effects, and whether or not the operator wishes to have

the data listed on the line printer. If a line printer listing is

to be made, the computer will set up the line printer and data

table headings. A set of maximum and minimum pointers, for all types

of raw and corrected data, equal to the first points in the data set,

will be established and the analysis begun. The sampled voltage, ES,

the raw conductance measured, G(M), the conductance corrected for

scale changes, G(C), and the dilution corrected conductance, G(D),

will all be calculated. The quantity G(D) is calculated according

to

G(D) = (vi + vtit)(G(c))/Vi
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where V1 is the initial volume (input by the operator) and vtit is

the volume of titrant added.

The computer will compare each calculated conductance to the

corresponding maximum and minimum in the set and reset these limits

if a new maximum or minimum is encountered. If temperature data have

been taken, the conductance corrected for temperature fluctuations

G(T), will be calculated from:

g n-l n-1 n-2 n-2
G(T) G(C) + (An)(TS - T ) + (An_1)(TS - T ) + ...

where An is the coefficient of the n-l power of the thermistor response,

T, from the fitted equation (input by the operator) and Ts is a standard

reference thermistor response, measured at the beginning of a run,

before any temperature change has occurred.

Conductance corrected for dilution and temperature, G(D-T) will

be calculated from an expression identical to that for G(D) with G(T)

substituted for G(C). Maxima and minima are also calculated for the

G(T) and G(D-T) data sets.

If the data are to be listed on the line printer, the computer

will output the conductances for each point, G(M), G(C), G(D), G(T)

and G(D-T) as they are calculated along with the point number, the

volume of titrant added to that point, and the sampled voltage, Es‘

Thus, in the few minutes following the actual titration, the computerized

conductance system has completed calculations which would require many

man-hours of tedious work if the data were taken by conventional means

and treated in a conventional manner. Finally, when all the data have

been scanned, the maximum and minimum values for all conductances

calculated are listed on the teletype for use in setting up the scope
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and X-Y plotter boundaries for data display. Computer control returns

to the Keyboard Monitor.

The plotting routine for titration analysis, CDPMLT, is flow-

charted in Figure 49 and listed in the Appendix. It begins by requesting

the first tape block to read, reads the file, requests correction co-

efficients if temperature data were taken, requests the initial volume,

and allows the operator to plot axes, G(M), 6(0), 6(0), G(T), or

G(T-D) vs. volume of titrant, or return to monitor. When the operator

selects an option to plot one of the calculated conductances, the

program allows him to select the points to be plotted and the upper

and lower conductances to be the limits of the plot. The computer then

calculates the chosen conductance data point-by-point, scales it for

plotting, and plots it on the X-Y plotter and/or display scope, drawing

straight lines between points. When the plot has been completed, the

routine returns to await the selection of the next option.

It has not yet been necessary to provide a fitting routine to

calculate the endpoint of a conductometric titration analyzed by these

programs since the endpoints for most of the systems investigated to

date have been quite distinct. Furthermore, the conductance change

during these titrations is being continuously monitored within the

quantization level provided by the titrator (0.2 ml/ZO ml). Having

100 connected points to define a curve largely eliminates the uncer-

tainty in the endpoint which some workers have experienced using

conductance detection. These persons only obtained a few measurements

on either side of the endpoint and draw straight lines through them,

taking their intersection as the true endpoint. In fact, one of the

most interesting phenomena presented in this chapter (section 0)
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would have been completely unobserved if continuous monitoring of the

titrations had not been employed. The use of a TDA routine for titra-

tion data acquisition, an automatic titrator under computer control,

and computer evaluation of data made all of the titrations presented

here easy to perform and analyze for the chemical information they

presented. This system makes the performance of sophisticated titra-

tions, and the analysis and display of the data, possible for even

the novice experimenter.

C. EARLY STUDIES WITH THE COMPUTERIZED CONDUCTANCE

SYSTEM: PRECIPITATION TITRATION OF Ag+ WITH KCL

The earliest chemical measurements which were made with the

computerized conductance system were determinations of Ag+ by titra-

tion with KCL. These measurements were performed when the titration

software and hardware were being debugged. Figure 50 shows a typical

early titration curve for 100 mls of O.OOllfl_AgN03 titrated with 0.010 M

KCL. A sharp break can be seen at the end point. The overall conduc-

'59'], which corresponds totance change for the titration was 5.20 x 10

a 44.3% relative conductance change. The results from a number of

titrations of this system were precise to within l.23%. The instrument

was required to change scale three times during the latter portion

of the titration as evidenced by the three discontinuities which appear

on the plot in this region. This titration was performed before pro-

visions had been made for software correction at scale changes and

overlap of adjacent scales. These discontinuities indicated the need

for such corrections which were later implemented. The computerized
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conductance system did, however, demonstrate its ability to measure

conductance changes in chemical systems where precipitation occurred.

No effects due to silver chloride formation on the electrodes were

observed. Concentrations of Ag+ as low as 10"4 M were successfully

titrated.

D. SOME OBSERVATIONS CONCERNING THE END POINT PHENOMENON

ASSOCIATED WITH CERTAIN EDTA TITRATIONS

During the early chemical measurements with the computerized

conductance system, what was assumed to be another "simple" titration

was examined, largely to determine titration sensitivity in the pres-

ence of a strong background electrolyte. This system was the titra-

tion of Ca++ with EDTA in ammonia ammonium chloride buffer at pH 10.

These titrations were performed at four separate times, in June and

August of 1973, and in January and March of 1974. The first two

studies were performed to assess the performance of the computerized

conductance system in buffered solutions, where there is a large

conductance background due to the buffer ions. The later two studies

were attempts to investigate and duplicate the end point anomaly

observed during the August, 1973 study.

The initial set of titrations, performed in June, 1973, were

observed to be normal conductometric titrations with normal end

points. During this study, Ca” concentrations as low as 1.25 x 10'4 [1

were determined by titration with EDTA. The buffer present in the

calcium solution had an ionic strength of about 0.05. The end

points were distinct and the accuracy, 0.625%, was limited by the

solutions prepared. The precision was excellent, duplicate experiments
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agreeing to within 0.020%. Further titration studies were, however,'

delayed for about two months while the temperature monitor circuit

and software were assembled and integrated into the computerized con-

ductance system.

In August, 1973, the chemical tests were resumed with further

investigation of the Ca++ - EDTA titration among the experiments to

be performed. The results of this series of Ca++ - EDTA titrations

were totally different from those observed in June. Instead of the normal

titration curves previously observed, the region around the endpoint of

these new titration curves was significantly altered. One of these

curves appears in Figure 51. Two breaks near the endpoint occur where

only one existed previously. The instrument was thoroughly checked

and the cell thoroughly cleaned but the phenomenon failed to disappear

during the entire five days when these runs were made. The phenomenon

was found not to be a function of buffer strength, concentrations of Ca++,

concentration of EDTA, any tested ratio of these concentrations, or

any particular instrumental settings. It was found that the true

Ca++ endpoint was obtained by graphically finding the point half

way between both breaks as shown in Figure 51.

It was discovered, at the time, that a number of previous workers

++ ++

, Cuhad noted similar effects for Ca++, Zn , and other divalent

metals with EDTA titrations in buffered solutions. The earliest of

these was in the pioneering work of Hall, Gibson, Wilkinson, and

Philips (51) who were the first to use conductometric methods for

determination of endpoints in EDTA titrations. They noted curvature

in most of their titration curves which could not be explained by

dilution effects. This curvature was not, however, as dramatic as
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that of Figure 51. Hall et al. discounted this effect which they

believed was due to "incomplete buffer action".

Farrow and Hill (52) discovered two endpoints while following

titrations of zinc, lead, cadmium, bismuth, manganese, magnesium or

calcium with EDTA by potentiometric means. They investigated these

effects and claimed the anomaly resulted from the presence of nitrilo-

triacetic acid (NTA) impurity in the EDTA. They said that the first

endpoint they observed was due to EDTA and the second endpoint due to

NTA. In the case of Ca++, Solochrome black T indicator detected the

first endpoint; in the titration of Zn++, the second endpoint, corres-

ponding to the NTA endpoint, was detected by Solochrome black T. They

showed that commercially available EDTA still contained enough NTA

to produce the effect.

Levine and Golden (53) titrated zinc in the presence of manganese

using Eriochrome black T as the indicator and photometric endpoint

detection. They titrated manganese directly by reducing it with

ascorbic acid in ammonical tartrate solution and masking the zinc

with KCN. The zinc could then be demasked by addition of formaldehyde

and titrated with EDTA. They observed two "endpoints" near the real

.zinc endpoint (after manganese had been titrated). They assumed the

'First break corresponded to the beginning of the indicator reaction

and the second break to the completion of this reaction.

During the August, 1973 titrations, the author discovered that

Johnson and Enke (10) had observed the same phenomenon which these

titrations were presenting, during measurements with their earlier

bipolar pulse instrument of the titrations of Ca++ and Zn++ in

NH31/NH4+ buffer at pH 10 with EDTA. They found that the first break



167

was proportional to the amount of Ca++ or Zn++ present while the second

break was not. They found the first break to agree to within 0.2%

of the Eriochrome black T endpoint. They also noted a sharp conductance

increase which leveled off to a more moderate increase even when no

Zn++ was present, for addition of EDTA to buffer. Johnson (18)

proposed the formation of a complex between EDTA and NH; after the EDTA

concentration built up to significant levels following the Zn++ end-

point.

Further work by Bauer (54) with Johnson and Enke's same bipolar

pulse instrument, in the same laboratory, verified these results. He

found that the anomaly occurred for every titration of zinc or calcium

with EDTA in NH3/NH4+ buffer at pH 10 except for the first time the

electrodes were used after having been unused for several months (the

electrodes were not platinized). Bauer claimed that the second break

in the curve was a function of the rate of addition of EDTA (he was

continuously adding titrant while following the conductance change on

a recorder). He also observed other breaks in the titration curve,

much less significant than the second break at the endpoint. He

believed that he was observing a non-equilibrium situation. Finally,

he proposed further investigation with platinized electrodes to see

if the anomaly was a surface phenomenon.

It should be noted that this author observed the anomaly with or

without Erichrome black T as did Johnson and Enke and Bauer. During

the studies by Johnson, Enke, and Bauer, other research was being done

in the same laboratory which involved the use of cyanide complexes.

This is a possible connection here with the observations of Levine

and Golden about the effect of the presence of KCN in the solution
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during titration.

In addition to the normal curiosity concerning an unexplained

phenomenon, this author was interested in this particular anomaly

because it resulted in considerably more distinct endpoints than those

which occurred when the anomaly was not present due to the sudden

"burst" of conductance at or near the expected endpoint. Thus, the

computerized conductance system was able to determine very low con-

centrations of calcium with relative ease as can be seen in Figure 52.

In this titration, a distinct endpoint is observed for the titration

of 2.3 x 10'5 11 Ca” with 2 x 10"4 11 EDTA in NH3/NH4+ buffer at pH 10.

The lowest previous concentration of Ca++ determined by conductance

4 fl Ca++ after dilutionwas that reported by Hall et a1. (51) of 10'

in the titration vessel. It is obvious, from Figure 52 that much

lower Ca++ concentrations could be determined with the anomaly present.

Investigation of the anomaly was resumed in January, 1974. Every

curve obtained was found to be a normal titration curve with only the

single break at the endpoint. The calcium and EDTA solutions had

been prepared from the same bottles of stock chemicals as the two

previous titration series, discounting the effects of NTA in this case.

The ammonium chloride used to prepare the buffer was the same although

'the ammonium hydroxide solution was not. The results of this series

(iid show, however, that the effect was due to an interferent and not

an NH4+ - EDTA complex as Johnson (18) had proposed. This was done

by comparing the ratio of the slopes before and after the two "end-

points" and before and between the two "endpoints" with the ratio of

the slopes of a normal curve before and after the endpoint. If the

second break corresponded to the beginning of the formation of an
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NH4+ - EDTA complex, the ratio of the slopes before and between the

two endpoints should be the same as the ratio of slopes in the normal

curve. If the ratio of slopes before and after the two "endpoints"

were the same as the normal curve slope ratio, this would indicate

an interferent being titrated between breaks and that the conductance

is proceeding to change in a normal manner after this interferent was

titrated, due to addition of ionized EDTA. It was found that the ratio

of slopes before and after the two breaks in the curve was identical

to the ratio of slopes of a normal curve to within 6%. The 6% dif:

ference could be explained by slight variation in ionic strength

between the anomalous and normal runs. The ratio of slopes before

and between the two breaks had no relationship to the ratio of slopes

for the normal curve. Therefore, the region between the first and

second breaks in the abnormal curve was the result of a release of

ions by some interferent which occurred when significant uncomplexed

EDTA was present near and after the Ca++ endpoint. The interferent

had the effect of a "Conducticator", a conductance-specific indicator

which produced a burst of ions (as opposed to a burst of color for a

normal indicator) at the Ca++ endpoint. The species which produced

these effects had not been isolated but the effect itself appeared to

be a useful one. Therefore, an attempt was made to reproduce it in

a controlled manner.

Since CN' was present in several of the situations where abnormal

curves were observed, it was thought that a complex of CN’ and another

metal might be responsible. If this complex could be broken up at

the calcium endpoint by EDTA, the result would be to release four

to six highly mobile ions to the solution per complex, which should
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cause a significant increase in conductivity. A reaction of the type:

Fe(CN)6‘3 + EDTA-=3 Fe(EOTA)“ + 6011'

seemed reasonable. The complexation constant of Fe(CN)6'3 is 1042

whereas that of FeuonA)‘1 is 1025']. However, both complexation

constants would be affected by the presence of NH3. In addition,

there would be no excess CN' present and significant amounts of free

EDTA at the Ca++ endpoint which should cause the above equilibrium

to shift to the right.

The amount of Fe(CN)6"3 to be added to try to obtain the conducti-

cator effect was determined by calculation of the approximate amount

of interferent present in the anomalous curves. This concentration was

calculated to be on the order of 10'5 M, A solution of K3Fe(CN)6 was

prepared and the proper amount added to the titration cell to make the

concentration 2 x 10'5 M, The curve obtained from this titration is

shown in Figure 53a. The conducticator effect is clearly present

although not as strong as that observed accidentally. In order to try

to increase the effect, the concentration of Fe(CN)6'3 was tripled

for the next titration. The effect vanished and no endpoint was observed

at all. Further titrations at the initial or lower concentrations did

contain the conducticator phenomenon. It was found, however, that

rinsing the cell with distilled water in order that a standard run without

Fe(CN)6'3 present could be obtained was not sufficient to remove the

effect. Indeed, the effect was still present after cleaning the cell,

the pipettes used, the titrator, and the stirrer with HCl and HF

three times and using fresh solutions of Ca++, EDTA, and buffer which
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w th HF and HCl.
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were prepared in previously unused glassware. This is reflected in

Figure 53b which represents the titration made following the above

cleaning. The conducticator effect now appeared to be a surface

phenomenon within the titration cell, either on the glass or the

platinum electrodes.

The effect was finally eliminated by cleaning the cell with con-

centrated nitric acid. It was then expected that the effect could

be recreated by addition of fresh Fe(CN)6'3 as in the first experiment.

However, the effect could not be recreated although the exact experi-

mental conditions and the conditions preceeding them were carefully

duplicated. Treating the surface of the cell with HF to remove the

outer monolayer of glass, exposing a fresh surface, produced no effect.

Treating the cell with concentrated NaOH to restore the Na+ balance

on the glass (since an ion exchange with the glass surface seemed a

reasonable mechanism for the conducticator effect) had no effect.

Finally, having the cell re-anealed had no effect. Since other studies

with the computerized conductance system had been undertaken at this

time, and because of the lack of further results, the investigation

was halted.

Several conclusions can be made at this time which might be of

use to later workers investigating this effect. They are:

l) The conducticator phenomenon is real, having been observed by

a number of workers with different instruments under different

environments.

2) The effect could prove to be valuable in determination of lower

concentrations of analyte by conductance than previously pos-

sible. However, if the effect is due to complex equilibrium
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between the conducticator ligand and conducticator-EDTA

the chance of finding such a species which could be used in

numerous systems, where complexation constants can be quite

different, seems to be rather small.

3) The effect is due to an interfering species and not to the

formation of an EDTA-buffer complex.

4) The conducticator phenomenon appears most likely to be a

surface effect, possibly an ion-exchange on the glass surface

of the cell, rather than an effect resulting from the presence

of a species in solution, since careful cleaning of the cell

failed to remove the effect.

5) CN' in some form seems to be a species which will trigger

such an effect.

6) The equivalent conductance of the ions released to the solu-

tion when the phenomenon occurred, per mole of EDTA added

(calculated from data in Figure 53b was 579.90'] cmZ/mole EDTA.

This almost exactly corresponds to three OH' species (total

1Qcmz).equivalent conductance, 576.0 '

E. DETERMINATION OF SMALL AMOUNTS OF NaOH IN THE

PRESENCE OF LARGE QUANTITIES OF SODIUM PHENOLATE

The author became aware of an analysis problem which a chemical

company was experiencing while attempting to determine small amounts

(<0.5%) of sodium hydroxide in a solution which was 60% sodium phenolate

and approximately 40% water. They wished to maintain an excess of NaOH

which would insure complete reaction of phenol (00H) to sodium phenolate

(NaOO). However, since the process was being performed as one step
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in a large batch operation of several steps, they did not want the NaOH

concentration to rise above 0.5% because it would not only interfere

with later processes, but waste raw materials. The method which they

had employed for the determination of the NaOH present was to titrate

first the total base (NaOH plus NaOO) with strong acid. The phenol

formed in this reaction was then extracted into another solvent and

brominated to form the tribromophenol. The excess bromine was then

titrated with iodate. The net result was two rather imprecise large

numbers representing total base and that part of the base which was

phenolate. These two numbers were then subtracted to yield a small

number representing the NaOH concentration. The results they reported

were of poor accuracy.

The project seemed to be an ideal one for the computerized conduc-

tance system which, because of its excellent resolution, should be able

to sense even small endpoint changes. The conductometric method

seemed able to provide a direct means of endpoint detection for a direct

titration of NaOH where no other indicator was available.

The chemists involved with the analysis believed that sodium

phenolate and sodium hydroxide were both nearly equal in strength in

this semi-aqueous solution. This would make it impossible to distinguish

the NaOH and NaOO endpoints for a titration with a strong acid. There-

fore, the first attempt to titrate NaOH alone was done using phenol

as the titrant. It was expected that an endpoint could be observed

which corresponded to the reaction:

Na+ ctr-Miopo' + 11a+ + H20
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Please note: the convention which has been chosen to represent titra-

tionSin this manuscript involves placing the titrant over the arrow

f0r the reaction. In this way, the ionic character of the solution

before and after titrant is added can easily be represented by the left

and right sides of the equation respectively.)

If this reaction occurred with the ionic forms as written above,

a decrease in conductance would be expected before the endpoint since

00' is being exchanged for the somewhat more mobile OH' (after dilu-

tion effects on the conductance are corrected for). After the endpoint

the conductance should begin to increase slowly due to very slightly

ionized 00H, assuming dilution effects are eliminated.

A solution of 00H, NaOH, and water was prepared such that the

final weight percents of the reaction products would be 60% NaOO,

around 40% water, and less than 0.5% excess NaOH. The solution was

prepared in a round-bottom flask which was placed in a heating mantle

to maintain the temperature of the contents above 60°C at all times

to prevent solidification of the solution. Seven mls. of the solution

were pipetted (with some difficulty due to solidification during pipetting)

into the titration cell and diluted to 50 mls with distilled water.

The resulting solution was about 8.4% NaOD (0.8M) before dilution by

the titrant (0.035M_00H).

The dilution-corrected titration curve is shown in Figure 54.

A small change in slope is observed at the endpoint. The expected

decrease in conductance before the endpoint was not observed. Rather,

the conductance increased before the endpoint and less slowly after-

ward. This seemed to indicate that NaOO was not as strong an electrolyte

as the chemists involved with the project had thought. The conductance
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nges which occurred appeared to be not only decreasing conductance

1 to loss of OH' in the reaction but also, and predominately, an

:rease in conductance by the release of Na+ and 00' ions due to

luti on of NaOO which was a weak electrolyte, plus the introduction

free 00’ from the titration reaction. After the endpoint, only

ditional Na+ and 00' are formed through increased dilution (since

H is a weak electrolyte) so that the increase in conductivity is

ower.

Since this titration indicated that OONa was a significantly

aaker base than NaOH, it was expected that NaOH could be titrated

irst, with a strong acid such as HCl, which should produce a sharper

ndpoi nt. The resulting curve from this titration appears in Figure

5. A sharp endpoint is visible for the titration of the NaOH present

11 8 mls of analyte solution, diluted to 50 mls with distilled water,

1nd titrated with 0.0192 M HCl. The curvature of the line is possibly

iue to ion-pairing effects which become less prominant as the solution

is diluted. The reactions which are occurring are:

+ -

_ + H +Cl + _ _

0H + Na + NaOO Tr (n+l)Na + C1 + n00 + H20

2

before endpoint and

+ ..

H +01

00' + Na” +<Na00 + or? 0011 + (n+l)Na+ + noo‘ + 01'

after the endpoint, where n is the amount of additional NaOO which

dissociates due to dilution. The amount of NaOH present in the 8 ml

sample of analyte was 6.07 x 10'3 g (3.00 x 10'311 before dilution),
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.h corresponded to a weight percent of 0.061%.

It was hoped that an actual sample of the solution from the

hi cal plant could be obtained for analysis and comparison with their

ti-step analytical method. However, due to unforseen circumstances,

5 was not possible at the time. It is evident, however, that the

igle step method presented here is far superior to the multi-step

thod employed previously, not only in accuracy, but especially in

eed and ease of application.

F. TITRATION 0F PHTHALIC ACID IN 1:1 DMSO-ETOH

The author would like to mention one non-aqueous titration which

ras performed during the studies of the luminol system to be discussed

in Chapter 8. At one point in these studies, some information concerning

the behavior of phthalic acid protons in 1:1 DMSO-ETOH, and the relative

conductivity of phthalic acid single and di-anions with respect to

hydroxide ion in the same solvent, was desired. It is known that non-

aqueous titrations can present complex endpoint detection problems

to conductance methods due to the low dielectric constant of the medium,

low double layer capacitance, and so forth. Nevertheless, by using

the computerized conductance system, it was possible to set up, run,

and analyze a titration of 50.0 mls. of 0.0015 [1 phthalic acid (PHZ)

with 0.01003 _M_ KOH in 1:1 DMSO-EtOH in about an hour. Much of this

time was involved in preparation of standards and in mixing time

during the titration. The resulting titration curve appears in

Figure 56.

It can be seen that endpoints for both protons are obtained. The
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phenomenon associated with each portion of the curve (A, B, and C in

Figure 56 is given below:

Region A: The increase in conductance in this region is due to

the reaction:

K++OH' _ +

PH2---* PH + K + H20

where two ions not previously present (PH' and K+) are being

formed.

Region B: The conductance in this region of the curve decreases

very slightly. The increase in conductance due to the addition

of K+ (with OH' reacting with the second phthalic proton to yield

H20) is not seen. In addition, the product formed is of slightly

lower conductivity than the PH' Species. The reaction which is

occurring here should correspond to:

_ K++OH'

PH ———" PK- '1' H20

where XPK- is slightly less than APH”

Region C: The conductance increase here is due to addition of

K+ and OH'. Notice that the conductivity increase is not as

rapid as that for the formation of K+ and PH' in Region A. Two

possible conclusions can be drawn. Either AOH’ < APH‘ or some PK2

forms when excess K+ is present after the second endpoint. It

is quite possible that the first conclusion may be correct due

toifigher solvation of OH' by the bulky DMSO molecules present be-

cause of its higher charge-to-mass ratio with respect to PH'.
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This titration, along with the others presented in this chapter,

demonstrates the versatility of the software and hardware in the

computerized conductance system, and the power of its instrumental

sensitivity and automatic data analysis, for applications in titration

studies. These titration abilities may now be implemented by other

workers, who desire to use conductometric monitoring techniques, with

a minimum of effort and the anticipated maximum data attainable by the

conductance method.



CHAPTER 8

APPLICATION OF THE COMPUTERIZED CONDUCTANCE SYSTEM TO KINETIC

STUDIES: PRELIMINARY INVESTIGATION OF THE LUMINOL REACTION

Acknowledgment: All of the actual experimental work and much of

the implementation of specialized hardware presented in this

chapter was done in conjunction with Timothy A. Nieman to whom

the author wishes to express his gratitude.

A. SPECIFIC SOFTWARE FOR KINETIC EXPERIMENTS

One of the greatest differences between the computerized conductance

system and conventional conductance instruments is the speed with which

data may be acquired and analyzed. At its maximum rate the system can

acquire over 33,000 measurements of conductance per second. It was

shown in Chapter 5 that these measurements were of good precision and

low noise level. If the timing of an experiment permits, ensemble

averaging can increase this precision and lower the noise level

accordingly. Thus, the system is ideally suited for and, indeed, was

intended to be used in, kinetic studies of slow to moderately fast

reactions in which an overall ionic change is occurring.

In order to permit use of the system in reaction mechanism and

rate studies, some modification of the basic software was required.

As a result, there are currently two sequences of kinetic study programs

in use in the system. One of these sequences performs acquisition and

analysis of conductance and temperature data (the CBTMLS sequence).

The other sequence (the CBTDCS sequence) is also capable of acquiring

and analyzing data from another data source, in addition to acquisition

184
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and expanded analysis of temperature and conductance data.

The program CBTMLS is a simple modification of the basic acquisi-

tion program, CBTSLS, discussed in Chapter 4. It contains stopped-

flow flag check instructions to permit data acquisition triggering

from the stopped-flow apparatus employed in most of the kinetic studies

performed to this time. Analysis of the data acquired by CBTMLS

is accomplished by CCLMLS. Program CCLMLS is identical to the CCTMLT

program used in titration analysis, but does not contain provisions

for dilution correction of data. The plotting routine in this sequence,

CDPMLS, is identical to CDPMLT used for titration curve plotting with

the exception that it lacks provisions for plotting dilution corrected

data.

The other kinetic program sequence contains two computerized

conductance system programs which require 12 K of memory for opera-

tion. Program CBTDCS is a modification of CBTSLS which is capable of

acquiring conductance, temperature, auxiliary data, and a baseline for

the auxiliary data. It contains additional storage space which enables

it to acquire up to 500 points from spectroscopic, electrochemical, or

other data sources. It has instructions to trigger the auxiliary A/D

converter on the same signal (DS 33, IOP 4) as the bipolar pulsing

trigger. It uses 05 36, IOP 2 for a flag check of the stopped-flow

apparatus and DS 36, IOP 4 for the data transfer. Data are analyzed

and plotted by the 12 K CCLDCS program. This program is an extensive

nodification and combination of CCLMLS and CDPMLS. In addition to

listing the calculated data on the line printer, calculating maxima

and minima, and slow plotting raw, scale change corrected and tempera-

ture corrected conductances, it will fast plot all of these values on
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the display scope, list them on the lineprinter, and slow or fast plot

thermistor response, auxiliary data, and the integral of the auxiliary

data (baseline corrected). The fast plotting option permits an

operator to observe his data on the display scope within about a

minute of the completion of a run. The only waiting period necessary

between completion of data acquisition and plotting (about 45 seconds

for a 500 point data set) is that required for the computer to calculate

the set of maxima and minima used for scaling of the data on the scope.

Plotting of data requires two-to-ten seconds for 500 points. If an

Operator desires a hard copy, data may be slow-plotted on the X-Y

plotter in the normal manner. ‘

B. SPECIFIC HARDWARE FOR KINETIC EXPERIMENTS

The stopped-flow apparatus which was used for the studies to be

discussed later in this chapter is shown in the photograph of Figure

It is an early version of a custom stopped-flow device built by

It utilizes compressed air-driven syringes

It has been

57.

the Hacker Machine Company.

which inject a total volume of about 1.2 ml per trigger.

fitted with a combination conductance-temperature-spectroscopy observa-

The cell has quartz windows at either end to permittion cell.

The flow pathway in the cell wasmonitoring of spectroscopic data.

bored through four platinum disc electrodes which are sandwiched in

The electrodes are spaced such that, by choosing appropriateKel-F.

pairs of electrodes, the distance between conductance monitoring points

can be selected as 2, 3, 5, 7, 8, or 10 cm. In addition, all four

electrodes could be used at one time with the four-lead computerized

conductance system. A thermistor is imbedded in the cell wall, touching
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the flow stream, to permit the cell temperature to be monitored.

To minimize temperature changes, provisions are made for thermostating

the cell directly or in combination with the rest of the apparatus.

At the time of its use in this study, this apparatus had three

problems associated with it which adversely affected its use in kinetic

studies. The first was a rather long dead time of about 40 mseconds

which prevented its use in initial rate studies of fast reactions. The

second problem was that more heating was generated by mixing than would

normally be desirable (the exact temperature change depends on the

viscosity of the solvent, but is on the order of 0.1 to 0.3°C even

with thermostating). Finally, the solution was in electrical contact

with the chassis of the instrument at the outlet of the cell. For

solutions of high conductance, this causes the measured conductance

signal to be intolerably noisy. The noise can only be eliminated

by unplugging the apparatus which, of course, rendered it useless since

the activation switches are electrical. Grounding the two electrodes

closest to the outlet (the left electrodes in Figure 57) did diminish

the noise somewhat. Nevertheless, in its condition at the time, the

device could not be used for kinetic studies by conductance where the

measured resistance between the two right electrodes is less than 20 K0.

It is hoped that fitting the newer Hacker stopped flow apparatus

with a conductance cell will enable these problems to be overcome.

However, for the studies presented here, which involved a relatively

slow reaction and solutions of low conductivity, the earlier apparatus

proved suitable.

In many of the experiments which were performed with the luminol

reaction, it was desirable to obtain light data from the

”...-1“
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chemiluminescence (CL) of the reaction as well as conductance and

temperature data. To implement this measurement, an auxiliary data

acquisition system was added to the computerized conductance system

as shown in Figure 58. The CL from the reaction was followed by

positioning a Heath EU-701-30 photomultiplier module containing a 1P28A

Since only thephotomultiplier tube at the observation cell window.

Thetotal light intensity was followed, no monochromator was needed.

current output of the photomultiplier module was amplified and converted

to a voltage signal by a Heath EU-70l-3l Photometric Readout Module.

A supplimentary amplifier, A6 (Analog Devices 1428) was used to

amplify the Photometric Readout Module output to levels near full

scale for a O to +10 volt A/D converter. The output of amplifier

A6 is sampled by an Intronics FS 201 sample-and-hold module. When

the computer outputs a convert command to the A/D converter, the STATUS

output of the A/D converter goes high, causing the sample-and-hold

module to hold the data until conversion is complete (when STATUS

The A/D converter, an Analog Devices ADC-lZQU, wasreturns to low).

It can perform a 12 bitset in the 0 to +10 volt conversion range.

conversion in 15 nseconds. Since it is being triggered by the same

signal which initiates the bipolar pulsing sequence, which requires

a minimum of 30 useconds, no provisions for a flag for this circuit

vere necessary. The MD output is transferred to the accumulator

:hrough a Heath EU-800-JL gated driver, in the same manner as the

onductance data discussed in Chapter 3.

A flag is provided for triggering the timed data acquisition

aquence by the stopped-flow apparatus itself. The stopped-flow

evice contains a relay which closes when the drive syringes close
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and which can be used to switch a signal to some external circuitry.

The card containing the logic gates of the flag circuit of Figure 58

was placed in a peripheral control slot available in the digital

circuit compartment of the conductance instrument module. When the

drive syringes close, the relay closes, which grounds the input to the

first NAND gate and places a “l" at the input to the second NAND gate.

A DS-IOP signal will cause the output of this gate to go low, which

causes a skip and allows the computer to begin data acquisition. It

was necessary to combine this inverse function (S—KP) by a logical AND

with the corresponding output of the conductance flag circuit in order

that one of the I/O cards already within the instrument module could

be utilized with the stopped-flow flag. Later workers using the auxiliary

acquisition hardware of the computerized conductance system should be

able to acquire data other than simple light data with only minor

modifications to the conversion system itself.

C. PREVIOUS INVESTIGATION OF THE LUMINOL REACTION

The chemiluminescence reaction of luminol with base was first

Observed by Albrecht (55) in 1928. Albrecht studied the aqueous

reaction of luminol in alkaline solution with hydrogen peroxide in

:he presence of a catalyst such as potassium ferricyanide. The reaction,

11 both aqueous and aprotic solvent systems has the highest quantum

ield (about 5%) of any non-biological CL reaction studied to date.

lthough many workers have investigated the CL and fluorescence Spectra

this reaction system since Albrecht's initial study of it, little

rk has been done to define the complete reaction mechanism.
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White and his co-workers (56,57) have shown that the overall

reaction appears to be:

 

° 11
11

c -
C‘N-H 2011' 02 in DMSO) \0

_- + - + 2H 0 + N
CI,11 H 11202 plus c/0 2 2

I ll
NH2 0 metaloin NH2 0

2 3-AMINOPHTHALATE'2, 3-AP'2LUMINOL. LH2

They studied the reaction in DMSO containing 30 mole percent water

The products of the reactions in aqueous, semi -aqueous, and non-aqueous

media appear to be the same although the reaction in DMSO is somewhat

simplified. In DMSO the reaction takes place with no stronger oxidizing

agent than molecular oxygen present; no metal catalyst is required in

these solutions at all. White et al. proposed the only complete

reaction mechanism which has been suggested to this time for the luminol

CL reaction:
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They felt that the initial proton transfer occurred in two steps since,

when no excess base was present to remove the second proton, no CL

Thus, the LH' species reacts only very slowly or not at

2 in an excited state was

occurred.

all with 02. They were convinced that 3-AP'

the luminescing species since they found that the CL spectrum of the

reaction matched the fluorescence of 3-AP which they were also able

to isolate as the almost exclusive product of the reaction. The

reaction they studied was found to be first order in luminol, base,

and 02. The CL from the reaction in DMSO is dampened by the presence

of water. McCapra (58) reports the maximum of this CL to be at

425 mu in water and 485 mp in DMSO.

Other workers (59,60,61) have investigated the spectral charac-

teristics of the emitter in the luminol CL reaction. The result of

this work has largely been to support the mechanism of the reaction

as proposed by White et a1. and to reinforce the belief that 3-AP"2

in an excited state is the emitting species. Drew and Garwood (62)

claimed to isolate a compound from the reaction mixture which contained

two oxygen atoms bridged between the two nitrogens of luminol. This

lead them to believe that the reaction intermediate formed after the

reaction between L"2 and 02 might be a bridged species. Other workers

have stated their belief in this form of an intermediate, although

there is some possibility that the species observed by Drew and Garwood

is a simple luminol salt, solvated by peroxide. No other intermediates

iave been proposed.

Gorsuch and Hercules (60) have performed the only stopped-flow

tudies of the luminol reaction published at this time. The system

hey studied was the reaction between luminol and potassium tertiary
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butoxide (PTB) in DMSO with 0 to 40% water present. They found the

decay of 3-AP“'"2 to be very fast and the rate of the CL decay to be

determined by either the overall proton transfers, the L"2 reaction

with 02, or the rearrangement of L02"2 to form 3AP*'2. They assumed

that for low concentrations of luminol and excess base and 02, the proton

transfer would be very fast and, thus, not the rate determining step.

Since their CL decay curves for low PTB base concentrations became

first order after reaching a CL maximum, they were convinced that the

rearrangement of LOZ'2 was controlling the reaction rate after the CL

maximum. Finally, the rate constant which they proposed for this

1
reaction in pure DMSO was 1.210.3 x 10'1 sec" .

Besides the interesting phenomenon associated with the luminol

CL, the reaction itself has proven to be a useful analytical tool as

indicated by Seitz and Neary (63). The reaction has been used for

detection of trace amounts of metal catalysts and oxidants which react

with luminol to produce (1. Concentrations of Co (II) as low as lO'nfl.

Cu (II), Ni (II), Cr (111), Fe (II), and Mn (II) from 10"8 to 10"”;1, and

001', 12, Mn04', and H202 from 10"9 to lO'lofl are detectable in the

luminol CL reaction. Furthermore, these responses are, in most cases,

linear over three to four orders of magnitude.

Because of its analytical usefulness and the lack of substantiating

evidence concerning many of the proposed reaction mechanism steps or

'ates, it was thought that a study of this CL reaction by other than

pectroscopic means could provide additional information unavailable

9 previous workers. Thus, the luminol reaction was investigated with

1e computerized conductance system.
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STOPPED-FLOW STUDY OF THE LUMINOL REACTION BY MONITORING

CONDUCTANCE, TEMPERATURE, AND CHEMILUMINESCENCE CHANGES

The first investigations of the luminol reaction with the com-

1teri zed conductance system were performed with the CBTMLS program

equence. The basic aim of these early experiments was to determine

f a conductance change which corresponded to the reaction could be

Tbserved. Potassium tertiary butoxide (PTB) was the chosen base.

10th luminol and PTB were prepared in pure DMSO. Karl Fisher titration

of DMSO showed the water content to be always less than 260 PPM.

One of the earliest reaction curves obtained from the conductance

measurement is shown in Figure 59. This curve resulted from the reaction

of 2.52 x 10'511 luminol with 1.37 x 10'2 PTB in 01150. (The concentra-

tion of the base was somewhat difficult to determine since there often

appeared to be a residue of base remaining after attempts to dissolve

it in DMSO. Furthermore, the PTB-DMSO solution would deteriorate as

PTB reacted with oxygen present in solvent over the period of about an

hour as also observed by Gorsuch and Hercules (60). Figure 59 shows a

rapid and smooth conductance change upon mixing the reactants. 1000

points were taken, each every 0.025 seconds, for this run. When the

curve is expanded by plotting only the first 100 points, most of the

conductance change can be seen to occur during the first 0.25 seconds.

This particular run was performed at room temperature (about 19°C)

without thermostating the cell. The results appear encouraging, but

it was necessary to prove that the curve was not a result of temperature

changes or base or solvent dilution effects on the conductance of the

species involved in the reaction.

Figure 60 shows the change in conductance of a thermistor in the
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stopped flow cell during a reaction of two DMSO solutions of luminol

and PTB in an unthermostated cell. The overall thermistor conductance

change corresponded to an increase in temperature of about O.9°C.

For this run the conductance monitor and not the thermistor monitor

was used to follow the change in thermistor conductance.

The overall conductance change for the reaction which occurred

during the temperature change shown in Figure 60 was 14.04%. A tempera-

ture-conductance profile of the products of that reaction was measured.

It was found that the conductance of these species changed l.34%/°C.

Since the overall change in temperature for the reaction corresponded

to O.915°C, the conductance should change only 1.23% if the total

conductance change is due to temperature changes only. Therefore, of

the 14.04% observed conductance change, 87.6% of that change (or a

total conductance change of 12.8%) was due to effects other than

temperature effects. To eliminate the possibility that solution or

mixing effects might have caused the observed conductance change, both

syringes were filled with DMSO and the conductance change during stopped

flow mixing was followed. No change in conductance was noted. In-

jecting PTB or luminol into pure DMSO with the cell thermostated

produced no significant conductance change. Therefore, the conductance

curve which was observed for luminol and PTB in DMSO reflected the

conductance change due to the reaction.

At this point in the experimentation, it was decided to thermostat

the cell separately from the rest of the stopped-flow apparatus at

all times to maintain a cell temperature as constant as possible during

a reaction. For the luminol-PTB system, thermostating the cell reduced

the temperature change during the reaction from 0.9 to about 0.3°C.
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Essentially all of this temperature change was due to the exothermic

reaction. This was shown by placing water in both syringes and trigger-

ing the stopped-flow apparatus. The temperature changed noted was less

than 0.05°C.

The experimental effort was now directed toward a determination

of the particular reaction step which was responsible for the observed

conductance change. A decision was made to use KOH in ethanol and

luminol in DMSO as the reactants rather than PTB and luminol in DMSO

for two reasons. There was some doubt concerning the concentration of

the PTB since it did not appear to dissolve quantitatively in DMSO.

Secondly, the base would deteriorate to one-half to one hour due to

reaction with 02 in the solvent. KOH is essentially insoluble in pure

DMSO. An attempt to use KOH and luminol in 1:1 DMSO-EtOH failed to

produce a reaction curve for either conductance or light. The cause

of this phenomenon has not been explained. However, what appeared to

be a completely suitable reaction curve (with the exception of tempera-

ture effects which could be corrected for as demonstrated in Chapter 6)

was observed for KOH in EtOH and luminol in DMSO. Although considerable

problems with this choice of reactants were eventually realized, the

cause of the conductance curve was finally discovered during the work

with this system.

The luminol-KOH reaction was endothermic as mentioned in Chapter

5. However, after temperature correction of data, a strong conductance

change which was not due to temperature effects was still observed.

It was therefore assumed that the system would be a reasonable one

for the purpose of this study.

The possibility that the observed conductance increase resulted
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from the initial proton transfer was considered. The hypothesis involved

the reaction of a relatively weak base, KB (either PTB or KOH in their

respective solvent systems), with luminol according to

LH2 + KB-—>K+ + H8 + Lutflrk+ + H8 + L‘Z,

where the conductance increase which was being observed was due to the

liberation of free K+ and L'2 in the solution where no 8' or K+ was

present to contribute to the conductance before reaction. Since little

was known about the base strength of KOH in 1:1 DMSO-EtOH (the final

solvent system after mixing), the computerized conductance system was

used to investigate it. Figure 61 shows the dilution-corrected conduc-

tance curve obtained when 0.1003 M KOH in 1:1 DMSO-EtOH is added to

50 mls of 1:1 DMSO-EtOH. (Dilution correction of the data has the

effect of making the X-axis on this plot, which actually corresponds to

mls. of KOH added, linear in increasing concentration). The concentra-

tion range represented here runs from O to 0.01866 M, There is no

noticable curvature in the plot at higher concentrations which would

occur if KOH were a weak electrolyte. Figure 62 shows a plot of

conductance/concentration, G/C (the equivalent conductance, not

1,2. For a 1:1 electrolyte such ascorrected for cell constant) vs. C

KOH, the conductance should increase slowly at lower concentrations

and intercept the G/C axis if the electrolyte is strong. If the elec-

trolyte is weak, the value of G/C will increase sharply as C gets

very small due to increased ionization at low concentrations. No

such increase is evident on this plot for concentrations as low as

4 x lO’IM, Other such curves were prepared for concentrations as low

as 8 x lO'SM, No rapid increase in conductance occurred as infinite
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dilution was approached.

One final experiment was performed to assure the workers that

KOH was indeed a strong electrolyte. A solution of KOH was prepared

and its conductance measured. A quantity of dicyclohexyl-l8-crown-6

sufficient to complex all of the potassium ion present was added.

This crown-K+ complex is known to be highly preferred in solution and

has approximately the same conductivity as K+. If KOH were a weak

electrolyte, there would be a significant increase in conductivity,

due to ionization, when the crown ligand was put into the solution.

If the KOH were already completely ionized, addition of crown ligand

would, at most, cause a slight decrease in conductance by replacing

the solvent modules surrounding K+ by the somewhat larger crown ligand.

The latter effect was observed experimentally, further indicating KOH

to be a strong electrolyte in 1:1 DMSO-EtOH. This disproved the

hypothesis that the observed conductance change was due to formation

of free KT.

Stopped-flow studies of the reaction of phthalic acid and phthalamide

with KOH were performed. In these reactions, the only species available

to react are protons. In both reactions, an immediate increase in con-

ductivity resulted, which could not be followed using this stopped-

flow system. In the case of phthalic acid, both proton transfers

occurred in less than 100 mseconds. For the single proton transfer

from phthalamide (chemically similar to luminol but with no NHZ group

on the aromatic ring and only a single nitrogen in the heterocyclic

ring), the reaction is complete in at least 100 mseconds also. Thus,

it appeared certain that the conductance curve being observed for the

luminol reaction was not due to proton transfer which was found to be
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very fast for species which were chemically similar to luminol,

compared to the rate determining step being monitored.

The stopped-flow reaction study performed with phthalamide and

KOH indicated that the products of that reaction were more highly

conductive than the reactants. This was demonstrated by a definite

and immediate conductance increase upon mixing. Since the reaction is

given by

1, 1?

C \ .1. _ C\ - +

-H + K + 0H --’ ,N + K + H20

‘1 Rx
O

the phthalimide anion must be of higher conductance than OH'. This

is possible due to association of the relatively heavy solvent molecules

present with OH" which has a relatively higher charge-to-mass ratio than

phthalamide anion. In addition, the charge on OH’ is localized, whereas

in phthalamide anion, the charge is very likely delocalized, causing

phthalamide anion to be even less affected by solvent interaction.

If this is the case, it could be expected that the particular form of

3-AP produced in the luminol reaction will be of higher conductivity

than the reactants and that this species gives rise to the observed

conductance curves.

In order to show that the major portion of the conductance curve

for the luminol reaction might correspond to the production of some

form of 3-AP, it was desirable to compare the time at which the conduc-

tance curve reached its maximum with the time of disappearance of the
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CL. Since the CL has been convincingly shown to correspond to the

formation of 3-AP*, these two curves should, in time, reflect the same

‘formation.

Figure 63 shows the time relationship between the CL curve and

the conductance curve obtained for the reaction of luminol with alcoholic

KOH. The CL curve reaches its maximum in about one second and decays

to near the baseline in about 2.5 seconds. The conductance curve

does not level off until almost 15 seconds has elapsed. These curves

were typical of the curves obtained for luminol-KOH reactions. Even

with temperature correction, the conductance curve required almost

5 seconds to reach its maximum (see Figure 46, Chapter 6). Furthermore,

the overall conductance change for the reaction of luminol and KOH

was much greater than that for comparable concentrations of luminol

and PTB, and much greater than could be explained by the conductivity

differences between the reactants and the 3-AP species formed.

The cause of this phenomenon became apparent when alcoholic KOH

was injected into pure DMSO in the stopped-flow apparatus. A conduc-

tivity curve similar to the one presented in Figure 63 was Obtained,

even when no luminol was present. This indicated that, in addition to

the recognized temperature effects, there were long-range solution

effects which influenced the conductivity of KOH. Subtracting the

curve obtained from the run in which no luminol was present during

injection from a run in which a reaction occurred produced the curve

shown in Figure 64. It can be seen that the overall conductance

change (from 8.8 to 9.8 x 10'69']) is much closer to that observed

for comparable concentrations of luminol and PTB. Furthermore, the

conductance change levels off in about 7 seconds. Temperature correction
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causes the conductance to reach its maximum value in about 3 seconds,

which corresponds to the complete decay of the CL observed for this

run. Thus, what is shown in Figure 64 is the true reaction (plus

temperature effects), which is unobservable on the background of the

conductance effects of mixing KOH in ethanol with DMSO. For the luminol-

PTB reaction, both reactants were dissolved in DMSO. Thus, the mixing

effects do not occur and only the conductance change due to the reaction

(plus any temperature effects) is observed. In addition, the "true"

conductance reaction curve for luminol-KOH or luminol-PTB reaches a

maximum at the same time that the CL is completed, substantiating the

hypothesis that the conductance curve follows the production of 3-AP

in some ionized form.

E. CONCLUSIONS FROM THE PRELIMINARY

INVESTIGATION OF THE LUMINOL REACTION

In Section 0 all of the work which has been done to the present

time for the investigation of the luminol reaction with the computerized

conductance system was presented. From these investigations, a number

of statements may be made concerning the interpretation of the data

compiled during these experiments. These conclusions are listed below:

1) The computerized conductance system is capable of directly

following a true reaction curve for the luminol-PTB reaction

in DMSO. Temperature correction of data is all that is

necessary to provide a true picture of the conductance change

due to the reaction.

2) In order for studies to be pursued using PTB as the base,

the solutions would have to be prepared, titrated to determine
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4)
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true base concentration, and run within one-half to one hour

of preparation.

The signal monitored directly by the computerized conductance

system in the luminol-KOH reaction, with luminol in DMSO and

KOH in EtOH, is a combination of dissolution effects, reaction

effects, and temperature effects with dissolution effects

predominating.

It is possible to examine the true reaction curve for the

luminol-KOH reaction by subtracting the KOH dissolution curve

from the overall conductance curve. However, some difficulty

is encountered in performing this subtraction because of the

relatively high noise levels on these two signals. These

noise levels are the result of the noise imposed by the

stopped-flow apparatus on conductance signals from solutions

of relatively high conductivity (such at the KOH solutions

used) as discussed earlier. Since the result of this subtrac-

tion is a curve two orders of magnitude smaller than either

observed curve, this noise can have a significant effect on

the reliability of data obtained in this way. However, the

computerized conductance system has shown itself capable of

resolving these differences easily. Therefore, if a new

stopped-flow apparatus, which does not have these inherent

noise problems becomes available, this particular reaction

system and method of correction might prove to be an especially

satisfactory one. This is because there is no problem assoc-

iated with the quantitative preparation or short-term stability

of alcoholic KOH.
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7)

8)

9)
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The conductance curve follows the formation of 3-amino-

phthalate in some form.

From the titration curve shown in Figure 56 (Chapter 7),

it can be seen that phthalic acid, in the presence of excess

KOH, will exist as the mono-potassium anion rather than the

dianon. Since the only difference between phthalic acid and

3-AP is the NHZ substitution on the aromatic ring, it is

quite possible that the species formed in the luminol reaction

is 3APK'1 and not 3-AP'2. Furthermore, the emitting species

might also be 3-APK*'] and the intermediate may exist as the

mono-potassium anion rather than as the dianion. Indeed,

the L'2 species may not exist but, rather, the reactive form

of luminol may be the LK'1 complex.

The work presented here substantiates the hypothesis of Gorsuch

and Hercules (60) which states that the two protons transfers

from luminol are fast compared to the rate determining step.

The conductance curve reaches a steady maximum and does not

decay after the maximum, which would reflect the presence of

an intermediate in the rate determining step. Thus the data

produced in this study substantiate the claim of Gorsuch and

Hercules that the formation of 3-AP in some excited state form

is the rate determining step.

Finally, the computerized conductance system has shown that

it is quite capable of following moderately fast reactions in

non-aqueous media. It is expected that future workers using

this system will be able to investigate even faster reactions

in both aqueous and non-aqueous media with few modifications
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to the software and hardware already developed. In addition,

the other support software and hardware, for titration,

temperature-conductance profiles, and absolute conductance

measurements can all be utilized in the space of few minutes

to help solve a difficult measurement or data interpretation

problem.



CHAPTER 9

CBHELP: THE SYSTEM INSTRUCTIONAL PACKAGE

A. USE OF THE COMPUTERIZED CONDUCTANCE SYSTEM BY

FUTURE WORKERS

The preceding eight chapters have discussed the hardware and soft-

ware design of the computerized conductance system and its application

in a number of chemical measurement situations. The system has been

shown to be a viable analytical tool, not through its hardware, soft-

ware, or performance characteristics alone, but also through its

successful implementation in these chemical applications. It was

stated in Chapter 1 that the computerized conductance system was not

developed as a project in itself but, rather, as a means of solving

certain chemical problems which included a reasonably wide range of

applications. It is certainly true that the largest fraction of the

time and effort which was involved in the work presented here was

channeled toward development of the system and not the measurement

applications discussed in the three later chapters. However, it is

felt that these measurement applications were of some significance

and that they indicate possible areas of further investigation by

later workers. The last task which the author undertook was to insure

that such investigation can proceed in a manner which expands upon the

work done to this time and avoids the struggles which have already

been overcome. The basic premise of this thesis has been not only

the development and use of a novel measurement system, but also the

creation of a system which can be utilized by both the sophisticated

analytical instrumentalist and the person with little or no innovative

212



213

instrumentation experience. To insure this continuity and expanded

use of the computerized conductance system, the CBHELP program was

written.

The CBHELP program is an operator-interactive teaching program

which describes both the theoretical and practical considerations that

are important in using the computerized conductance system. It attempts

to take the Operating instructions and basic theory out of equipment

manuals, textbooks, and journals and present it to the interested user

as he asks for it. It utilizes the power of computerized conductance

system display and output devices to make learning the system operation

interesting and enjoyable to the student, while giving him a feel for

computer-based data systems. Even if he has had no such previous

experience, the CBHELP program can guide him through operation of the

computerized conductance system, and the background knowledge necessary

to make that operation meaningful. Furthermore, he is able to view and

interact with much of the computer system while using CBHELP.

It is difficult to convey the impact of such a program, which

tries to cover all facets of operation of the computerized conductance

system, without actually running it for the reader. However, a

valuable insight into its goals, and methods of attaining them, can

be obtained by examining the design of the CBHELP program itself, dis-

cussed below.

8. CREATING THE CBHELP PROGRAM

There were several real goals to be accomplished in the implementa-

tion of the CBHELP program. These were to provide the user with virtually

all of the information he would need; a) to operate the computerized
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conductance system, b) to troubleshoot and routinely adjust it, c)

to understand its operation, and d) to understand its theory if he

were so inclined. It was hoped that in using the CBHELP program, the

operator would get a feel for the computer and some of the peripheral

devices associated with it. In this way the user who lacks previous

experience with minicomputer systems could get over any apprehension

he might have concerning such systems while his mind was diverted by

the learning experience to which he was being exposed.

The possibility of constructing a program which would simply

produce reams of text upon command was rejected altogether. The basic

aim in using computer-assisted instructional methods is to utilize

as much of the power and as many of the features of such a device as

possible, in order that this teaching technique realize its maximum

potential. Reading text as it is disgorged by a computer is only

marginally more interesting than picking up an operation manual and

reading it - and considerably more trouble to the occasional user.

Because of this, a real attempt was made to allow the user to select

his motion through the material by interactive dialog with the computer.

He is able to branch to any subject within the knowledge bank of

the program with ease. For those subjects which are discussed in

several stages of detail, he is able to select the amount of detail

to which he desires to expose himself at that particular time. Finally,

by equipping CBHELP with a graphics facility and diagramatical output

on both the plotter and scope, and a text output on thelineprinter

and teletype, the user benefits from having a diagram, flowchart, or

sample data to refer to while reading a particular expalantion. Thus,

he is able to become more involved in the operation of other system
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peripheral devices.

There were three problems to be overcome or minimized in develop-

ing the CBHELP software. These problems were: generating and editing

large text files on a minicomputer system, generating and editing files

which create graphical displays, and making the delay involved in

accessing any given piece of information as short as possible. The

solutions to these problems are discussed below:

Generating and editing large text files on the POP-8 system:

From the very inception of the CBHELP program idea, it was known that

the entire program would have to be written, debugged, and implemented

with only a relatively small expenditure of the time normally devoted

to chemical research. Therefore, the author was aware of the necessity

of using the basic system software available to him, rather than

constructing a complex set of special routines to produce the text

messages and graphical displays. It is, of course, quite easy to

generate small amounts of text in this computer system, either from

assembly language routines or from FORTRAN READ and WRITE statements.

However, these routines and statements require the data to be resident

in memory when the program is compiled, assembled, and executed.

Since the CBHELP program possesses over 60 line printer pages of text

messages and ten graphical displays, it would have been impossible to

store the total knowledge bank of the program in the computer memory

from an assembled program. Thus, it was decided that the program would

call text files and plotting files from some bulk storage device

(DECTAPE in the system at the present time although a DISC would work

just as easily and much faster) for use during the actual program

operation. Routines to read data from a teletype keyboard and store
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them on tape are usually easy to write since they are often a part of

a language's MACROS (e.g. the TEXT command in SABR or MACRO-8) or

library programs (such as the READ command for teletype input or the

WTAPE and OOPEN commands for writing onto tape in FORTRAN). Unfor-

tunately, using these does not provide the programmer with any editing

facilities. If one should make a mistake while inputting characters

to a text array, there would be no means of correcting that error without

the user himself writing an editor into his text generation program.

Writing such an editor is no simple task at all. There was no desire

on the part of the author to attempt it.

However, since the OS/8 system possesses a powerful EDITOR itself,

the use of this editor seemed the simplest way of generating text

files for CBHELP. The original approach to using the EDITOR in this

manner was to give the files EDITOR generated the ".DA" extention,

used in the FORTRAN device-independent I/O routines OOPEN and IOPEN.

The IOPEN routine would then simply be used to read the EDITOR-generated

file as though it were an OOPEN file. It was discovered, however, that

there is a basic incompatibility between the way in which the 05/8

EDITOR transfers data onto and off of DECTAPE and the way in which such

data is transferred by OOPEN and IOPEN. EDITOR transfers 8-bit ASCII

characters onto DECTAPE in the format shown below (64):

0 11

cu 3 uses] CHARACTER 1 j

CH 3 LSBSI Character 2 I

 

 

 
 

Three 8-bit characters are packed into two DECTAPE locations. On

the other hand, OOPEN transfers packed ASCII characters to tape as
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shown by:

0 11

CHARACTER 1 CHARACTER 2

 

   
 

if A2 format is used with a FORTRAN WRITE statement (65). Two 6-bit

packed ASCII characters are generated from the input 8-bit characters.

Correspondingly, when files are read with IOPEN, it assumes that it is

reading packed ASCII coded as above and attempts to decode it to produce

the two extra bits needed for teletype or line printer control. Using

IOPEN to directly read EDITOR-generated files proved to be disastrous

as IOPEN interpreted the EDITOR files incorrectly, getting illegal

characters, and storing blanks in the data array. The text message

was lost entirely.

It was not desirable to spend time writing a program to read

directly EDITOR files using the USR routines with OS/8. Furthermore,

the use Of RTAPE to read EDITOR files in the CBHELP program itself

was precluded since it was necessary to maintain CBHELP working files,

and the program itself, in file-structured form on a single tape.

If RTAPE were directly used by CBHELP, any time a text file was modified,

CBHELP would have to be altered to account for the file's new location

on tape.

The problem was finally solved through the use of a small but

clever routine which is part of the FILEII program developed to create

CBHELP. FILEII is flowcharted in Figure 65 and listed in the Appendix.

The routine to create a text file from an EDITOR-generated file is

option 1 of FILEII. In order to use this option, the programmer first

writes a text message using the 05/8 EDITOR and stores the message on
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tape. The programmer must know the absolute block number on tape where

the text was stored by EDITOR and the total number of 05/8 blocks (each

equal to two DECTAPE blocks) that the text occupies. This information

can easily be obtained by using PIP to generate a directory listing (/E

option). If the particular tape has an OS/8 System Area on it, the

first program will begin at absolute block 112 (decimal). The next

program will begin a number of blocks equal to twice the number of 08/8

blocks beyond it, etc. If no 05/8 System Area is present on the tape,

programs begin at block 14 (decimal). The user gives the block number

information to FILEII along with the desired name of the text file.

FILEII uses RTAPE to read the absolute blocks, which comprise the file

stored by EDITOR on tape, into memory, one 128 word block at a time.

It then outputs each block back onto tape, as a file-structured text

message, using OOPEN. Thus, the problem of easily generating text

from existing software was solved.

Generating and editing graphics files on the POP-8 system: The

author wished to be able to create graphic displays for use with CBHELP

in an easy manner, similar to the generation of text files. Since

plotting programs were already available which would draw straight

lines between points (66), the best approach seemed to be to input

the coordinates of all points for a given figure (X and Y values) to

a program which would then generate a graphics file using OOPEN.

The routine which performs this task is shown as option 28 with the

FILEII program of Figure 65. The routine requests the desired file

name and the X and Y scaling factors. The scaling factors enable the

graphics designer to construct his display on a convenient sized

grid and then scale it up or down to fill the scope screen. The
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operator then begins to input the coordinates of all points in his figure.

The plotting program accepts all positive integers from 0 to 2047 as

valid grid points for the figure. Only two control numbers are needed.

An X = -1 serves as a line segment delimiter and X = -2 indicates the

end of a file. When a -2 is typed for the X coordinate of an X-Y

pair, the program moves the output buffer onto tape. The current size

of the buffer in use in FILEII and, consequently, in CBHELP is 300

points. More complex figures may be drawn using more than one file

for a given display. Examples of the computer-generated graphics used

with CBHELP are shown in Figures 66 and 67.

Figure 66 is a display scope photograph of the computer-generated

version of the computerized conductance system block diagram shown in

Figure 2 in this manuscript. It is used for a system description

explanation in CBHELP much as it was used in Chapter 1. Figure 67

is a computer rendition of the pulse width selection curves appearing

in Figure 30 of this thesis, as plotted by the X-Y plotter. Unfor-

tunately, this plotter leaves something to be desired as far as pen

response and position reproducibility are concerned. Nevertheless,

it shows how curved lines were generated by approximation with straight

lines. In addition, Figure 67 was graphically derived from Figure 30.

Use of the scaling ability of FILEII enabled it to be scaled to fit the

scope or plotter grid size.

Because of the large number of points which must be input to

FILEII for creation of figures (Figure 66 required more than 450

points, Figure 67 more than 200 points) a simple editor facility had

to be included in it. This was done with relative ease since numbers

are more easily manipulated than text. As shown in Figure 65, the
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Figure 66. Photograph of CBHELP-Generated Scope Display of the System

Block Diagram.
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graphics editor contains provisions for searching the buffer for a given

X or Y and outputting any point number where this value is encountered.

In addition, editing options for changing points and scaling factors,

and inserting or deleting points, are provided. Finally, the graphics

files created with FILEII may be test plotted by FILEII option 3.

All of the text and graphics files used in CBHELP were generated

with FILEII. There are currently 59 text messages and 10 figures used

with CBHELP which were produced and incorporated into CBHELP itself

with only the addition of three lines of programming to CBHELP (and,

of course, recompilation).

Turn-around time in the use of CBHELP: Because file-structured

data sets were used with CBHELP, and because those files are accessed

via DECTAPE, the time involved between the selection of an option and

its actual appearance to the user can be as long as 20-25 seconds.

This lack of high-speed acquisition of files is probably the singular

non-pleasing aspect of CBHELP. Faster acquisition could have been

achieved with the use of RTAPE, which does not need to consult the

directory before reading the tape, but, as mentioned above, this speed

would have been achieved at the expense of flexibility and expandibility

of the program. This problem will be completely overcome if the program

is ever transferred to a disc-based system.

Core requirements: Both FILEII and CBHELP require 12 K of memory

for operation.
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C. USING THE CBHELP PROGRAM

It is not practical to present a flowchart of the operation of

the CBHELP program in this manuscript because of the very large number

of cross-interactions and branches available within it. A listing of

the CBHELP program itself appears in the Appendix, however, the text

messages and graphic displays, because of their large number, have

not been included.

CBHELP can probably best be illustrated by guiding the reader

partially through the program so that he might develop an insight into

its operation.

The canister in which the CBHELP tape is contained holds instruc-

tions which should guide even the novice operator through loading the

tape and calling the program. When CBHELP first responds, it asks

the operator if he would like a list of instructions to follow in

using the program. These instructions include turning on the scope,

plotter, and line printer, how to type answers to questions, choosing

an option within CBHELP, etc. If the operator wishes to view such

instructions, he types "YES" and they are given to him. CBHELP

follows with an initial dialog, that can be listed on the teletype,

line printer, or display scope, or skipped if the operator is already

familiar with the program. Next, the major options available with

CBHELP are printed and the operator is asked to select one. This

dialog is shown below:

PLEASE TYPE THE NUMBER OF THE OPTION YOU WISH TO SELECT:

1) GENERAL SYSTEM DESCRIPTION

2) DESCRIPTION OF THE INSTRUMENT

3) DISCUSSION OF CONDUCTANCE MEASUREMENT
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DISCUSSION OF THE BIPOLAR PULSE TECHNIQUE

INSTRUCTIONS FOR ROUTINE OPERATION

INSTRUCTIONS FOR PULSE WIDTH SELECTION

INSTRUCTIONS FOR ROUTINE ADJUSTMENT

ERROR MESSAGE SUMMARY AND TROUBLESHOOTING

SELECTION OF A PROGRAM SET FOR SPECIFIC EXPERIMENTS

CREATING OR CHANGING A CBHELP FILE

TERMINATION OF THIS PROGRAM—
l
—
l

H
S
O
Q
N
G
m
-
fi

W
W
W

I
t
o

When the operator types a particular option number, the program

branches to that subject and calls the proper files from the knowledge

banks on tape for graphics displays and text messages. For example,

if the operator selected option 9, because he wishes to utilize the

computerized conductance system and its program set to perform a specific

experiment, the computer would respond with:

9

THE NAMES OF THE PROGRAMS IN THE COMPUTERIZED

CONDUCTANCE SYSTEM ARE CODED FOR

EASY RECOGNITION. WOULD YOU LIKE

AN EXPLANATION OF THIS CODE? YES

OUTPUT ON LPT=1, 0N TTY=0:1_

If the operator types "YES“ an explanation of the program nomenclature

is generated. If he types "NO", the program moves immediately to output

the list of available program sets, shown in Figure 68. If the operator

were to select, for example, program set 3, CBHELP produces the tem-

perature-conductance program flow chart shown in FIGURE 69. The

operator is then asked:

WOULD YOU LIKE AN EXPLANATION OF THE PROGRAM SET?

If the operator answers "YES" such an explanation is produced for him.

It is in this way that multi-level explanations are built into CBHELP.
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I)A TITRATION

2)A DETERMINATION OF DISSOCIATION CONSTANTS: EQUIVALENT IONIC

CONDUCTIVITIES: OR THE RELATIVE STRENGTH OF AN

ELECTROLYTE

3)A TEMPERATURE-CONDUCTANCE PROFILE FOR DETERMINATION OF

CORRECTION PARAMETERS TO BE USED WITH VARIOUS DATA

ANALYSIS ROUTINES: OR FOR A QUALITATIVE OR QUANTITATIVE

EXAMINATION OF THE CONDUCTANCE BEHAVIOR OF AN ELECTRO-

LYTE WITH CHANGES IN TEMPERATURE. THIS SEQUENCE IN-

CLUDES THE ARRAY ARRANGER ROUTINE FOR LINEARIZING A

NON-LINEAR TEMPERATURE CHANGE TO PREVENT WEIGHTINC OF

DATA IN ANY PARTICULAR TEMPERATURE REGION.

4)A TEMPERATURE-CONDUCTANCE RUN AS IN (3) BUT WITHOUT ARRAY

ARRANGING THE DATA (USED WHERE THE TEMPERATURE CHANGE

HAS BEEN LINEAR).

5)A KINETICS RUN IN WHICH ONLY CONDUCTANCE AND TEMPERATURE ARE

TO BE MONITORED AND IN WHICH ONLY CONDUCTANCE IS TO

BE PLOTTED.

6)A KINETICS RUN IN WHICH AUXILLARY DATA: IN ADDITION TO

CONDUCTANCE AND TEMPERATURE DATA: IS TO BE TAKEN: OR IN

WHICH TEMPERATURE DATA WILL BE PLOTTED.

7)CHROMATOGRAPHIC MONITORING

8)INSTRUMENTAL NOISE DETERMINATION

9)INSTRUMENTAL ACCURACY DETERMINATION

IO)AVERAGE OF N DISCRETE MEASUREMENTS

II)INSTRUMENTAL FUNCTION TEST

Figure 68. Program Set Selection Options in the CBHELP Program.
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THIS IS THE PROGRAM FLOW CHART FOR THE TEMPERATURE-CONDUCTANCE DATA

ACQUISITION AND ANALYSIS: WHICH USES THE ARRAY ARRANGER: CBTALR: TO

PREVENT ACCIDENTAL UEIGHTING 0F POINTS DURING THE CURVE FTTING.

*¥#***#*.¥

* CBTSLS *

*t**#**#$*

tfiitfi$fitii
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**¥*$***$.

coo

*t***¥*$¥.
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ttt¥¥¥¥l¥¥

co. 000 000 000 no.

a o o o o

$*$.#*$*.¥ Itfitfififi‘.. #fifitttttlt itttfiitfifit ttt¥$$.¥*‘
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**#*#’¥’.. ....*’*.¥* ****¥*¥*$* ¥********* ****#*#$‘*
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Figure 69. CBHELP-Generated Program Flowchart for Temperature-

Conductance Profile Measurement and Analysis.
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If the operator types "NO", he is able to select another of the 11

programming options or he may return to the selection of a different

one of the major options. If he were to choose other options within

the option 9 program selection routine, he might receive flowcharts

and explanations for other types of experiments, and even graphic

displays depicting a sample titration curve with explanation of its

various regions, or a sample strong-weak electrolyte comparison curve

and so forth. Any of the other major 11 options produce figures and

text and interactive dialog as does option 9. CBHELP will even check

to see if the line printer is turned on and tell the operator to

activate it if he has requested output on it and has failed to turn

it on previously.

It can be seen that most of the subjects which one would be

interested in with respect to utilization of the computerized conduc-

tance system are included in CBHELP. Admittedly, CBHELP lacks much

of the sophistication of many institutional computer-based teaching

systems such as, for example, the Plato IV system at the University

of Illinois (67). CBHELP does go much further in using the computer

system to instruct an operator in the use of the instrumentation con-

trolled and monitored by that computer system than any device which

computer-based instrument manufacturers have provided with their systems.

It serves an important function by largely assembling the theory and

techniques of the computerized conductance system into one package

to present to the prospective or veteran user. In addition to this

major purpose, it is possible that CBHELP will point the way toward

instrumentation systems which are still more interactive with the

operator. There is much to be gained in continuity of instrument use,
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a steady source of reference material, and user acclimation to a new

system by permitting "smart" instrumentation systems to tell their

own story to prospective "clients". It seems somewhat short-sighted

to build an elaborate and useful computer-interactive laboratory.

measurement system and provide with it stacks of manuals in conventional

form. Such systems are often so complex that it is impossible for a

casual user to delve through these mounds of literature, or even for

a dedicated user to troubleshoot or expand his use of the system

efficiently. Thus, it is hoped that CBHELP will be viewed as movement

toward more complete user-system interaction, where the system is

capable of that level of interaction.



CONCLUSION

The capabilities of the computerized conductance system have been

demonstrated in a significant number of diverse applications. It has

proven to be a sufficiently powerful system to arouse the interest of

other workers who will benefit from its continued usefulness as a

dynamic measurement system. Because of the nature of the system

itself, it is impossible to state that either the instrumental work

is complete, or that all areas of possible application have been defined.

Although the hardware portion of the system has remained relatively

unchanged during these studies, it is possible that some modification

of the circuitry will be undertaken by later workers to make it operate

with other computer systems, expand its operating range, possibly

incorporate bipolar current techniques for high conductance measure-

ments and so forth. The author has shown that the system, as it

developed over the past three and one-half years, included a number

of innovations which give it the flexibility to perform meaningful

measurements for operators of various backgrounds and interests.

Finally, the success of the project serves to legitimatize the pursuit

of instrumentation research for chemists by showing that such research

can produce devices which not only perform sophisticated measurements

for the scientist with an instrumentation orientation, but continue

to be of use to other workers as important laboratory tools after the

instrumentation chemist has completed his work with that particular

measurement system.
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CBTSLS

PROGRAM LISTING



[PROGRAN NANET CBTSLS.FT

[FORTRAN-sAani xsiTw J. CASERTA 1974

’fugg [5 14: 3=NEQAL FDR! D: THE BASIC DATA AOJISITION PROGRAM

[FOR T4E CONPJTERIZE-J CJNDJCTANCE STSTE M1

[IT DEOINS dITd A 9%:LiniwAav SCAN or TwE CELL. DURING wwxcw

[THE OETTNIZED CIRCJIT ’ARANETERS roe EACH 0' FOUR PULSE

[WIDTHS ARE DETERNINEO AVO STORED.

[THESE VALJES ARE PRINTED. THE AVAILABLE OPTIONS AT THIS POINTI

’11AanAGE OF AN 1N=JT NUMEEN or SCANS

IZIRESTART

ISITIHED DATA ACOuSITION OF UP TO 500 POINTS OF UP TO

I 2047 ACJJISITIJNS PER ’DINT FOR aoTH COND AND TEMP

I 1’ ZERO IS TNPJT AS THE 6 OF TEN“ POINTS. TENP MEASUREMENT

I Is S<IP3ED DURIN3 TDA

741RETJaN TO NONITOR

IDATA Is FINA.LV wRITTEN ONTO TAPE FOLLOHIVUrTDA AY D

[MAY BE TREATE 0 ET A VARIETY OF ANALYSIS RD TINES .

I

cowwsN NARA

DIMENSION NARA12646)

PINENSION IPATA¢4111=ua141.xpw9141.11v’141.10N17141

Opus? :cra 6321 ICLEAR COND FLAG. CLEAR PT ENABLE

O'OE’ OCDR 6622 IGATE CONDUCTANcE DRIVER

OPDE’ SCFPD 6323 ICCFP . 3cDR

OPDE’ EC°T 6324 IENAOLE OOND PRoOEAH INTERRuPT

ODDE’ OCFGD 6527 ICCFP o Och . scat

SAPD’ TcrL 6331 [TEST CONDUCTANCE FLAG

OPDE’ TOST 6632 ITURN OFF SEQUENCE TRIGGER

OPDE’ TRIO 6334 ITRICGER SEQUENCE

3690’ TTFL 6141 ITEST TENPERATJRE FLAG

DPOE’ leo 6342 ILATCH 11v. OFFSET

OPDE’ Lpuw 6341 ILATcw PW. PW

Dans: ETP1. 6351 IENAOLE TEMP PRoGRAM INTERRUPT

O'DE’ :T'PO 6552 ICLEAR TEMP FLAG. pI ENABLE. GATE DRIVER

3905’ 1110 6354 [TRIGGER TEMP A/O CONVERSION

OPOE’ TFPGT 6556 ICTFPG 4 TTAO

OPOE’ TIT 6361 ITITRATE

SNPD’ SKPSF 6562 ISKIP ON STOPPED FLON SIGNAL

OPOE’ cpseT 6121 ILOAO THE CLOCK aRESET REGISTER

Dang: SLCL 6122 ICLEAR THE CLOCK

OBOE: ICNTR 6123 IINITIALIZE THE COUNTER

390E: :LCTC 6124 ICLEAR CLOCK AND INITIALIZE COUNTER

OPDE’ LCNTR 6126 ILATcN TAE COUNTS?

Sane: acTeL 6126 IREAD THE COUNTER LATCH

OPOE’ RCNTR 6127 IREAO THE COUNTER

390E? .CTRL 6131 ILOAD CONTROL aESISTER

SAPD? sneor 6132 75x19 0N OVERFLDd

3(90: sxeoE 6133 75x19 0N ovearLow ERROR

O’OE’ SLOPE 6134 ICLEAR OVERFLON AND OVERFLOW ERROR FLAGS

5(90: 5x919 6135 ISKIP ON TIME BASE FLAO

S490: sngE 6135 ISKIP ON TIME BASE ENROR FLAG

ODDE’ :LTaE 6137 ICLEAR T.B. AND T.a. ERROR FLAGS

330E: NUT 7405 IHULTIPLV

Jane: OVI 7407 IDIVTDE

3905: NI! 7411 [NORMALIZE

3°05: swL 7413 ISHIFT LEFT

Save: 154 7415 [ARITHMETIC SHIFT aisz

3905’ .5: 7417 ILOOICAL swer RIGHT

3POE’ not 7421 ILOAD MULTIPLIER OUDTTENT

0°05: set 7403 (STEP COJNTER LOAD FRON MEMORY

DPOE’ SCA 7441 ISTEP COUNTER LOAD INTO AC
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°
\
\
\
\
\

RTHREP

BTHREA

AAYYA

50

ARJA

H‘A

HVA

AD.

ORDE'

OROE’

OPOE’

OROE'

OROE’

S<Por

OROE’

JPOE’

OPDE'

ABSYN

ASSTN

AOSYN

ABSYN

ABBY!

AESVN

ASSVN

ABRYN

ABSYN

HOA

ERAsE

STORE

ANDI

TAO!

ISZI

OCAI

JHSI

JN’I

AINC

nun

PNP

IV’

JNITS

ASET

SPARA

SPPu

OPEN

THE PRELININART SCAN

JRID

.OIO

‘7'00

’NI.OO1

TAD ITHQE

OCA I STARE

JNR AAYV

7774

T495

JNS

3LA

TAO

OCA

OCA

OLA

TAO

DCA ’4P

TAD (0401

03A IVP

TAD (7430

OCA JNITS

6211

3501

6201

JEIJ’PI

’aIRdolc.

SLA :LL

IAC

LIVO

I52 ASET

JNP dA

I52 ASET

JHP dY

3;A 3

no =5

RAL

SZL

TYP3

OLL

(0230

5PARA

POP

OLL

(0400

235

7501 INO LOAO INTO Ac

6054 IERASE DISPLAT SCOPE

6067 ISET SCO’E IN STORE NODE

0400 IINDIRECT AND

1400 IINDIRECT TAD

2400 IINDIRECT ISZ

3400 IINDIRECT OCA

A400 [INDIRECT JNS

6400 IINDIRECT JHP

0012 IAUTO INCREHENT REGISTER

0074 [PH POINTER

0075 [PH POINTER

0076 II/V POINTER

0077 IOFFSET JNITS POINTER

0100 [GENERAL POINTER

0101 IPARANETER POINTER

0102 IINDIRECT ADDRESS IN FIELD 1 POINTER

0103 IINDIRECT ADDRESS IN FIELD 1 POINTER

ROUTINE BEGINS HERE

ISET DP 4 PN-s POINTER

ISO AS< rOR A '8'

ISET‘D’ PARARETER POINTER

ISET INITIAL PH

ISET PR POINTER

ISET’I/v POINTER

UNITS POINTER

IzERO TNE PARA NORD LoC FOR THIS RUN

IDFPSET-DI I/V:

I.ATCN OFFSET-OI IIvI

INA-10V

1 ”lilov

IdAlT EOR RELAYS T0 SETTLE

I’d 'OINTER

[SET 94 INSTRUCTION

’1‘! Pi YET.
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n
o
m
o
u
u
u
u
m
a
u
m
m
u
O
N
I
O
N
“
O
N
C
O
O
Q
G
'
C
O
M
“
Q
U
C
O
O
'
D
O
O
U
O
C
O
O
C
”
‘
3
.
“
‘
C
C
O
.

\

JNP I OOAIV

05‘ ’H’

IAC

5211

1501

3501

9201

TAD 'HP

TAD ’HP

.PHH

H96 IS! ASET

JNP d9

H20 IS? ASET

JNP dz

OLA OLL

TRIO

A50 TCFL

JNP AE

SCFPD

IAC

SVA

JNP arr

JNP AD

OOAINAJAIN

[

ISUBPROORAN GAIN

aAOE

OAINAC.A C-L

TAO IVP

RAL

SZL

JHP I Pf:

DCA IVP

I526 TAD 3APT

6211

1501

3501

6201

TAD IVP

AND N0077

LIVO

NC. ISZ ASET

J‘P AC

HXA ISZ ASET

J‘P 1K

3LA

TRIO

‘7. TC'L

JNP AF

SCFPO

IAC

SNA

PTAA JNP 3"

JNP OAIN

GAPTA JDOQ

H00770JO77

PTCA rALT1

236

IYEs.INCREASE GAIN OF I/V

INO.CONTINUE

[ADD 1

IONANSE TO DATA FIELD 1

[ADD P4 INFO T0 PARANETER NORD

[CHANGE TO DATA FIELD O

ISET Pd

[JAIT 'OR RELAYS TO SETTLE

I’ULSE TRIGGER

ITEsT 'LAO

CLEAR 'LAGIGATE DRIVER

[CHECN INPUT

IIS AID NEARLY PEOOED.

IYEs. ADD OFFSET

INO.IN:REASE PH

[ADDRESS OF ADD 3AIN ROUTINE

[THIS SJBPROGRAH INCREASES GAIN OF IIV AHP

[I/V POINTER

[SET IIV INSTRUCTION

.[IS~NA! GAIN APPLIED.

’TESOGJ TELL

INOICONTINUE

[ADD 1 TO GAIN POINTER

CHANGE TO DATA FIELD 1

[SET PARA NORD TO PROPER GAIN VALUE

[SHANSE TO DATA FIELD O

[ERASE DUHHV POINTER

[.‘TCHAOFFSET'OI I/V

[NAlT :03 RELAYS TO SETTLE

[PULSE TRIGGER

[TEST rLAG

[CLEAR FLAOAOATE DRIVER

/:NEC< INPUT

IIs AID NEARLY PEGGEO.

IYES A00 orFsET

IND. INCREASE I/V OAIN

[3ATN RDINTER TO PARA HoRD

INASN

[NARNIVG ROUTINE 1



[

[SUBPROORAN OTFSET

237

[THIS SJDPROORAN APP.IES OFFSET CURRENT

I

0":

A00

ARIA

ND.

HJA

Run

A":

[

[BEGIN TO

I

AND

OLA OLL

TAO AJ11

DCA J11

TAO IVP

AND N0077

DCA IVP

TAO IVP

RTL

RTL

TAO IVP

DCA IVP

OLA OL

IS! J11

JNP AAI

JNS I PTO

NOP

JNP AF2

TAO IUPT

6211

1601

3601

6201

TAD V7400

TAO JNITS

DCA JNITS

TAO IVP

TAO JNITS

.IVO

ISZ ASET

JNP 40

IS! ASET

JNP lJ

ISZ ASET

JHP AU

OLA OLL

TRIO

TCFL

JNP AN

OCFPO

IAc

SNA

JNP A0

OLA OLL

TAO ’RP

OCA INIR

TAO PNP

DCA INId

TAO IVP

OCA INII

TAO JNITS

OCA INIJ

IPNPIJPI-NIN

IPHPIJPIININ

OUTPJT DATA

[SET UNITS INCRENENTER

IERINO IN CURRENT SCALE

INASN DUMMY POINTER

ISTORE

ISET'UP OFFSET CURRENT DECADE scALE

[SET IIV. OFFSET DECADE

[STORE

IIS NAXINUH oFFSET APPLIED.

IND. CONTINUE

ITEs. TELL DEFAULT

[S‘tP NEASUREHENT

[SET OTFSET POINTER To PARA NORD

[CHANSS TO DATA FIELD 1

[ADD IN PARA HORD

IONANSE TO DATA FIELD O

[SET OSFSET UNITS POINTES

[ADD PREVIOUS OFPSET

[SET O’FSETI I/V HORD

[-ATCN OFFSET. IIv

[AAIT FDR RELAYS TO.SETTLE

[PULSE TRIGGER

[TEST FLAG

CLEAR FLAG: GATE DRIVER

IOHECR INPUT

[AID PEGGEDA

ITEs. ADD MORE OFFSET

FRON'TNE PRELIMINARY SCAN ROUTINE



I I 'nE10.4.Io'RV I
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IIVPIJPIINII

IJNITIJPIINIU

OLA OLL

TRIO IPULSE TRIOOER

AP. TOFL ITEST FLAO

JNP AI

OCFPD IOLEAR FLAO. OATE DRIVER

TAO 34000 IORANOE T0 2.5 CONFLINENT

OLL

OCA IITORE

zIFLOATIITORE)

6211 IONAN3E TO DATA FIELD 1

1601 IPUT PARA HORD IN Ac

6201 ORANGE TO DATA FIELD 0

JNs I AODDE I30 TD DCODE ROUTINE NITN PARA HORD IN AC

CLA OLL

JNP I UT1'

04000.4000 IONANsE TO 205 COMPLInENT ADD IN

IUPT. 0‘20 IOFFSET POINTER TO PARA NORD

AU11A 7766 [-11

U11: 1300 IJNITS INCRENENTER

PTO. FALT2 INARNINO ROUTINE 2

N0077.;n77 IDUNNY POINTER RASK

V7400.IAOO IOFFSET UNITS POINTER

U710 '71

ACOOEAoODDE IPARA RORD OECODE SUBROuTINE

71 ARITEII.3)PN.PA.IJNI.RN

3 FDRNATII.'PN - '.E10.4.' VOLTS'.I.'PN I '.E10.4.' RSEC'./.'UNITS

'oE10o4)

NRITSIIAAIESARSEL-ICCELL

4 'ORHATC'SANPLia V ' 'oElZAEO/A'RCELL I 'AEIZAOA' OHHSIOIPICCELL

" 'oEIZ-OA' NHOS'A’)

A720 SLA SLL ‘

I52 THRE [ALL EOUR PH'S TETA

JNP AO INO. CONTINUE

JNP INOR IYEs. 30 TO NEXT ROUTINE

A0. TAD PUP ISET UP FOR NEXT PH

TAO PNCR [Rd INCREHENT

OOA PUP ISTORE IN PH POINTER LDC

ISZ SPARA ISET UP ADDRESS OF NEXT PARA NORO

30 TO 2

TNREA 3300 [3 PN‘S POINTER

PNCRA 3100 [RR INOREHENT

I

[THIS SECTION DETERNINES SE-ECTEO OPTION

I

INC“. SLA SLL

TTAD ITRIOOER TERP AID

cAP1. TTFL ITEST TENP FLAO

JNP :AP1

OTFPO [OLEAR TEHP FLAO. BATE DRIVER

TAD (4000 IONANOE TO 2's COHPLINENT

OLL

OA IITORE

ZIFLOATIITOREI

ESIZII10.I6096.IIOA

6 ARITEIIA6IES

FORRATII.ITENP RESPONSE I 'AE1A.6.IIA'OPTIONSI IIAVERAOE'./.9X.'

OZIRESTART'.IA9XA'3)IDA'.I.9X:'AICALL EXIT'.II

OLA OLL
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w
m
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c
o
m
m
a
:

TA1I (SF

JNP

(RR

TLS

TAD

SNA

JNP

TAD

SNA

JNP

TAD

SNA

JNP

SALL

V7517o7517

0777707777

AT. '100

CA. TDAR

I

TA1

V7917

AJ

27777

I AT

37777

I CA

EXIT
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[(EVDOARD STRUCN YET.

’TESAREAO CHARACTER

[ACKNDJLEDGE IT ON PRINTER

[-261

[Is IT A '1'.

[7580 30 TO AVERAGE ROUTINE

INO. ADD '1

[IS IT A ”2'.

[N586

[NOD ADD '1

[IS IT A '3'.

IVES: DO TO TDA ROUTINE

RESTART

I-261

[-1

[RESTART ADDRESS

ITDA'ADDRESS

I

ITNIS ROUTINE IERFORNS AVERASE OF INPUT NUMBER OF SCANS

I

I

AU. :LA

dRITEI1A§1I

51 EORM

JSTI

PAOE

JMS

OLA

TAO

SZA

JMP

OLA

TAO

AND

TAO

DCA

TAPA TAD

OCA

TAD

31A

OCA

OCA

OCA

ANA 3LA

TRIO

AXA TCFL

JNP

OCFP

TAD

OCA

RAL

TAD

OCA

IS?

JNP

TAO

SOL

TAD

OLL

ATIII

(I0

SETJP

OLL

ILD

TAP

3LL

TAN

(0177

15200

TAN

IIPTS

NSAR

NDAR

PEAR

NLSS

N153

OLL

A!

O

NLSE

NLSS

NNsa

NNsa

:aAN

Ad

NLsa

NNSO

[30 TO SETUP ROUTINE

[BRING IN NUMBER OF SCANS TO AVERAGE

ISET UP 0 PTS. POINTER

[3LEAR L58 NORD

[SLEAR HSB NORD

[PULSE TRIGGER

[TEST rLAG

[CLEAR FLAGA GATE DRIVER

[ADD IN LSBS

[SET JP OVERFLOH

[ADD IN MSBS

[ALL DSNEO

INS, RETURN FOR NEXT SCAN

IVES. 3ST SET TO AVERAGE

[-RAD N0 NITH L53 WORD
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UV! [DIVIDE

NEAR: 3700 [TNE DIVISOR

VAN: TAD (4000

03A IJSTIK

TAO: 35‘ ZLL

NOA I.DAD DIVIDEND INTO Ac

TAD TADOD [CHANGE To 2's canPLIHENT

:LL

00A IISTIK

ZaPLaATIISTIK)

lLIr-DATTJSTI(I

:LA 3LL

TAD SPPT [SET UP PRoPPER ADDRESS or PARA RoRn

TAD IJP

DCA sPPJ

6211 [SHANGE To DATA FIELD 1

1502 [’UT PROPER PARA HORO InTD AD

6201 SHAUSE TO DATA FIELD o

Jns I acooE I30 TD DECDDE suaROUTINE RITH DARA HDRD IN Ac

:LA :LL

JHP I72

NLSBo Jooo [THE LEAST SIGNIFICANT BIT RDRD

NHSB. 4000 [THE 135T SIGNIFICANT BIT uoRD

pBAR. 4300 [AVERASE NUMBER =oINTER

TAN: TAo IJUHP JVER DOUBLE PREcISIDN Loc

SPPT: J177

BCDDEoDSDDE [3ARA ADRD DECODE SUBROUTINE

72 JQIT§I1:13IAPT3:ES:RCELLACCELL

13 ‘ORHATIllp'AVEQA3E 0: 'AF5.0.' SCANS! SANPLED V 3 'gE16.8:‘ VOLT

‘9':[:23l:'§CELL ' ':§16.3:' OHN5':[:29X:'CCELL 3 '0516080. HHOSI:[

0])

S JRP INOR [RETURN. TAKE TERP POINT. GET OPTION

3 I I

S I

S ISUBPRJSRAN TDAR

8 ITHIS °RDGRAH :DNTRD.S TIRED DATA ACOUSITIDN

S IOVER AN IN’UT PERIOD AT INPJT INTERVALS

S I

S I

3 TDAR: SLA 3LL

ARITEI1a51)

READI1.200ITRV..TIBPT.TCTA

200 ’DRHATI'TDTAL NURSER 3: POINTSI'.E15.OAI.'TINE BETHEEN pognts (s

PECSII'.§1).8.II'JHBER or T SCANS T3 AVERAGEI',E16.B)

IFTTZTAI942.942.943

9‘2 NTIO

30 T3 945

943 NT81

945 ESAITvauTIBPTIISDo

diITEIIAZOZIES

202 =0RHATI'TRI5 dILL SESUIRE ABOUT '.E10.4.' HIN')

REA0I1.946I9L<

9‘6 'ORHATI'PIRST 3L33< T3 RRITEI '.E1A,6I

ISLKOIFIITBL‘I

S Jns I 0A0: 130 To SETUP SUERDUTINE

S JNP :Aoo '

S UAUI. SETUP IADDRESS or SETUP SUBRDUTINE
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I

ITNIS IS TNE SET UP SECTION '0! CLOCK AND PalnTERS OP TDA ROUTINE

I

0‘05: CLA SLL

03 IrIrIgPI..oOAI205.204.204

.204. TAO TNa ' ISLOCN PRESET MODE INDICATOR

TAO T1000 [SLDCN TD INCREHENTER

OCA TNa

TIBPTITIBPTIIO.

IS! 2A0! [ALL DONE.

JNP can: INO. RETURN

JNP I205 IVES. :DNTINuE

THE. JAOO IPRESET MODE INDICATOR

T1000:1000 ISLOC< Ta INCHENENTER

OAOT: 7771

05 TIBPTcTIaPToloOOOOO.

I

ITNIS IS T43 SPECIAL PIA ROUTINE FOR CLOCK SETJP

I

OLA :L

TAO ITI3°T [BRING UP EXPONENT: UPPER NANTISSA

3A aOT1

DCA °OT2 IlERO Nsa NORD

TAD POTI

AND N377D [NASN SIGN. NANTISSA

RTR IRIONT JUSTIFT EXPONENT

RAP

TAO x7603 ISET EXPONENT

SLL :NA [SET SCALING POINTER

OCA [INT

TAD ’OTI

AND NDOOT [ERASE ALL BUT U'PER NANTISSA

are. [-EfT JUSTIFT

RTR

SA POTI

TAO ITISPT: [3R1N6 IN FIRST COMPLETE NANTISSA RoRo

AND N7770 INAsA LDHER 3 BITS

RTR IRICNT JUSTIFT

RAR

IPA. TAO ’DTI ISET,CONPLETE NORD

Isz xPNT IALL SCALED.

SAP IND. SSALE

JNP IOUN IVES. 30 ON TO NEXT SECTION

RAL [SCALE BY 2

USA POTI

TAO a0T2 IdILL :ONTAIN CONPLETEO VALUE

RAL ISCALE BY 2

OCA a0T2

JNP IPA IRETURN rDR NexT SCALING

POT1: 3300

POTZ: 3000

N3770:3770

X7600:7600

xPNT. J000

N0007:JOU7

N7770:7770



[SET U’ CL

COUN: :LA

TAO

-CTR

CLA

TAO

CIA

595E

:LA

[SET UP NU

ITRN

TAD

3IA

OCA

[SET 0° :

TAD

OCA

TAD

SIA

OCA

[SeT UP I

TAO

szA

JNP

TAD

AND

TAD

OCA

JNP

0000. CLA

ITCT

CLA

TAD

OCA

TAO

CIA

00A

[SET 0’ 'O

STEHbosLA

TAO

32A

JNP

SLA

TAD

ANO

TAD

08A .

[SET 0’ PA

CECO :;A

TAD

TAO

OCA

6211

1502

6201

CA

242

OCR PARAMETERS

OLL

Tue ISELECTED TB; PRESET MODE

I.OAO CONTROL RESISTER

3LL

'OT! [SETS UP EXACT INTERVAL

T [.OAO aRESET REGISTER

3LL

NBER OF pOINTS POINTER

-II’IIITRV.I

IITRVL

[SET U3 0 POINTS

I SNO’

OF 3 SCANS POINTER

nIPTS

I S’AO

I S’AO

[SET UP A SCANS

I ANAO

)7 T SCANS POINTER

INT IZHECN TO SEE IF TEMP INFO IS DESIRED

IOU)

STENA [SET UR JHP OVER TEMP A0 INSTRUCTION

(0177

(5200

I STE"!

STENO

SLL

AII’IX(TCTAI

CLL

IITCTA

I STEH2

I STEHZ

I STEN1

3 DJJBLE PRECISION

IZD

:CL

350

(0177

£3233

RAHETER NOTO

:LL

(0177 [SET PARA HORO ADDRESS

IJP

SPPJ

ISHANSE TO DATA PIELO 1

[BRING IN PROPER PARA RORO

IJNANSE TO DATA FIELD 0

SOAIA [STORE IN PARA HOLD OF TDA ROUTINE
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I

[BEGIN DATA ACSUISITION SET

I

JR! TYPO

TAD (0177

DCA AINC

JNP I 5A0,

ANAOR NAG

3‘09: 3A09

SPAO: aAD

SNDP: NDa

STEH1:TEM1

STEHonEMZ

STEH3:JLOC

STEH4:5TEH5

CED: SEW

I

ITRIS IS T4E TDA DATA

I

PACE

-AP

I

[A PERIPHERAL CONTRD.|

0A09: NOP

NOP

[

OL09: CLCIC

TRIO

SLOPE

CCFP

OLA SLL

DCA TL53

OCA TNSS

TAD NAD

OCA -NA2

OA15: TC'L

JNP 3A1!

TRIO

CCFPO

TAO TESS

OCA TLSB

SAL

TAD TNSS

OCA TNSS

I57 .NAO

JNP OA13

TAD TLS!

NOL

TAO INS!

DVI

PAD: JDOO

CEEP 5211

3412

657: OLA ZLL

NOA

OCA 34EC(

TAD SNECN

5211

3412

TAD SPARA

3412

5201

[30 AS( FOR A '6'

[SET U’ ADDRESS OF FIRST DATA HORD

ISEDIN TDA RUN

INUNSER or SCANS POINTER TO TOA

[STARTING ADDRESS OF TDA RUN

IOIVISOR POR FLYING ANERAOE

INUNOER or POINTS POINTER

[OOuBLE PRECISION SNIP OVER LDC

ACOUSITION ROUTINE ITSELF

INSTRUCTION NAT BE INSERTED INTO OA09

[CLEAR CLOCK AND INITIALIZE COUNTER

[INITIATE PULSIN3 SEQUENCE

[CLEAR CLOCK AND DVERPLON ERROR FLAGS

CLEAR COHPBIP FLAG

IZERC LSD NORD

[ZERO N58 HORD

[SET 0’ NUMBER OF SCANS POINTER FOR THIS RUN

[TEST COHPDIP FLAG

IINITIATE PULSINS SEDUENCE

[CLEAR FLAG. GATE DRIVER

[ADD IN PREVIOUS Lsa VALUE

[SET LINK INTO LSD

[ADD IN "53

[ALL N ACOUSITIONS.

INO. RETURN FDR NORE

ITES. AVERAOEI LAST SCAN IN CONPEIP REGISTER

I-OAD AC INTO HO

[SET U’ TO DIVIDE HITH H53 IN AC

IOINIOE

[THE DIVISOR. SET UP 37 S ACOUSITIDNS

[CDT 1

[AUTO-INCREHENT AND STORE RENAINDER

[.OAD AVERAGE INTO AC

ISToRE CURRENT DATA IN OVERIJNDER RANOE CHECK L0c

IAUTO-INCREHENT AND STORE DATA

[AUTO-INCREHENT AND STORE ’ARA RORD

[CHANSE TO DATA TIELD 0
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[CHECK FOR TENPERATUNE POINTS AND TAKE IT INDICATED

JLOC: NOP

TFPOT

CLA

OCA

CLL

TLSS

OCA TNSS

TAD

OCA

ELA: TTFL

JNR

TEH1

-NAO

ELA

TFPGT

TAD

DCA

RAL

TAD

OCA

ISZ

JNP

TAD

NOL

TAD

DUI

TENZ: 0000

3LA

NRA

6211

3412

6201

TLSE

T-53

TNSS

TNSO

.NAO

ELA

TLSE

TNSO

CLL

[REPLACED BY JHP STENS IF NO T DATA TO DE TAKEN

CLEAR FLAG: GATE DRIVER. TRIGGER TEMP AID

[DISCARD PREvIOUS MEASURENENT

IzERO LSD RORD

[ZERO N58 NORO

[NJNBER or AVERAGES POINTER

[TEST TEMP FLAO

[CLEAR FLAG: GATE DRIVER: TRIGGER TEHP AID

[SET OVERFLON INTO LSD

[NOT DONE. RETURN FoR NoRE

[ALL DONE. AVERACE

[AC LOAD INTO ND

IOIvIOE

[TNE DINISOR. SET UP ET I OF SCANS

[AC LOAD FROR HO

[AUTO-INCRERENT AND STORE T DATA

[BEGIN CHECK ROUTINE FOR RANOE ONERFLOJ

STEHSATAD 34EC<

SPA

JNP

TAD (7700

EPA

JNPI PFII1

JNP

SARA: TAD (0100

SNA

JNPI PFIX2

I

[A PERIPHERAL CONTROJ

0A17: NOP

I

I52 NDP

SKP

JNPI DAID

ONE: 5(PO:

JNP 3N5

SNPOE

JNP OLD?

JNPI PAET7

TLSB: 4000

THSB: 1900

NAG: JDOD

LNAO: JDDO

NDPC 9500

SARA

OA17

OA19. DTOUT

CHECK:JOOD

PFIX1:37IX1

PFIXE:OFIX

TENl: JqUD

2

PALT7::ALT7

[READ IN CURRENT NEASUSENENT

[AC N53. GO CHECN FOR OVERRANGE

[TEST 'OR AC>0077

[AC(0017. GO FIX

[IS A/D NEAR FULL SCALE.

IVES: GO FIX

INSTRUCTION MAY BE INSERTED INTO OA17

’Na: ALL DATA POINTS VET:

IND: CONTINUE

IVES: OUTPUT

[SKIP 3N CLOCK ONERFLDH

[SAIP ON ONERFLON ERROR

[NO ERROR. RETURN FOR NEXT POINT

[OO INDICATE CLDCNINO ERROR

[-0c 07 FLYING ADD LSD

[-Oc OE FLYING ADD H58

[NUMBER OF ACOUSITIONS POINTER

[SECONES RESETTASLE C ACOJISITIONS POINTER

[NUMBER of DATA POINTS POINTER

[OUTPUT ROUTINE ADDRESS

[CURRENT HEASURENENT TO SE CHECKED FOR OVER/UNDER RANGE

[ADDRESS OF INCREASED RCELL CDNPENSATDR ROUTINE

[ADDRESS OF DECREASED RCE.L CDNPENSATOR ROUTINE

[CONTAINS I or TEMP POINTS POINTER

ICLDCAIND ERROR INDICATIN3 ROUTINE LOO
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I

[THIS ROUTINE RESETS TNE STSTEH TO COMPENSATE FOR INCREASED RCELL

PAGE

EAP

O'II1:3LA

TAD

TAD

SNA

JHP

0'2: TAD

DOA

3LA

TAD

JNP

0'12: SLA

TAD

TAD

SZA

JNP

OLA

TAD

OCA

JNP

OGA: 35A

TAO

RAL

SZL

JNP

DOA

IAC

JNP

0'14: SLA

TAD

RAL

DOA

TAD

JRP

SLL

JNITS

OFIOOO

OFIZ

37400

JNITS

OLL

37760

3A2!

SLL

IVP

(7570

GOA

SLL

(4010

IVP

3P2

SLL

aNP

OFIA

aqp

OA20

OLL

IVP

IVP

3000A

3A20

INININJH OFFSET.

IVES. OD RESET PR

[ND.'SET 1 LESS UNIT

[:UT 1 OFFSET UNIT VALUE

[CREOR FOR RAx GAIN SITUATION

[RETURNS D Ac AT NAx GAIN

[NOT AT NAx OAIN. CONTINUE

[NEU'I/V Ir NAx GAIN

[RENOvE LAST OFFSET UNIT. SET PARA

[INcREASE PR IF POSSIBLE

[ODNE TOO EAR:

IVES. :RECK RAIN

INO: pd SET! STONE

[ADDI

[INCREASE GAIN IF POSSIBLE

[INCREASE GAIN VALUE IN PARA NDRD

I

[THIS ROUTINE RESETS THE SYSTEM TO COMPENSATE FOR DECREASED RCELL

I

OEIx2:3LA

TAD

TAD

SZA

JNP

OLA

TAD

OCA

DOB: 3.A

TAD

TAD

SNA

JNP

TAD

DOA

SLA

TAD

JNP

0'21: 3-A

:LL

IVP

(3770

308

SLL

(0210

IVP

SLL

JNITS

15400

OT2I

OZDDD

JNITS

OLL

ODDZD

OAZI

OLL

ISNECK FOR PREVIOUS 0 OFFSET

[RETURNS 0 Ac AT PREVIOUS 0 OFFSET

[NOT AT D. CONTINUE

[NEU'I/V SETTING

[NAxINJH OFFSET.

’TES. 30 RESET GRIN

’Nao SET 1 "ORE UNIT

IJNITS INCREHENTER FOR PARA dORD
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0'22:

[BEGIN RESET ROUTINES.

TAD

RAR

52L

JNP

OCA

TAD

JNP

OLA

TAD

RAR

DCA

TAO

TAD

SNA

JNS

5(P

4LT

3LA

:NA

JNP

IVP

3F22

IVP

37774

3A22

SLL

PRP

OHP

”RP

37400

I 0'19

SLL

3A22

246

[DECREASE GAIN IF FOSSIBLE

[GONE TO FAR.

IVES. 30 LONE“ PR IF POSSIBLE

IND. STORE

[DECREASE PH IF °DSSIBLE

I3DNE TOO FAR.

[30 T3 SUBSCALE NARNING ROUTINE

[125. STOP

[NO. SET UP

[-1

EXECUTED AFTER RETURN FROM GFIX ROUTINE

[ROUTINE T) RESET AFTER aETJRN FROH DFIXI FROH PH. GAIN CHANGES

OAZO.

[THIS

0‘21:

[TRIS

OA22:

[THIS

0A23:

0A24:

0‘25:

TAn

AND

TAD

DCA

TAD

:.

JNP

SPARA

32HS(

30240

SPARA

32400

JNITS

3A2!

[RESET PARA HDRD oN RETURN FRON FIX

[REsET OFFSET UNITS IN PARA NDRD

[SET OFFSET UNITS I to IN PARA NDRD

[SET UNITS POINTER - 10 OFFSET UNITS

[3O LATCH CIRCUIT

IS RETURN ROUTINE FOR RESET OF UNITS ONLT

TAD

DOA

JNP

saARA

SPARA

OA24

[RESET PARA HORD

[3D LATCH UNITS

IS TRE RETURN ROUTINE FOR OFIXZ FROM PH, GAIN CHANGES

TAO

AND

TAD

DCA

TAD

OCA

SPAR.

:2NS<

-0020

SPARA

27000

JNITS

[RESET PARA UORD

[REsET OFFSET UNITS IN PARA NORD

[SET OFFSET UNITS O 1 IN PARA 4000

[SET OFFSET UNITS POINTER s 1 OFFSET UNIT

ROUTINE RESETS CONPBIP FOR NEH PARANETERS

3;A

TAD

TAD

.PHH

OLA

TAD

TAD

3.A

JNPI

O7OOD:7"OD

02400:2400

002400.240

OZHSK:7417

L0020. .020

02000:?“00

077DD:7760

00004:;004

07400.7400

OLL

34p

’dP

OLL

IVP

JNITS

SLL

DFIO

[RESET PH. PH

[.0TCH PH. PH

[RESET UNITS. OFFSET DECADE. GAIN

[-ATCN

[RETURN TO RAIN PROD

[JIvEs OFFSET UNITS - 1

[IO OF=sET UNITS VALUE TO CDNPBIP

[PARA dDRD In OFFSET UNITS INDICATOR

[PARA JDRD OFFSET UNITS VALuE NASK

[I OFFSET UNIT VALUE TO CONPBI’

IJNITS INCREHENTER

[PARA dDRD OFFSET UNITS DECREHENTER

[PARA dDRD GAIN INCRENENTER

[RN UNDERRANOE CNECR
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S N5400.3.Oo [OFFSET DVERRANGE CHECK

S 00020.4020 [PARA JORO OFFSET INCREHENTER

s 07774.7774 [PARA dORD GAIN DECRENENTER

SOF1000.1"00 ININ OFFSET IPII CHECK

S 0'15. 3.17

: OF19. FALTz ISUBSCALE HARNIN3 ROUTINE

I

S [SUOPROSRAN OTOUT

S ITHIS SECTION SETS UP.TNE TRANSFER To THE ANALYSIS ROUTINE

S I

3 OTOUTOSLA SLL

NARAIZOASIINT

NARAIZOAAI-ITRIL

NARAczoAST-LO

NARAczoosIIIPTs

CALL RTAPEI1.I9L(.BOAO.NARAI

:ALL EXIT

I

[SUBPROSRAN FA;T1

[THIS SUBPRDGRAH INDICATES THAT CELL CONO IS VERY LON

I

FALTlazLA SLL

ARITEI1.IAIPR

4 FORMATII.TERROR 1 AT P4 - '.F6.3.' HSEC'I

:LA :LL

JNP I PAF1

PRFIO RN

I

[SUBROJTINE FALTZ

[THIS SJRROUTINE INDICATES CELL CDND TOO NICN

I

FRLTZOJDOO

SLA :LL

dRITEI1.15IPN . ‘

5 FDRHATII.IERR3R 2 AT Pd . '.F6.3.' NSECII

OLA OLL

ISZ ’ALT2 [SET TO RETURN TO MAIN FROG P 1

'17. JNP I FELT?

I

ISUBPRJSRAN FACT?

[THIS SJBPRDGRAM INDICATES THAT ONE OVERFLOH OF CLOCR TIMING

IHAS OZCURRED DURTN3 TDA - A FATAL ERROR HHICH RALTS THE PROGRAM

F‘LT’Oag‘ :LL

dRITEI1.117I

17 FORNATI[.o§qR3R 7')

4LT

I

ISUBROJTINE SETU°

[THIS SJBRDJTINE SETS NECESSARY PARAMETERS FOR AVERASINO

IA SERIES 3' SSANSI AND SETS PROPER PH. AND INSTRUNENT PARAMETERS

O
G
O
W
U
I
I
D
U
D
H

m
u
m
m
a
n
n
a
"
.
.
.

“
C
D
O
O
O
C
U
U
U
P

u
n
a
u
t
-

I

SETUPOJODO

REAOII.TIAPU.APTS.LO

7 FORNATI'AT RRAT Pd. IRSECII '.EIS.B.I.'NJNOER OF G SCANS T0 AVER

PAGE: '.E16.B.I.'JDU3LE PRECISION. I1'T.O'NII'.ISI

JRITEI1.309) .

309 FORMATI'TTPE ERPERINENTAL INFO ISNTRL 0 TO ENOII'.II

3 TEI1. :LA SLL

S TEIZ. (SF INEYSDARD STRUCK YET.
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(
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“
N
D

S
Q
U
I

I
.

TEI3.

TEIQ.

10

11

H7.

H0.

H“.

JNP

(RD

TL!

TAD

SZA

JNP

JNP

7571

OLA :LL

J'UI

lx-.OOA

XXIXKOlfl.

TEIO

TEIO

TEII

TEIA

248

[NO CHECR AGAIN

IVES. READ CHARACTER

[ECHO IT ON PRINTER

[-207

[I5 IT IN ALT MODE.

IND. RETURN FOR NORE

IVES. CONTINUE IN NEXT ROUTINE

[-207

IFIA’H'XII11.11.10

JPIJP-I

DO TO 9

IRTSIIFIXIAPTS)

OLA 3L

NIH8IPH'IJE)

TAD ININ

OCA RRP

NIT-IIV'IJEI

TAD INII

OCA IVP

NIHIIPH’IJPI

TAO INIR

DOA 3UP

VIUIIUNITIJPI

TAD INIJ

OCA JNITS

TAD IVP

TAD JNITS

-IvD

ISZ

JNP

ISZ

JNP

OLA

TAD

TAO

59"“

IS!

JNP

ISZ ASET

JNP 4R

3-A 3z

JNP I‘SETUP

ASET

.E

ASET

4r

SLL

PNP

’HP

ASET

d3

I

ISUBROJTINE TYPO

[THIS SJRROJTINE REAOS IT? AND CHECKS FOR A ‘6'

I

TYPGO

AR.

AS.

TAD V7471

SZA

JNP AA

JNP I TYPO

V7471.7A71

I.OAO PR

/-OAO I/v. OFFSET DECADE

I-OAO PR

I-OAD OFFSET UNITS

I-ATDH OFFSET. IIN

[.A;T FOR RELAYS TO SETTLE

/-RTCH PH. PH

INAIT FOR RELAYS TO SETTLE

IRETURN TO HAIN FROG

I

YES '3' IO START'I

I(EYSOARD STRUCK YET.

INO. CNECK AGAIN

IVES. READ CHARACTER

[ACKNONLEDGE IT ON PRINTER

ISJOTRACT 307

IIS IT A.”D'.

INO. 33 CHECK AGAIN

ITEs. RETURN TO NAIN PRosiAn

[-307
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CODE.

061.

NSKI.

062.

063.

HSKE.

SDC7774.

3 HSKO.

3067760.

S DOG.

B0

311

312

[

[SUBROJTINE OCOOE

ITHIS SJBROJTINE OECJOES PARANETER HORDS ANO CONRUTES

[PH.RV.XUNI.ES.RCELL.ANJ c:E.L. IT NUST BE ENTERED HITH PARA HORD IN Ac

[PARA AJRD FDRNATI

JDOD

OOA SPPJ

NONI-O.

’NI.OOS

Rv-IOOOO.

TAO SPPJ

AND NSKI'

03A SPPd

TAD SPPN

SNA

JNP ocz

:LA OLL

a“"4.1oo

ONA

TAD SPPN

JNP OD1

3003

TAD SPPJ

ANO NSNZ

OA SPPd

TAO SOP.

SNA

JNP OCA

3LA OLL

RVIRV010.

TAO 0:777.

TAD SPPA

JNP DDS

3314

7774

TAD SPPJ

AND NSKS

DOA SPPN

TAO SPPd

SNA

JNP ODO

OLA :LL

EUNIOIUNIOI.

TAD 987750

TAD SPPN

JNP OCS

3360

7760

3LA ZLL

249

FIRST 4 BITS (H53) ARE UNUSED

NEIT A BITS FOR JNITS VALUE (BINARY 1'10)

NEST 2 BITS FOR OAIN INFO (BINARY VALUE 003’

EST 2 BITS FOR aH INFO (BINARY 1-3)

[STORE PARA HORD

[NASA ALL BUT PH BITS

[ALLSET.

ITEs, CONTINUE

IND. ADJUST

IAOD -1

ISET Ua NEXT ITERATION

INASN ALL BUT PH BITS

INASR ALL BUT GAIN BITS

IALL'SET.

’YES. :ONTINUE

/N°.'A°JUST

[SET U, NEXT ITERATION

INAS( FOR ALL BUT GAIN BITS

IOAIN OEINCREHENTER

INASK ALL BUT OFFSET UNITS BITS

IALL SET.

IVES. :ONTINUE

[NO. ADJUST

ISET JR FOR NEXT ITERATION

INAS< FOR ALL BUT UNITS BITS

IJNITS DEINCREHENTER

ESIIZOI12.5I‘096.)°6.25)

IFILD)312.312.511

ESL'IZL'I12.5I4095.IOO.25IIAPTS

ESIESOES.

RCEL.IP4II(ESIRVIPI(10.0XUNIIIRVI)

:CEL-I10/QSELL

OLA OLL

JNP I DCODE

END
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IPIOGRAN NANEI

[FORTRAN-SARR. REITN J. CASERTA

CSFSLT.FT

SIR/7A

[THIS PROGRAN RUNS RITN A~V ONE OF FOUR OPTIONSI

IISEARCR A PREVIOUS FILE GENERATEO HITH THIS PROGRAM

AICALCJLATE NAXINUN AND NININuN ERROR

SICALCJLATE AVERAGE ERROR

OIOuTPJT THE DATA SET ON THE LPT

ZIPLOT A PR5VIOUS-Y SENERATED FILE

AICALOJLATE AND OUTPUT MAXIMUM ERROR

DIREOUEST SCOPE SCALING PARANETERS

SIPLDT POINTS dITHIN LIMITS

3ICON'ARISON RJN

AIREOUEST NuNaER OF AVERAGES

OIPERFJRR PRE-ININARN SCAN. OUTPJTTING A *.~ HHEN DONE

:IREOJEST REA- R FOR I AXIS (AS .OGIRII

OIDPERATOR SE-ECTS OPTION:

NEASURE

NEASURE

ANO AVERAGE INPUT SCANS OF THE STANDARD

AND AVERAGE INPUT SCANS OF THE COMPARISON

RESET X AXIS VALUE

30 ON TO NEXT VALUE. STORING CURRENT DATA

:HANGE 34

END NEASJREHENT AND SELECT O’TION

OUTPUT'ERROR

RIVARIASLE INCRENENT PJLSING

AIPERFJRN ’RELININARN SCAN. OUTPUTTINO A ".I HHEN DONE

SIREOUEST INTERVAL. USED AS X AXIS (AS LOGIINTERVALI)

SIOPERATOR s

AOOJIREO AS 1000 SCANS AT THE CHOSEN INTERVAL

COMMON DARv,NARA

DIMENSION DARTI2.501.NARA(2I

OPDE’

OPDE’

OPDEF

OPDEF

OPDE’

SNPO’

OPDEF

OPDE’

SNPD’

OPOE'

OPDE’

OEDE’

OPOE’

OPOE’

flflfiE?

OPOE’

OPDEr

OPDE’

330E?

OPDEE

OPDE’

June:

OPDEF

OPDE’

SRPDF

S<PD’

OPDEF

S(PD’

SRPD’

OPDE'

SCFP.

SCOR

SCFPO

ECP]

SCFOO

TCFL

TOST

TRIG

TTFL

LIVO

-PHH

ET°I

STFPG

TTAo

TFPGT

TIT

-PseT

SLCL

ICNTR

:LCIC

LCNTR

RCTRL

RCNTR

LCTRL

SKPDF

SKPoE

SLOFE

SNPTO

SKTgE

SLTOE

6321

6322

6323

6324

6327

6331

6332

633A

6341

6342

634A

6351

6352

6354

6356

6361

6121

6122

6123

612.

6125

6126

6127

6131

6132

6133

6134

6135

6136

6137

cTs OPTION As IN (D) ABOVE BUT DATA Is

THIS aROGRAN Is OASICA.LT DESIGNED FOR ACCURACY DETERMINATIONS

[CLEAR CONO FLAG. CLEAR PI ENABLE

[GATE CONDUCTANCE DRIVER

[CCFP - SCOR

[ENABLE CONO PROGRAN INTERRuPT

[CCFP - 3COR . ECPI

[TEST CONDUCTANCE FLAG

[TURN OFF SEOUENOE TRIGGER

[TRIGGER SEQUENCE

[TEST TENPERATURE FLAG

[LATCH IIV. OFFSET

[LATCH PR. PH

[ENABLE TENP PROORAH INTERRUPT

[CLEAR TEMP FLAG. PI ENABLE, GATE DRIVER

[TRIGGER TEMP A/D CONVERSION

ICTFPG o TTAD

[TITRATE

[LOAO THE CLOcK PRESET REGISTER

[CLEAR TNE CLOCK

[INITIALIZE THE COUNTER

[CLEAR C.OCK AND INITIALIZE COUNTER

[LATCH TNE COUNTER

[READ THE COUNTER LATCN

[READ THE COUNTER

[LOAO CONTROL REGISTER

[SKIP ON OVERFLDJ

[SKIP ON OVERFLON ERROR

[CLEAR OVERFLON AND OVERFLON ERROR FLAGS

[SKIP ON TIME BASE FLAG

[SKIP ON TIME BASE ERROR FLAG

[CLEAR T.a. ANO T.B. ERROR FLAGS
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O-OEP
sans,

OROE'

OPDEF

O-OEF

OPOEP

OPOEF

OPDE’

OPDE'

OPOEP

OPOEP

OPOEP
AOSVN

Aaqu

AESVN

Aasvn

BOSYN

AESYN

NUY

OVI

NNI

SHL

ASR

LSR

NOL

SCL

SCA

NOA

ERASE

STORE

a”:

In.

IVP

JNITS

ASET

SPARA

7A0§

7A07

7A11

7A1:

7415

7A17

7A2;

7A0;

7.01

7501

6034

6057

0074

0075

0075

0077

0100

0101

25]

INULTIPLY

[DIVIOE

INORHALIZE

[SHIFT LEFT

[ARITHMETIC SHIFT RIGHT

[LOGICAL SHIFT RIGHT

[LOAD HU.TIPLIER OUDTIENT

[STEP COUNTER LOAD FRDN HEHORV

[STEP COUNTER LOAD INTO AC

[NO LOAD INTO AC

[ERASE DISPLAY SCOPE

[SET SCOPE IN STORE NDDE

[PH POINTER

[PH POINTER

IIIV POINTER

[OFFSET JNITS POINTER

[GENERAL POINTER

IPARAHETER POINTER

[INDIRECT ADDRESS IN FIELD 1 POINTER

[INDIRECT ADDRESS IN FIELD 1 FOINTER

AERYN SPPU 0102

AESYN SP’H 0103

:
0
0
.
»
u
u
u
u
a
u
a
u
u
a
u
a
u
m
a
u
u
u
o
u
u
a
u

I

I

IPROGRAN BEGINS HITH FIRST OPTION SELECTION

I

I

NTID

172 .RITE¢1.372)NT.

.72 ’OPHATII.'SEAR:H PREVIOUS FILE . 2'.I.'PLOT PREVIOUS FILE . 1'.I

P.’START CONPARISON A D'./.'VARIA8LE INCREHENT PULSING P -1T'-IDI

aEADI1.151IJO

161 'ORNATIISI

IFIJ33150.160.159

159 READII.15.IJ

153 FORHATI°FIR5T 3L03430.ISI

3ALL RTAPEI1.J.37A.OARTI

IFINARAIZII380.331.301

300 ARITEI1.3821

382 PORNATI'THIS I3 A CORPARISON FILE'./)

30 TO 39.

301 RRITEI1.363I

363 FORHATI'THIS IS A VARIABLE PULSINC FILEv.[I

OCA IINARAIII

IFIJO-2)619.502.SJZ

.19 JO-NARAIZI

S OLA :LL

S JNS AOUT

S JNS TOUT

S OLA OLL

39 TO 69

:60 OONTINUE

I

3 [BEGIN THE PRELININART SCAN SEDUENCE

S I

3 PNNT. :LA :LL '

S OCA PUP [SET Pd AT 0.01 NSEC

REAOI1.7)94

7 TDRHATI'PH INSECII'.E12.6I

IFIJOIRS7.PRR.ROB

900 REAOII.BSBI<O

909 FORRATI'AVERAOESI'.I5)

’07 IXP.OO1

. NXIXllio.
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[VIDA-IXI11SI1010

.100 c-‘ :LL

TAO 3H9

TAO (0130

OCA ’UP

JRP I0

I110 3LA 3LL

OCA SPARA

TAO APHR

3A RHP

TAO AIV'

DCA IVP

TAD AJNIT

DOA JNITS

AAJA IAC

.IVO

HA. Isz AsET

JNE JA

HT: I32 ASST

JND JV

[SET'P4 TO PROPER VALuE

[INcRENENT Pu

[SET P4 POINTER

[SET I/V POINTER

[SET'UNITS POINTER

IJ'FSETOOI I/va INA-10v

[.ATOH OFFSET-OI Ilvs 1 NA-10v

INlIT TOR RELAYS TO SETTLE

[

[SET U3 nausea PULSE HEIGHT

AD. 3-A 3L

7‘0 ’4’

QAL

32L

J!’ I O3AIN

DOA an»

IAC

IND 5°NQA

3| S’lal

TAO 3”“

TAO ’dP

L’HH

HE. IS! ASET

JNP 43

H2. I52 ABET

J19 42

2.4 3LL

TQIG

‘E. TC'L

JNP IE

:zrpy

IAC

SNA

JWP 3"

JNP AD

APHPA J400

‘IVPO 3401

AUNITA7400

OGAIN03AIN

I

[SuBPROSRAH GAIN

[RH POINTER

[SET PR INSTRUCTION

"‘X 94 YET.

[TEs.INCREASE GAIN OF I/V

[NO.CONTINUE

[A00 1

[A00 P4 INFO TO RARA HORO

[SET Pd

[-ATCH PH.PH

INAIT ='OR RELAYS TO SETTLE

[PULSE TRIGGER

[TEST ’LAG

:LEAR FLAGoGATE DRIVER

OHECN INPUT

[IS A/O NEARLY PEGGEO.

[vEs. A00 OFFSET

[NO.IN:REASE PH

[RH ROINTER

[Ilv POINTER

IJNITS POINTER

[ADDRESS OF ADO 3AIN ROUTINE

[THIS SJRPROORAH TNC‘EASES GAIN OF I[v AMP

I

G‘DNOCb‘ C.L

TAD IVP

QAL

82L

-J4P I PT:

OCA IVP

lI/v aOINTER

[SET I[v INSTRUCTION

[IS HAx OAIN APPLIED.

ITESAGD TELL

[N0.CONTINUE



NC.

on

A'o

PTAA

CAPT.

TAO OAPT

TAO SPARA

DSA IPARA

TAO IVP

ANO 10077

I52 ASET

JNP 4:

I52 ASET

JHP d!

OLA

TRIG

TSFL

JHP AF

OCFPO

IAC

SNA

JHP OFF

JNP OAIY

JOOA '

H0077AJD77

'TCA

I

[SUBPRJSRAN OFFSET

’ALTI

253

"
0
°

«
a

‘
0
‘ TER

RDPER SAIN VALUE\
\

v
)
,

[ERASE OUHHY POINTER

I.ATOH.OFFSET'0I I[v

INAIT FOR RELAYS TO SETTLE

[RULSE TRIGGER

[TEsT FLAG

[3LEAR FLAOAOATE DRIVER

I:REC( INPUT

[[5 A[O NEARLY PEGGED.

[TES'AOO OFFsET

[N0. INCREASE I[v GAIN

[OATN ROINTER TO PARA HoRo

I1A54

[RARNINO ROUTINE 1

[THIS SJBPROBRAM APREIES OFFSET CURRENT

I

OFFO

A“.

AA].

ND.

NJ.

HUA

AHA

3LA 3LL

TAD A911

OCA J11

TAD IVP

AND NDOTT

03A IVP

TAD IVP

RTL

RTL

TAD IVP

03A IVP

SEA SLL

I52 J11

J19 AAI

JNP I PTD

TAD NJPT

TAD SOARA

OCA S’ARA

TAD 47430

TAO JNITS

DC JNITS

TAD IVP

TAD JVITS

-IVO

ISZ ASET

JR“ #0

I52 ASET

J‘P JJ

IS? ASET

JYP JJ

3;‘ SLL

TRIO

TSFL

J‘P A4

SCFPD

IAC

[SET UNITS INCRENENTER

[SRINO IN CURRENT SCALE

[RAs< OUHHY POINTeR

[STORE

[SET'Ua OFFSET CURRENT DECADE SCALE

[SET I/V. OFFSET OECAOE

[STORE

[IS NAXIMUH OFFSET APPLIED.

IND. CDNTINUE

[vEs. TELL DEFAU'T

[SET OFFSET POINTER To PARA NORD

IADD IN PARA HORD

[SET OFFSET UNITS POINTER

[ADD PREVIOUS OFFSET

ISET OFFSET! I/V NORD

[.ATOH OFFSETA I[v

IJATT roR RELAYS TO SETTLE

I’ULSE TRIGGER

[TEST FLAG

:LEAR FLAG. GATE DRIVER

[:Hecx INPUT



IUPTA

A0110

U110

PTDA

AN.

a
u
u
u
u
a
a
a
u
o
u
.

.
H

. .
5

‘

I

TOUT.

H
“
“
M
Q
T
D
D

032

ASA

433

a
t
.
“
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SNA [AID PEOOEO.

JHP A0 IVES. AOO HORE OFFSET

JRP AN

0120 [OFFSET POINTER TO PARA HORo

7769 [-11

DRDD [JNITS INCRENENTER

FALTZ

"007703077

V7‘0007400

OLA OLL

dRITEIi-AOI

'OQHATIIQTQTA

ISTI<I0

J3TI<IO

IFIHTITZOAOOAESS

03 656 I'lASO '

3LA :LL

JNS O°SRN

CLA OLL

CONTINUE

OLA :LL

JNS AOUT

JNS TOUT

OLA OLL

IO TO 162

READI1.67IJ

ngqu(TQESYARTOO.REDDRDI'1|‘AISI

IFIJ3163.69.69

REAOIIAISAIJ

FORHATI'FIRST SLOOATI.I5I

NARAIII'I

YARAIZI'JO

OALL HTAIEIIAJAJ7AADARY)

30 TO 69

[

[SUBROJTINE TDJT

[THIS SJBROJTINE PLOTS DATA

OOOO

OLA :LL

REAOTI.IIU°O.R..R4

FORHATc'vnAxuv.EIS.o.[.'xHIN:'.EIA.O.[ovaAxt'.E10.OT

RH-A.OGIRHI[2.303

RLOA-OGIRLI[2.303

YSCA.IZOA7.[U°J

ASOA.-2347.[IRR-R-I

DO 3 J'IAI

itOARYIIIJI

YIDARYIZAJ)

IFIv-OPOIAOA.AIA.5

l-ALOOIKI12.303

’YIYPYSOAL

’IOIl-R.IOXSCA.

ITAIFIRIPTI

Ix-IleI'XI

:ALL XYSTIIIAIT)

CALL XYEND

CONTINUE

OLA OLL

JNP I TOJT



255

[

[SUBROJTINE ORsHN

[THIS SJOROJTINE ALLJHS THE SELECTION OF THE DATA OPTION

[

0'.H~0J000

3LA OLL

333 dRITEIi-ORAIJ

994 FORHATIIOI

IFIJDIOSAAOOSSSOS

664 TEADI1o301ITI3’T

101 FO'HATI'INTERVAL (NIOROSECSIT'ASLOASI

. DARYIIAII-TIORT

TIBRTITISPTIA.56

S O-A OLL

S JNS STC<

9 :LA 3-L

30 TO 72!

56! READI1ASIIDARYI10II

91 FORHATI'R A '.EIA.OI

720 [RITEIIATZRIJA

729 FORNATI'I'alD)

OLA OLL

KIHA (SF

JHP (IN

(RE

TLS

OIA

OCA 4

TAO 4'

TAD I 17 [3

SNA [OUT’UT ERROR.

JHR DJER [YESA 30

3LA OLL

TAO RLD

TAD (039! [3

SNA [SHANRE PH.

J'IP :PH [155. 30

OLA OLL

TAD 4L0

TAO I03?! I

52A

JNP (TS

OLA OLL

IFIJRIGTAA1620A62

KTSA 3LA SOL

TAD 4L0

TAD (0310 [N

SZA

JNP (TT

JHP I O’SHN

KTTA SLA SLL

TAD 4L0

TAD (0322 [R

SVA IREREAD RA

JHP :23! [T55. 30

3LA OLL

TAO R-D

TAO (0323 [S

SNA [TAKE STANDARD.

JHP sTND IVES! 30

O‘A OLL IND. TANE DATA

IFIJOIGGTAOGIASOS



3 .0670

S

S IGORA

0.9

I OUBRA

471

S CPUA

S

3

S STNDA

S I670.

S

3 .6710

S72

8 HLDO

256

JNS AVID

OLA OLL

3O TO 060

JR! ANERO

DARTIO.II-AOSIIS-RGELLIIS)

GO TO 720

OLA OLL

ARTTEI1.ATTIDARTI2.II

'O‘N‘t‘IOTE‘ 3 '051605’

GO TO 720

OLA OLL

STII

OL OLL

JNI RNNT

GLA OLL

IFIJOIOT0.0TI.STI

JNS ANIO ' [OO AvERAGE 1000 SINGLE SCANS

OLA OLL

30 TO 072

JNS ANERO

SIRCELL

OD TO 720

GOOD

3 I

S [SUBRDJTINE AOJT

S [THIS SJOROJTINE JUST FIONS OP SOME VALUES

S [

S AOUTO

152

69

‘4

I

STCKA

202

I203.

204

3000

‘WAI'D‘QVI201’

00 6‘ J'SOI

IFIXRAX°DARYIZOJII5506‘o64

KNAXIOARYI2.J)

:ONTIVUi ,

dRITECiASOIXHAI

'ORNATII.'NAX ER -

3LA OLL

JNR I ADJT

'AE16.OI

[

[SUBPROORAN SETCLK

[THIS RROORAH AETs TRE :LDCR FRON THE PERIOD INPUT FROM THE TTY

[IT CONTAINS ITS odN FIN ROUTINE TO INSURE AGAINST

[FORTRAN FIN ERRORS

[ANY TINE INTERVAL FRON I NIOROSECOND TO 40000 SECONDS

[MAY BE TNROT

JDOU

:-A :LL

TAD AT";

03‘ TNB

TAD SCTZ

OCA SCTS

IFITIBPTIOOU‘I20‘A2031203

[SET 0’ PRESET NODE INDICATOR

[SET U. TB POINTER

TAO THO [:LOO< PRESET HODE INDICATOR

TAO T1030 [:LOOA TO INCREHENTER

DOA TNS

TIOPT-TISPTIIO.

IS! SOTO [ALL DONE.

JNP I202 [NO. RETURN

TIBPTITIOPTAIDDOODO.
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I

[SPECIA- FIN ROUTINE FOR CLDSN SETUP

I

OLA OLL

TAD ITISRT [SRING UP EXPDNENTA UPPER HANTISSA

DOA ’OTI

OCA ROTZ [ZERO NS! NORD

TAO ROTI

ANO N3770 [SASS SIGN. HANTISSA

RTR [RIOHT JUSTIFY ENPONENT

RAR

TAO (7630 [SET’EAPONENT

OLL ONA [SET SCALING POINTER

CA CONT

TAO ’OTI

AND N00O7 IERASE ALL BUT U’PER HANTISSA

RTR I-EFT JUSTIFY

RTR

DOA ’OTI

TAD OTISPTO [SRINO IN FIRST OOHPLeTE HARTISsA HoRD

AND N777O [NASA LONER 3 BITS

RTR [RIGHT JUSTIPY

RAR .

SCTA. TAO ROTI' ISET CONPLETE HORD

I32 IPNT [ALL SOALED.

SRP INC. SCALE

JNP SOTO ITES. GO ON TO NExT SECTION

RAL [SCALE BY 2

OCA ROTI ,

TAD ROTz [NILL CONTAIN CONPLETED vALuE

RAL [SCALE OT 2

OCA ROTZ

JNP.SCTA [RETURN FOR NEXT sCALINO

ATHB. )ROO IRRE$ET HODE INDICATOR

THO. Onoo

T1000.Inno OLOCA TO INCRENENTER

SCTZ. 7771 [TO POINTER

SCT3O JDDD

POTIO 1000

POT2. JOoo

"377003770

x7AOO.7000

XPNTO JDOD

N00070J007

N77700777D

SETS: SEA SLL

TAO TNO [SELECTED TBT PRESET MODE

.CTR- [-OAO OONTROL REGISTER

OLA OLL

TAD aOTZ [SETS JP EXACT INTERVAL

OIA

LPSET [.DAD ’RESET REGISTER

JHP I STOK

I

[THIS IS TO; RauTINE NRICH TAKES 1000 NEASURENENTS AT AN INPUT

[INTERNAL APART AND AVERAGES THEN

I

aAGE

AVlOO «“00

OLA OLL

‘DCA TLSS [ZERO LEAST SIGNIFICANT SITS

00A TNSS [IERD NDST SIGNIFICANT BITS



N00

TAO (7000

OCA ASET

TRIO

OLOFS

CCFP

TCFL

JHP IR

CLOIC

OCFPO‘

258

[-012

I’ULSE

CLEAR CLOCK FLAOS

[CLEAR COHPOIF FLAG

ITEST :ONPOIP FLAG

[SLEAR CLOCK. INITIALIZE COUNTER

[SLBAR COHPSIP FLAG, RATE DRIVER

TAO TLSS

OCA TESS

RAL

TAO TNSS

OCA TNSS

ISZ ASET

SKP

JNP NT

x3. SRPO’

JHP IS

JNP IO

TLSBO 0000

THSSO GOOD

AT. 3L CLL

TAD TLSS

NDL

TAO TNSS

ON!

1900 ITHE DIVISOR. 512

TAD (4030

cLL

OCA IJSTIK

NOA

TAO (4000

OCA IISTIK

ZSFLOATIISTIN)

ZZOF-OAT(JSTI<I

(00512

TAD SPARA

JHS DCODE

OLA OLL

dRITEI1.21IRCE.L

1 FORHAT([.9R I '.EI0.0.[I

0ARTI2.II-RCELa

3LA OLL

JNP I AV10

[NATT fOR CLOCK FLAG

[RETURN FOR NORE

[THIS SECTION OUTRUTS TRE DATA STORED ON TAPE

[AND FIan THE MAxINJH. NININuH. AND AVERAGE ERRORS OF THAT DATA.

S I

902 REAOI1.SOOIJ

503 FORMAT!°NAx-HIN-1.AvSRAOEnO.OUTPJT--1u'.ISI

IFIJI504.SOS.SOR

’04 9° ’07 J'lAI

ARITEIO.SOOIOARTI1.JI.OARTI2.JI

’00 FORMATISlo'X P 'AEIOAOASXA'ER I 'gE16.0)

SOT CONTINUE

30 TO 920

S09 TOT-O.

DO 506 J'10I

TOT-TOToOARNI2.JI

SOO CONTINUE

TOT-TOTITLOATIII

S

S

S I

S

S
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dRITEI1.522)TOT

922 FORHATI[.TAVERAGE I '.S10.0I

GO TO 520

900 INAxIOARVc2.1)

'NTNSUASVIZOII

TNAXIOARVII.II

. TNIN'OARYIIOII

910 00 SIS J-2.I

IFIxNAx-OARv(2.JII911.912.SIO

911 NNANIDARVI2.JI

YRANIOARVI1.JI

GO TO 919

912 IFIDARV(2.JI-NNIN>S1S.319.519

SIS NNINIOARYI2.JI

THIN-OARVII.JI

SIS CONTINUE

4RITEI1.914IXNAx-V*A'o'HI"-'"'"

914 FORHAT([.TNAX ER I '.EI0.0.' AT A I '.E10.0.I.'RIN ER I '.E16.0.

0' AT x I '.E16.SI

920 REAOI1.521IJ

921 FORHATI'OPTIONSII.R5STARTIOIv.ISI

3 IFIJIbROSSOSOZ

I

: [THIS ROUTINE IERFORNS THE AVERAGE OF AN INPUT NUNSER OF SCANS

I

S AVER000100

S AU. 3LA SLL

NTI-I

S OLA OLL _

S TAO I40 [SET UP OIVISOR

S CA NSAR

S TAD ARD [SET 0’ O OF POINTS POINTER

S OIA - .

S DOA ROAR

S DOA V-SS [CLEAR LSO NORD

S CA NNSS CLEAR NSS NORO

S AHA :LA SLL

S TRIO [PULSE TRIGGER

S Ax. TCFL [TEST FLAG

S JNP A!

S OCFPO IOLEAR FLAG. GATE DRIVER

S TAD NLSO IAOD IN LSOS

S OCA NLSS

S RAL [SET 0’ OVERFLOH

S TAD NNSS [ADD IN HSOS

S DOA NNSS

S I57 ROAR [ALL DONE.

S JNP Ad [NO. RETURN FOR NEXT SCAN

S TAO NLSS [TEs. GET SET TO AVERAGE

S NOL I.OA0 NO NITN LSS HORO

S TAO NNSS

S OVI IOIVIDE

8 NEAR. 3000 [THE DIVISOR

S TAD C4000

S CLL

S OCA IJSTIK [STORE RENAINOER

S NOA I-OAO DIVIDEND INTO AC

G SNA [JNOeRRANGED.

S JNP I K11 [TEs. RESET

S OCA VALJ IND. STORE

S TAD VALU

S IAC
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SNA IOVERRANGEO.

JNP I K11 [vEs. RESET

CLA OL INO. CONTINUE

TAD VALJ

TAD OAOCO [CRANOE T0 2.5 COMPLINENT

OLL

OCA IISTIK

ZIFLOATIISTIR)

ZZIF-OATIJSTI(I

OLA OL

TAD SPARA [PUT PARA HORD IN AC

JNS I BOODE [GO TO DECOOE SUSROUTINE NITN DARA NORO IN AC

OLA CLL

JNP I72

VALU. 3000

K110 '11

NLSB. Jjoo [T45 LEAST SIGNIFICANT BIT HORD

NHSB. 4000 [THE NOST SIGNIFICANT BIT HORD

PEAR. 3000 IAVERASE NUMBER PoINTER

CSOOOINTUD

OCODE.OOODE IRARA NORD DECODE SUSROuTINE

72 dRITEI1.13)ES.RCE-L

13 FORNATI[.vAvI V I '.EIO.O.I.4x.'R I '.512.6I

JNP I AVERS

I

[SOBPROCRAN FA.T1

[THIS SJBPROGRAN INDICATES TRAT CELL COND IS VERY LOH

[

FALT1.CLA CLL

ARITEII.141

FORNATIIERROR I'I

JNP I PA’1

PAFI. AN

I

[SUBPROCRAN FA-T2

[THIS SJRPROGRAN INDICATES SELL COND TOD HIGH

I

FALTZASLA SLL

RRITEI1.151

TORNATIIERRoR 2')

3-A OLL

:17: JNP 6614

I

ISUOROJTINE DOODE

[TRIS SJRROJTINE DEOOOES PARANETER HORDS

[COMPUTES Oq,Rv,xuNIoEs.NcE_L.CCELL

,1, "U5; 9; Eyygago NITR PARA NORD IN AC

[PARA NORO FORRATI

’IRsT 4 BITS (H53) ARE FOR REHAINOER OF AVERAGE

NEXT 4 aITS FOR JnITs VA-JE (BINARY 1-10)

NEXT 2 BITS FOR GAIN INFO (BINARY VALUE 0-31

NEXT 2 OITS FOR ’H INFO ISINARV 1-3)

CODEOJOOO ‘

CA SPPJ ISToRE PARA NORD

NONIPO.

'HI.005

RVI10000.

TAD SPPJ

AND NsNI [NAS( ALL OUT PH SITS

0010 'OSA SPPN -

TAO SPPN



HSK1A

DCZA

0030

3 M5K3A

SDC77600

S 0C6:

SNA

JNP 032

30A SLL

’HIPdOID.

31A

TAD BOPd

J!’ 361

4003

TAD SOPJ

AVD 15K?

03A S°Pd

TAD S'Pd

SVA

JNP 9:4

3LA :LL

EVIRVOIOA

TAD 387774

TAD SfiPd

J!’ 333

0314

7774

TAD 59PJ

AND USKJ

OCA S’Pd

TAD 3°94

SNA

JHP 936

3LA :LL

tUNIIXUVI¢1.

TAD 037760

TAD SPPd

JQP 335

J360

7760

:gA 3LL

261

IALLSET.

['53. :ONTINUE

I‘D. ADJUST

[ADD -1

[SET U’ NEXT ITEEATION

I1As< ALL BUT PH BITS

IAA3( ALL BUT GAIN BITS

IALL SET.

IvEs. BONTINUE

I10. ADJUST

ISST u! NEXT ITEQATION

IAAsA ton ALL BUT GAIN BITS

IJAIV DEINCREHENTER

l1A3( ALL BUT OFFSET UNITS BITS

IALL SET.

IVES. SONTINUE

IVO. ADJUST

[SET Ua FOR NEXT ITERATIDV

IdAS( 'on ALL BUT UNITS BITS

IJNITS DEINCREHEVTEB

ESL8'220(12.5/‘095.I¢6.25IIFLOAT(KDI

assczoI12.5/4096.)o¢.25)¢ESL

ECEL-IP4I(IES/3VI¢((10.0XUNII/RVII

30A :-L

J19 I DSDDE

END
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[PROGBAN NANEI CBTCLN.FT

/FORTRAN-SA3RI KEITH J. SASERTA 5/17/74

ITHIS IS T45 TEST PQJGIAN AND EXERCISE? ROUTINE FOR THE ENTIRE

ICCNPBI= svsTEN. IT CJNTAINS DIAGNOSTICS AND ERROR CODES TO

[PERMIT DETEBNINATIJN D7 HAQOHARE NALFJNCTICNS AS dELL AS

[PERIODIC INSTTUNENTAL ADJUSTNENT.

[IT BESINS dITd AN INITIAL 3 SCAN or 145 sYsTEN AFTEB THE CHOSEN

[PULSE dIon IS INPJT. TENDEBATURE IS ALSO *EASURED. IF A FLAG

[ERROR SHOJLD DCCuR IN EIT-IEa CIRCUIT DURING TNE PEELIHINARY SCAN.

[THE PQJGBAN AJTJNATICA-LY ENTERS A CONTINUOUS FLAG-CHECK ROUTINE.

[IF THE DRELININAQT SCAN IS CanPLETED SUCCESSFJLLYo THE VALUES OF THE

[CIRCUIT DABANETEBS ARE OuTDJT.

[THE 0°TIoNs AVAIL43.E AT THIS TIME!

I 1)Av5aA35 100 ZONJUCTANCE SCANS TOLLauINa EACH ~0- TYPED

I ZIEESTAQT TNIS PBJSRAN

I SICDNTINJOUSLT PJ-SE T45 CELL AT PH X 10 IVTERVALS

[ A)Tesr TdE cCNJUCTANCE CONVERSION SYSTEM

I SITEST BOTN CONDJZTANCE AND TEMPERATJRE CONVERSION SYSTEMS

I SIAVEBASE 25 TEH’EQATuas POINTS rOLLJUINS EACH "6" TYPED

[ 7ITEST T45 TEN’ETATUBE CONVERSION SYSTEM

[ERROR NESSAOES ABE )UT’JT «ITH EACH FAILURE.

[(1) AND (SI 3JT°UT DATA TO THE TTv.

I

390E? :cfp 6321 [CLEAR COND FLAG. CLEAR PI ENABLE

390E: 3CDQ 5322 IGATE CONDUCTANCE DRIVER

DDDE’ :crno 6523 ICCFD . sans

390E? EOE: 5524 [ENABLE CDND PRCSRAN INTERRuPT

3:05: :crsD 9527 ICCFP * 300R 0 ESE!

3490: fcrL 6331 [TEST CONDUCTAVCE FL‘G

gang: TOST CI32 [TURN OFF SEQUENCE TRIGGER

Jane: 1315 6334 [TRIGGER SEQUENCE

5‘90? TTEL 5341 [TEST TENPERATURE ELAG

Jane: .IVO $542 [LATCH I/VA OFFSET

Jane: ,pau 5344 [LATCH P4. PH

3905: 5T9; 5351 [ENABLE TEMP qusaAN INTEBRUPT

3:05: :TrpG 6352 ICLEAR TEHP FLAG: °I ENABLE. G‘TE DRIVER

3:05: TTAD 6554 [TRIGGER TEHE AID CONVERSION

gang: fragT 5356 ICTFDG t TTAD

390E: 711 5351 ITITBATE

3:05: .DSET 6121 [LOAD THE CLOC‘ aRESET REGISTER

3905’ SLSL 6122 [CLEAR T45 CLOCK

3906’ ICNTQ 6123 IINITIALIZE THE COUNTER

3°05: :LCIC 6124 [CLEAR c.oc« AND INITIALIZE COUNTER

Jane: ,chn 5125 [LATCH TNE COUNTEI

390E? QCTBL 5125 [READ THE COUNTER LATCH

gang: acNTa 9127 [READ THE COUNTE?

3:05: -CTBL 5131 [LOAD CONTROL REGISTER

5(90: SKOQF 6132 [SKIP ON DVEEFLOH

5(p0: SIDOE $133 ISKIP ON OVERFLOJ ERQOR

gang? :Lqrs 6134 [CLEAR ovEBrLod AND DVEBFLOH ERROR FLAGS

3490: 3x079 5135 ISKIP ON TIME BASE FLA:

5490’ SKTBE 6135 [SKIP ON TIME BASE EERJR FLAG

3:05: :LTaE 6137 [CLEAR T.B. AND 7.3. ESROR FLAGS

Jone: quv 7405 IHULTIPLY

3905: OVI 7407 IDIVIDE

3305: NH! 7411 INORH‘LIZE

3905: SHL 7413 ISHIFT LEFT

gone: .5; 7415 [ARITHMETIC SHIFT EIGHT

gang: ‘5: 7417 [LOGICAL SHIFT BISNT

gang: ‘OL 7A21 ILOAD "ULTIPLIER JUOTIENT

gong: SCL 7403 [STEP CDJNTER LOAD 730* HEMORY

3905f SCA 7441 ISTEP COJNTER LO‘D IV73 ‘C

262



o
u
a
a
u
u
u
a
u
u
u
u
m
u
u
u
u
a

A
n
«
a
m
m
o
n
i
a
u
m
a
u
u
u
u
m
u
a
m
u
m
m
u
u
m
u
m
u
u
m
u
u
u
o
u
u
u
u

O
‘
l

263

DPDE’ RCA 7301 [NO LOAD INTO Ac

DPDE' ERASE 0054 [ERASE DISPLAY SCD°E

DPDE’ STORE 0057 [SET SCOPE IN STORE Rona

ABSVN .HP 0174 [PH POINTER -

ASSVA INR 0075 [PH POINTER

Aaqvn Iv- 0075 [IIV POINTER

Aaqu JNITS 0071 [OFFSET UNITS POINTER

ASSVR ASET 0100 IGENERAL POINTER

ABSYN SPARA 0101 [PARAMETER POINTER

ABSvR SP°U 0102 [INDIRECT ADDRESS IN FIELD 1 POINTER

ASSTR SPPu 0103 [INDIRECT ADDRESS IN FIELD 1 POINTER

I

I

[THE PRELIRINARV SCAN EEGINS

I

I

PNNTA 3;A SLL

OCA as? ISET Pd AT 0.01 NSEC

NTIO

READI1n7IPU

FORNATI'AT NHAT '4. INSECT: '.E12.0)

EXI.001

IXIx1010.

I:¢Pd-XRI11.11.10

I100 :;‘ :LL

TAD RAP [SET'Rd TD PROPER VALUE

TAO 10100 [INCRENENT Pu

DCA Pup

JNP ID

I110 3.A 3L

DCA SPARA

TAD APHP ISET Pd POINTER

DCA 3HP~

TAD AIVR [SET IIV POINTER

OCA va .

TAD AJNIT ISET-UNITS POINTER

CA JNITS

TAD 3!? ISET CLOCK FOR Pd x 10 FOR FLAO CHECK

TR

ETR

QTR

IAC

IAC

LOTR- I.OAO_THE CLOCK CONTROL REGISTER

C- CLL

CCFP IIVITIALLT CLEAR THE CONDUCTANCE FLAG

AAJA IAC IJ'FSET-OI IIVI INA-10v

.Ivo I-ATCR OFFSETIOI IIvn 1 NA'IOV

HA. Isz AsET [anT FOR RELAYS TO SETTLE

J10 4A

HY. ISZ ASET

JNP 4v

AD. SLA :LL

TAD 349 [PH 'OINTER

RAL ISET 94 INSTRUCTION

SZL INAx 94 YET.

JNP I DDAIN IVESIINCREASE GAIN OF IIV

DCA ’4’ 1V3.CONTINUE

IAC [ADD 1

TAO SPARA IADD P4 INFO TO PARA HDRD

OCA SRARA

TAO Pup



TAD ’HP

.9HH

NO. Is: ASET

JNP 4!

H10 I52 ASET

J1. 42

CLA CLL

:LCL

3LTBE

TQIC

AEA TSFL

SAP

JN’ (TCA

SNPT!

JNP AE

J13 FALT!

JNP 3(T3

KTCAA SCFPO

IAC

SVA

JHP OFF

JNP A0

APHPA 1400

AIVPA £001

AUNIT07400

OOAINoEAIN

I

ISUDPROCRAR GAIN

264

ISIT Pd

[.ATCH PH.PH

[AAIT 'OR RELAVG TD SETTLE

CLEAR THE CLOCK

[CLEAR TIHE BASE AND ERROR FLAGS

[PULSE TRIGGER

[TEST 'LAG

ISNI' ON TIME BASE

[30 INDICATE FLAO ERRoR

[30 TO CONTINUOUS FLAG CHECK ROUTINE

[CLEAR FLACoGATE DRIVER

[CHECK INPUT

IIS AID NEARLV PEGGED.

IVES: ADD OFFSET

IND.INCREASE PH

[PH POINTER

IIIN POINTER

IJNITS POINTER

[ADDRESS OF ADD CAIN ROUTINE

[THIS SJBPROGRAN INCREASES GAIN OF IIV AHP

I

BAINAC.A C-L

TAD IV,

EAL

32L

ON! I PTC

OCA IVP

ISZO TAU 3APT

TAD EFAQA

OCA E'AQA

TAD IVP

AND 10077

.IVO

HG. I52 ABET

J19 J:

H‘o I57 ASET

J" AA

3LA

3-CL

3LTBE

TRIO

A'A TC'L

3(P

J" (TC!

5(PT3

JNP A:

JNS FALTS

JNP S<TC

KTCZA 33,90

IAC

SNA

PTAo JNP OFF

J1, IAIN

[IIv POINTER

ISET-IIV INSTRUCTION

IIS NA! GAIN APP;IED.

[753033 TELL

IND.CONTINUE

[ADD 1 To GAIN POINTER

[SET PARA HDRD TO PROPER GAIN VALUE

[ERASE DUHHY POINTER

I.ATCH.0FFSET-0I I/v

[RAIT ’DR RELAYS TD SETTLE

[CLEAR THE CLOCK

CLEAR TIRE CASE AND ERROR FLAGS

[PULSE TRIGGER

ITEsT FLAG

ISKI' ON TIME BASE FLAG

ICC INDICATE FLA: ERROR

[CO TO CONTINUOUS FLAG CRECK RauTINE

[CLEAR FLACoGATE DRIVE?

ICNECK INPUT

IIS AID NEARLY PEGGED.

IVES ADO OFFSET

IND. INCREASE IIv GAIN
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6"?! [004

"00770.077

PTO0 FALT

I

ISUBPROORAN OFFSET

1
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‘3AIN ’OINTER TO PARA HoRD

‘0S‘

[NARNING ROUTINE 1

[THIS SJOPRDGEAH AP’LIES OFFSET CURRENT

I

OFFO :LA

TAO

03A

TAO

AND

OCA

TAO

QTL

‘TL

TAO

OCA

A0. :LA

I52

J1,

JNP

AAIO TAD

TAD

OCA

TAO

TAO

DOA

TAO

TAO

H00 I32

J19

U40 I52

JNP

"“0 I52

J19

31A

S-CL

3LTB:

TRIG

AH. TCFL

S4P

JNP

S<PT

JNP

JNS

JNP

KTC30 SCFP

IAC

SNA

JNP

S<P

U110 JOOO

OLL

(776!

J11

IVP

(0077

IV'

IVP

IVP

IVP

OLL

J11

AAI

'ALTZ

(0020

SPARA

SPARA

(7430

JNITS

JNITS

IVp

JNITS

ASET

40

ASET

JJ

ASET

AU

CLL

(TC!

3

A4

’ALTS

S<TS

0

A3

[SET UNITS INCRENENTER

[ORING IN CURRENT SCALE

INAs< DUNNT POINTER

[STORE

[SET UP oFFSET CURRENT DECADE SCALE

[SET IIVA OFFSET DECADE

[STORE

IIS NAXINUN OFFSET APPLIED.

IND. CONTINUE

’TéSo TELL DEFAULT

[SET O-’FSET POINTeR To PARA uoRo

[ADO IN PARA HORO

[SET OFFSET UNITS POINTER

[ADD PREVIOUS OFFSET

[SET O’FSETI IIV HORO

[.ATCH OFFSETA IIV

[JAIT FOR RELAYS TO SETTLE

[CLEAR THE CLOCK

[CLEAR TIHE BASE AND ERROR FLAGS

[PULSE TRIGGER

[IEsT PLAG

[S‘I’ ON TIME BASE FLAG

[OD INDICATE A FLAG ERROR

[GO TO CONTINUOUS FLAG CRECK ROUTINE

[CLEAR FLAG; GATE DRIVER

[CHECK INPUT

[AID P:-CGED.

[TEs. ADD KORE OFFSET

[JNITS INCREHENTER

I

[BEGIN To OJTPJT THE DATA FROK THE PRELIMINARY SCAN

I

A". :;A

CTFP

OLA

OCA

TTAO

SLL

O

SLL

ASET

ZLEAR TEMP FLAG INITIALLT

[ZERO T FLAG CHECK POINTER

[TRIGGER TEKP AIO
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A'o

KTORA

”L20

KTCSO

KIND

JR! ’ALT!

J19 SET:

CCFPD

TAD (4000

ZLL

OCA uITCRE

ZIFLJATIITORE)

CLA CLL

TAD SRARA

JNs DCODE

CL CLL

TTFL

3<P

JRP

Is:

In

J13 ’ALTs

JIP 5(T3

STFPS

TAD (4030

a

U

(T65

ASET

I;Z

5A IITORE

szLaATIITORE)
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CLEAR THE CLOCK

ISLEAR THE TIHE EASE AND ERROR FLAGS

I’ULSE TRIGGER

[TEsT FLAG

[GRIP ON TIME BASE FLAG

[33 INDICATE A FLAG ERROR

[33 TO CONTINUOUS FLAO CREEK ROUTINE

[CLEAR :LAO. GATE DRIVER

[CHANGE TO 2's COMPLIMENT

[auT PARA HORD IN Ac

[CO TO DECODE ROJTINE NITR PARA HORO IN AC

[TEST TEMP FLAG

I33 INDICATE A T FLAG ERROR

133 TO CONTINUOUS FLAG CdECK ROUTINE

ICLEAR FLAG: GATE DRIVER

T'ZOIIOAIAO96.)¢5.

OUTPUT CIRCUIT PARAIETERS

JRTTEI1ASIEHORJNIARV

’ORHAT('9H . 'OEIUAROIO'UNITS ' 'AEIO.4./A'RV ' .OE1OI‘,

REITEIIOAIESPREE--OT

:3RHATI'ES ' 'OE1!O6.’..RCELL . ..61206'l’..'E‘P . '0E12060’)

IFIHTI730a726A730

ARITEI1A729I

OPTIOV ROJTIVE To SELECT TESTING OPTI3N

:annATc[.vOoTIJNS: 1)AVERAGE 100 G SCAVS'.[.9x.'2IRESTARTv./.vx.

0'3)°ULSE'AI.9XA'4)3 Covv TESTv.[.ox,'s)TER=-COUO TEsTu./.9x.°O)AvE

oRACE 25 T aoqus'.[.9x.v7)T CONV TEST!.[I

3-A CLL

(SF

J19 (IN

(RR

T.S

TAO

EVA

JRP

TAO

SVA

JVP

TAD

EVA

(7517

AJ

(7777

3UNT

(7777
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D
O
Q
O
‘
U
M
Q
Q
O
O
D
O
O
O
U

JVP

TAO

SVA

JVP

TAD

SVA

JVP

TAD

SVA

JVP :21

J19 TDNV

CONTINUE

CTPLS

(7777

CONV

(7777

TCTT

(7777
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aOUTIVE ’ERFORTS AVERAGE OF 100 3 SCANS

CLA

VTAI

JNS TVP3

C-A CL

TAD (0144

OCA VEAR

TAD (763A

OCA EBAR

OCA VLSC

OCA V153

3-A CLL

TRIO

TCFL

JVP Ax

CCFPD

TAO VLSE

CA V-SS

SAL

TAD

OLL

unsa

OCA VVSB

Isz °EAR

JVP AA

TAD V.sa

VOL

TAD

OVI

1‘00

3-A CLL

TDA

SVA

JVP

OSA

TAO

IAC

SVA

JVP I K11

3-A CLL

TAn VALJ

TAD C4093

C-L

DOA IISTIK

ZAFLOATIISTTRI

C-A OLL

TAO SRARA

JVS I DCODE

C-A C-L

JVP .72

VRSS

I K11

VALJ

VALJ

[30 dAIT FOR A '3'

[SET U’ DIVISOR OF 100 DECIHAL

[SET U3 C OF POINTS POINTER

[CLEAR LSB NDRD

CLEAR N53 WORD

[’ULSE TRIGGER

[TEST FLAG

[CLEAR FLAG. GATE DRIVER

[ADD IV LsaS

[SET J3 OVERFLOH

[ADD IV RSBS

[ALL DONE:

[V3, RETURN FOR NEXT sCAV

[TEs. SET SET TO AVERAGE

[-OAD 1O HITH L53 NORD

[DIVIDE

[IRE DIVISDR

IESASE REHAINDER

/.DAD DIVIDEND IVTD AC

IJVDERRANGED.

IVES: RESET

IUD: STORE

[OVERRAVGEDA

IVES: RESET

[VO. CONTINUE

[ORANGE TO 2'5 COMPLIHENT

[JJT RARA RORO IV Ac

[3: T3 DECODE SUBROuTIVE RITH pARA HORD IN AC
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R0144AJ144 [100

K7634o7534 [-100

VALU: 5000

K11: I11 -

NLSB. 3600 [THE LEAsT STONIFTCAVT BIT HORO

ana. 3100 [TNE VDST SIGNIFICANT BIT RoRD

PRARA nno [AVERAGE NUNRER POINTER

C‘000:4"OO

aCOnEAOCODE [RARA dDRD OECODE SUBRouTIVE

12 ARITEIIAISTES.RCE-L

13 TORNATI[.oAvT ES a TIE12.6.[.4X.'RCELL - T.E12.6I

JNP AJ [RETURN FOR NEXT RUN

[

ISUBPROGRA4 S<TC

[TRIS SJRPROCRAV cOVTIVJOUS;T CHECKS T4E CONDUCTANCE AND

[TEHPERATURE F;A35, IT Is EVTEREU As THE RESULT OF A FLAG

[ERROR DURING THE pRELIVINART SCAN ROUTINE.

[

SKTCA CTFP3 [CLEAR TEHP FLAG

GLA CL

OCA ASET [ZERO T FLAG TEST POINTER

:crp ' [CLEAR TNE CONDUCTANCE FLAG

CLCL CLEAR TRE CLOCK

3LTBE '[3LEAR THE TIME BASE AND ERROR FLAGS

TRIO [TRIDOER PULSES

KTCOA TOFL [TEsT CONDUCTANCE FLAG

SAP

JNP 4TC7

S<PT3 [SNTP ON TIHE BASE FLAO

JVP (TCO

JVS T'AI.T3 [33 IVOICATE G FLAG ERROR

KTC7. TTAO [TRICSER TEMP AID

RTCO. TTFL [TEET THE TfinP FLAO

SAP

JVP S<TC

I32 ASET

JVP (TOD

JVS ’ALTS [30 IVDIOATE T FLAG ERROR

JVP SVTC

[

[SURPROGRAV OTRLS

[TRIS SJRPROORAN ALLOHS CONTINUOUS PULSINO OF TRE COMPUTERIZED

[CONDUCTANCE STSTEN AT A PERIOD EOUAL TO 10 x 3d

[

CTPLS:3LA OLL

TAD ’dP .

RTR [SET TIRE BASE TO BE CHOSEN PULSE

RTR [A 10

RTR

IAC

IAc

.CTR- [-OAD THE CONTROL REGISTER

3LA OLL

cTP1: CLCL [CLEAR THE CLOCK

O.TBE [CLEAR T.B. AND T.8. ERROR FLAGS

TRIO [EULSE

cTP2A BART! [SAID 3N T.l. FLAO

JRP CTPz

JNP CTPI
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[

[SURPRJCRAN CONV

[TRIS SURPROORAN ALLJNS CONTINUOUS PULSINO AND CONVERSION

[AND ONECKS FOR FLAO OR ZERO CONVERSION ERRORs IN THE G CIRCUIT

[

CONV: :LA OLL

TAO ’dP

RTR

RTR

ETR

IAC

IAC

LGTR-

CNV1: 3LA CLL

CNVZ: :-CL

CLTDE

TRIO

CNVC: TCFL

3(P

JNP CNVA

SEPT!

JND CNN!

JNS TALT!

JNP CNVI

CNVR: :CFPO

32A

JNP ONVS

JNS FALTA

JNP :NVI

CNV’: IAC

SZA

JNP CNV1

JNS FALTS

JNP 3NV1

[

[SUBPROSRAN TSTT

[TRIS SUDPROORAN CHECKS 90TH I AND O CONVERSION AND FLAO CIRCUITS

[

TCTT: :LA :LL

TAD ERP

RTR

TTR

RTR

IAC

TCC1: 3-A OLL

DCA ASET [ZERO TIME INDICATOR

chz: CLCL

3LTBE

:CFP II‘ITIALLT CLEAR 6 FLAG

TRIG

TCCJ: TEFL

5"

JNP TCCA

5(PT3

J‘P TCCO

J‘s rALTO

JRP TCCA

TCC‘: :CFPD

32A

JHP TCC,



TCOS:

TCCD:

TCCT:

TGCO:

TCC9:

T510:

I

[THIS

011:

023:

022:
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JNS TALTA

JNP TCCC

IAC

SZA

JNP TCCO

JNS ’ALT!

OTFPO [INITIALLT CLEAR T FLAO

3LA CLL

TTAO

TTFL

SRP

JNP TCCD

Isz ASET

JNP TCCT

JNS FALTS

OTFPO

SzA

JNP TOGO

JNS ’ALT!

JNP 313

IAC

SZA

JNP T310

JNS TALTR

CLA CLL

JNP TCCI

ROUTINE RERFORNS TRE AVERAGE OF 25 T POINTS

3LA CLL

TAO (7747 [-25

DCA ASET

CA-TLSS

OCA Tnsa

JNs TYPO

CTPPJ CLEAR TENP rLAo

3LA CLL

TTAO [TRIGGER TEMP AID

TTFL [TEST FLAG

JND 122

CTFP) [CLEAR FLAOA GATE DRIVER

TAD TLSS

OCA TLSS

RAL

TAD TNSE

DCA TNSE

ISZ ASET

JNE 323

TAO T-sa

NOL

TAD TNSS

OVI

3031

3LA CLL

TOA

TAD IAOOO

DCA IIPOT

Z-rLaATIIPOT)

ESI(20(10.[40§S.I05.I

dRITE(1:!00IES

FORMATI'TENP : 'aE12.6I

JRP 121



TLSD: J000

THOR: 0000

TDNV: CTFPO

"N1: :LA CLL

CA ASET

TTAO

[

[SUDPROORAN TONV

[TRIS ROUTINE CHECKS THE TENRERATURE CONVERSION SVSTEN

[FOR CONVERSION AND 'LAI ERRORS

[
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[INITIALLT CLEAR T FLAG

CLEAR INITIAL TININO POINTER

[TRIOCER TENP A[O CONVERSION

MHZ: TTFL [TEST TEMP FLAG

SK:

JNP NNO

I32 ABET

JNP RN:

JNS TALTA

SZA

JHP RNA

JRS FALTS

JNF RN,

INA: IAC

SZA

JNP NNS

JNS 'ALTR

HHS: 3-A OLL

JNP 1N1

I

[SUDPRODRAN FALTI

I

FALT1:3LA OLL

ARITEI1:1‘I

4 FORMAT('ERR0R I'I

JNP I PA’1

PAF1: AN

I

[SUUPROGRAN FALTZ

[

FALT2::-A CLL

ARTTEIIAISI

5 'DRRATITERRoR 2')

CLA CLL

I17: JNP l61A

[

[SUBROJTINE FALTS

[TRIS SJBPROORAN INDICATEs FLAO ERROR

I

FALT3:J000

3-A CLL

dRITEI1:7AOI

40 tORHATI'ERROR 3’7

OLA CLL

J”. I FALTD

[

[SUBROJTINE FA,TA

O
G
O
M
O
O
O
Q

0
0
0
0
0
0
0
0
0
0
0
0
.
.
.

"
0
'
0
0
”
0
0
‘

U
O
U
O
Q
O
U
a
O
.

I

FALT4:3000

INS: CTFPO CLEAR T FLAG: GATE DRIVER

[THIS SUDPROCRAN INDICATES TNAT CELL COND IS VERT LDK

[THIS SJBPROGRA" INDICATES CELL CDND TOO HIGH

[THIS SJRPROGRAR INOICATES'S ZERO CONVERSION ERROR



:LA OLL

dRITSI1:741I

'ORNATI'ERROR A'I

3; :LL

JNP I FALYA

O

.
.
.

I

ISUBROJTINE VAL?!

svuls SJERROORAN [NOIOAIES

FALT9:DOOO

3LA 3LL

dRIT§I1I742I

’ORNAII'ERROR 5')

OLA CLL

J"' I FACTS

. N

I

ISUBROJTINE VALTO

[TRIS SJEROJTINE INOICAIES

I

PALT6:J000

3LA CLL

JRIT§I13743I

43 ’ORHATCIERRoR 5')

CLA 3L

J1! I FALTO

I

ISUBROJTINE VA.TO

[TRIS SJRROJTINE INDICATES

I

VALVE-3100

:LA OLL

JRIT§I1:744I

44 ’ORHATIIERRoR'S'I

3;I CLL

JNP I FALIO

I

ISUBROJTINE 'A.T9

[THIS SJBROJTINE INDICATSS

I

FALT9:J?OO

OLA CLL

ARIIEI1.7ASI

4! ’ORNATI'ERRoR 90)

3;A CLL

J1? I FA;T9

I

ISUBROJTINE TY’G

a
u
u
a
a
a
u
u
a
u
a
m
u
u
m
u
u
u
u

a
c
c
o
u
n
t
-
n
u

o
u
a
a
u
u
u
a
u

.
.
D
'
C
C
C
C
‘
.

o
u
u
u
u
u
u
u
‘

O

V7471:7471 [-307

272

G FULL SCALE CONVERSION ERROR

TEMP AID FLAG ERROR

I IERO CONVERSION ERROR

T FULL SCALE CONVERSION ERROR

ITHIS SJRROJTINE READS IdE 77v AND CHECKS FOR A ”G“

I

TYPG: 3‘00

AA: 3;A :;L

As. (st I<EY33ARD STRUCK YET.

JR: As INO. C4§CK AOAIN

(Ra IvEs. REAO cNARACIER

Izs IACKNDJLEDGE I? 3N PRINTER

TAD N747: ISURTRACI 307

SZA 113 IT A "O'.

JNR AA INO. 3: CHECK AGAIN

3LA CLL

JNE I 7130 Ives. REIURN TO RAIN :RosRAn



273

I

[SUGROJTINE DCODE

[TNIS SJRRCJTINE DECDOES :ARANETER HDIOS

[COMPUTER Sq,qv,xuvl.ES.Rc§LL:CCELL

IIT "“37 85 gufeqeo JIT4 PARA HORO IN AC

[PARA dORo FORNAI

[ ’ VIRsT A BITS IRS!) ARE FOR REHAINDER OF AVERAGE

I NExT A BITS EOR JNITS VALUE (BINARY 1-10)

I 'NiIT 2 BITS FOR 3AIN INF: (BINARY VALUE 0:3)

I NERT 2 SITE POR ’H IN'O (BINARY 1:3)

I

DCODE:J300

OCA SOPJ ISToRE PARA NORD

xJNIlO:

’RI.305

RVI1ODDO.

S TAO SDPJ

8 AND RSK: IRARA ALL BUT PR IITS

S 0C1: 3A SDPd

S TAD sopd

S SNA IALLSET.

8 JN' D32 IVES: CONTINUE

S :LA CLL IND. ADJUST

’40P4910,

S CNA IAOD -1

S TAD SRPJ ‘ISET OD NEXT ITERATION

3 J19 931

S NSKC. 3303 IRA3( ALL OUT PR BITS

8 062: IAC SDPJ

S AND NSKC INASR ALL BUT DAIN BITS

S 0C3: OCA 399d

9 TAD S'Pd

S SNA IALL SET.

8 JNP 0:4 IVES. CONTINUE

S C;A CLL IND. ADJuST

RVIRVOCO.

S TAO DCTTTA .

S TAO sand ISET uE NEXT ITERATION

S JNE CC!

S Nsxz. JOIA INA3N :'OR ALL BUT GAIN BITS

806777‘0777‘ ISATN DEINCREHENTER

3 0C4: TAO SRPJ

3 AND RSKI INASS ALL BUT OFFSET UNITS BITS

S 0C5: OCA 399d

S TAD SOFA

8 SNA IALL SET.

S JNE 9:6 IVES: CONTINUE

S C-A CLL IND. ADJUST

lJNI'XUNIEI.

9 TAO 337760

S TAO 3°94 ISET’Da rDR NExT ITERATTJV

S JNP CC!

S NSKS. I360 INAs( TOR ALL BUT UNITS EITs

SDcTTDD.77oo IJNITS DEINCREHENTER

S 0C6: CLA CLL

so Es:(z:I12.5I4096.)06.25I

RSEL.IR4IIIES/RVIOIIIO.:XUNIIIRVII

=SEL.'1:IR:EL.

S TAO soPJ IRETJRN HITH RENAINOER IN Ac

S TAO 937400 "AS( ALL CUT RENAINDER SITS

3 J19 I 03305

SOCIAOO:7AOO ' INASN FOR ALL BUT RENAINDER BITS

ENG



CBTALR

PROGRAM LISTING



S OPDE’ Ruv 7405 IHULTIPLT

S OPDE’ OVI 7407 IDIVIDE

S 3305’ NR: 7411 INORNALIZE

S 3906’ SHL 7413 ISRIFT LEFT

S OPDE? ASR 7415 [ARITHMETIC SHIFT RIGRT

S OPOE’ LSR 7417 ILDOICAL SHIFT RISHT

3 3695: ROL 7421 ILOAD HULTIPLIER OUOTIENT

S ORDE" SOL 7403 ISTEP COUNTER LOAD FRO! REHoRT

3 3903: gcA 7441 ISTEP COUNTER LOAD INTO AC

S ORDE’ NOA 7501 IMO LOAD INTO AC

3 ane: ERAsE 6054 IERASE DISPLAV SCOPE

S 3905’ STORE 6057 ISET SCO’E IN STORE NODE

S ASSTN PR9 0074 IPR POINTeR

S AESVN ONE 0075 IPu POINTER

9 ASSTN IV“ 0076 II/v POINTER

S ASSTR JNITS 0077 IOFFSET UNITS °OINTER

S Aasz ASET 0100 IOENERAL POINTER

S ASST! SPARA 0101 [PARAMETER POINTER

S ASSTR SPPU 0102 IINOIRECT ADDRESS IN FIELD 1 POINTER

S ASST! SP°U 0103 IINDIRECT ADDRESS IN FIELD 1 POINTER

: AESVN PSET 0104 IFORTRAN LONER NANTISSA POINTER

I

S I

S [THE INITIALIZATIoN SECTION REGINS HERE

S I

S I

READIIoIOOIIaL‘

100 ’ORNATI'FIRST SLOCN TO READI I.I5I

CALL RTAPEI1.I3L4.2046oTCDATAI

I’CNARAIOII310:313:312

310 ARITEIIISIII

311 rORNATI'.NO.'I

CALL EXIT

312 ITRv--NARAIAI

IPTSRNARAIOI

IAID

ISIO

I°IIO

IPZAO

ITIREIO

IRIo

III-2

3 IS! aTOT

S IS! RTOT

S SXP

S PTOT: ITOT

[PRODRAN NANEI CBTALR.FT

[FORTRAN-SAERI KEITH J: CASERTA 1I31174

ITNIS Is TRE ARRAv ARRANGER FOR COMPUTERIZED CONDUCTANCE SYSTEM DATA

[NNICN TAKES A TENE-CONO ARRAY (OF UP TO 500 POINTS FOR

IOOUOLE RRECISIDN INCLJJEO OATAI AND ARRANGES IT IN ORDER

[OF INCREASINC TNERNISTER RESPONSE. IT THEN SELECTS 1 T

IINTERVAL JRICR CORRESOJNos To TNE LARSEST T INTERVAL AND MOVES

ITHROUSR TRE ARRAY. AVERACINO ALL T AND O POINTS IN TNAT INTERVAL-

[TNE NEJ ARRAY CONSISTS Or TNE REAL FORTRAN O INro. AND THE INTEGER

[TIRE INrO

[OOOOG’ROGRAH JILL RJN ONLY IF DOUBLE “RECISION DATA IS TAKENooooo

[THE HEN DATA IS uRITTEN 16 BLOCKS BEYOND THE ORIOIONAL DATA

ISTARTINO ADDRESS.

I

CORRON TODATAoNARA

DIMENSION TcOATAIsao).NARA(6)

274
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RESIN TO ORDER THE ARRAT IN DECREASING T

C
O
O
.
“

\
\
\
\
\

CLA OLL

00 701 I-1.ITRvL

IAIIAod

ISIIA

CLA CL

TAD IIA ISET ADDRESS OF ersT T POINT

TAD (0177

OCA ASET

6211 ICDF 1

1500 [BRING IN FIRST T POINT

6201

OCA SPPU

IPIOIbI

DD 201 JIIP1:ITRV.

IBIISOA

SLA CLL

TAD IIB ISET ADDRESS OF T POINT TO CORPARE

TAD (0177

DCA SPARA

0211

1501

0201

OCA SPPd

JNS ORDER I30 CHECK FOR NECESSARY ORDER REVERSAL

OLA CLL

CONTINUE

CONTINUE

BEGIN TO SCAN FDR TNE NAXINUH T INTERVAL

0
0
0
0
«
a
n
Q
N
O
T
D
O
Q
O
C
O
C
U
O

\
\
\
\
\
Q
H

IACD

I300

IPZIITRV.-1

35A CLL

OD 204 II1:IP2

IAOIAOA

OLA CLL

TAD IIA ISET ADDRESS OF T POINT TO CONSIDER

TAD T0177

CA ASET

TAD ASET

TAD (0004

CA SPARA

6211

1501

CIA

1500 ISUBTRACT TTN‘II FROM TIN)

6201

OCA IJ'

C;A CL

IEIIE'JI203:20‘:234

IBIJ

204 CONTINUE

I
)

O u



\
\
\
\
\
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DEOIN ROUTINE T0 AVERACE ALLeT AND 0 'OINTS NITHIN AN INTERVAL

3LA

OCA

OCA

OCA

OCA

NPIO

TOT-O.

JSTI<IO

ISTI<40

IEIO

CLA

TAD

OCA

TAO

OCA

TAD

CLL

IVP

NDIN

RRP

’NP

IdILL CONTAIN NUNOER OF ROINTS SELECTED

CLL

(0203

SPARA

(0200

ASET

(0200

OCA JNITS

JNS TCALC ICD CALCULATE FIRST T VALUE (REALI

T0:(’-0AT(IDI410.II4096.

CLA CLL

TAD (D177

OCA SPARA

EXTENTIT-TS

DD 237 I01:ITRVL

CLA CLL

TAD (0004

TAD SPARA

OCA SPARA .

JNS TCALC I30 CA.C NEH T

IF(T-EXTENTI206.206.206

CLA CLL CRL RAR IAC-4000

6211

ISRINC IN CURRENT RENAINDER

ISET ADDRESS OF FIRST T POINT

1500

6201

OCA 'JSTIK

lL-F-OAT(JSTI<I

CL CL CHL RAR IACIADOD

ISZ ASET

6211

1500

6201

CA IISTIK

ZIFLOATIISTINI

OLA CLL

IS! ASET

6211

1500

6201

JNS OCOOE

IOTsTOT4CCELL

NPIR341

35A :LL

ISI ASET

6211

1500

6201

TAO ’NP

OCA RRP

IaRINs IN CURRENT 0 DATA

ISRINC IN CURRENT PARA NCRD

ISO DECODE

ISRING IN T INFO

IADO IN LSD



NDIV:

207

I

'20.:

101

RAL

TAD

OCA

I52

IS!

nip

Sub

ASET

NDIV

JRP I207

SLA CLL

XNPsrLOATINPI

TOT-TOTIXHP

CLA CLL

TAD ITDT

6211

3477

6201

IS! JNITS

TAD ITOTO

6211

S477

6201

IS! JNITS

TAO I PTOT

6211

3477

6201

IS! JNITS

TAO 'HP

NOL

TAD RHP

OVI

0000

CLA CLL

RCA

6211

3477

6201

I32 JNITS

OCA aNP

OCA PUP

OCA NDIV

IS! IVP

NPIO

TOTaO.

EXTENT-EXTENT-TB

277

IADO IN NSD

ISEY'uP FOR NEXT POINT

IINCRENENT DIVISOR

ISToRE EIRST NORO OF CALCULATED O

ISTORE SECOND G RORD

ISTORE THIRD G HORD

IADD IN LSD T INFO

IADO IN H53

IOIVIDE

IDIVISOR. SET UP DURING RUN

I.OAO AVERAGE INTO AC

ISTORE T INFO

IADD ONE TO NUMBER OF NORDS POINTER

IFIIEI205o2059200

CONTINUE

I531

30 T3 236

CLA CLL

TAD IVP

DCA II

NARAI4I-I

dRITE(1:1CIIIoIS

FORHATII.TTOTA.:’3INTS.SELECTEDI

I3LK'ID.(¢16

I

[OUTPUT THE NJNDER 3"DATA aCINTS SELECTED. THE CHOSEN T INTERVAL:

[AND HRITE TNE ARRANOED ARRAY ONTO TAPE.

'0I5./.'INTERNAL CHOSENI ':I5I

CALL NTAREI10I3L(.2006:TCDATAI

CALL ENIT



ISUDRDJTINE ORDER

ITHIS SJDROUTINE CON’ARES TRE HADNITUDE

[IF THE LARaER IS SECONO TO THE SHALLER

278

OF TWO T POINTS.

IN ARRAY ORDER:

[IT HI.L NONE THE LAECER T °CINT SET INTO THE SNALLER'S

[POSITION AND VICE VCRSA

I

ORDER:0100

CLA

TAO

OCA

TAD

OCA

TAO

OCA

3LA

OCA

TAD

RAL

SZL

I32

OCA

3LA

TAD

RAL

OCA

SZL

CLA

TAO

SPA

JNP

SZA

JNP

ISZ

JRP

JNP

ST:

TPPU:

TPPN:

JODO

3000

CLL

SPPJ

TPPJ

sPPH

TPPR

(7764

TaELv

CLL

9

TPPU

a

TPPJ'

CLL

TPPd

TPPd

CLL CHA

:

91st

I ORDER

TaELv

ST

I ORDER

I

[FIXER ROUTINE

[THIS ROUTINE INTERCNANCE

I

FIXER:C;A

TAD

TAD

DCA

TAD

CA

’AGE

6211

1474

DCA

I32

5’:

OCA

IS!

1474

OCA

IS!

1474

CA

6211

1474

CLL

(7775

ASET

RRP

Cup

34p

RR

RRP

40

PHP

4P

Sup

RT

['12

IlERO SIT TEST POINTER

ISET'DIT OF FIRST T TE$TED INTO LINK

[SIT IS ONE: SET P

[STORE ROTATED NORD

[SET'BIT OF SECOND T TESTED INTo LINK

[STORE RDTATED NORD

I-1

IDESET P

ICOHPARE

[NEH T GREATER. REARRANOE

IARE BITS THE SANE.

INO,'=IRST T LARCER. RETURN

IALL BITS COHPARED

IND. ORECK NEXT aIT

IYEs. RETURN

TNE CURRENT TNO T DATA SETS BEING CONSIDERED

[STORE REHAINDER IN TENPORART LOC

[STORE 0 DATA IN TEMPORARY LOC

ISToRE PARA HORD IN TENPORARY Loc

[STORE T DATA IN TEMPORARY LOC
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6201

TAD I777!

TAD SRARA

OCA IVF

TAD IVP

3A JNITS

CLA :LL

6211

1476

3475 [STORE SECOND R IN FIRST R LDC

I52 RIP

I52 IV'

3°. 5211

II;: [STORE SECOND O DATA IN FIRST D DATA

I52 RIP

I52 IVP

1476 P I O

3475 ' ISTolE SECOND PARA IN TIRST A A L c

I52 ’HP

:52 IVP

476

OCA SflflJ ISET NEH UPPER T

T 3°PJ

3:35 [STORE SECOND T DATA I" FINST T DATA

6201

TAD RR

5211 N I DO

3477 ISTORE FIRST R IN seco D L

I52 JNITS

SR. 5211

I427d° (STORE FIRST G DATA IN SECOND O DATA

I52 JNITS '

TAD 45 . P R cc

3477 ISToRE FIRST PARA IN SECOND A A L

:56 :NITS

A

3477 [STORE FIRST T DATA IN SECOND T DATA

6201

JNF I ORDER

TNELVADDOD

Po J300

HR. 4000

H00 3300

HP. 4000

HT. JQOO

I

SuaRDJTIN§ SALC -

‘THIS SJenaJTINE CALCULATES A REAL VALJE FDR TH: T VOLTAGE

I

TcILCOJGUD

CLA CLL CHL RAR IACIRDDD

5211

1501 IADD IN T “OED

5201

OCA‘IITINE

«LL

TaFLDATIITINE)

TITOI10oI4096oI65.

3LA CLL

J13 I TCALC

LOC

LDC

LDC

LDC



S $SUDRDJTINE DSDDE

ITNID SJRRDJTINE DEDDDES PARAMETER anDs

[AND CDNPuTEs RH. av. lJNI. 55. AND CCELL

IIT MUST BE ENTERED dITN THE PARA HDRD IN THE A:

[PARA NDRD EORNATI

°
\
\
\
\
\

0C1:

DCED

DCSD

DC‘D

DCSA

DCOD

CODEOUOOO

OCA saPJ

TNITN

1‘.tb

TLIT(

NJNIID.

'NI.DDS

‘V'1000OD

TAD

AND

03A

TAD

SNA

m

CLA

SEPJ

(0023

599d

S°Pd

0C2

CLL

'NIPROID.

3LA

TAD

JNP

TAD

AND

DzA

TAD

SNA

JNp

CLA

CLL CHA

SEEN

OC1

SEPJ

(0014

S°Pd

SDPJ

0:4
GI

d-

RVIRVO10o

CgA

TAD

TAD

JNP

TAD

4ND

03A

TAD

SNA

JNP

CLA

gJlexUNIol.

«LA

TAD

TAO

JND

CLA

ZLL

(7774

SPPN

DDS

SEPJ

(0360

sde

sDPd

DOG

CLL

(7763

5994

035

CLL

280

FIRST 4 BITS (N83) ARE UNUSED

NEIT A BITS 70R JNITS VALUE (BINARY 1-10)

NEXT 2 BITS TOR 3AIN INFD (BINARY 0.3)

NEXT 2 BITS TOR RH INFO (BINARY 1-3I

[STORE PARA HORD

INASK ALL BUT PH BITS

[ILL SET.

IVES. CONTINUE

[-1

[SET 0’ NEXT ITERATION

IRASR ALL OUT CAIN BITS

IALL 55T-

IVES! CONTINUE

IND. ADJUST

IRASR ALL OUT OFFSET UNITS BITS

IALL SET.

IVES. CONTINUE

IND, ADJUST

[SET UR FOR NEXT ITERATION

Es-(z-(12.5/4096.)oo.25)

ESLIIZL'I12.9/‘095uI‘SAZSI/FLOATIIFTSI

558690ES.

SCEL--¢IES/RVI¢II10.oxJNII/RVII/°H

IrII()772.257.772



I772.

87730

774

257

281

:LA 3

TAD 3

31A

TAO III

SNA /?ARA JDRDS THE SAME.

JNP I297 IVES CONTINUE

CLA :LL IND. THREE PDINTS IN A RDA.

IrIITI774o774o773

CLA CLL IAC RT.aIAC-4

TAD soARA ISET ADDRESS OF NEXT PARA HDRD To CHECK

DDA ESET

6211

1504

6201

CIA [RAKE NEGATIVE

TAD SRPJ '

32A ICONPARE CURRENT AND NEXT PARA NORDs

JNP I774

3L :LL

21RTN-TN

CERTN'TL

2‘.T.‘SZI.22’/Co

ZTIZTOZN-CCELL

ITI-S

T(uCDELL

DDEL;ACCELLoZT

ITIITOI

CLA :LL

TAD SPPU

DOA IIK

DLA :LL

JNP I 02305

END

LL
no
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lPROORAR NAME! CCLALFNFT

[FORTRAN-SASRI REITN J. CASERTA

ITNIS IS T45 DATA OUTPUT ROUTINE

[FDR TRE TEMP-:DND CJRYE

IIT IS DESIGNED To FOLLOd THE ARRAY ARRANDERo CBTALR.PT

[AND u1;L :UNOTION ONLY Iq'TRE ARRAY ARRANGED SEOUENCE

l!YSYS.SR AND AXIS-S3 RJST BE LOADED HHEN THIS PROGRAM IS COMPILED.

I

REVISED 2/10/74

:ONNDN TODATA.NARA

DIMENSION TCDATAISOo).NARAIOI

S 3°OE= NUT 7405 IHULTIPLT

S ORDES' av: 7407 IDIVIDE

S ORDE' NMI 7411 lNDRHALIZE

S OPDE’ SHL 7413 ISHIFT LEFT

0 ORDES ASR 7015 IARITHHETIC SHIFT RISHT

S OPDEF° LSR 7417 ILODICAL SHIFT RIOHT

S ORDE’ NDL 7‘21 ILDAD MULTIPLIER OUDTIENT

S OPDE'~ SOL 7403 [STEP COUNTER LOAD ERON ReNoRy

S OPDE" SCA 7441 ISTEP COUNTER LOAD INTO AC

S ORDE? NOA 7501 IND LOAD :NTD Ac

S S<RoE SKPDS 4951 [SKIP ON SCOPE DISPLAY FLAD

S OPDEF ERAsE $354 IERAsE DISPLAY SCORE

S OPDE’ NSTDRE 6055 ISET SCD°E IN NON-STORE MODE

S OPnE" RTSET 6056 ISET SCORE IN NRITE-THRDUGH NDDE

S 0905’ STORE 6357 ISET SCD°E IN STORE 100E

S ORDE’. XLOAD 9051 ILDAD HORIZONTAL DIA

S ORDEE YLOAD 0352 ILOAD VERTICAL DIA

S 3:05:. INTENS ODOA IINTENSIPY BEAN

S DRDEE. XL9 4355 IXLOAD . INTENS

S ORDE’ NLR 6066 IYLOAD o INTENS

S ASSTN 9H9 0074 IPR POINTeR

S ASSTN Duo 0075 [PH POINTER

S Aast INR 0076 IIIv POINTER

S ASSYN JNITS 0077 IDFFSET UNITS POINTER

S Aast ASET 0100 IOENERAL POINTER

S ASSTN SPARA D101 IPARANETER POINTER

3 ASSYS SP°U 0102 IINDIRECT ADDRESS IN FIELD 1 POINTER

S ASSYR sPRu 0103 IINDIRECT ADDRESS IN FIELD 1 POINTER

S I

S I

S [THIS Is T45 INITIALIZATIDN AND PRINTaDuT SECTION

S I

S I

S DTOUTSSLD OLL

SERDI10942IIOLSIL’TnTIN

942 ’DRNATI'VIRST 3L3:< T3 READI '.I5./o'OUT°UT ON LPT.

'0)! '.13.I.0T:Ne SETJEEN ’DINTS (SECS)! 'oE14.0I

:CEL-.OO.

S 3.A :LL

3 IS? ”DEL

3 Is: ’06.

S TAD ILPT

S

S

S

‘1'YESO O'NO

SZA

JNP NXT

JNE ENDS

I|:.'CE.L

:.A 3-L

NRTTEI30404I

‘04 :ORNATI/.'TEN?‘C3VD'I/D' POIuT.O,x0'TIqE'OIJXS.R‘H7TOIZxO'GIH’II

TIZNo'CICI'DIENO'TE‘3'o/011X0'ISECI'D11N0'IONNSI'010X0IINNOSI'D1oxO

O'INNOSI'010X0'(VOLTSI'o/I)

3 EROSO STUD?

282



283

S ERASE IERASE DISPLAY SCOPE

S 3L4 :LL

ISTI4I0

CALL RTAPEII.ISL<.2045.TCOATAI

ITRV.INARA(4I

IPTSRNARA(OI

ITO-2

INID

APTSIPLDATIIPTSI

S CLA CLL

S TAD ILPT ICHECK TO SEE IT PRINTOUT IS DESIRED

S SZA

S JNP NXU

S JNP I415

S NXUI CLA CLL

S TAD (0200 _

S OCA sPARA ISET ADDRESS OF PIRST DATA POINT

DO 411 LA-1.ITRVL

S JNS :ALC I30 CALCULATE CONDUCTANCE

S JNS TALC I30 CALCULATE TENP

CEL.ESIICCELL

S TR. C-A CLL

S 5600

403 JRITEIS.IDSILA.XTIN.ROELL.CCELL.CORO.Y

409 PORNATIIA.S(4X.E12.6II

400 NTIHIXTINOTIH

411 CONTINUE

S I

S I

S IDEDIN OPTION ROUTINE'TO PLOT THE CDNPLETE DATA SET

S I

S I

419 NRITE(1o410)

410 ’ORNATI'OPTIDNSI IIPLOT AXES'IIoPXIIZIPLOT CORRECTED DATA'.I.UX.

OIOIEIT'I/I’XIIRI:OLQ E‘IT'P’)

S OLA :LL

S RPL1. (SP IIEYSDARD STRUCN YET.

S JNP RPL1

S (RD IVES. READ CHARACTER

S TLS IECND

S TAD (7517 IOHECR

S SNA IIS IT A '1'.

S JNP RPL2 ' ITES. 30

S TAD (7777 IND. CRECK

S SNA IIS IT A '2'.

S JNP RPLS IYEs. CONTINUE

S TAD (7777 INO. CRECK

S SNA IIS IT A '3'.

S JNP RPLD ITESI SO

:ALL EXIT

S RPLZ. ERASE IESASE SCOPE

0 CLA CLL

NDIVII10

NOIVYI10

S OLA OLL

CALL AXISINDIYR.NOIVY)

S JNP I415

S RPL4. :LA :LL

NAI1

S JNP I417
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S I

S IREOUEST RANOE AND P.0T POINTS

S I

S RPLO. C-A CLL

SOD NAID

417 READ(1.4IDILA..D

410 ’ORNATI'ERON POINT '.IS.I.'TD POINT '.ISI

S TY. CLA CLL

READI1.029)NOPE

029 'ORNAT('JSINO l-Y ’LDTTER. (1'YES. DONDII 'oIOI

(AI4ILA

CLA CLL .

TAD (0174 ISET UR ADDRESS OF FIRST RENAINDER

TAD INA

OCA sPARA

CLA CLL CNA ' IAC-7777

DCA ASET

DO SOS IILA.LS

JNS CALC I30 CALCULATE CONDUCTANCE

ISZ ASET IEIRST PASS.

JNP I372 INO. CONTINUE

(AVEPCCELL

COVE-CCELL

YICCELL

ZDCCELL

JRS SCALE I30 SCALE

CLA CLL

ISZ SPARA

CONTINUE

YVOLTI2047.I(XAVE-RBNEI

YAVEIXAYE

TSVE'RBYE

OLA.:LL.

TAD (0174 ISET ADDRESS FOR TENP

TAO INA

DCA SPARA

CLA CLL CNA IACI7777

OCA ASET

DO 607 I'L‘RLS

TAD (DOCS ISET PROPER TENP ADDRESS

TAD SPARA

OCA SPARA

JNS TALC ISO CALCULATE TENP

I57 ASET I’IRST PASS.

JNP I002 INO. CONTINUE

IANEPY

ISVE'Y

VIY

002 ZIY

JNS SCALE I30 SCALE

CLA CLL

D7 CONTINUE

IVOLTI2047.IIXAVE-19VEI

STORE ' ISET SCOPE IN STORE NOOE

CLA CLL

TAD (D174 ISET Ja DATA ADDRESS

TAD I(A

OCA SPARA

00 47? I-LA.LS

JNS CALC ISO CALCULATE CONDUCTANCE

YI(CCEL--YSvE)IYVOLT

.YII’IXITI

U
N
I
O
N ‘
Q

'
N

N
D

c
:

.
H
.

O 0
'

0
0
0
'

N
R
U
H
D
N
O
U
I

G
h
a
n
a

‘
1
.

b
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470

.
0
.
«
a

\
I
\
\
\

I
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JR! TALC ' I30 CALCULATE TENP

NIIT-XSNEIOINO.T

LK-I'INIXI

(T(NOPEI030.030.031

JNS ’PLT

30 TO 470

CALL XTSTILX.LTI

CALL IYENO

CONTINUE

CLA CLL

CALL XNEND

IPINA-1)A1S.A7S.A15

TRANS’ER THE SCALINI 'ARANETERS ONTO TAPE HITH THE DATA SET

TCDATAI071IIXANE

TCOATA(O72IIXSNE

TCDATA(073I¢YAVE

TCDATAIOTAIIYVJLT

NARAIII'LA

NARAIZIPLB

CLA CLL

CALL RTAPE(1.I3L4.2046.TCDATAI-

CALL EIIT‘

ISUDRDJTINE CALC

I

ITHIS SJEROJTINE CALCULATES TNE CONDUCTANCE

CRLCI 4000

CLA CLL

0211

1501 ISRIND IN UPPER 0 HORO

0201 ' - -' ' I ~ -

DCA ICCELL

Isz SPARA

0211

1501 ' ISRINC IN SECOND O HDRD

5201

DCA ICCELLS

Isz SPARA

6211

1501 ISRIND IN LOHER 3 NANTISSA

5201

OCA I PCEL

I52 SRARA

JNP I CALC

I

ISUBRDJTINE TAgC

ITNIS SJBROJTINE CALCULATES THE TEMPERATURE VOLTAGE

I

TRLCA 4°00

CLA CLL CNL RAR IAC-4noo

$211 ' ICDP 1

1501 IADD IN TEHP DATA

5201 ‘ COP 0

OCA IISTIK

ZIPLCATIISTINI

Y-(z-10.IAOOD.).S.

CLA CLL

ISZ SPARA

JNP I TA.C IRETURN
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S I

S ISUDRDJTINE SCALE

S I

S ITHIS SJRROJTINE SETS 9: SCALED SCOPE PARAHETERS

S SCALEIIDDO

S CLA CLL

000 IVOLT-V-z

IETXNOLTI40704500009

407 IP(XAVE-2)400.450.450

400 IAVEIZ

00 TD A50

409 IEIXSVE-ZIASD.ASO.410

410 IDVE-Z

490 CONTINUE

8 CLA CLL

S JNP I SCALE IRETURN

S I

S ISUOROJTINE PPLT

: ITHIS SJDRCJTINE PLOTS DATA OUICKLY ON THE SCOPE

I

S FPLTI 3000

S CLA CLL CNL RTR IAC-2000

S TAD IL! ' ISRINC UP X VALUE

S RAL ISCALE

S CNA

S KLOAO‘ I-OAD I DIA

S CLA CLL CHL RTR IAC-2000

S TAD ILY ISRINC UP Y VALUE

S RAL ISCALE

S CNA

S YLP I.OAD Y DIA AND PLOT

S CLA CLL ’

S JNP.I'FRLT .IRETURN TO MAIN PROD

END



CDTALC

PROGRAM LISTING



I

I

I

I

942

PCELA

I

I

I

400

IFROORAN NANEI CDTALCoFT

lFORTRAN-SASRI KEITH J. CASERTA 2717/74

[THIS IS TNE 'ITTINO ROJTINE FOR THE TEMP-CDND CURVES

IHRICN NIL- RJN IN SA 3’ CORE AND PRODJCE A CUaIC FIT

IIT CAN ON-Y SE RuN IN TRE SEOUENCE IN HNICN CBTALR.FT IS USED

IIT IS CAL-ED AFTER CCLALP.:T ‘

:OHHON TCDDTRINARA

DINENSIDN TCDATAISBOI.NARAIAI

DIMENSION ARIA.SI.3RIAI

ASSYN RNP 007A IPH POINTER

ADSYN PHD 0075 IPH POINTER

ADSYN IVP 0075 IIIV POINTER

ARSYN JNITS 0077 IOPISET UNITS POINTER

ASSYN ASET 0100 IGENERAL POINTER

ADSYN SPARA 0101 IPARANETER POINTER

ASSTN SPPu 0102 IINDIRECT ADDRESS IN FIELD 1 POINTER

AaSYN SPPN 0103 IINDIRECT ADDRESS IN FIELD 1 POINTER

I

IINITIALIZE TRE ROUTINE TO FIT TENP-COND DATA

READ(1.P42IIBL4

'DRHATIIEIRsT SLDCR To READI I.ISI

CALL RTAPE(1.ISL4.2046.TCDATAI

<LINARA(1I

(NINARAIZI

ITRV-IKNOKL61

‘TI4ARL

30.0.00

ISTINID

CLA CLL.

IS! PCEL

ISZ ’CEL

SKP

'CORO

3LA CLL

TAD IKT

TAD (0174

OCA SPARA

I
.

[CALCULATE SUNNATIONS rCR A LEAST-SOUARES CUBIC PIT

DO 430 NAIRLINN

JRS CALC ISO CALCULATE CONDUCTANCE

JNS TALC I30 CALCULATE TENP

OLA CLL

ISIYAY

CIXSIY

IIPIIAY

iISIIISAXS

RIO-RICAXC

RID-XIDAIs-xs

NIP-IIFAISIxC

IIXIIIXAICAXC

YI-YIACORO

IIYIPXIYIAYACORD

RISYIXISYAXSPCJRJ

lICYAXICvochCCRS

CONTINUE
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8!? U’ YHi'DiYQRHINAIYS

I
I
I
I
U
I
U
N
I

‘
\
‘
5
\
H
\
\

‘3‘101"'L°AT(IY‘VL)

‘a‘102""

.3‘103"I!3

AR¢1.4IIIIC

SRIIIIVI

“‘201""

.“202"IIS

.Q‘203"!Ic

‘Q‘294I'IIO

liIzIIXINI

“¢301,"l3

‘Q‘302"‘Ic

A1I3.3I'NIO

‘fi‘304’3l’r

3Q‘3’le’Y

‘1‘4-1’UIIC

‘iICAZ’UXII

‘Q‘403"'17

la‘404’3KIX

3Q‘Q’8X'CY

BEGIN THE ’IVDTAL CJNDEVSAIION

C
H
I
C
-
I
N
C

‘
\
\
H
\
\
u
\

DO 29 K3103

(9104‘:

L.“

09 21 "(P10‘

IVCI33IQQ‘IA"I-CBSIIQCLAK)’I31021020

20 .'I

21 SONTIVUE

I‘IL'()25025023

C IVTE§CH|NGE “3‘3

23 03 24AJ"04

DJHH'I‘R“0J’

‘1CK9JIO|R(LAJI

:4 ‘a‘LoJI'DUqHY

DJHHTIBQIKI

BQCKI'BQILI

BRIL’IDJNHY

C ELIHIVAYION

25 DO 29 18(91,4

DJIHYIA‘IIAKIIIRI(AKI

‘R“l().0.

DO 25 J'49lp5

20 ‘a‘lDJ,"R‘IOJ’-DJ‘HVO‘RI‘OJ’

39 3QCIIIB§III-DJ1HVI3R((I

BACK SOLJTIOM

NQI4ASIUQRIQIIIRI004’

(I3

30 <P1u(o1

DUMMY-0.

DD 31 JI<R1.4

31 OONNT-DJNHVAARIN.JI.ARIJ.5I
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..“O,’."‘I‘I.DU“YI"R‘KO"

(IR-1

II’IKISIAIZASO

I

IOUTPUI TflizECJATION

I

diITEI1ASDOIARIQASI.ARI3a5IAARIZoSIIARI1o9)

'0NNATII.’ 0 I '0516.8.' IIS) 6 'oElO-ln' TIsz./.sx.vo I.E10.I

.0. I 0 'OEIGOOII

I

IUIIYE THE Cai'FIcIENTC Or THE FIITED EQUATION INIO THE DAIA SEI

I

TDDATAIATOI-ARI1.SI

TCDATAIbTAIaAaczosI

ICDAIlC677IIIQI305I

YCDATAICTOIuARIGASI

IODATAIAIOI-D.

TCDATAIEDOI-O.

CALL NTAPEI1.I3L4.2oA¢.TcDATAI

CALL EXIT

I

[SuBROJTINE CALC

ITNIS SJRROOTINE CALCULATE: THE CONoUCTANCE

I

C‘Lco 3300

CLA CLL

5211

1501 IaRINO IN UPPER 3 Roan

0201

OCA ICOQC

I32 SPAQA

5211

1501 IBRINC IN SECOND C NORD

0201

00A IDORDA

Isz SPARA

6211

1501 IaRIND IN LOHER NANTISSA

6201

OCA I POEL

Isz SPARA

:LA CLL

JNP I CALc IRETURN

I

ISuBROJTINE 70.0

ITNIS SJRROUTINE CALCULATes THE TEMPERATURE VOLTAGE

I

I‘Lco 3000

3-‘ CLL CHL KAI I03n4000

$211 ICOP 1

1501 IADD IN TENP DATA

5201 I30? 0

CA IISYIN

ZIPLCATIISTI‘I

TIIZPIO.I4096.I¢5.

I52 59030

:LA CLL

JNP I TALC IQETURN

END
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PROGRAM LISTING



IPRODRAN NANEI ' C"TLI.'T

[FORTRAN-SABDI NEITN J. CASERTA REVISED 11127173

ITHIS Is TNE PLOTIINI ROUTINE FOR THE FITTED TENP-COND DATA

zuulcu PLOTS NEAsuREO TENP‘As x. AND CALCULATED CDND As I

IFROH ANT INTECER FIT 0’ TO A FIFTH ORDER EDUATIDN

IIT F0.LDNs CELTLP.FT 04 NAT DIRECTLY FOLLOHI

ICDTTLLo'TA CDTTLOOr'D CDTTLC.FT.

[CDTAL..FT. CDTALD.FT. CDTALC.FT. on CDTALF.FT.

vasvs.sa NJST DE LOADED NNEN THIS PRDCRAH Is CDNPILED.

I

CONNON TCDATA.NAiA.ExTEA

DIMENSION TcOATAIsOoI.NARAIAI

[READ IRE DATA AND sET JP TH! COEFFICIENTS AND SCALING PARAMETERS

QEADI1A942I13L(

9‘2 'DRHATI'TIQST BLOCK TO READ! 'AISI

e
u
n
u
c
-

\
\
\
\
\

3ALL RTA’EI1AIBLA.2046.TCDATAI

IBLK'IBL(¢16

CALL RTAPEI1.IEL«.6.ExTRAI

NANE-TCOATAI671I

ADNEITCDATAI67ZI

TAVEITCDATAIO7JI

TVDLTITCDATAI67AI

A1-T:DATAI5751

A2-TCDATAI6701

ACITCDATAIOTTI

AAITCDATAI67D)

ASITCDATAI67DI

AsuTzoATAIADOI

IADD-IxavE-xAVEIIEDo.

IADD-2047.1500.

CALCULATE THE CURVE AVD PLOT

TIAEIIXSVEOOSIOASOIXBVEOIAIOA‘0IXBV500330A30IXDVEOXBVEIOAzOXBVEO

6A1

YIIT-TANEIOTVC.T

LXI"

LTII’IXINI

CALL IYSTILXALT)

TOXBNS

C00.

03 1 I'2.500

TIT-TADD

(IXAIADD

TIAOAITPASIoASOIT-OAIAAAAITIAJIAAaoToToAonoA1

TIIT-TANEIOTVD.T

LXII’IXIK)

.TII'IXITI

:ALL NVPLTILN..TI

CDNTINUE‘

CALL NVEND

CALL EXIT

END
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CCLMLT

PROGRAM LISTING



[PIODRAN NANEI CLHLT.FT

[FORTRAN-SASHA KEITH J. CASERTA 914/73

[THIS Is T4; OJTPuT SET FoR THE TDA RDJTINE

IHHICH CONTAINS THE ’RCUISICNS FDR TITRATION ANALYSIS

IIT READS TNE DATA FTON TA'E AND OUTPUTS ON THE LPI

IIPDINT NUNDER

2)V0-JH§ or TITRANT ADDED

SISANPLED NDLIACE

IIRAJ CONDUCTANCE

SICDNDUCTANcE :OREEcTED FOR SCALE CHANCES

SICDNDUOTANcE :oaaEcTED FOR DILUTION

TICDNDUCTANcE :oaaEcTED POR TEHP IF TENP RUNS HERE HADE

SIDDNDUOTANcE :DRREcTED FDR DILUTION AND TEH’

OITHERHISTDR RES°ONSE

[Ir THE OPERATgn oESIRES PRINT-DUT. HNEN THE DATA SET HAS BEEN

ISCANNED. IT CJTPuTSA ON THE TTT. THE NAxIHuN AND NINIHuH FDR

IALL CCNDUCTANCES CA.CU.ATED. IT IS RUN POLLOIINO CBTMLT.FT.

IC
C
.
“
C
O
.
.
‘
.
‘
.
O
O
C
.
.
.

\
\
\
\
\
\
\
\
\

COHHON NARA

DIMENSION NARAIzoASI

S OPDEE NUT TADS IHULTIPLT

S CPDE' DNI 7‘07 IDIVIDE

S OPDEE NHI 7411 INDRHALIZE

S OPDEE SHL 7A1: ISHIPT LEFT

S CPDE’ ASR 741s IARITHHETIC SHIFT RISHT

S OPDEE LS! 1417 ILDCICAL SHIFT RIOHT

S 3905’ NDL 7421 ILDAD MULTIPLIER OUDTIENT

S CPDE’ 361 7403 ISTEP COUNTER LOAD FSON MEMORY

S CIDE’ SCA 7A41 ISTEP COUNTER LOAD INTO Ac

S OPDEE NDA 1501 INC LOAD INTO AC

S CPDE’ ERAsE 0054 IERAsE DISPLAY SCO°E

S OPDE’ STORE DOST ISET SCD’E IN STORE NODE

S ADSYN IHP .0074 IPH POINTER

S ABSTN PHP 0075 [PH POINTeR

S ABSTN IN“ 0075 IIIV POINTER

S ADSTN JNITS 0077 IOFFsET UNITS POINTER

S Aast ASET 0100 ICENERAL POINTER

S AOSTN SPARA 0101 IPARAHETER POINTER

S ABSTN SPPu 0102 IINDIRECT ADDRESS IN FIELD 1 POINTER

S AESTN SP°N 0103 IINDIRECT ADDRESS IN FIELD 1 POINTER

S I -

S I

S ITHIS Is T4E INITIA.IZAIION SECTION

S I

S I

S OTOUTuzLA O L

TEADIioaooItaa‘obaT

FORHATI'PIRsT ELO:< TO READI

.OISI

CALL RTAIEI1oI3L4.2045.NARAI

balNIQIIZOCJI

ITRv_oNAaAI2046I

LDSNAQAIQOASI

IPTSINARAIZDAOI

APTSI'LOATIIPTSI

S C-A CLL '

S TAD ILP

S SNA

S

S

.00 IDIgo’o'OUTaUT ON LPI. I1'YOO'N" I

JNP I903

31A CLL

901 QEAOIIA902IA2AA30A4aA5AA6

’CINATI'TI1II ‘2 I 'oE10.0./.'TIZ

..EtsIBDIOTY“’. ‘5 ' '05160.0’0'TI5

I. I3 I 'AEIOADAIJTTIJII A0 I T

I. I6 I 'IEIDAII

291



903

.04

NXUA

404

292

SEADI109DIIVZESD

'DRHATI'INITIA.'VCLUNE IHLSII '.E1A.AI

TINS.2

‘DIVNI10

NDINT-10

ITI-Z

ISIO

35‘ :LL

TAD IL'T

32A

JNP NIU

JHP UXT

CLA CLL

6666

dQIT§I3PI04)

'OQNITIIQT TITTITION'A’A' PDINTI.2X.TTITRANT'.DX.IESIngo.'GCELL

II:I'A5IA'CCELLICI'05I.'SCELLIDI'aSX.'CCELLITI'AAX.'CCELLID-TI'obe

.. ENPII

905

ISITEISADOSI

’0RHATI9IA'IHLSI'AOXA'(VOLTSITAOXA'(HHOSITA7XA'IHHOS’TA7XA'(HHOS

II’A7IA'(HNCSITA7IA'IHHCSI'AOXA'IVOLTSI'A’)

2
\
\
\
\
\

x .
4

C

\
l

o

S FINA

900

981

902

S03

S19

920

521

$22

ISA

ID;

90¢

'07

BEGIN TD CALCJLATE DATA AND HAKIHA AND HINIHA

STORE .

ERASE IERASE DISPLAY SCOPE

CLA CLL

TAD (0200 ISET Ua FIRST DATA NDRD ADDRESS

CA ASET

DO 411 LAI1.ITSVL

JNS OJN: I30 CALCULATE RAd coNDUcTANcE ,

JNS 3CD ISO CALCULATE DILUTION CORRECTED CONDUCTANCE

CLA CLL CNA I-1

TAD ILA -

SZA

JNP ’AH

C-A CLL

NSICCELL

SOICCELL

NCICORC

SCICORO

NCDICD

360830

30 TO 99S

CLA CLL

IFIHO-CCELLI9S1aS1P.PDE

NCICCELL

39 TC 519

IrIczsLL-DDI9DI.519.51I

33ICCELL

IFIHC°CCQGISZDIDCIOSZI

CICORC

30 TO SSA

I‘ICCQG'BCI52209DIA9II

SCICORO

IEIHCD-DOIOSQA9DSAOQS

49DICD

DO TO 939

IEIDD-BCDIOS7APDSASDS

SODICD



293

I -
IDETERNINE IF I POINTS NERE TAREN AND CALCULATE IF THEY HERE

I

I9000 3-A CLL

TAD ILP

SNA

JNP SAD!

C;A CL CRA I-1

TAD ILA

32A

JRP (ULIA .

TAD -.D ISET UP PROPER ADDRESS VCR FIRST TEMP POINT

TAD 10292 ISET JP STANDARD TEMP

DCA SIARA

6211

1901 ' IADD IN TEMP INPC

5201

TAD 14000 ICRARCC TC 2'3 CCHPLIHENT

CLL

DCA IISTIK

ZIFLCATIISTIK)

TSPIPIIOAIIOOCOIPCA

KULIA03;A CLL

JRS CCT ICC CALC TEMP CORRECTED C

JNS SOTO ’30 CALC T-D CORRECTED G

CLA CLL CIA I-1

TAD ILA

32A

JNP ’AT

89 437831

93T83T

NOTDICTD

SOTO-OTC

CC TC 403

3 PRTO 31A CLL

990 I'IHCT-CTI9910990o992

991 NCTICT

33 TC 994

992 lg‘GV'Baf’9930,94099‘

993 BCTIST

99‘ ICIH3T0'3T019950403.99C

995 IOTDICTD

30 TC 403

996 I’IGTD-BCTDIPP7AIC3AIDC

997 CCTOIGTO

I

IOUTPUT DATA'CN THE .INEPRINTER IF REOUESTED TC

I

I‘CCA 3;A CLL

TAD ILPT

SzA

JNP Nxv

JNP :405

NXVA :LA CL

6666

dRITEISAADBILAAXTII.ESACCELL.CDR3.CDoOT.3TD.T

FORNATI1T.IA.SI1x.E12.SII

406 ATIH-NTINATIN

411 CONTINUE

‘ 0 A
I
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OUTPUT MARINA AND RININA

“
I
.
“

\
\
\

IaIT§I1OPOCIUCABCAHCABCAHUDAIGD

'9. 'C‘HATI’ACXA'RAX 31!, I 'AEIAAODCXO'NIN 31‘) I 'AECAACo/ASXo'HAX

. “(CI I '051‘..o,x0"1‘ 3(C, ' 'OEI‘ObD/ISXDIHAX CID, ' '051‘0605‘

POIIIN C(CI I 1051405)

CLA CLL

TAD ILP

SUA

JRP I120

CLA CLL

.99 4RIT§I1OD7CIH3T033TAHCTDABOTD

’7‘ TORHATIIACIE'UII 3‘TI I 'OEIIOCAPXO'HIN CIT) I '0614A64/ASX0'HAX

o CIT-DI - I.§1A.S.SA.ININ CIT-DI I IAE1AAO)

124 CALL EIIT'

I

[SUDROJTINE DJNC

ITHIS SJDROJTINE cALCULATES RAH CONDUCTANCE

I

CUNCD J000

CLA CLL

TAD ILD

SZA

JNI CEL

JNP CEH

CELA CLA CLL

9211

1500 'IACD IV REHAINDER

S201

TAD (4000

CLL

OCA.IJSTIR

ZLIP.OATIJ3TI(I

CLA CLL

IS! ASET

CE": 5211

1500 IADD IN DATA

6201

TAD (4000 CHANCE T0 2.5 COHPLIHENT

CLL

OCA IISTIK

ZaFLDATIISTIKI

CLA CLL

I32 ASET ISET UP FOR PARA HCRD

6211

1500 IADD IV PARA HORO

5201

JNS DCODE I30 DECDDE

I52 ASET ISET UP FOR NEXT POINT

33‘ :LL

JNP I OJNC IRETURN

I

ISUDRDJTINE 0CD

ITHIS SJBROJTINE CALCULATES DILUTION CORRECTED 0

I

CCDD J900

C-A CLL

3OI¢IVZERCIXTIRIICCRCIIVZERO

C.A CLL

JRP I 03D [RETURN
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/

ISUBRDJT I NE OCT

INNS SJBRCJTINE CALCULATE! TEMPERATURE CORRECTED D

I

DCTA J000

CLA CLL

0211

1500 IADD IN TENP POINT

0201

TAD c4000 IOHANOS TO 218 COHPLIHENT

CLL

CA IISTIX

ZIFLCATIISTIKI

T024I10.I4094.Ios.

CTIASAIITSOASI-(T-OSIIOASIT(TSOIAI'ITEIAIIIAAQ((TSIASI-ITOPS)IoA

ISIICTSEAZI-ITAOZI)IAZOITS-TIOCDRC

CLA CLL .

IS! ASET ISET UP FOR NEXT POINT

JRP I OCT IRETURN

I

ISUDRDJTINE DCTD

I

ICTUA JODD

CLA CLL

STD-IINIEROAXTINIACTIINZERD

CL CLL

JRP T OCTD IRETURN

I

I

I

I

I

D

0310

IISIUIO

IDCHZJ

ICCHBA

CODEAJDDO

DCA SPPU

TNITN

TNIT.

TLIT(

IUNIIO.

’H-.009

RVI10000.

TAD SPPJ

AND RSRI

DCA SPPN

TAD SPPd

SNA

JNP 0C2

CLA CLL

,H"‘.1OO

CNA

TAD SPPR

JNP 0:1

J‘OC

TAD SIPJ

AND ISRZ

DCA SPPd'

TAD SPPd

SNA

I

ISUBRDJTINE DCCDE

S ITHIS SJBRCJTINE DECCDES PARAMETER NORDS

S ICOHPUTES ,HDRUoXU~IDESPCCELLOCCELL

3 [IT HUST BE ENTERED IITR PARA H990 IN AC

3 [PARA JORD EORRATT

'leT I BITS ARE UNUSED

UE‘T A BITS FDR JNITS VALUE (BINARY 1010)

NEXT'? BITS FDR CAIN TNFC (BINARY VALUE 003)

VENT 2 BITS FDR PN INFD (BINARY 1.3)

ISTORE PARA NDRD

INASR ALL BUT PH BITS

IALLSET.

ITESA CONTINUE

IND. ADJUST

IADD -1

ISET U’ NEXT ITERATICN

INASR ALL BUT PH DITS

INAsR ALL OUT CAIN BITS

IALL‘SET.



S JNP OCA

S CLA CLL

RNIRNI1O.

TAD 937774

TAD SPPR

JNP CC!

C NSRCA J01A

SOC777AO777A

296

IVES. CONTINUE

INO. ADJUST

ISET UP NEXT ITERATION

INASR VCR ALL BUT OAIN BITS

ICAIN OEINCREHENTER

S DCAA

SDC776007760

S DCAA

B0

311

O'7Hs

CV71!

SPPJ

NSHS

SIPd

sPPN

TAD

AND

OCA

TAD

SNA

JNP OCA

CLA CLL

IJNII UNIt1.

TAD OC7700

TAD SPPJ

JNP 335

3300

INASN ALL BUT DEEDET UNITS BITS

IALL SET.

IVESA CONTINUE

INO. ADJUST

ISET UR POR NEXT ITERATICN

INASK FOR ALL OUT UNITS EITS

IJNITS DEINCRENENTER

=LA :LL

Es-IzoI12.5I4090.Ioo.2SI

IrILOIs12.312-311

ESL-IzL-I12.5/4095.146.2511APTS

ESIESPESL

CCEL.PIIESIRNIPI1OAAXUNIIRVIIIPH

IrII<1772.775.772

CLA CLL

TAD SPPJ IERIND UP CURRENT PARA HCRD

CIA

TAD

SNA

IIK

I’ARA dORDS THE SAME.

JNP I775 IVES CONTINUE

CLA CLL INC. 3 POINTS IN A RON.

IPIITI77AA7TAa77C

C-A C-L IAC RA. IACc0002

TAD ILO ISET ADDRESS OF NEXT PARA NORD TO CHECK

TAD I-P I’OR ANOTHER INPENOINO SCALE CHANGE

TAD ASET

OCA SPARA

5211

1501

S201

CIA

TAD

SZA

ISRINO IN NEXT PARA HoRo

SPPJ ICONPARE CURRENT AND NEXT PARA NORDS

JNP I774

:LA :LL

l1ITN-TN

lstN-TL

ZN-T--Iz1422II2.

ZTIZTOZNIOOELL

ITI-S

TRICCELL

CDRDICCE.L¢ZT

ITIIT¢1

CLA CLL

TAD S’PJ

OCA IIX

JNP I DCODE

END

ISRINC UP CURRENT PARA NCRO
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I IPRODRIN NANET

S/FDRTRAN.5AERI KEITH J. CASERTA

CD'NLTIFT

S/4/7S

SINHSIS TNE OJTPuT SET FOR THE TDA ROUTINE

S [UNION CONTAINS THE ’RCIIISI‘INS FDR TITRATICN ANALTSIS

S III READS THE DATA "ON TAPE AND OUTPUTS ON THE SCOPE AND PLOTTER

O IUNOER CONNANO 0' THE C’ERATCRI

«
u
n
c
u
t
-
u
n
u
H
D
A
Q
U
D

\
‘
s
\
‘
\
\
.

\
‘
§
\
H
\

”
o
n

I

I

I

I

I

D

D

IIAXES

IIRAA COND

IICONOUCTANcE

4ICDNDUOTANcE

CORRECTED FOR SCALE CHANCES

CORRECTED FOR DILUTION

CICONDUCTANCE CORRECTED FOR TEMP IF TENP RUNS dERE MADE

SICONOUCTANCE CORRECTED FOR DILUTION AND TEMP

TIE RUN 'OLLOJINC CC.NLT.'T

VETS-SB AND AXIS.SS NJST 3E LOADED UNEN THE DROORAN IS COMPLIEO

COHHON NARA

DIMENSION NAR41204AI

CPDE’

C’DE’

'CPDE’

CPDE’

CPDE’

CPDE’

CPDE’

CPDE’

CPDE’

CRDE’

CPDE’

CPDE’

ABSTN

ABRTN

ABSYN

ARSTN

ASSYN

ASSTN

ASSTN

ASSTN

NUT

OVI

NNI

SNL

ASR

LSR

NOL

SCL

SCA

NOA

ERAsE

STORE

Pun

Duo

IVP

JNITS

ASET

SPARA

SPPU

SPPN

7405

7407

7411

7413

7419

7417

7421

7403

7441

7501

COCA

6057

0074

0075

0075

0077

0100

0101

0102

0103

INULTIPLT

IDIVIDE

INDRHALIZE

ISHIPT LEFT

IARITHHETIC SHIFT RIOHT

ILOOICAL SHIFT RIOHT

ILOAD MULTIPLIER OUOTIENT

ISTEP COJNTER LOAD FRON MEMORY

ISTEP COJNTER LOAD INTO AC

IHO LOAD INTO AC

IERASE DISPLAY SCOPE

ISET SCOPE IN STORE NODE

IPH POINTER

IPH POINTER

IIIN POINTER

IOFFSET JNITS POINTER

[GENERAL POINTER

IPARAHETER POINTER

IINDIRECT ADDRESS IN FIELD 1 POINTER

IINDIRECT ADOREss IN FIELD 1 POINTER

THIS IS TNE INITIALIZATION SECTION

TOUTA C.A CLL

DEAOI1ADOOII3L(

'DRHATI'EIRST SLDCR T3 READ.

CALL RTAPEI1.I5L<.2D45.NARAI

-PcNARAI204OI

ITnv_-NARA12044I

-D-NARAIZOASI

IPTSINARA(ZD‘OI

APTSIFLCATIIPTSI

CLA ‘

TAD

SNA

JNP

CLA

TAD

TAO

OCA

:LA

6211

1501

IAICI

UL

ILP

4003

CLL

I-D

10202

gaARA

CLL CHL RAR IAC-4000

ISEOIN TO CALC STANDARD TEHP

297
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001

002

003

004

I

2201

-L

OCA IISTIK

l-FLOATIISTIKI

298

TSIZOI10.I4096.IOO.

‘EAOIIODOZIAZAIDOA‘AICAAD

TORNATI'TIIII

0aE15.O.I.'TI4II A5 a

.2 ' .0516060’0'112). ‘3 I '0516..p/.0T‘3,3 A‘ C T

'AEIDADOIOITIDII A6 I 'AEIOoDI

REAOI1.9041vZERO

FORNATI'INITIA.-NOLUNE IHLSII

TIHI.2

NDIVNP10

NDINTIID

ITI-2

INID

'0E1406I

I

IBEOIN CPTICN ROUTINE TC PLOT

I

I

LINDAOCLA CLL

RPL1.

RPL2.

JNP

CALL XVENO

dRITE(1oA16)

I415

='ORHATI'RLOT D’TICNSI 1)AXES'AIA1AX.'ZIRAd DATAo./.14x.I3IC CORR

RECTED OATAI.I.14X.IAID CORRECTED DATAI./A14XA'5IT CDRRECTED DATA'.

OIA1AX.'6ID-T CORRECTED DATA'.I.14XA'7ICALL EXIT'.II

u‘.‘

(SF

JNP

(RB

TLS

TAD-

SNA

JNP

TAD

SNA

an

TAD

SNA

JNP

TAD

SNA

JNP

TAD

SNA

JNP

TAD

SNA

JNP

CLL

RPL1

(7517

RPL2

(7777

RPLC

(7777

RPLA

(7777

RPL5

(7777

RPLO

(7777

RPLT

CALL EXIT

C.A CLL

ISEYBCARD STRUCK YET.

IVES. READ CHARACTER

IECHD

ICNEC<

’15 IT A '1'.

IVES: CO

IND. :NECK

IIS IT A '2'.

ITESP CONTINUE

IIS IT A '3'.

ITES CCNTINUE

II: II A '4'.

IVES. CONTINUE

IIS IT A '5'.

IVES: CONTINUE

III IT A '6'.

ITESA CONTINUE

CALL AXIS(NOINRANCIVY)

JNP I41!

I

IBEOIN ROUTINE TO PLOT RAH 0 DATA

I

RPLS. CLA CLL

JNS

JNS

ANDR

CJNC

TICCELL

JNS ’L'

ICO READ AND SET UP

ICC CALC.RAH O

.ICC PLCT FIRST PCINT



NBIL

OD DOD IINDILC

OLA

SNA

JNP

CLA

IS!

I701. JNS

TICC

JNS

CONT

PLO. :LA

JNS

JNS

TICO

JNS

NDIL

DO 775 IINBILD

CLA

TAD

SNA

JNP

CLA

IS!

I770. JNR

TICO

JNS

75 CONT

PL5. CLA

I
Q
U
H
D
A
D
U
I

‘
l
u
i

I
H
D
N
I
C
H
I
C
N
.

CLA

JNS

JNS

TIDD

JNS

NB-LS 1

IO I'NsoLc00 9

CLA

TAD

SNA

JNP

CLA

I57

JNS

1'00

1
0
1
0

“
M
R
S
M
D
I
D
U
N
w
I
D
U
.

SR1

CLL

TAD I.P

I701

CLL

ASET

CJNC

ELL

aLOT

INUE

20 TC 700

I

IDEOIN ROUTINE T0 CA.CU.ATE SCALE CHANCE CORRECTED O

I

R CLL

ANDR

OUNC

RC

RLP

SR1

CLL

I;P

I770

CLL

ASET

OJNC

R0

’LDT

INUE

20 TC 700

I

IBECIN ROUTINE T0 PLCT OILUTION CORRECTED DATA

I

R CLL

JNS ANDR

RBIE.OAT(LBI

ITINITINI(XB'1AI

CLL

CJNC

330

SL'

6

CLL

ILP

I703

CLL

ASET

03 NTINIXTINATI"

JNS CJNC

330

JR! PLOT

1D CCNTINUS

CC TC 700

299

I30 CALC RAH 0

I30 'LCT

I30 READ AND SET UP

ICO CALC RAH O

I30 PLOT FIRST POINT

I30 CALC RAN 3

I30 PLCT

I30

I30

I30

I30

I30

I30

CALC RAH O

CALC D CORRECTED 0

’LCT FIRST PCINT

CALC RAH C

CALC D CORRECTED 0

PLOT



BEGIN! RDJTINE TD ..OT T

CLO. CLL

ANDR

CUNC

JN. OCT

TIOT

JNS 'LF

NDILIPI

DD 912 IIHS.LC

JNS OJNC

JNS OCT

I

I

I

R CLA

JNS

JNR I30

I30

I30

I30

I30

TIOT

JNS aLOT ISO

CONTINUE

00 TO 700

12

'L’O CLA CLL

JNS ANDR

XSIFLDATILEI

ITINITINPIXD-1oI

CLA CLL

JNS SUNC

JNS OCT

JNS CCTD

TIDTO

JNS ’LF

000L001

DO 914 IPNSILD

RTINIXTINITI" _

JNS CUNC

JNS OCT

JNS CCTD

TIDTD'

JNS PLOT

CONTINUE

CO TO 700

I

ISUBROJTINE CJNC

I30

I30

I30

I30

'IOO

I30

I30

I30

p
.

‘

I

OUNCA JOOO

CLA

TAD

SZA

JNP CEL

JNP CE"

CLA CLL

5211

1500

S201

TAD (0000

CL

CA IJSTIR

ZLIF.0AT(JSTISI

CLA CLL

ISZ ASET

6211

1500

CLL

ILD

CELA

DEM.

300

CCRRECTED 0

CALC RAH D

CALC T CORRECTED 0

PLCT FIRST PCINT

CALC RAH 0

CALC T CORRECTED 0

PLOT

I

IBEBIN ROUTINE TC PLCT O-T CORRECTED DATA

I

I

CALC RAH O

CALC T CORRECTED O

CALC O-T CORRECTED 0

'LCT FIRST PCINT

CALC RAH 0

CAL: T CORRECTED 0

CALC D-T CORRECTED 0

PLOT

[THIS SJBRCUTINE CALCULATE! RAH CONDUCTANCE

IADD IN RENAINDER

IADD IN DATA



I

ITNIS

I

Cebu

ITHIS

I

OCT.

30]

9201

TAD cqoao ICRAUSE TD 2's CCH'LIRERT

SLL

oca IISTIK

ZI'LOATIISTIR)

CLA CLL

Isz ASET ISIT a. ton PARA RDRD

5211

1900 ' IADD 1v PARA noun

5201

Jns 0:003 130 056005

:32 Ass! 1357 0, ran nexT PDIRT

:LA CL

Jan I aJvc IQETURV

ISUEROJTIR! 0CD

SJBROJTIVE CALCULATE! DILUTIDN CORRECTED 0

3000

C.A CLL

IDICCVZEOO¢XTITIOSDRO)IVZERO

CLA CLL

JRP I so IRETURV

I

ICUEROJTINE OCT

SURROUTIVE CALCULATE! TEMPERATURE CORRECTED C

9000

SLA CLL

5211 ,

1500 IADD IV TEMP PDIVT

6201

TAD c4000 ICRAVCE.T0 2's CCH'LIHENT

:LL

DCA IISTIK

ZIPLDATIISTIR)

T'ZOIID.IAD96.I0§.

OT-Asottvso.5)-¢T-os))oASot(Ts-ootocTo04))0AAoc(TSo-3)-(1.os)goA

OCOIITSOOZIIITQOZIIOAEOITS-TIOCORG

ITHIS

I

GCTDO

ITHIS

I

ANDRO

. 18

0,0

CLA CLL

I52 ASET ISET 0: '0R NERT POINT

JRP I CCT IRETURV

I

[SUBROJTINE CCTD

SJRROJTIVE CACCULATES DILUTIDN AND TEMPERATURE CORRECTED a

JODD

32A CLL

OTDII(VlERDoRTIR’OCTIIVZERD

3LA :LL

JRP I CCTD IQETURV

I

ISUBROJTINE AVDR

SJBRCJTIVE DETERRIVES THE NUMBER AND RAN3E of POINTS T0 PLOT

J"00

QEAD‘104103L30.0014I0VLO

:9“"‘T""3” ’31‘t '0150/0'70 ’3INT 'oICIIo'UPPER 0 'oE14.09I

.CHER 0 'aEIAuCI

32A CLL

3;A CtL

TAD T0290 [SET U’ ADDRESS 3' 'IRST POINT



’29 I'ILi-LAI53105310530

N. I3

302

DCA ASET

1'00.

ITI-O

LAII

I930. 4w: :9 ' CALC BAH fl

CLA OLL

TAD ICP

82A

IS! ABET

CLA CLL

CAOLAOO

30 TO 529

I531. JNP I ANOR

I

ISUEROJTINE PCP

ITHIS SJCRCJTINE SET! SCALINC PARAMETERS AND PLOTS FIRST POINT

I

PLPO 0000

ch. duL

TSCA.IZCA7.IIY4I'TLOI

ISCA.02047I(LC'L§)

TIIY'VLCIOYSCAJ

CYII'IXIVI

LXIO

cRLL NVCTILIOLTI

CLA 35L

JNP I Pb' IRETURN

I

ISUBRDJTINE PCOT .

[THIS SJBROJTINE PLOTS ALL REMAINING INDICATED POIVTS

I

PLOT. Jnoo

CLA CLL

TIIT-VLOIoTBCAa

.YII’IXITI

CRILIOISOAL

:ALL xV'.TILx..vI

CLA CLL

JHP I 953T IaETunv

I

ISUBROJTINE 0:305

,TuIs SJQROJTIVE 0503055 PARAMETER HORDS

ICOHPufés ’4.ivoxuflloES.RCELLoCCELL

IIT MUST BE ENTERED dIT4 PARA RDRD IN AC

[PARA dano RORRATI

' FIRST 4 BITS ARE unuseo

NEXT 4 BITS FDR JNITS VA.JE (BINARY 1.10)

NEXT 2 BITS FOR 3AIN INFO (BINARY VALUE o-JI

”ECT 2 BITS FDR nu INFO (BINARY 1.3)

U
\
\
\
\
\

000509000

CA SPPJ ~ISToRE PARA HORO

INIT!

TBIT.

TLIT<

NUNI'D.

’HI.005

aV'100090

TAD SPPJ



303

O AND OORI' IOAOR ALL BUT PH BITS

I DCOA DCA O'Pd

O TAO SODA

O ONA IALLOET.

O J1! 0C2 ITEO. CONTINUE

O CLA CLL IND. ADJUST

PHOPRCOO, .

O CNA IADD -1

O TAO ODPH ISET 0' NEXT ITERATIDN

O . J1! 0:1

O NONI. .003 IOASR ALL BUT IN BITS

C 0020 TAD SPPJ

3 AND NOR! [NASH ALL OUT CAIN CIT!

C DCCI DCA SPPd

O TAO OPPd

O ONA IALL SET.

O JNP 0:4 Iris. CONTINUE

O CLA CLL IND. ADJUST

‘V'av.100

O TAD OC777A

O TAO OPPH ISET 0! NEXT ITERATIDN

O JNP 0::

O HSHZ. J014 IOAS< ’00 ALL BUT CAIN BITS

ODc7774.777A IOAIN DEINCREHENTER

C OC40 TAD OPPJ

O AND usu: ' INAsR ALL BUT OTFCET uNsz aITs

C DCBC DCA OPPN

O TAO OIPI

O ONA IALL SET.

O J1! DCO IvEs. CONTINUE

s CLA CLL IND. ADJUST

RJNI'XUNlot.

O TAO 037700

3 TAD O°Pd ISET 0’ FOR NEXT |T£RAT13N

O J!- 0C9

O MONO. 0300 IAAOX TON ALL BUT UNITS BITS

ODc7760.7760 IJNITS DEINCNEHENTER

3 0C6: C'A -L

00 =§uczo¢12.S/4096. ’06.?!)

IFILOI312.012.311

311 ESLCIZLOI12.5/4095.)06.25)IAPTS

$5355.53;

O12 CCEL.I¢(ES/OVI0(10.COJNIIRVIIIPH

IFII<I772.257.772

O .7720 C.A CLL

O TAO O=PJ IORINC UP CURRENT PARA HOOD

O CIA

S TAD IIK

S ONA I’ARA dORDO THE BARE.

S J00 0257 ' IVES CONTINUE

O C-A C-L INC. 3 POINTS IN A RDH.

I'TITI774.77A.77O

O .773. C.A :-L IAC RA. IAC-0002

s TAO ILD 1551,.000555 OF NEXT PARA 0000 T0 CHECK

O TAO IgP 1:00 ANOTHER IHPENDINC SCALE CHANCE

O TAO ASET

O DCA OPAOA

O 5211

O 1501 ' IORINO IN NEXT PARA HoRo

.O 0201 -



 

‘
0
,
”
‘
1

III

257

 



 

 

 

304

CIA

;AO O’PJ ICDNPARE CURRENT AND NEXT PAQA NDRDO

ZA

JR! 0774

3LA CLL

ZIITN-TO

ZZITX-TC

ZNIT.~¢21022I/1.

IT'ZTOZN-CCELL

77A ITI-O

257 T(ICCELC

CORO'CCE.L02T .

ITIITOO 1

:LR CL

TAD OPPJ IORINO UP CURRENT PARA HDRD

DCA IIK

JNP I DCODE

END

.
C
.
a

I
.

i
i
i
-
L
T
”
-

.
-



FILEII

PROGRAM LISTING



[PROGRAN NANEI FILEII.'T

IREITH J. CASERTA ' SIAITA

ITHIS PROGRAM EXECUTES ANY 0' THREE DPTION$I

IIIT JILL READ AN EDITOR GENERATEO FILE FROH OTA1

AND HRITE IT ON THE SYSTEM TAPE AS AN OoPEN FILE FOR

JSE'HITH CBHELP. IN ORDER TO 00 T415. THE OPERATOR

NUOT (VOA THE ABSOLUTE BCOCH NUMBER (DECIHALI ON Tue

DTA1 H4ERE TN; PROCHAN IS STORED AND THE NUMBER

0F'05I9 3.0c<s IT OCCUPIES. TRIS IN‘DRHATION HAT

aE'oBTAINEO av CALLING PIP ANO GETTING A LISTING or

DTA1 I/E O’TIONI. Ir DTA1 POSSESSES AN OSIB STSTEH

AREA. THE ‘IRST PROGRAM BEGINS AT aLOC< 112 IDECIHALI.

EACH OSIO BLOc( HHICH THE 9:? LISTINO INDICATES THAT

IT'oCCJPIES Is EOUAL TO T00 ABSo;JTE TAPE BLOCKS.

IF THE TA’E DOES NOT INc.UDE AN OSIO svsTen AREA.

THE FTNST PnasaAN CECINS AT ADSO.JTE TAPE BLOCK

‘4 0°53I‘05I0

EIIT HILL CREATE A P.OTTINO FILE BY ALLDHINO THE OPERATOR

To [NPJT T45 X AND V COORDINATES at ALL POINTS HHICH

ARE. CONNECTED IV PLOTIIN3 AS STRAISHT LINES. SCALING

:Acfoas :3? 33TH THE I AND T VALJES NAT UE INPUT.

ALL'PJOITIVE INTEGERS.FROH 0 TD 2047 ARE VALID

COORDINATE VALUES. A "az- IS 0550 As A LINE DELIHITEN

AND A ".2" INDICATES AN END-OF-TILE. THE FILE IS

ARITTEN AS AN OOPEN FILE ON THE STSTEH TAPE.

THE FILE MAY BE EDITFU HITH THIS SAME OPTION. THE

NANE IS INPuT TO CALL IT FROM TA’E. THE EDITING

rUNcTIONS INCLUDE CHANGING POINTS. DILUTINO POINTS.

INSERTIN3 °OINTS. CHANGING SCALINS FACTORS. ANU

SEARCHIN3 THE ARRAY FOR A PARTICJCAR x oR'v VALUE.

3IIT HILL pLOT A TILE PREVIOUSLT GENERATED. THE FILE

NANE NJsT as INPUT.

U
O
M
H
D
U
O
M
N
D
U
N
W
(
D
U
I
M
H
D
U
I
M
H
D
U
I
M
H
D
U
D
U
H
W
O
C
U
I
“
H
O
U
C
G
M
D
U
D
U
H
D
U
I
I
H
I
I
I

\
C
\
H
\
‘
n
\
‘
§
\
u
\
‘
\
\
.
\
‘
5
\
H
\
\
.
\
‘
§
\
H
\
‘
b
\
‘
§
\
.
\
‘
\
\
.
\
‘
§
\
.
\
‘
b
\
.

SOFHDN I’CI'ILCCITaTCIBLKCN

DIMENSION IFILEIIZBI.I’I2.300I

I

ISELECT MAJOR OPTION

I

000 HRTTEI1.23

FORMATI'OPTIDNSI IICREATE A TEXT PILE'.I.9X.'2ICREATE 0R EDIT A

oPLOTTINS TILEo.I.9X.'3I°.OT A rILE'I

REA0I1.OTINH

FORMATI'I'.IOI

GO TO (6.50.13?I.IHH

I

IBEGIN TO CENERATE TEXT FILE

I

asAoI1.10)r~ANE.I3LK.ITOT

0 ’ORNATI'DESIREJ NANE a? OUTPUT TILE:'.AC.I.TFIRsT'BLOCK‘To REAOI

0'.I5.I.0TOTAL OSIO BLOCKSI'.I5I

ITOTIITOTOE

3ALL OO’ENIIDTAO'.?NANEI

30 40 I'toITOT

SALL RTA°E¢1.I9L<.125.IPILEI

UNITEtlozoIII'IL5IOI.R'1.12UI

20 FORMATT120A2I

IBLKIIBLK¢1

AO CONTINUE

CALL CCLOSE

160 60 T0 1000

w
o
m
a
n
»

N
I
P

T
o
r
-
m
u
m

305



306

3 I

3 [BEGIN CRA'NICC 'IL! O'TIDNE

C I

50 READIIAATDIRTT

37D rDRNATT'EDIT PREVIOUS 'ILEl3.CREATE NE“ rILE'CI ICISI

(TROD

3 I'IKTTI’AC’lOI’C

I

3 INDUTI‘E TC CENERATE CDA’HIC DIS'LAT

3 I

51 TEADTICIIDIENATECRSCLECYSCLE

330 'ORNATI'DESIREJ NATE 0' PLOTTING PILEI 'oACCIa'! SCALING FACTOR

AIREAL33 0,515.0.I.'T SCA.INO FACTOR (REALI| '.EOO.5I

Do 130 I310300

111 SEA0I1.120IIPII.TI.I°I2.IT -

120 'ORHATITX . '.IO.I..v a I.I:: '

I"I'C1OI’.1)1‘001300125

125 IDI1.II-'L0ATIIPII.IIT-XSCLE

IP¢2.II"LOAT(IPI2.IIIOTSCLE

130 CONTINUE

140 3ALL 003ENIoOTA0'.'NANEI

JRITEI‘.150III’(1.II.I'1.300I

dRITEI‘otSDIII’12.II0I'1.300I

150 'ORHATIOOOAzI

CALL OCLOOE

3O TO 1000

O I

O [ROUTINE T0 EOIT ORA’HICS TILE

S I

100 READI1.1101IKT3

1101 g'OImATIv-‘ILE IN OJFFER-1.FILE ON TAPEAZI '.I5I

30 TO I209.1100I.<Ts

1100 OEA0I1.151TrNANE .

101 TOAHATIINANE 3===ILE TO PIXI'.AOI

CALL IOEENIoOTAo'.'NANEI

READ¢4.150III°‘1.I’.II1.300I

OEA0I4.I50TII?(2.II.I-I.300I

209 ANITEI1.909I

009 ’ORHATI'INSERT A ’3INT'O'.I.IDELETE A'FOINT-O'.I.TCHANOE A POINT

O-O'.I.'CHANOE‘OCALIN3 FACTORS-A'.I.ISEARCHASI,I,TALL none-o.)

OEAOI1.5TKT5

O 30 TO C211.217.182.000.00D.140I.NTS

I

O [ROUTINE TO INSERT aOINTS INTO GRAPHICS FILE

3 I

211 SEA0¢1.212IINTJ.ISCL'.ISCLr

212 ’ORHATI'IN'rRONT 3‘ aOINTT '.I5./.'x SCALING FACTOR: '.E10.0.I.'

0' SCALING FACTOR! '.E10.0I

ITII’IIAINPOII162906230620

COB NXcr.OATII=I1.INF3IIIXsCLr

‘ *T-P.OATII°I2.IN'O)IIVSCLF

30 TO 029

1629 NXAI’I1.INroI

‘T'I’IZAIN'OI

620 ARITEI1.0AA)IN’O.NX,NV

0‘4 ’DRRATIT’DINT ’oIOAT'I'.I0'X P '.I5.I.'Y I 0.15,],

READI1.213IIPT

213 'ORNATIINUNCEN 0' ’OINTS T0 INSENTI '.ISI

ITII3TI20¢.209.214

214 ‘THISOIIINfo-I’T

(TU-300

(TSOJDDCIPT



307

00 219 IPICKTH

IPI10(TJIUIPI10KTSI

I'IEA‘TJI'IPIEOKTEI

‘TUITTUOt

‘TSI(TSIA

It, :ONTINUE

00 210 IRIAI'T

aEADIIAIZDII'II.INEDI.IRI2.INFO,

0'00.‘10INPOI’53105303530

‘30 I'I1.IN'OIcrLOAT¢I°I1. INTOIIANSC.r

IDI2.INFJI-TLOATIIPI2. INrOTT.TSCCr

‘31 INroIINraog

216 CONTINUE

aEADTIACIJINTS

'17 'DRHATI'ALL 03NEIA.TNssnT none POINTSID.EDIT 0011005..1. ..Igg

IPIRTOIZD9.211.140

g IROUTINE TO DELETE aOINTO TRON A ORAPHIcO FILE

8 I

317 OEA0T1.OIBTIPT.IN=0,Xs:Lr.vsch

BOO raRHATITDELETET 'RCH POINT! 0.IO.I.TTO POINT! '.IO.I.TX°OCALINO

‘TACTORT '.516.0.’.‘T SCA.INO FACTDRI 0,516.3)

IPII’Il.IPT)91533.632.632

032 RXIP.OATII’I1.IPTIIIXSCLP

01".OATIIPI2.IPTII/YSCLF

30 T3 633

1633 Nx-I=¢1.IPTI

‘Y'I’IZCIPTI

633 ARITEI1.AAA)I=T.NI.HT

IIII’I10IN903)163506340636

634 NX-T,OATII°I1.IN?3ITIXSCLF

*Tsr.OATII°I2.IN'OIIINSCLF

30 TO 035

1635 *RII’I1.INFOI

OTII’I2.INro)

635 IRITEI1.AAA)IN’O.NX,NN

NEADI1CQCSIKTS

A‘s :ORRATIICDNTINJE'1.S(I’ OELiTIOcht v.35)

30 TO IAAC.209I.<TS

A40 (Ts-SonslNPO

IN'OIIN'OOI

00 El! I'loRTs

IIII.IPTT.IPI1.IN:OT

ntz.IPTI-Incz.IN:OT

PTIIRTog

INFOIINTOoI

118 :ONTI‘U:

READI1.219INTS

219 rORNATUALL CONS-1.05LETE HORE POINTS-D. EDIT OPTIoNs-.1; T.I52

3 I'IKTSIZD9021701‘0

I

O [ROUTINE TO CNANCE aDJINTT. TN A GRAPHICS FILE

8 I

O02 OEA0T1.153TNTS.XS:LP.TSCLF

103 ’ORRATITEOINT I0 C4AVCEI'.I5.I.IN SCALIN3 FACTOR! '.E16.0.I.'T O

OCACINC PASTOR: '.EIO.BI

IPII’I1.<TSIIO¢3.942.0AZ

042 III1.<TST-rL0ATII’I1.<TSIIIXSCLI

I’(2.<TSIITLOATII’¢2.(T5)IITsCL'

043 ANITEI1.120II=¢1.<T5I.Ioc2.KTSI

‘EADIOAIZDII’I1.(T5I.I°I2.KTSI

I’II’I104TOIIC‘403‘SACAS



005

IAC

109

308

IP¢1.RTSIIPLDATII’IOARTSIIOXOCL'

IPI2.<TOII’LOAT(I’I2.<TSIIOTSCLP

READI1.IOOINTO

'ORHATIIALL DONE'I.CHANOE ANOTHER POINTIO.EDIT OPTIONOI-OI '.IOI

IPIRTOI209.102.1‘D

O I .

O IROUTINE TO CAANae TNE SCALINO TACTORS 0' A GRAPHICS FILE

3 I

900

O01

READI1.501IX3C.E.T$CLE.XSCLF.T3CLF

'ORHATITSLO X SCA.IN0 TACTDRI '.E1C.B.I.'OLO v SCALINO PACTDRI .

'*.E16.0.I.'NEA I OCA.IN3 ’ACTORI '.E16.0.I.'NEH T SCALING FACTOR! I

.OEA‘COI

DO 502 I01.OOO

IPII'I10III50206350636

IPI1.II'IFLoATII’I1.I)IIXSCLEIOXSCLP

I'TZCI’PIFLO‘TII’IZAIIIIYSCLEIPVSCLE

CONTINUE

READI1.SOJIRT$

TCAHATIIALL 00NE~1.EOIT OPTIONS-OI '.I5I

IPIRTOIZD9.209.140

9 I .

O [ROUTINE TO SEARCH T4E 3RAERICS BUFFER FOR A VALUE

O I

600

001

637

630

602

603

604

605

606

607

600

S I

TEA0I1.601IIC.I0.TSCLF .

'OCHATTTSEAnCH'raa x VALUE-1. T VALUE-2T '.IS.I.'VALUE TO BE E00

0ND! '.I5.I.'SOALIN3 FACTORI I.E16.OI

ITIIOICOO.637.SO7

I0-TLOATIIOTOTOCL’

NCIO

DD 604 II1.OOD

IPII’IICCII-IDIOCAAODZCODR

JRTTET1.603II

’DRNATIIRDINT '.IOI

NCC1

CONTINUE

ITIHCI605.605.507

ANITE(1.OOOI

’DRNATII.'VALUEIDJES'N3T APPEAR'.II

OEAOI1.506IITS

’ORHATIIALL OONEOI.SEA?CH AGAIN-0.EOIT OPTIONScols I.IOI

ITIKTOI209.600.160

8 [BEGIN ROUTINE TC RLCT A PILE

S I

109

1522

190

1190

193

READII.1101IKTO

30 TO (1190.1522I.<TS

TEA0I1.190ITNANE

’00HATIINAN5 C’iEILE TO vLoT. '.A6I

CALL IORENIODTAD'.7NANEI

TEADIAAISDIII3‘1oI’.I81.300I

READIA.IOOIII°I2.II.III.ODOI

TR'I’I101I

‘Y'I’IZCAI

ngca

CALL OC'STINO.*TI

00 COO II2.300

NXII’IOoII

‘T'I’IZAII

I'IHAO1I100001930196

*XOII



194

19!

196

200

309

OD TO 200

ITINX1I195.190.199

CALL'SC'STIHX.NVI

ONO-O

3O TO 200

CALL OCO'LIHI.NTI

CONTINUE

3O IO ODOO

IND



CBHELP

PROGRAM LISTING



O IPROORAN NAHEI CBHELP.PT

N ITH A ERTA OIzITA

: ITSIO I: $4; CanauTsiIzEO CONDUCTANCE OVOTEH INSTRUCTIONAL PACKAGE.

O IIT IS DESIONEO TO TEACN THE NOVICE USER THE RECESSART FUNOANENTALS

O ITO PERNIT NIN Ta'OaERATE THE CORPUTERIzEO CONDJCTANCE svsTEH.

O IIN AOOITION. IT sERVEO As A CONTINUAL REFERENCE TO THE EXPERIENCED

U ER _

: IIT RUOT OE CONPILEO HITN THE XYSYS.SB AND OCO’:.SO PLOTTINO RDUTINCS.

O I

DIRENOION IPIZ.OOOI

ITIOOOO

LPT-O

'NARE-D.

LAIO

LO-o

LH-1

O I

O IREOIN INITIAL DIALC3

O I

READ I1 OOII‘

11 PORHATI:JOJLD TOJ LI(E INSTRUCTIONS FOR USINC TRIO PROCRAH. ITYP

0! TEO OR NOII'.AZI

IEIIKOITIOCOCEOOJ

02 ENAnauvzaRsLHT

S JNS N'ILE

8; gLA CLL1 1, '7

O ‘AD 0

101 TORHAIIOOUTEUT ON LPT.1.ON TTTO0.0RIP INITIAL DIALDCI-1I'AI5I

ITIL’TI215.214.297

O :207. JNS OLP ’3: SET UP LPI

O CLA CLL

214 'NAnsaoASTART'

O JNS NTILE

O I219. CLA CL

'NANEI'OSTART'

LPTOC

O JNS NrILE

O CLA CLL

.180

O I

S I

3 IBEGIN SELECTION OF NAJOR OPTION

O I

O I

OEA0I1.259IN

209 TORNATITTT I!)

200 30 TO I311:313.315.317.319.321.323.3250327.347.O46I.N

O I

O [OPTION TO TENNINATE

S I

34 JRITEII 320I

32: ’ORNATII.'I AN TERNINATINC'olo'I HOPE I RAVE BEEN 0P ASSISTANCE'

’0’)

CALL EXIT

20 READII OSOIN

33: 'ORNATI'TVPE NJHSER Or NExT OPTION8'.I9I

30 TO COO

O I

O IOENERAL SVSTEN 0&OCOI’TION OPTION

O I

310



311

311 TNAHEIIECCCOD'

ION-I"

JNO ‘LOT

3LA CLL

'NAREOTPCCCOE'

IOHOO

JNO PLOT

CLA CLL

'NANEI'COGODC'

JNO OTILE

CLA CLL

OD TO ZOO

DESCRIPTION 0' THE INSTRUNENT OPTION

U
\
\
\

’NAREC'CINSOP'

LRIO

LPTIO

JNO OIILE

C.A CLL

CRUD

OEA0T1.IB7IN

700 30 TO I701.7D2.70307DA.7D§I.N

701 ENAH5303ANALO'

ION-I

3 JNS ,LOT

8 3LA CLL

TNANEO'PANALZI

ION-O

JNO ’LOT

CLA CLL

'NANEO'RANALCT

JNO aLOT

3LA CLL

'NANEI'CANALO'

3O TO 706

702 'NANEI'ROSCBD'

ISKOL

5 JRO ’LDT

8 CLA CLL

PNANEO"35C92'

IOKIO

8 JNS ’LDT

3 3LA CLL

'NAREI'CCOND"'

30 TO 709

703 'NANEI'RNEASS'

ION-I

S JNS ELOT

5 3LA CLL

rNANEoHNEAszI

ION-O

O JNO ’LOT

3 CLA CLL

'NAHEOICNEASSI

OD TO 706

704 ENAniooaTENONT

ION-I

O JNS ’LOT

3 3LA CLL



312

'NAREC'PTENPC'

IOROD

O JNO ’LOT

O CLA CLL

'NAHEOTCTENPN'

OO TO 709

709 'NANEI'CEDJER'

O n706. JNS aTILE

O CLA CLL

R;AOI1.707IIX .

707 'ORNATI'AOJLD TOO LINE A DISCUSSION OF ANT OTHER RODULE. T.A2;

IPIIXoITI295.700.ZOO

700 aerI1.709IN

709 ’ORHATI'PLEAOE TT'E THE HOOULE'O 0PTION NUMBERI '.I5I

30 TO 700

8 I

O IDIOCUOOION or CONDUCTANCE MEASUREMENT 0PTIDN

S I

313 ’NAHEOTOAcch.

ION-I

JNO 'LDT

3LA CLL

'NAHEO'CODCHC'

JNS RPILE

SLA CLL

30 TO 205

I

[DISCUSSION OF T45 OIP3.AR PULSE TECHNIOUE OPTION

I

17 TNAHEI"OPCI"

TOR-1

JNS aLOT

3LA CLL

'NAREI'DOTEPT'

JNS NPILE

3LA CLL

RiADIlOOCOIIX .

OSO ’ORHATI'JOJLO TOJ EE'INTERESTED IN A DIOCJSOIDN OF THEORETICAL E

ORRCR.'AA2I

I'III-ITIOOOTJSIAZRO

33: 'NAREO'CDOTEC'

S JNS R'ILE

O CLA CLL

30 TO ZOO

O I

S IINSTRJCTIONS 90R ROJTINE OPERATION OPTION

O I

810 ’NAHEC'CIPROC'

JNS RPILE

3LA CLL

30 TO EOO

INSTRJCTIONS FOR 90.5! dIOTN SELECTION OPTION

N

O
‘
\
\
\

'NANEO'PREVLR'

ION-I

JNO ’LOI

CLA CLL

'NANEO'CIFPHS'

JNO NTILE

3LA CLL

O: TO 296



313

O I .

O IINOTRJOTIONO TOR ROJTINE AOJUSTNENT O'TION

O I

823 'NAREI'CIPRAC'

O JNO NTILE

O CLA CLL

O 30 TO COO

I

O IERROR NESOAOE OJHNANT ANo‘TOOUBLESHOOTINO OPTION

O I

32’ TEADT10190II‘

100 ’DRNATI'dOJLD TOJ LI<E AN ERROR OUNRART.'.A2I

IPIIloITI192.101.10z

101 'NAREO'CCENSC'

O JNO OTILE

O CLA CLL

:02 4RITEI1.103I ,

IOO 'ORNATITI CONPJTE THAT VOU RUST OE EXPERIENCINO SONE DIPPICULTT.

a.)

TEADI101OAII!

104 TORRATITIOJLO TOJ LINE SONE HELP.T.A2I

I IPIIl-ITI25601950206

1|! 'NAHEO'TROJOL'

LNI1

LPTCO

O JNO RPILE

S CLA CLL

LNIO

ARITEI0.000I

106 TORNATII°LEASE'INOICATE THE NUMBER OF THE PROBLER'.I.'HHICH REST

‘ DEOCRIOEO TOUR OITEICULTTI'.II

aEAOI1OAC7IN

187 ’ORHATIIOI

623 IrIN-IAIAOS.AOO.AOO

490 30 TO I501.502.503.504.505.506.507.506.509.510.511.512.513).N

‘9’ VIN-t3

30 TO I514.5150515.517I.N

901 ’NARECOC’ROBO'

30 TO 515

902 ’NANEI'TRB'LO'

30 TO 515

503 ENAnauvc’ROaOT

3O TO 519

504 'NAHEI'CPROOA'

30 TO 519

505 'NAHEO'C’ROBO'

30 TO 513

506 ’NAREI'CEROBOI

30 TO SIS

507 ENANE.-O=RORTT

3O TO 515

500 ENANE-vzanaaav

OO TO 519

909 ’NAHE-°CEROOO'

30 TO 51!

510 ’NANEI'CERO1OO

30 TO 519

911 ’NANEO'CERO11'

30 TO 51!

512 TNANEO'CPRO12'

30 T3 510



’13

.16

919

O1.

’17

C l5100

3

620

621

622

314

'NAHEI'C’RO13'

3O TO OIO

’NAHEI'CPROIOI

30 TO 519

'NANEIIC'R315'

30 TO 51!

'NAHEI'CPROIG'

3O TO 513

‘NAHEo'CRRa17T

JNS NPILE

3LA CLL

R5AOI1.0ZOIIX .

’ORHATI'JOJLO TOJ LINE A DISCUSSION OP ANY OTHER PROBLEM. '.A8I

IfIIl-ITI256.0ZO.ZOO

READI1.622IN

'ORHATI'aLEASE TTEE 145 NUMBER OF THE PROBLENI T.I5I

3O TO 623

O I

O [SELECTION or A °ROONAN SET TOR SPECIFIC EXPERINENTS OPTION

O I

827

030

ARITEI1.630I ,

g'ORNATITTR; 0.453 or TNE PROORARS IN THE COH°UTERIZED'.I.'CDNDUC

.TANCE OVSTEM ARE COOED'FORI.I.IEAST RECOONITION. HOULD TOU LIKE'I

631

632

O

O

633

READI1.631IIX

’ORNATITAN 5X3.ANATION OF THIS CODE. 0.A2I

IPIIl-ITI63306320533

’NAHEI'CPROEX'

JNS OTILE

CLA CLL

’NAREI'CSOAPS'

LRIO

b'T'O

JNS RTILE

:LA CLL

LNIO

daITEII.519I .
:ogn.y¢.aLs.sE Tvas THE NURBER RNICH CORRESPONDS TD THE'.I.'TTPE

. 0r EXEERINENT VOU dIsH TD PERFORHI'I

OEA0I1.137IN

OO TO (501.502.603.604.605.606.607.600.609.61D.65DI.N

='NAIII.=.-'C"LO.I‘.H

JNS OTILE

3LA CLL

REA0010511IIX .

CQDHATITJOJLD TDJ LI<E AN EXPLANATION OF THE PROGRAH SET. '.A¢I

IPIIl-IT)679.612.079

’NANEO'CEXPLZI

JNS NPILE

3LA CLL .

READI1.650II!

TORHATI'JOJLD TOJ CARE To VIEH SAMPLE DATA. '.A2I

ITIII.ITI290.SO1.205

'NAHEI'RTITPL'

ISKII

JNO ’LOT

CLA CLL

'NAHEC'CTITPL'

3O TO 520

‘NANEI'C’LCHO'

JHS OPILE

SLA CLL

OEAOI1.511IIx

IPIII-ITI652.613.552



619

609

610

'315

'NANII'CEIPLO'

JNO O'ILE

:LA CLL

NEAOI1OOOOIIx

ITIIIoITIEO0.000.EOO

'NANEO'PHENEL'

ION-I

JNO ’LOT

3LA CLL

'NAHEO'CAENEL'

3O TO 520

’NAHEI'C’LOH1'

iNS SEIL:

CLA CLL

READI1.611IIX

ITIIl-ITIZOO.614.EO6

’NANEI'CEXPL1'

39 TO 520

'NAR=.T:=LCHO'

JNO OTILE

LA CLL

READI1.6113IX

IPIIO-ITI206.615.206

'NAHEC'CEXPLOI

OO TO 520

Cq‘qggogrLouco

JNO O'ILE

LA C LL

‘EA0010011IIX

IPIIl-ITI2060616A206

Cq‘":.03:-XPLN'

30 TO 920

’NAHEC'CELOHO'

JNS NPILE

CLA C-L

RE-ADI1.O11IIX

IPIIR-ITI2960617.206

’NAHEOOCEXPLO'

30 TO 520

’NAHET'C=LOO7I

JNS RPILE

3LA CLL

REAO¢1.611IIX

IPIIICIVIZO604100236

’NAHEI'CEXPL7'

30 TO 520

’NAHEI'C’LOHO'

JNS R'ILE

CLA CLL

REAOI1AO11IIX

IEIIIOITI25605190206

'NAREI'CE-XPLO'

30 TO 920

'NAHEI'C'LCHPI

3O TO 520

'NANEI'C’LO1D'

30 TO 520

’NAHEI'C'LO11'

JNS NCILE

3LA :LL
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I
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I
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213

100

3 .206.

S
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203

S
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u
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316

‘EAD‘los’Al

fonq‘7(TdoJLD TOJ L1<e A DIEcUSSTON or ART oTHER EXPERIMENT. '.A

I'(!l-IT)23604A2!O

READCL.5)N

:ORHATTT’LEASE Tvas THE NUMBER 0' THE'ExDERIHEHTT '.!5)

30 TO 6

CREATIVG OR CAAHGTVC A CBHELP FILE OPTxOH

’HAHEu'COCAcFI

J15 atx.§

3LA CLL

30 TO 255

I

[SUBROJTINE nrng

SJRROJTIHE READS A FILE GENERATED HxTH FILEST Ana

[OUTPUTS IT TO THE TTV JR “PT

RFILEAOOOO

3LA :LL

17¢L1’21302130212

TEA0¢1.103)LPT

=oRHAv¢v3uraur ow .RT-1.0R TTYIOT'015)

Tr¢L=1)212.212.205 -

st OLP ‘ ' 133 SET uP LPT

:LA 35L

:ALL IO°§H¢ooTAo'.?~AHE)

RaAotA.zos)(zat1.1).121.128:

’ORHArttaaAz)

J18 SCRAH 133 UVSCRAHQLE

3LA ZLL

DO 23‘ 1319192

LAII’CZATT

SLA CLL

TAD ILA

TAD (7545

SNA IIS It A CNTRL '2'.

JHR I R'TLE Iris. RETURN

3LA CLL

IrcL97)275.275o275

3LA CLL

TAD ILA

Tsr ITEST TTV FLAG

JHD 3gP

TLS ' IECHO CHARACTER

3LA CLL

33 TO 204

3;. :LL

TAD I;A

5661 ITEsT ;PT FLAG

JNP ’LL

6666 ' IOUT’uT CHARACTER

CLA CLL

CONTIHUE

30 TO 2:1

SUBRDJTIVE 0L9

Y SJRRJJTzuE'sETs J3 THE LPT FOR OJTPUT



u
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u
a
u

OLPA

H710

X7!-

7'.

Trio

zfxi

SE71:

55720

OLPYA

EXPO

317

0000

CLA CLL

9662 CLEAR LRT rLAa

5661 ITEsT ’LAG (SEE IF L'T (8 arr)

JNP A?!

JHP :LPT 133 TELL To TURN on LpT

5662

6661

J19 If!

JHP at!

3LA CLL

TAD (7700

OCA SETZ [DELAY LOOP

132 5571

Jqp :9

132 S§T2

J19 rp

TAD (0215 ICARRIACE RETURN

$564

5661

JHP Tr:

3LA CLL

TAD (0214 IFORH #550

5666

5661

J19 2?!

3LA CLL

J19 EXP

0000

3000

:gA 3L

JRTTE¢1.220:

='MHATHJJRN 3R .PT.'/)

JHP ART '

3LA CLL

JVP I 05°

/

ISUBROJTTNE SCRAH , .

IYHIS SJBROJTIVE'UNSSRAQBLES 05/8 DtCYAPE PACKED ASCII INTO

[DISCRETE 9 BIT VALUéS

I

SCR‘HAUOOU

CLA CLL

<T-1

(Ala

(BIO

(8'0

(0'0

03 400 <‘1012702

(A'13‘10(’

(B'!’(1A(¢1)

CLA CLL

TAo I(A ‘IBEGIN To REARRAVGE DATA

AVO (0377

CA I<C

TAD 1(8

AND (0377

OCA I(D .

TAD IRA IJECTR To COHHIRE THIRD CHARACTER CoDE

AND (7400

CTR

QTR
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OCA C(A

TAD I<B

AVD (7400

‘TL

QTL

RAL

TAD I(A

OCA I<A

3LA :LL

I’(2.(T)!KC

(TIKToi

(“CZ-(7)3(0

(TIKToi

"(20(T)IKA

(Yinoi

CONTTMUE

J" I SZQAO

O O

I

[SUBROJTTNE PLOT

[THIS SJRROJTIVE GEVERATES'SQAPHXCS DISPLAYS F3? CBHELP ROUTINES

I

PLOT: 0000

3LA CLL

CALL (OPEchDTAo'.’~AHE)

aEADHAHOHI’HAI’ntlla3007

‘5‘0040920’C‘9‘201’0A310300’

m
m
m
w
m
u
u
.

920 7DRHAT(SOOA2)

!r¢:s<)923.923.921

921 TEAD¢1.9so)xx

930 ’DDHAT¢'40JLD vou LI<E A HARD Co°v OF THE DIAGRAH.'.A2)

923 *Xfil°(1o1)

”YI!3(201’

1:1-o

13(IK-IY’93509360935

935 3ALL sC’STtHX.4Y)

SO TO 937

936 CALL xYST(4x.HT)

937 00 950 1'20300

‘X'1°(101,

*v-x=(2.:)

19(H101)960.943.965

940 IF(I!-IY)942o9A10942

9A1 CALL vav0

942 ”x181

30 TO 950

9A5 Irclx-Iv)9ao.947.946

946 I:(n11)948.9‘9a945

945 CALL SC°ST(HX.4Y)

‘X180

33 TO 953

949 CALL SCJ°L(HX.4Y)

33 TO 950

947 (T(HK17951.952o951

951 :ALL xvsr(wx.47)

*x1-0

33 TO 950

952 CALL XV°,T(HX.4Y>

¢50 ZONTTHUE

960 IF(!l-IY)962o?51o952

961 CALL RVEHD

5 I962. 3;A CLL

8 J!” I 9537

END


