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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
by a dedicated minicomputer. Within the system the computer exercises
control over the pulse width, the pulse height, the amount of offset
Current applied, and the tracking amplifier gain. The computer also
controls 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
thirty microseconds. The dynamic range of measurable conductances
extends from 0.22 to 1.8 x 107797,

Signal-to-noise ratios for this instrumental system vary from
6.40 102 to 6.70 x 103 over the operating range, for single bipolar
Pulse perturbations. Averaging up to 2000 perturbations per point
Increases these values to 1.18 x 103 to 6.40 x 10° over the operating
range. The conductance measurement is unaffected by parallel cell

Capacitances at least as high as 1000 pF. Accuracy within the operating
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range has been found to vary from 0.38 to 0.0037 percent for a series
capacitance of 10 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
to be 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
record of the temperature-conductance behavior of a particular system
My be obtained. This behavior has been investigated for several
EIeCtrolytes in aqueous media, and several in non-aqueous media. The
Curves thus obtained have indicated that the temperature coefficient
of conductance will often change sign over a few degrees temperature
Change. This préliminary 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
Monitoring, instrumental performance characterization, and instrumental
Se'\1’-1:est:1ng. In addition, a computer-interactive instructional package

has been developed for teaching operation of the system. It includes



Keith Joseph Caserta

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.
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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 NMR, 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 caliber of ¢pe experimentation, which he is able to realize through
the use of these techniques, is very much dependent upon his ability
t commnicate his desires and goals to the specialists. Unfortunately,

th "
© 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.)



e

-y

HOR




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 appear 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.

B. 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-
ment 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 not 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 aré
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.

B. 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 does 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 for laboratory 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-8/1
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
punch (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-205-11 strip chart recorder (3). Finally, there

is an extremely versatile mainframe real-time clock, as described by
Hahn and Enke (5).

The Heath EU-801E 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 thg 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. A]] 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.

A11 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 "B" 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-
ture 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 +
Bx]/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 S/N, 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-
ture, 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

critical timing of data acquisition will proceed smoothly.

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

useful 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 Y vs. 1/X. It is also capable of plotting
axes on the resulting plot.

Four other plotting routines (7) are used for data display in
many 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 1ines 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

system Tibrary 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 l1iquids 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
made 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, RS, 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:

Xe = 7mfC

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 (ZRXanf)'Z. 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 xcx 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.

B. 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 10]19). 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 1089
and 3% from 10% to 10'7a.

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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CELL

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 (10) 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, fllustrated in Figure 6 (10) 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 E1. When the polarity
reverses, CP will again quickly charge to the new potential, Ez (-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-1) - b%[a(d + 2) - 11/2 + b3[a(d? + 3d + 3) -11/6-...
where a = 'EIT]/EZTZ

b= T2/RxCx
and d = TI/TZ

If the pulses are truely symmetrical (E]=-E2 and T]=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=10 uF,
Q=IO'4 or 0.01% relative error. There is no theoretical dependence on

CP as long as CPRO (Ro is the output impedance of the pulse generator)
<ST2.
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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 0.0 to 1077970,

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 lo'zn"

» 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 10071,

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 R,C, 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 Ry.

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 Cy 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 1002. 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
determination, as a step toward chemical determination, had been brought

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

quite complex.

D. 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 S5723L regulator. This signal is inverted by operational
amplifier Al’ an ultra low drift amplifier set to give a gain of -1.

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 15, $0.5, or #0.05 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 1B
provides the control potential and contact 2B the current path. Amplifier
A4 is the very fast current follower and grounding amplifier. It con-
trols electrode B 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 AZ' The required amount of offset
is selected by the computer through the appropriate combinations of
feedback resistors. These resistance values are such that 1, 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 0

to 10 for current scales of mA, mA x 10']. mA x 10'2, and yA. 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 5002 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 Z 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 ImA, 100 pA, 10 vA, and 1 pyA. For the
highest gain, a "TEE" circuit (20) equivalent to 10MQ is used for greater
precision and shorter response time than could be obtained from a 10MQ
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 1ike 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, ES, 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 S5723L
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
+50u Volts and will drift a maximum of +3 uV/month and $1.5 uvV/°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
148B) will slew at 50 V/ usec and settle to within 0.01% of the true
value in1 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 inasymmetrical 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 149B had the best of these characteristics with a

slew rate of 100V/ 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 wV/day
and £15 wV/C. It can supply up to 20 mA at 10 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 useconds) 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 149B. It can be trimmed to zero initial offset
voltage and has a maximum drift of +500 uV/month and 25 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 (0.12). 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 "on" resistance of FET switch Z, in series with the selected
feedback resistance of amplifier A4, is significant for the 10 KQ



38

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.

A1l resistors less than IMQ in the pulse generator, offset generator
and current follower are fast response, 0.01% Vishay metal film resistor
(S102 or S106). Al11 1 MQ resistors are General Resistance fast, wire-
wound, 0.01% "Nanistors". A1l 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 circuitss 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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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
high quality ground line is provided for directly connecting the ground
for 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) Analysis of experimental data by a computer isolated from the
data source, after the data has been produced.

2) Direct acquisition of experimental data by a computer at the
instrumental site, during run time, followed by analysis.

3) 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.

4) In addition to on-line analysis and parameter control, initia-
tion and control of the entire measurement sequence by the
computer.

5) 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
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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 responsibi1ity 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
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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 PDP-8 computers, diagramed in Figure 11
(6). This interface provides 12 input lines to the single 12-bit
accumulator (AC) of the PDP-8, 12 buffered AC out lines, and 12 buffered
memory buffer (BMB) 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/0 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/0 cards, one
providing AC in and the operating controller functions, one providing
AC out and these same functions. The I/0 cards also provide BMB bits
3-8 which form the device select code. These bits are decoded in the
instrument by a prototype of the Heath EU-800SA 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 1, 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 1. Computerized conductance system instruction set.

Device
Select 10P
(DS) 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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B. 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 PDP-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 BCD nixie tube display or stored as BCD 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 Z. Thus, at the beginning
of the second pulse (time B), 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 Z also triggers a 1.5 u second 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 D. 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 information at the A/D output into
the accumulator 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 DS-IOP 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-1A, can settle to within 0.01% of true value anywhere
within its range (+10 volts) in 5§ wseconds. The A/D converter (Analog
Devices ADC-U) uses the successive approximations technique to convert
12 bits in 7-10 wuseconds. 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 wuseconds.

The gated driver is a prototype of the Heath EU-800-JL gated driver
card 29). 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 (0-10), 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
which control offset and gain had a tendency to unlatch when computer
generated noise appeared on the I/0 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 1ine 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 cu}rent.
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.

e ——
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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-8/1 has inherent cycle time uncertainties which would
have caused these errors. Furthermore, there is a variable delay of
up to 6 1seconds 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-800KC 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 Q4. The signal at Qq is set to “1" which inhibits the
clocking of the = 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 signa],QA, becomes "0" which
enables the counter to be clocked by the chosen time base. The counter
output, in turn, clocks flip flops B-G. Flip flops B, C, and D 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 B 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).
Propagation delay through the flip flops. There is a delay of up to
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4.5 useconds 1nvtrigger1ng the sequences due to the DS-IOP signal
interval. Also, since the + 5 counter will only clock ona 1 + 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 B, 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 1ift up for easy inspection.



Figure 15. Photograph of the Digital Circuits Compartment.
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Figure 17. Photograph of the Control Circuits for Pulse Height and
the Analog Temperature Monitor Circuit.






CHAPTER 4
PROGRAMMING 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 programming the systems which have been interfaced.
Consequently the experimenter often spends an amount of time programming
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 programmer 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 communicate his exact wishes concern-
ing experimental operation and data analysis to the programmer than it
would be for him to do the programming himself. Furthermore, should
the nececessity of altering the program arise after the programmer 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
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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.

B. 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 experiments which 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-1ine. 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 performance 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 performing routine analysis. An
experiment could be designed by a person with no programming background
at all. The experimenter would simply 1ist 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-11 assembler
for use on a PDP-11 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
(a11 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§/8 system described below) is avaflable.

D. THE DEC 0S/8 OPERATING SYSTEM

A1l 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/0 in FORTRAN. This combination of FORTRAN and SABR 1is
exclusively used in the computerized conductance system programs
presented in this thesis.

The 0S/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-8/1
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, therefore usually necessary to write the data obtained
during an acquisition onto tape at the completion of a run, for later
analysis. Initially, i1t had been decided to write file-structured
data blocks on tape by use of the device independent 1/0 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/0
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
0S/8) for device independent I/0 pointers. 0S/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/0
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 TCO8 direct memory access (data break) tape controller. These
routines will not function with a tape controller, such as the TD8E,
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 0S/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 1isting 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 P (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 sendiné information 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 PDP-8 memory reference
instructions but contain an indirect bit. These statements will work,
if used sparingly, but they do precipitate an (i1legal character)

error message from the assembler. When such an error occurs in
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assembly, the assembler will not 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 0S/8 system, which has not
been overcome, is that one cannot make use of the ﬁrogram 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 PDP-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 0S/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.
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F. DETERMINATION OF THE OPTIMUM MEASUREMENT PARAMETERS
FOR THE COMPUTERIZED CONDUCTANCE INSTRUMENT

For the circuit presented in Figure 6 the cell conductance, GCELL’

R Re ) Eq )
o \RINRT  EnRy

in MHOS, is given by:

=1
GeELL ° R

where RT is the total divider resistance (10000Q), Rp is the divider
resistance to ground, RF is the offset amplifier feedback resistance,
RIN is the offset amplifier input resistance (20000Q), Ry is the
offset current producing resistance, Ry is the current follower feed-
back resistance, EIN is the precision -5 volt power supply level
(-5.000 Volts), and Eg 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, Ci, 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:

dG.., , = f%l *SceLL |dC, + QUANTIZING ERROR
ce = & \wTy )19
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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 +1/2 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:

1) Maximize the pulse height to make E¢>12.5 volts if possible.

2) If necessary, increase Ry to make Eg>12.5 volts.

3) Apply the maximum offset possible to bring Eg within the

range of 0 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, R = 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
0 to 12.5 volt range of the converter. The computer sets the proper
decade scale of offset (RI = Rv/IO), 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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1n

o SET mAxImaY raNGE: Ry = 107, Ry = 107, R; = 0, R = 4000 |

» PH, Ry, OFFSE

Figure 18.

Simplified Preliminary Scan Routine Flowchart.
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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 0.229"l

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 = @0.5000E+01 VOLTS

PW = 0.1000E-01 MSEC
UNITS = B.9000E+01

RV = 0.1000E+06

SAMPLED V = 0.729980E+01
RCELL = @.513876E+04 OHMS
CCELL = 0.194600E~-03 MHOS

PH = @.5000E+P1 VOLTS

PW = 0.1000E+00 MSEC
UNITS = 0.9000E+0]

RV = 0.1000E+06

SAMPLED V = 9.74]1272E+01
RCELL = @.513280E+84 OHMS
CCELL = 0.19482SE-03 MHOS

PH = 0.5000E+81 VOLTS

Pw = 0.1000E+8]1 MSEC
UNITS = 0+.9000E+0]

RV = 0.1000E+06

SAMPLED Vv = 0.721130E+01
RCELL = 9.514343E+04 OHMS
CCELL = 9.194423E-03 MHOS

PH = Q.5000E+@1 VOLTS

PW = 0.1000E+P2 MSEC
UNITS = 0.9000E+01

RV = 0.1000E+06

SAMPLED VvV = 0.685425E+01
RCELL = 0.516240E+84 OHMS
CCELL = 9.193708E-03 MHOS

TEMP RESPONSE = 0.156494E+01
OPTIONSt 1)AVERAGE

2)RESTAKT

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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| REQUEST PN
[REQUEST NUMBER OF SCANS
[ REQUEST DOUBLE PRECISION DECISION |

| LOOK UP SETTINGS |
| LATCH |

| MEASURE |

ADD_TQ PREV{OUS VALUES |

NO

YES
| LOAD TOTAL INTO EAE |

| DIVIDE |

| QUTPUT |

»
Al°

[ QUTPUT ]

Figure 20. Averaging Routine Flowchart.
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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: 1)AVERAGE
2)RESTART
3)TDA
4)CALL EXIT

AT WHAT Pw? (MSEC)s: .1

NUMBER OF G SCANS TO AVERAGE: 100.
DOUBLE PRECISION? (1a3Y,0=N)131

TYPE EXPERIMENTAL INFO (CNTRL G TO END):

CONDUCTANCE MEASUREMENT OF A 0.0001 M

SOLUTION OF HCL
3725774

AVERAGE OF 100« SCANS: SAMPLED v = 0.60561523E+01 VOLTS
RCELL = 0.52052886E+04 OHMS
CCELL = 0.19211230E-03 MHOS

TEMP RESPONSE = 0:16845TE+01

Figure 21. Averaging Routine Qutput.



OPTIONS: 1)AVERAGE
2)RESTART
3)TDA
4)CALL EXIT

3

TOTAL NUMBER OF POINTS:100.

TIME BETWEEN POINTS (SECSJ?3Se.

NUMBER OF T SCANS TO AVERAGE:2S.

THIS WILL REQUIRE ABOUT ©0.8333E+01 MIN
FIRST BLOCK TO WRITE: 200.

AT WHAT PW? (MSEC)>: .1

NUMBER OF G SCANS TO AVERAGE: 100.
DOUBLE PRECISION? (13Y,0=N)31

TYPE EXPERIMENTAL INFO (CNTRL G TO END):3

TITRATION OF S0.0 MLS OF 0.002 M
HCL WITH ©9.01 M NAOH

CELL THERMOSTATED AT 24.90 C
3785774

TYPE "G" TO START
6

Figure 22. Timed Data Acquisition Routine Output.



BouBLE \ o

mcgy (LR REFAIEER)

YES

L[OUTPUT ERROR ME3OAGE |

__YEST CLOCR TLAG)
[EXECUTE RESEY ROUTINE ¢ ]

Figure 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
is tested to determine if the sampled signal, ES, is within the proper
limits . The criteria for these 1imits were determined by the hysterisis
necessary for scale overlap which will be discussed in detail in Chapter
S. If the A/D converter reads less than or equal to 0077, the computer
W11 execute reset routine 1 to insure that the next measurement will

be on 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
o0 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
already at maximum, the current follower gain is increased. Once either
the puise 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 fset is turned off altogether. Finally, the parameter word is
reset for the new values of the circuit settings, these values are
latched in, and control returns to the main program. Reset routine 2,

for reésetting the circuit to compensate for increased conductance,




NO [ DECREASE 0

YES
SET
=o| zERO
OFFSET
NO
TRCREASE Pil=— @
YES

[ INCREASE GAIN |

[ SET OFFSET = 10 UNITS |

[RESET PARA WORD |
| LATCH |

"RETURN YO MATN PROGRAN

Figure 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 u seconds. Approximately 100 u
seconds are required to calculate the average and store and test the
data between points, 1f no resetting is required. Reset routines require
300 u seconds to become "effective" due to the relay closing time.
Simul taneous temperature measurement requires the additional time of 6

mseconds per scan.
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S
DECADE CURRENT SC/

NO INCREASE OFFSET 1 UNIT

E
NO
YES

0 MIN
[DECREASE GAIN] N GAIN
2
YES
OUTPU
ERROR et
SAGE
HALT NO
DECREASE PH

SET OFFSET = 1 UNI

[RESET_PARA_WORD Je—

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-
sibi]‘ity 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
instrument for determination of its optimum measuring abilities is
therefore largely eliminated. Finally, performance characteristics
which may only be discussed in relatively qualitative terms for many
instruments may be quantitatively determined with high precision in

the computerized conductance system.

B.  DETERMINATION OF SYSTEM S/N, PRECISION, AND RESOLUTION

The first performance characteristic which was determined for the

COmMputerized conductance system was the signal-to-noise ratio, S/N,

91
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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 S106 or S102). 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
Plot 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, g, as given by:

n 1/2
D@ - 67

s = (43

where pn = the number of points, G = the average conductance, and G1

is 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, os
and S/N for any continuous group of points in the data set. The operator

My 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 Tlowest 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
107501, 1he 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
noise, to less than the 12 bits of the A/D converter plus any addi-
tional most-significant bits supplied by the offset generator. This
q‘"'Ckly proved not to be the case as can be seen in Figure 27. This
plot Clearly shows the measured signal oscillating between two least-
significant bit positions for only 16 averages per point in the con-
ductance region around 3 x 10'49']. The resolution has clearly been
limi ted py the 12 bits of the averaging which have been kept for
analys g, 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, prov%ding a 14-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-
divide it by software during the data analysis routine. In this way
the predicted improvement in S/N and in resolution could be realized.
The 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 10009(10'39']). 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-
ing 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
air 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°92"1 yielding a S/N of 624,000. Thus the

option to take double precision data has henceforth been incorporated






97

(8-££€201) ‘uoLIn|osay pue N/S ut JudwdAosdw] Bulbedany 3|quasu3

(29s) awr]
00l 08 09 ov 02 0
I 1 | 1 | ! I 1 R i
—
GOLXZ90¥2°9 = OLIBYN/S
|-Ug-01%2628G°1 = UOLIRLASQ paepuels
|-Up-01X965/8°6 = 9 3beuany —
|-Up-01X265£8°6 = (W)D ULW
[-0p-01X109£8°6 = (W)D XBW :00%-052 SIULOd
GOLX96518°L = OLIBY N/S -
|-Ug-OLXPP8EY™S = UOLIBLABQ pJepURIS
| -Uy-01%¥666/8°6 = 9 3besany
_-m¢-o_xmwmﬁm.m = (W)9 ULl -
|-0p-01X£19/8°6 = (W)9 XeW :00G-L s3utod
forms === | CTTTee T h
!l@))ll)lﬁl% ,tW4r)||(s‘m11. —
I "aousaaguaaquy yjeq cdwey T T
l

"82 @4nb1y

m-oﬁxmwm.o

LCOZAQADODOOkFFICZ0 W

£ -01X866°0



98

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 1imited
by the stability of the standards which were available for use. In
addition, at the very low signal levels being detected for these con-
ductances, spurious currents through the glass epoxy printed circuit
board 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

of 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 1inear 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 1inearity 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 L

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.

Two of these routines are data analysis and plotting subprograms
(options 1 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
conductance 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 "!" 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 u 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

< ey

time during which all excess charge developed on the series capacitance [‘
due to asymmetrical pulses may be sunk to virtual ground by the current

follower, preventing build-up of this charge from affecting accuracy.

Furthermore 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
any of seven options. In order to make an instrumental accuracy deter-
mination for series RC circuits (i.e. "real cells") at the chosen pulse
width and interval, the operator connects a resistance standard alone
to the cell leads and selects option S, 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
Ccapacitance 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 0O which outputs the relative error on the teletype.

Once he has completed the measurement, he may move on to the next
interval 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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amd analysis. If he desires to change an interval or pulse width

be Fore the data are entered he may select option R or C respectively.

Omnce all data have been taken, the user selects option E which closes

the output buffer. The buffer is subsequently searched and the computer

ca T culates and outputs the maximum relative error. Finally, the data

may be stored on tape for more detailed analysis and/or plotting at

r“
a Tater 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 (% 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 1imits. The computer uses this information to generate

a2 point 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 1 p F.
These series capacitance values were equal to or less than the series
€apaci 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 summarized in Table 3. The presence of
effects due to series capacitance, in regions where the bipolar pulse
techn§ qQue should be relatively immune to these effects, arises from
Pulse height asymmetry due to finite FET switching and amplifier
settl ing 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 summing point increases. The

current reaches a maximum at the highest offset currents, corresponding
to conductances of 2 x 1073q"!

s 2 X 10"4Q°], etc. This accounts for
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MLE 3 - Accuracy (in percent) for various conductance - series capaci-
tance combinations. Allowed relaxation time is 30 u seconds
unless otherwise indicated.

C(uF)
&) 10 5 1
107! 0.17 4.4 19
2 x 1072 0.0053 0.82 0.057
1072 0.0071 0.40 1.4
2x 1073 0.12 0.21 0.38
1073 0.026 0.059 0.13
2 x 10t 0.074 0.38 0.15
1074 0.0069 0.0045 0.23
2 x 105 0.0073 0.0051 0.018
10°° 0.0037 0.0012 0.28
2 x 106 0.049 0.072 0.095
1076 0.024 0.054 0.18
2 x 107 0.25 0.52 0.99
1077 0.38 0.45 0.76

-

-?.
9 msec be tween pulses.

30 msec be tween pulses.
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the relatively poorer accuracies in these areas.

Al11 values in Table 3 represent 30 useconds allowed relaxation

t 4 me between pulses except at 2 x 1075077 and 2 x 107" where Tonger

re 1 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

be tter can be obtained for series capacitances of 10 uF. At lower

capacitances, the effects of pulse asymmetry 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
obtained with the resistance standard alone.

Finally, no measurable effect on accuracy by parallel cell capaci-

tances less than 1000pF 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
Pulse width for use in a given conductance region. First, the pulse
width must be short compared to the time constant for the series RC
Circui ¢ formed by the conductance cell as discussed in Chapter 2.
Second 1y, the pulse width must be long enough to allow the current
fol]ower to settle to its true output at the end of pulsing. For low
conduc tances the gain of the current follower must be increased,
slowi Ng the response of the amplifier. Thus longer pulse widths must

e used at lower conductances.

CBPSLT provides, through option 3, a means to determine exactly
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tihe optimum pulse width for use in a particular conductance region
In wusing 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 s tores 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.

the maximum error is calculated and output. The operator then selects

the plotting scale and the data is point plotted as relative error

vVs. Tog (true resistance). The data may then be stored on tape for

the more detailed analysis provided by option 1 or replotted by option
2.

A composite plot of data obtained in this way for each of the four

shortest pulse widths, over the entire operating range of the instru-

ment , appears in Figure 30. This particular plot corresponds to a

Series capacitance of 5 ,F.

The two factors which contribute to the
erroy -

a pulse length that is significant compared to RC and the current

f°]"'°We|r- settling time, are manifest in the rapid increase in error at
either end of a particular pulse width region. It can be seen from

the p1 ot that, for the best accuracy, the pulse width should be chosen
as fol1ows: Above 10 9'1 (<10 K) the shortest pulse width (0.01 msec)

is used, between 107%™ and 1.4 x 10753"1(10 K - 70k2) the pulse width

‘O\msec between'l4x]0 ]and14x'|0 Q-](7OK-700KQ)

the pulse width - 1.0 msec, and between 1.4 x 107971 and the lower

When the E option is finally selected,
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c onductance end of the scale (700 K - 80 MQ), 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
entd 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"
in which data points were lost altogether, as the computer caused the
instrument to oscillate between the lower offset, gain, or pulse height
Setting full scale conversion and the higher offset, gain, or pulse
height setting zero conversion because of the area where the scales
faileq to meet. A1l data taken during the underlap interval were lost.
In addition, some non-linearity occurred at low voltage level outputs
of the current follower, apparently due to pulse asymmetry with insuf-
fici ent allowed relaxation time. Both problems were solved by providing
overlap of the scales through the divider at the current follower
output _ Hysteresis was provided at both ends of the scale by not
permi tting an A/D conversion above 77008 or below 0077g without a
scale change. Any discontinuity occurring at the scale change point

(see raw data, Figure 31) was eliminated by programming the computer

-1
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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 1 culating the best straight line through the last three points

mea s wured on the previous scale setting and from this calculation,

Pred -icting the position of the next point. The offset between the

Pred -icted position and the actual position of the first point at the
new scale setting is used to correct all subsequent data. If fewer
thamn three points are taken at a particular scale setting, as may

be the case for very rapid conductance changes, scale change correction
isS not performed by the computer.

After implementation of the hysterisis and scale change correc-
tion provisions, it was found that instrumental adjustment was virtually
Unnecessary. Only infrequent trimming of the current follower, to

Prewvent non-linear response due to pulse asymmetry, 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
Capacitor in the feedback loop prevents oscillation of the offset am-
P13 Fier but would cause the current follower response to become non-
14 Near if used. The resulting small 10 MHz oscillations of the current
foq Tower are transparent to the measurement and are allowed to occur

s+
Tnce the noise bandwidth of the instrument is upper-limited by the

| —_

o

M
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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

range, which extends from 0.22 to 1.3 x 10°%7'. Above 0.2207!,
the conductivity is so high that maximum offset is insufficient
to put the conversion system on scale. Below 1.3 x ]0'89'], as previously
mentioned, conduction between the copper foil pattern through the glass
époxy printed circuit board becomes significant compared to the measured
conduc tance.

F1inally, the instrument can be completely reset by the computer
and set tle to its new settings in 300 wuseconds, limited by the relay
closing  time. Discrete conductance measurements may be made in 30
usecond s (20 yseconds for pulsing and 10 pseconds for relaxation during

which AL/ D conversion takes place) at the maximum rate.

G. SYSTEM DIAGNOSTIC AND EXERCISER FACILITY

Even during the earliest stages of development of computers and
Compute v~ gsystems, software sets were designed specifically for exercising
these sy stems and indicating malfunctions within them. It was found
that if such tests were conducted routinely, the system gained a high
degree o reliability. This is because many malfunctions can be detected
before They become sufficiently serious to effect operation of the entire
System. Furthermore, computer systems can become so complex that they
are Hte"a'ﬂy impossible to troubleshoot in any other way. Thus, when
3 computer system is developed, appropriate testing software should

Also be Written. Such software is standard for the computer part of

the POP-8/1 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.

Of ten, 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

outs ide help.
interpretation of these system tests is described in Chapter 9.

Program which performs these tests, CBTCLH, is flowcharted in Figure 32
and 7 disted in the Appendix. Its function is described below:

In order to use CBTCLH to perform instrument tests, the test probe
shown 4np Figure 33 is normally plugged into the instrument cell lead
Connec tions. This probe provides series resistances and series and
Paralle1 cemn capacitances for use in the system tests. These components
are ava i Jable through switches on the probe itself. A BNC connection
for oscy Tloscopic monitoring of the pulses is also provided. For most
'instr-ument tests, the 10002 resistance standard with no series or
Paralleq capacitance is chosen. The program is entered by the operator
Tn the NMormal manner. The operator is asked to choose a pulse width.

He
norma 1 Ty 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 1in the proper troubleshooting procedure to follow.

If A/D conversion problems arise during the preliminary scan,
If the scan is completed successfully,

error messages are also given.
Two of these

the operator may select any of seven option test routines.

routines 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 actwual 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
instr‘ument, Option 3 causes the conductance circuit to continuously
Pulse The cell at a rate equal to ten times the chosen pulse width.
No €rror checks are made which would cause the timing to be disturbed.

Thj . .
1s Permits the operator to use an oscilloscope to check the generation

Of me o ey s
ASurement sequencer waveforms, proper amplifier switching, sample

;

e amw
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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

-
It

the above signals.
Option 4 causes the conductance conversion system to be tested.

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-

tion pulses are applied at intervals equal to ten times the chosen

If the conductance flag fails to raise within this period,

pulse width.
If the conductance

the computer outputs an error message (ERROR 3).

A/D converter returns a zero or full scale conversion, the computer

outputs ERROR 4 or ERROR 5 respectively. The probable causes of these

errors are explained by CBHELP (Chapter 9). These causes would include

failure of the A/D triggering monostable, momentary failure of the
Tatches 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 of the components to check for the particular failure circumstances
€ncoun tered.

The temperature conversion circuit may be exercised and tested
ina Similar manner by option 7. Flag, zero conversion, and full scale
conver‘s*ion error messages (ERRORS 6, 8, and 9 respectively) are given.
CBHELP A 1s0 aids in interpretation of these failures.

Opti ons 4 and 7 are combined into one routine by option 5. This

Permj
ts tests of the entire computerized conductance instrument at one

;
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time.

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
merely substitutes for the cell. It did not appear desirable to introduce
extraneous circuits into the instrument which might possibly interfere
wi 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) 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.

2) 10P 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.

3) 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 circuitswhich produce each of these signals
could then be isolated.

1) 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/0 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
itsel1f (probably not a chemical thesis!). The degree of self testing
in the computerized conductance system was thus purposefully 'imited
to those interactions which the measuring circuits themselves already
Provided.

Finally, it should be mentioned that the computerized conductance
System utilizes the real time clock diagnostics written by B. K. Hahn
(46) 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.
Most 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

stabilities, conductance-based studies of chemical systems with inherent

temperature variations had to be avoided. These included reactions

which 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

or two significant figures. Johnson claimed excellent results for 1°C
negative temperature deviation correction but positive deviation correc-
tions were not suitable beyond 0.25°C.

In designing the computerized conductance instrument, it was
desirable to keep the analog conductance circuit as simple as possible,
Not encumbering it with those amplifiers and multipliers which were
Necessary to compensate for temperature variation in Johnson's instrument.
In addition, situations could be envisioned in which a record of the
aCtual 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, Ry, and
an A/D conversion system with a flag. The precision 5 volt signal
produced by the S5723L 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 KQ 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 A/D con-
Verter is triggered directly by a DS-IOP signal from the computer,
resetting on the rising edge and initiating conversion on the falling
edge . Upon triggering, the STATUS output goes high. When STATUS returns
to Tow, it triggers a flag and possibly a program interrupt. The flag
Circuit is identical to the conductance flag circuit discussed in
Chapter 3. After testing the flag and finding it raised, the computer

Wil gate the driver and transfer the data to the accumulator.

The analog section of the temperature monitor appears in the
phot°9raph of Figure 17. It is mounted directly over the temperature
mon i Ttor A/D converter which is located in the digital circuit compart-

me
nt, 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 149B 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

6 m seconds. For the signals produced by ordinary temperature sensors,

a high speed of conversion is not necessary but some means of signal

averaging is desirable due to the noise on such signals. The resolution

0f 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
(29) jdentical to the conductance circuit gated driver. The resistors
used in the bridge and amplifier are all metal film resistors of 0.1%
tolerance or better.

Two thermistors have been used for temperature monitoring in the

COMpu terized conductance system. One of these is the 44006 Yellow

Spri Ngs Instrument Company thermistor with a resistance of 10 KQ at
2%5°c, It is encased in a teflon sheath to prevent electrical contact
"ith Tthe solution and to protect the thermistor from harmful solvents.

T -
his thermistor has a time constant of 25 seconds in still air and 2.5
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seconds in a "well stirred" o0il 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 1.4 seconds, in a still oil bath 0.11 seconds, and in still water
0.055 seconds. Its resistance change is 3.9%/°C. Faster thermistors
are available from the same company (up to a time constant of 300
useconds 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
flow stream of high velocity.

The response of the temperature monitor, the voltage output of
amp 1 § fier 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

WUtPut of this circuit, which is the signal, EIN’ which the A/D converter

rece o
€Ce1i ves, is given by:

25.55R;
“IN T TZTo0WR, - 1062
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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 FCR THE DETERMINATION OF THE
THERMISTOR RESPONSE COEFFICIENTS OF CONDUCTANCE

In order to perform corrections of measured conductance for changes
in temperature in the computerized conductance system, the actual varia-
tion of the conductance of a system with temperature variation must be
Measured in the absence of other effects, such as changes in the ionic
Character or dielectric properties of the solution. If these other
effects should occur the resulting correction parameters will be formed
to i ncilude them. Implementation of these parameters will eliminate the
Other effects as well as temperature effects. Since changes in ionic
character or dielectric properties are most often the effect which the
oPerator desires to follow, such a "correction" for them would destroy
the measurement.

To construct a temperature-conductance profile, the temperature
of the chemical system under study is varied over at least the tempera-

tu . . .
re 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 ¢ for
three systems in dimethyl sulfoxide (DMSO); 4 x 10'4ﬂ luminol (36a),
10'3ﬂ potassium tertiary butoxide (36b), and the products of the reac-
tion between these species (36¢) 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-
linear. This is evidenced by the accumulation of an increased density
Oof data points near the 24.5°C region of the curve (lower right).

The cause of this effect is the way in which the data was generated,

by First heating the solutions in the conductivity cell and then plung-
ing the cell into a constant temperature bath at 24.5°C when the data
dCquisition began. The cooling was, of course, much faster in the early
Stages of the run. In general, it is common for temperature to change
MON-uniformally in an experiment. This presents an interesting problem
in Curve fitting which is the method employed to construct temperature
COrrection parameters for the conductance of a particular system. If
there 4re more points inonesection of a curve than another, the
"ethog 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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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
referring to the CBTALR Appendix listing, that the flowchart in Figure

37 is considerably simplified. Many of the operations of CBTALR which
are explained in FORTRAN terms in the flowchart are actually manipula-
t 1 ons 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
so 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

the Necessary software pointers. The raw data array must consist of a
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5 BLOCK NUMBE 2
[_INDICATOR (SET_FIRST INTERVAL = T(1) - X ]
RDER A
[SET T =T, T = T(2) | QI=Y:-0.7=11

WRI RRANGED ARRAY ON
TAPE, 16 BLOCKS BEYOND RAW DATA

Figure 37. CBTALR, Array Arranger, Program Flowchart. (Simplified)
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12 bit conductance word, the 12 bit division remainder, the parameter
word, and the 12 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 12 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(1) in Figure 37) with all other temperature elements in the array.
If a thermistor response is encountered which is larger than T(1),
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(1); 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 G(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(1)
and going to the value of T given by T(1) - X. It zeros SUM] and SUM2
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 SUM1 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 PDP-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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TQuyre 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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Figure 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:

=al +b

= al + bT]/2 +c

aT + bT + ¢

=aTd + bT2 + cT + d
2

o o [ o (]
n

=ar + b+ T3+ dT? 4 eT 4 ¢
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

ti"’ﬁ& by CBTALR and CCLALF, initializes software pointers, and proceeds
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REQUEST DATA BLOCK NUMBER

INITIALIZE INDICATORS

SET I =

~»{CALCULATE G(I) AND T(1)]

ADD TO SUMMATIONS

ALL
NO VALUES

Figure 40.

SUMMED
?

YES

SET_UP_DETERMINANT

DRE COEFFICIENTS ON TAPE WITH DAT/
RETURN TO MONITOR

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 PDP-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 1/500 for each successive point.
It plots straight lines between points, producing a continuous curve.
If the plot of raw data generated by CCLALF or CCLTLF has been saved on
the scope or X-Y plotter, it will, by plotting the fitted curve on the
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LSET_UP SCALING PARAMETERS AND COEFFICIENTS |
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NO

RETURN TO MONITOR

Figure 41. 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 15 °C while no bulk ionic change occurred. Thus, the only

3

conductance change (about 2 x 10~ Q']) 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 15°C change. The variation of conductance data has been
reduced from 1.99 x 10730" (10.9% of the signal) to 6.6 x 10720
(0.358% of the signal). The noise on the signal is on the order of

2 x 10721 which indicates that the temperature correction for this
system was good to about 0.15% over the 15°C temperature change.

Fitted curves have been consistently good to 0.1 - 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 ¢ 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 T]4) that significant round-off error was introduced into
the determinant coefficients due to the limited precision of the PDP-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 1.5°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

noted 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 NHZ buffer at pH 10 when ca*t 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

jonic 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 7B. 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-I0P command from the computer is gated through 1/2 of a
75451 driver, pulled up to +5 volts, to trigger a 1.5 second monostable.
When the monostable is triggered, Q 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 1/100 volume increment mode. It will exactly
pipette 1/100 of its total volume (1/100 x 20 m1 = 0.2 m1) 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 (DS 36, IOP, 1, 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 100
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

x
n

kR

where k is the specific conductance of a particular solution in

9'] cm'] and R is the measured resistance. The constant, k, for this

cell was found to be 1.889:.002 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 1ine 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

6(D) = (V; + Vyy ) (B(O)I/V;
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Figure 48. CCLMLT Program Flowchart. (Simplified)
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where Vi 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:
= n-1 n-1 n-2 n-2
G(T) = G(C) + (An)(Ts -T77) + (An-I)(Ts -T %)+ ...

where An is the coefficient of the n-1 power of the thermistor response,
T, from the fitted equation (input by the operator) and T, 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), G(C), G(D), 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 m1/20 m1). 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 D)
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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 0.0011 M AgNO; titrated with 0.010 M
KCL. A sharp break can be seen at the end point. The overall conduc-

tance change for the titration was 5.20 x 1075

» Which corresponds to
a 44.3% relative conductance change. The results from a number of
titrations of this system were precise to within 1.23%. 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 Tow as 1.25 x 10'4 M
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 catt

- EDTA titration among the experiments to
be performed. The results of this series of ca’t - 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 instruménta] settings. It was found that the true
ca*t 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

had noted similar effects for Ca++, Zn++, Cu++

» 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 Hi1l (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*t and n*t in

NHy /NH," buffer at pH 10 with EDTA. They found that the first break
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was proportional to the amount of catt 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
n™ was present, for addition of EDTA to buffer. Johnson (18)

proposed the formation of a complex between EDTA and NHZ after the EDTA
concentration built up to significant levels following the n*t 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 107° M Ca** with 2 x 10™* M EDTA in NHy/NH," buffer at pH 10.
The lowest previous concentration of ca™ determined by conductance

was that reported by Hall et al. (51) of 1074

ﬂCa++ after dilution
in the titration vessel. It is obvious, from Figure 52 that much
lower Ca't 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
did 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 catt 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™t 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 (N~ 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)g > + EDTA™4ue Fe(EDTA)™! + 6CN”
seemed reasonable. The complexation constant of Fe(CN)a'3 is 1042
whereas that of Fe(EDTA)'] 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)s"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 1072 M. A solution of KjFe(CN)g was
prepared and the proper amount added to the titration cell to make the
concentration 2 x 107 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)ﬁ'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)s'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 HC1 and HF
three times and using fresh solutions of Ca++, EDTA, and buffer which
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Figure 53. a) Conducticator effect for 4x10~%M Cg’"‘ Titrated with
0.002 M EDTA in the presence of 2x10™> M K3Fe(CN)g and
0.01 M NH3 NH} Buffer at pH 10, (b) Same as (a) but no
K3Fe(CN)g Present, Cell has been Scrubbed three Times
with HF and HC1.
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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)G'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:
1) 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 579.99'] cm2/mo1e EDTA.
This almost exactly corresponds to three OH™ species (total
equivalent conductance, 576.0 ']Qcmz).

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 (POH) to sodium phenolate

(NaO@). 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 NaOP) 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 NaO@ 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* oH” 2%, 90~ + Nat + H,0
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Please note: the convention which has been chosen to represent titra-
tiors in this manuscript involves placing the titrant over the arrow

for 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
P0~ 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
jonized POH, assuming dilution effects are eliminated.

A solution of POH, NaOH, and water was prepared such that the
final weight percents of the reaction products would be 60% NaOg@,
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% NaOp (0.8M) before dilution by
the titrant (0.035M @OH).

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 NaOp 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
- to loss of OH™ in the reaction but also, and predominately, an
rease in conductance by the release of Na® and 0" ions due to
lution of NaOP which was a weak electrolyte, plus the introduction
free @0~ from the titration reaction. After the endpoint, only
ditional Na* and @0~ are formed through increased dilution (since
H is a weak electrolyte) so that the increase in conductivity is
ower.

Since this titration indicated that PONa was a significantly
2aker base than NaOH, it was expected that NaOH could be titrated
irst, with a strong acid such as HC1, which should produce a sharper
ndpoint. The resulting curve from this titration appears in Figure
5. A sharp endpoint is visible for the titration of the NaOH present
n 8 mls of analyte solution, diluted to 50 mls with distilled water,
ind titrated with 0.0192 M HC1. The curvature of the line is possibly
lue to ion-pairing effects which become less prominant as the solution
is diluted. The reactions which are occurring are:

401"

- + H + - -

OH™ + Na + NaOp T‘a" (n+1)Na” + C1~ + np0~ + H,0
2

before endpoint and

+ -
HT+C1
P0” + Na' + NaOp + C]-—HZT’ POH + (n+1)Nat + ng0™ + C1™

after the endpoint, where n is the amount of additional NaO@ 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"3M 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

nical plant could be obtained for analysis and comparison with their

ti-step analytical method. However, due to unforseen circumstances,

s was not possible at the time. It is evident, however, that the

\gle 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 OF PHTHALIC ACID IN 1:1 DMSO-ETOH

The author would like to mention one non-aqueous titration which

as performed during the studies of the luminol system to be discussed

n 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 M 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.

Figure 56.

The resulting titration curve appears in

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:

Khoww
PHy—— PH™ + K* + H,0

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
HZO) 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™ + H,0

where APK' 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

to higher 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 apiplications 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: A1l 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



185

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,
COPMLS, 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 DS 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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Figure 57, Photograph of the Early Hacker Stopped-Flow Apparatus.
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the display scope, 1ist 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 permit

tion cell.
The flow pathway in the cell was

monitoring of spectroscopic data.
bored through four platinum disc electrodes which are sandwiched in

The electrodes are spaced such that, by choosing appropriate

Kel-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 KQ.
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

.,"-i.‘
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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 the

photomultiplier tube at the observation cell window.
The

total 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-701-31 Photometric Readout Module.

A supplimentary amplifier, A6 (Analog Devices 142B) was used to

amplify the Photometric Readout Module output to levels near full

scale for a 0 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-12QU, was

returns to low).
It can perform a 12 bit

set in the 0 to +10 volt conversion range.

conversion in 15 pseconds. 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

/ere necessary. The A/D 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

2quence by the stopped-flow apparatus itself. The stopped-flow

vice 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 "1" 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 (SKP) by a logical AND
with the corresponding output of the conductance flag circuit in order

that one of the I/0 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 1ight 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

~eaction of luminol in alkaline solution with hydrogen peroxide in

he presence of a catalyst such as potassiumferricyanide. The reaction,
n both aqueous and aprotic solvent systems has the highest quantum
ield (about 5%) of any non-biological CL reaction studied to date.

| though 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:

0 0
] ]
N f-n 0, in DMSO C~o-
I + 20 —mm™> - + 2HO0 + N
9,N-H H,0, plus C”o 2 2
| ]
NH2 0 meta]oin NH2 0
2" 3_AMINOPHTHALATE™2, 3-AP~2

LUMINOL, LH,

They studied the reaction in DMSO containing 30 mole pércent 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:

0 0
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N-H OH” SN oW % _
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0 0
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,]O/N fast; C/O- /0-
H, i Hy 1l N ¢
0 0 2 0
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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 0,. 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 muy 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 al. 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

1ave 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 0,, 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

Finally, the rate constant which they proposed for this

reaction in pure DMSO was 1.2¢0.3 x 1077 sec”].

Besides the interesting phenomenon associated with the luminol

maximum.

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 L. Concentrations of Co (II) as low as 10"”&,

Cu (II), Ni (II), Cr (III), Fe (II), and Mn (II) from 10'8 to 10']0!1, and
0C1”, I,, Mn0,”, and H,0, from 107 to 107'%M 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

'vidence 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

> previous workers. Thus, the Tuminol 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-

iterized conductance system were performed with the CBTMLS program

aquence. The basic aim of these early experiments was to determine

f a conductance change which corresponded to the reaction could be

bserved. Potassium tertiary butoxide (PTB) was the chosen base.

Joth Tuminol 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 10'5_M_ luminol with 1.37 x 10'2 PTB in DMSO. (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 0.9°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 1.34%/°C.
Since the overall change in temperature for the reaction corresponded
to 0.915°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 Tuminol 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 Tuminol1-KOH reaction was endothermic as mentioned in Chapter
6. 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
LHy + kB—K" + HB + LWk + g + 172,

where the conductance increase which was being observed was due to the
liberation of free K" and L™2 in the solution where no B~ 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, 1inear in increasing concentration). The concentra-
tion range represented here runs from 0 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
corrected for cell constant) vs. C]/Z. For a 1:1 electrolyte such as
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 weék. 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 10'4ﬂ. Other such curves were prepared for concentrations as low

as 8 x 1o'3u. 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-18-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 K'.

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 NH, 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

0
7 i
C \ + - c\ - +
/N-H + K + OH — N + K + H20
\ C\\
0 0

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 10'69'1) 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 D 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 lTuminol-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
lumino1-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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6)

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 NH2 substitution on the aromatic ring, it is

quite possible that the species formed in the luminol reaction
is 3APK'] 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! 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
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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.

B. 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 PDP-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 0S/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/0 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 0S/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 n

CH 3 MSBS CHARACTER 1
CH 3 LSBS Character 2

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 0S/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 0S/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 0S/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 0S/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 0S/8
blocks beyond it, etc. If no 0S/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.
FILEIT 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 PDP-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 2B 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.

A11 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 1ike 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,
1ine 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

— b
—WVOONOOT D
N S s

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

fHE 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, ON 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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1>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 WEIGHTING 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).

S)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 VWILL BE PLOTTED.

7)CHROMATOGRAPHIC MONITORING

8) INSTRUMENTAL NOISE DETERMINATION

9)INSTRUMENTAL ACCURACY DETERMINATION

13)AVERAGE OF N DISCRETE MEASUREMENTS

11)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 WEIGHTING OF POINTS DURING THE CURVE FTTING.
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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 I1linois (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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/PROGRAY NAVES CITSLS,FT
/FORTRAN-SA3R) KE1TH J, CASZITA 1974
JTHIS IS Td4= SSNERAL FI3Y )7 THE BASIC DATA AoJlSlTlON PROGRAM
JFOR Y42 CIWPJTERAIZZ) SIVDJCTANCE SYSTENM,
217 BESINS 4174 A PRI IvINARY SCAN OF THE CELL, DURING WHICH
JTHE O3TIMIZED CIRCJIT 2ARAMZTERS FOR EACH OF FJUR PULSE
SMIDTHS ARZ DZTERYIVID AND STORED.
JTHESE vAL JES ARS PIIINTZD, THE AVAILASLE IOPTIONS AT THIS POINTH
JL3)AVERAGE 9F AN IN3JT VUM3ER OF SCANS
/2IRESTART
23)TIMZED DATA ACOUSITIIV OF JUP TO 500 20INTS OF UP T9
/ 2047 ACAJISITIINS PER 20INT FOR 30TH CIND AND TEMP
/ I® Z3R0 IS IN9JT S T4z & OF TEM® POINTS, TEMP MEASUREMENTY
/ IS S<1P32D DUIIN3I TDA
J4)RETJIN TO MINITOR
/DATA 1S FINA_LY WRITTEV OVTI TAPE FOLLOWIN TDA AND
/MAY BZ TRZATED 3y A VARIETY OF ANALYSIS ROUTINES,
/
COMMIN NARA
DIMENSIIN VARA(2045)
DIMENSIIN IPARN(E),1243(4), IPWP(4),1IVP(4),TUNIT(4)
JPpET SCFp 8321 /CLEAR CIND FLAG, CLEAR Pl ENABLE
JOpE? SCOR 6522 /GATE CONDUCTANCE DRIVER
JPDE’ SCFeD 6323 /CCFpP ¢ 5COR
JPDE® €coy 6324 /ENABLE SOND PROSIAM INTERRUPT
JPDE? SCFGD 6327 /CCFP ¢ 3CDR ¢ ECPI
S«PD*” TCFL 6331 /TYEST CONDUCTANCE FLAG
JonET TOSY 6332 /TURN OFF SEQUSNCE TRIGGER
JdPDET TRIG 6334 /TRIGGER SEQUENC:E
SKPD° TYFL 63544 /TEST TEMPERATURE FLAG
JPDE® LIvo 8342 JUATCH 17y, OFFSET
JIODET | PN 6344 /LATCH PH, PH
IPnE?T ETP1. 6§54 7ENABLE TEMP PROGIAM INTERRUPT

JopET  2TFPG 6352 /CLEAR TSMP FLAG, Pl ENABLE, GATE DRIVER

JPDET  TTAD 6354 JTRIGGER TEMP A/D CONVERSION
JPNE” TFPGT 6356 /CTFPG o TTAD

JPpE*T 1854 369 /TITRATE

S«<pPD* SKosF 6352 /SKIP ON STOPPED FLOW SIGNAL
JPDET WPSET 6121 /LOAD THZ CLOCK 23ESET REGISTER
JIspET SLCL 6122 /CLEAR THE CLOCK

JIONET ICNTR $123 ZINITIALIZE THE COUNTER

J2p8E* sLeic 8124 /CLEAR CLDCKX AND INITIALIZE COUNTER
JPDET LCNTR 6128 /LATCH THE COUNT:=ER

Jang® CTRL 8126 /READ THEZ COUNTER LATCH

JPDET RCNTR 8127 /READ THZ COUNTER

Jones  _CcTAl 613% /LOAD CONTROL RESISTER

S<PD* SKOOF 8132 /SK1P ON OVERFLOA

S«<PD~ SKPQE 6133 /SK1P ON OVERFLOA ERIOR

Janes SLOFE 6134 /CLEAR OVERF_ D4 AND JVERFLOW ERROR FLAGS

S¢<PD* §xPTR 8138 /SKIP ON TIME 3A5:Z FLAS
S<PD®  SXTgE $136 /SKIP ON TIME 3aSZ ERRIR FLAG
JopET  ILTBE 8137 /CLEAR Y,By AND T,3, ERROR FLAGS

IPNET wy 7408 /JMULTIPLY

JPnET vl 7407 /DIVIDE

JBDET NME 7414 /NORMALIZ2E

JopEg*” SHL 7413 /SHIFT LEFTY

JPDET ASR 7415 JARITHMETIC SHIFT RI3MT

JIPDET .S 7417 /LOGICAL SHIFT RIGHWY

JODE* oL 7424 /LOAD MULTIPLIER JUOTIENT
Jope* SCL 7403 4STEP COJNTER LOAD FR04 MEMORY
J9pE* SCaA 7444 /STEP COUNTER LOAD INTI AC
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XTs0
s
TAD
0ca
Jup
7774
T4RE
Jus

SLA S

TAD
DCa
DCa
oLA
TAD
DCa
TAD
DSa
TAD
0Ca
8211
3501
5201
NEL N
248p
S.A
1IAC
-1v0
1s2
JuP
Is2
Jup

e HoA

S  ERASE
£ STIRE
®  aNO}
s TAD}
e 1S21
s OCA!
s JMsy
e JmMP g
v AINC
U] LI}

W Bup

4 Jve

4 UNITS
¥ ASETY
4 SPARA
¥ 8POy
L] PPy

THE PELIVINARY SCAN

«00%

ATHRE
1 8T4RE
AAYY

TYP3
L

(020
SPAN
24P
SLL
(0400
24P
(0421
tveP
(7430

INITS

44
dei(,
sLL

ASETY
dA
ASETY
dy

A SL

fiao
AL
SZL

24

7504
6054
6757
0400
1400
2400
3400
4400
3400
0012
0074
007s
0076
0077
0100
0104
0102
0103

JUTINE

/3ET yP

/30 AS<
/SET U?
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/MQ LOAD INTO AC

/ERASE DISPLAY SCIPE

/SET SCO3E [N STIIE 4ODE

/INDIRECT AND

7INDIRECT TaD

7INDIRECTY 1S2

7INDIRECT DCA

/INDIRECTY JMS

/INDIRECT JmP

/AUTO INCREMENT IEGISTER

/PH POINTER

/PW POINTER

717V POINTER

/0FFSET JUNITS POINTER

/GENERAL POINTER

/PARAMETZR POINTER

7INDIRECT ADDRESS IN FIELD 1 POINTER
/INDIRECT ADDRESS IN FIELD 3 POINTER

BEGINS MWERE

4 PH'S PIINTER

FOR a "G"
PARAMETEX POINTER

/SET INITIAL PW

/SET PM

POINTER

/5ET°1/v POINTER

/35T UNITS POINTER

/ZERI THE PARA WIRD LOC FIR THIS RUN

/IFFSET=03 [/VE LMA=1QV
/_ATCH OFFSETSQ) [/vi 1 vasi0V

/AALT FOR RELAYS TO SETTLE

/734 PDINTER

/527 24
/79AX PH

INSTRUCTION
YET,
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JuP 1 QGAIN /VES, INCREASE GAIN OF I/v
DCa 2uP /v0,CONTINUE
1 7Y /40D 1
8211 /54ANSE Y0 DATA FIELD 1
gsox /00D P4 INFO TO PARAMETER WORD
501
8201 /SHAN3S Y0 DaTA FIELD O
TAD 3uP
TAD 24P /8ET Pd
-PHN /.ATCH PH,PH
ul, 1S? ASEY /AALT TOR RELAYS TO SETTLE
JMNP 49
w2, 1S? ASEY
uP 42
SLA SLL
T216 /2ULSE TRIGGER
AE, TCFL /TEST FLAG
JuP AE
SCFPO CLEAR FLAG,GATE DRIVER
IaC /3HECK INPUT
SNA /18 A/D NEARLY PEGGED,
Jup 9FF /YES, ADD OFFSET
JuP AD /ND, INCREASE PH
0GAIN,3AIN /ADDRESS OF aDD 3AIN ROUTINE

/
/SUBPRI3RAM GAIN
JTHIS 5)BPI0GRAM INCIEASES GAIN OF 1/V ANMP

JAGE
GAIN,C.A C_L
TAD VP /1/v PIINTER
L /SET 1/V INSTRUCTION
1 148 /18 MAX GAIN APP_IED,
JMP 1 PT2 /YES,53) TELL
0CA 1VP /Nd,CONTINUE
252: TAD 3aAPY /40D 1 TO GAIN PJIINTER
8211 /5WANGS TO DATA FIELD 1
gsox /SET PARA WORD T PROPER GAIN VALUE
501
5201 /SHANGE TO DaTA FIELD O
TAD IvVP
AND 40077 /3RASE DUMMY POINTER
1V0 /. ATCH,OFFSETR0}) 1/vV
wC, 1SZ ASETY /4A1T TOR RELAYS TO SETTLE
JuP 4C
WX, 152 ASEY
JYP dX
SLA
1316 /3ULSE TRIGGER
AF, TCFL /TEST FLAG
Jup AF
SCFPD /2LEAR FLAG,BATE DRIVER
1aC /SHESC INPUT
SNA /1S A/D NEARLY PZGGED,
PTAs  Jup FF /YES ADD OFFSET
JuP 3aIN /N3, INCREASE l/V GAIN
GAPT, Jno4 /3AIN WVINTER TO PARA WORD
M0077,0077 7948«

DA ADBD BB BABND BB LBLLBLUNBBVLVBLWLNULOLLVOVBLLLNUVLBBLLOLVLLLLLLOLOBVL VAN LVWOLBLLL
~

PTCs FALTH /AARNING ROUTINE
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/
/JSUBPRIGRAY OFFSEY
JTHIS S)BPROGRAM APP_JE3 OFFSET CURRENT

/
oFF, Sia SLL

TAD AJLL /SET UNITS INCREMENTER
0CA J11
TAD IvP /3ING IN CURRENT SCALE
AND NOO7) /9ASC DUMMY POINTER
0Ca tvP /STORE
TAD lvP
:TL /SET U OFFSET CJRRENT DECADE SCALE
TL
TAD IVP /88y 1/v, OFFSET DECADE
OCA tve /870
AG, SLA oL
182 J1g /1S MAXIMUM OFFSET APPLIED,
JuP AA! /ND, CINTINUE
i;s 1 PTO /YES, TELL DEFAULTY
P
JUP AF2 /SK1® MEASUREMENT
AAl» TAD xUPT /SET JTFSET POINTER TO PARA W03D
5211 JCHMAN3S TO DATA FIELD 1
1501 /0DD IN PARA WORD
3501
$201 /75HANSS TO DaATA FIELD O
TAD V7470 /32T OFFSET UNITS POINTER
TAD JNITS /A0p 2EVIOUS OFFSEY
DCa JNITS
TAD VP
TAD UNITS /3ET OFFSETI 1/V WORD
-1V0 /_ATCH OFFSET, /v
wD, 1SZ ASEY /4A]T FOR RELAYS Y0 SETTLE
JMP 40
wJd, 1S2 ASETY
FLL N
WY, 182 ASETY
JMP 4y
SLA SLL
TR1G /3YLSE TRIGGER
AM, TCFL /TEST FLAG
JMP AN
°CFPO SLEAR FLAGs, GATE DRIVER
fac /SHECK INPUT
SNA /4/D °2GGED,
, JuP AG /YES, ADD MORE OFFSET
/BEGIN TO JUTPJT DATA FI0OM THE PRELIMINARY SCAN ROUTINE
/
AN, SLA SuLL
TAD 2WP
DCA sNIN
TAD 2P
DCA sNId
TAD 1vP
0Ca aNil
TAD JNITS
DCA sNTY
1PHP(JP) NN

1PuWP(JP)SNTW
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L1vP(JP)aNI

TUNIT(J)sN]Y
S cLA SLL
S TR1Q /2ULSS TRIGGER
S AP, ToFL /TEST FLAG
s JUP AP
(] ScFPO /3LEAR FLAG, GATE DRIVER
: IAD 34000 /CHANGE TO 2'S CIMPLIMENT
vl
] OCA sITIRE
2sFLIAT(ITORE)
S 6211 /SHAN3S TO DATA FIELD 2
s 1501 /3UT PARA WORD IN AC
] 8201 /SMANGS TO DATA FIELD O
s J¥S | ASIDE /39 T0 DCODE ROUTINE WITH PARA WORD IN AC
S CLa 3SLL
] JuP 1 U7y
S §4000,4n00 /SHAN3Z TO 2'S CIMPLIMENT ADD IN
S xUPT, ,"20 /IFFSET POINTER TO PARA W3IRD
S AVU1l, 77658 /11
S vUilg., 200 /7JNITS INCREMENTER
S PTDs ~ALT2 /4AARNING ROUTINE 2
S N0077,3077 /0UMMY POINTER MASK
S v7400.7400 7IFFSET UNITS POINTER
S Y74, w74
S ACODE,DZNnD: /2ARA WORD DECODS SU3ROUTINE
71 ARITS(1.3)PHIP A, XINT, AV
3 FORMAT(/,'04 8 ?3330,4s" VOLTS'y/,'PH ® *,E10,4," MSEC',/, 'UNITS

¢ 8B 1,E10.4,/,'RY & ',EL10,4)
ARITS(1,4)ES»ACEL.2CCELL
4 FORMAT('SAMBLE) V 8 1,212,68,/7¢'RCELL & ',E12.6,°" OHMS',/, 'CCELL
o8 ',£12.,6," MKHOS',/)
AF2, SLA SLL

S

S 1S2 THRSE JALL FIUR PH'S Y=T,

S JUP A9 /ND, CONTINUE

L ] JuP N0 /YES, 30 TO NEXY ROUTINE

S A0, TAD 2wP /SET Ud FOR NEXT pW

L TAD 24CR /73d INCREMENT

S 0Za 4P /STORE IN PW POINTER LOC

s 1S2 8PA /3ET uUd ADDRESS IF NEXT 2ARA WORD
30Ty 2

S THRE, 700 /3 PW*'S POINTER

g PWCR, J100 /3W INCREMENT

/
: JTHIS SSCTIIN DETERMINES SE_SCTED OPTION
/

S INOR, 2Jua SLL

S TTAD /TRISGER TEMP A/D

S CAPL, TTFL /TEST TEMP FLAG

S JYP CAPY

S STFP2 /SLEAR TEMP FLAG, GATE DRIVER

S TAD (4000 /oHANGS T0 2'S CIMPLIMENT

: L

0ZA =1T03E
LsFLIAT(ITORE)
SS820(10.74096,)¢5,
S d31T2(1.6)ES
FORMAT(/,'TEM? RZ3PQNSS & 'pB14,8,//7,'0PTIINSY L)AVERAGE',/7,9X,!
®2)IESTART 4/, 9X, "3)TDA, 7,9X, "4)CALL EX]T',/)
SLA SLL



DO LNDBNLNNLLVLULLNNLOVLLVNLBLLLLLLLLG LWL VWY

TAL.

V7817,
07777,
AT,
CA,

/THIS

AU,
s1

TAP.

AW,

AX,
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<SF /<EYBOARD STRUCK YET,

JuP TAl

<38 /YES,RSAD CHARACTER

T 8 ‘ /ACKNIALEDGE [T ON PRINTER
TAD V7517 /-264

SNA /1S 1T A "M,

JuP AJ /YES, 30 TO AVERAGE ROUTINE
TAD 37777 /NI, ADD =1

SNA /718 1T A "2%,

Jup | At /YES, RESTARY

TAD 27777 /NO, ADD =}

SNA /18 17 A W3,

JUP 1 CA /YES, GO TO TDA ROUTINE
SALL Ex17Y

7517 /7-261

7777 /-1

2100 /ESTAIT ADDRESS

TDAR /TDA ADDRESS

RQUTINE OERFORMS AVERAIE OF INPUT NUMBER OF SCANS

SLA SLL

dR1T72(1,51)

ORMAT(/)

JST1<=0

PAGE

JMS SETJD /730 70 SETUP ROUTINE

SLA SLL

TaAD LD

S2A

JMP TAP

SLa JLL

TAD TAM

AND (0177

TAD (5200

DCA TAN

TAD u[PTS /3RING IN NUMBER OF SCANS TO AVERAGE
OCA v34AR

TAD NBAR .

Sla /SET U2 # PTS, PIINTER
DCA 2894AR

JCA NLS3 /3LEAR LSB WORD

JCA VvS3 /S-EAR MSB WORD

SLA Sl

7316 /3ULSe TRIGGER

TSFL /TEST FLAG

JuP AX

SCFP) /SLEAR FLAG, GATZ DRIVER
TAD v.S3 /40D IN LSBS

OCA N.S3

L /3ET U2 OVERFLOW

TAD \MS3 /0DD 1V MSBS

OCaA NuS3

1S?2 284AR /ALL DINE,

Jup a4 /N3, RETURN FOR NEXY SCaN
TAD VLS3 /YES, 3ET SET TO AVERAGE
1aL /7.0A0 MO WITW LS3 WORD
TAD \MS3
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] ovt /01viDE
S NBAR, 100 /THME DIVISOR
§ TYANe TAD (4000
L ] 02A wysSTiIK
S TAO, S.A CLL
] b ET) /.9aD0 DIVIDEND INTO AC
] TAD (40970 /CHANGS TO 2'S CIMPLIMENT
S oLl
] OCa sISTIXK
IsFLIAT(ISTIK)
ILsF_OAT(JSTIX)
S SLA SLL
S TAD 3PPTY /SET U PROPPER ADDRESS OF PARA WORD
S TAD wyP
s 0CA SPPY
S 8211 /SHANGS T0 DaTA FlELD 3
S 1502 /2UT PIOPER PARA WORD INTI AC
] 8201 /SHAN3Z TO DATA FIELD O
-] Jus | 8800¢ /730 YO DECODE SU3ROUTINE WITH PARA WORD IN AC
S SLA SLL
S JuP w72
S NLSB, J000 /THE _SAST SIGNIFICANT BIT WORD
S NMSB, unoo /THE wIST SIGNIFICANT 81T wORD
8 PBAR, .,700 /AVERASE NUMBER 90INTER
S TAM:, TaQ /JUMP IVER DOUBLE PRECISION LOC
S sPPY, ,177
S gCODE,IcnDs= /2ARA WORD DECODS SUBROUTINE
72 AUTSC1,13)APTS,ES)RCELL,CCELL
13 FORMAT(/Z/7,AVEIA3Z 07 ',F5.0,' SCANS! SAMPLED v = ',E16,8,' VOLY
®80,/,29%s"RCELL 8 '.216.9," OWMS',/,29X,'CCELL = '+E16.8," MHOS',/
/)
S JMP INOR /RETUIN, TAKE TEMP POINT, GET JPTION
S v
Sy
S /SUBPRJI3AAM TODAR
S sTHIS 330GIAM SONTRO.S TIMED DATA ACOUSITION
S JOVER AN [VOUT PZRIDD AT [NPJT INTERVALS
S v
S v
S TDAR, S.aA SLL
ARITZ(1,31)
AEAD(1,200)TRV ., TIIPT,TCTA
209 TORMAT('TOTAL VUM3ER 2% POINTSS?,E16,84/,'TIME BETWEEN POINTS (S
¢ECS)19,51>,8./5'JM3ZR OF T SCANS TI AVERAGES',E16.8)
IF(TSTA)DE2,942,943
942 ¥Ts0
30 T 948
943 MTsq
945 SSs(TRV.eT[BPT) /80,

d1T2€1,202)ES

202 TOQMATI'THIS WILL EIAJIRE ABOUT 1,EL0,.4," MINY)

EAD(1,946)3L¢
94s FOQMATC'FPIAST 3LI32< T WRITED ',E14,6)
I3LKs1IFIx(3LK)
S JMS | 0AQQ /733 13 SETUP SUBRQUTINE
S JuP 2406 '
0A01, SETU? /ADDESS OF SETUP SUBRIUTINE
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/
/THIS 1S T4z SET yP 3ESTION FOR CLOCK AND POINTERS OF TDA ROUTINE
/

0A06, SLA SLL
203 1F¢T18PYe,004)20%,204,204

n204, TAn TwE " /5L08« PRESET MODE INDICATOR
TAD 711000 /75L0CK TB INCREMENTER
pca rve
TIBPT=TI3PT/10,
182 2407 /ALL DINE,
JuP 8203 /NO, RETURN
JuP w208 /YES, SONTINUE
TMB, J40N /3RESET MODE INDICATOR
71000,1900 /75,0C«< TB INCREMZINTER
0A07, 7771
03 TIBPTsT]3PTe1000000,
/
/THIS IS Td4E SPECIAL FIX ROUTINE FOR CLOCK SETUP
/
Cua SL
TAD sTl30T /3RING UP EXPONENT, UPPERI MANTISSA
ch 2371
0Ca ’372 /LERQ 4SB WORD
TAD 30734
AND N3770 /4AS< SIGN, MANTISSA
AR /1GHT JUSTIFY EXPONENT
WA
TAD X760 /SET ZXPONENT
SLL SvA /SET SCALING POINTER
DCA ¥PNTY
TAD 3271
AND N00)? /SRASE ALL BUT UPPER MANTISSA
TR /_EFT JUSTIFY
TR
Ca 2074
TAD wT]307s /73ING IN FIRST COMPLETE MANTISSA WORD
AND N7770 /74A8¢ _OWER 3 81TS
TR /IGHT JUSTIFY
AR
IFAs TAD 29T7% /SEY,CJH?LETE WORD
1SZ XPNT?Y /ALL SCALED,
Skp /NO, SCALE
JMP 30UN /YES, 30 ON YO NEXT SECTION
AL /75CALE BY 2
0CcCa 2071
TAD 3072 7AlLL SONTAIN COYPLETED vALUE
L /5CaLZ BY 2
0ca 2972
Jup 1FA /ETURN FOR NEXT SCaALING
POTL, 3700
POT2, .n00
N3770.3770
x7600,7600
APNT, .700
NO0QO7,u007

N777047770
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/7SBYT UP CLICK BARAMETEARS
GOUNe SiA oL

TAD Tu8 /S3ELECTED TB) PRESEY MODE
«CTR. /7.9AD SONTROL RE3]ISTER
SuA SLL

TAD 2072 /5578 UP EXACT INTERVAL
C1a

i;SEY /.0AD 2RESET REGISTER

SLA SLL
/SET V2 NU!EEQ OF POINTS POINTER
ITRY_ 817 I1X(TRV,)
TAD =1T3VL
SIA /5ET U3 8 POINTS
Dca t SNDP
/SEY U® & 3F 3 SCANS PJINTER
TAD u]PTS
DCa 1 S2a0
TAD ! S24a0
1A /SET uU® ¥ SCANS
DZA ! ANAQ
/SET U2 & IF T SCANS PIINTER
TAD wv?T /SHECK TO SEE IF TEMP INFQJ 1S DESIRED
SZa
J¥P 39U)
TAD 3TEYe /32T UP JUMP OVER TEMP AQ INSTRUCTION
AND (90177
TAD (5200
DCA | STEMS
JUP STEYS
GOould, S.A SLL
ITCTAsIZIXCTCTA)
CLa SLL
TAD s]TCTA
DCA 1 ST=M2
TAD | ST=mM2
cIA
DCA 1 ST2My
/SET V2 roa D)JBLE PIECISIONV
SYEHQo-LA ._
TAD w0
S2a
Jup 2:=C
SLa SLL
TAD 22D
AND (0177
TaD (52)3
DCa
/SET u= PA?AN TER WID
CECy C.a ZSLL
Tan (9177 /SET PARA WORD ADDRESS
TAD =JP
0CA 8PP
6211 /SHANSS TO DaTA FIELD 3
1502 /3RIN5 IN PROPER PARA WQORD
6201 / HANGE TO DaTa FIELD O
0CaA S9A /STOE IN PARA WILD OF TDA RIUTINE
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$OEGlN OATA AC3UISITION SgT
/
JuS TYPJ /30 ASC FOR 4 "G"
Tap (0177 /5EY U? ADDRESS OF FIRST DATA WORD
0CA AINS
JYP 1 SAQ9 /3EGIN TDA RUN
ANAQ, Va0 /NUM3Z OF SCANS POINTZR T3 TDA
SAQ9, 2409 /STARTING ADDRESS OF TO0A RUN
SPAQ, 2a0 /DIVISIR FOR FLYING AVERAGE
SNDP, NDP /NUMBER OF POINTS POINTER
STEM1,TEM]
STEM2, TEM2
STEM3, J.0OC
STEME,5TENMS
cED, ZEF /00u8._2 PRECISION SKIP OVER LOC

/
JTHIS 1S T4HE TDA DATA AZOUSITION ROUTINE ITSELF

OAGE
AP
/
/A PERIPHMEIAL ZONTRO.I INSTRUCTION MAY 3E INSERTED INTO QAQ9
0AQ09, VIP
NOP
/
QL09%, SLCIZ /SLEAR CLOCK AND INITIALIZ2E COUNTER
TRI1G ZINJTIATE PULSIN3 SEQU:ENCE
SLOF2 /SLEAR CLOCK AND OVERFLOW ERIOR FLAGS
CCFp /ZLEAR COMPBIP FLAG
SLA SLL
DCA 7_.S3 /TERY LSB WORD
DCA TwS3 /22RJ 4S8 WORD
TAD VAO /SET U3 NUMBER OF SCANS POINTER FOR THIS RUN
0CA _NA2
0AL3, TCPL /TEST ZOMPBIP FLAG
Jup a3
TR16 ZINITIATE PULSINS SEQUENCE
ScFpl /3LEAR FLAG, GATE DRIVER
TAD T.S3 /4DD IV PREVIOUS LS8 VALUE
DCa TLS3
AL /SET LINK INTO LSB
TAD TuS3 /ADD [NV MSB
DCA TvS3
1S2 .NAD ZALL N ACOUSITIONS,
JYP A1l /NO, RSTURN FOR vORE
TAD T_S3 /YES, AVERAGES LAST SCAN IN COvPBIP REGISTER
oL /.0AD AC INTO MQ
TAD TuS3 /58T U2 Y0 DIVIDE WITW MS3 IV AC
ove /01viDs
PAQ, 400 /THE DIVISOR, SET UP BY & ACAUSITIONS
CEE,» 5211 /30F 1
3412 /0UTO-INCREMENT AND STORE REMAINDER
CEF» LA 3LL
¥94a /.9aD AVERAGE INTQ AC
DCA SHEZC /3T03E CURRENT DATA IN OVER/JUNDER RANGE CHMECK LOC
TAD 3SHECK
5211
3412 /AUT)-INCREMENT AND STORE DATA
TAD SPARM
3412 /0UTO-INCREMENT AND STORE PARA WORD

BUOBD AL LVPBVBWVVBLOLNVY NOLLBLLLLVLANWVLBBLWLLWVLOVLBWLW VLW WWMWL VW WWLNBWWUWL DU U G WM W WY Ve
~

8201 /CHANGE Y0 DATA FIELD O
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JCHECK TOR TEMOERATUIE 2DINTS AND TAKE IF INDICATED

JLOC, V)e
TFPGRT

SLA SLL
DCa T.S3
DCa TwS3
TAD TEMY
DCA _NAQ
ELA) TTFL
JYP SLA
TFRQT
TAD 7.S3
DA T_S3
AL
TAD TuS3I
DCA TuyS3
1S2 _NAQ
JUP SLA
TAD TLS3
qaL
TAD TuS?d
Dv?
TEM2, vo00
S.A SLL
AL TY
6211
3412

JIEPLASED BY JMP STEMS IF NO T DATA T0 BE TAKEN
SLEAR FLAG, GATZ DRIVER, TRIGGER TEMP A/D
/701SCA3D PREVIOUS MEASUREMENT

/lERJ .SB WORD

/ZERI 4SB WORD

INJUMBER OF AVERASES POINTER

/TEST TEMP FLAG
/SLEAQ FLAG, GAYE DRIVER, TRIGGER TEMP A/D

/SET OVERFLOW INTO LSB

/NOT DINE, RETURN FQR MORE
/ALL DINE, AVERAIE
/AC LOAD INTO MQ

/01v1D3
/THE DIVISOR, SET UP BY & OF SCANS

/AC LDAD FROM MQ
/AUTO-INCREMENT AND STORE T DATA

6201
/BEGIN CHESK ROUTINE FI RAN3IE OVERFLOA

STEMS,TAD CHECK
Soa
JMP SARA
TAD (7720
SPA
JYP] oF1x1
JuP 17
SARA, TAD (0100

SvaA
JUPL PFIx2

/
/A PERIPHEIAL SONTRI!
0AL7, NJP

/
1S2 \pP
Sxp
JYP] OALd
GNE.» S5«¢PO°
JuP 3INE
$<PO3
JuP 209
JuP] PA_T?
TLSE, .000
TMSB, 1100
NAQ, 4000
LNAQ, .00
NDP, vNO

0AL9, OTAUT
CHECK, sn00
PFIX1,2F1X1
PFIX2,371x?2
TEM1, .00
PALT?.%ALT?

/384D IN CURRENT MEASUREMENT

/AT NE3, GO CHECK FOR OVERRANGE
/TEST FOR AC>0077

/aC¢0017, GO F1IX

/1S A/D NEAR FULL SCALE.
/YES, 30 F1IX

INSTRUCTION MAY 3E INSERTED INTD QAL?

/N3, aLL DATa POINTS YET,
/NJ, CINTINUE

/YES, JUTPUT

/5X12 IN CLOCK OVERFLOW

/7SK1® IN OVERFLOA ERIOR

/ND €330R, RETURN FOR NEXT PIINT

/733 INDICATE CLOSKINS ERAIR

/7.0C 27 FLYING ADD S8B

2.0C 07 FLYING ADD MSB

/NUM3ER OF ACOUSITIONS PIINTER

/732COM=S RESETTA3ILE & ACIJISITIONS POINTER
/NJM3Z OF DATA P0INTS PIJINTER

/73UTPyT ROUTINE ADDRESS

/>URIENT MEASUREMENT TO 32 CHECKED FOR OVER/UNDER RAMGE
/ADDR=SS OF INCRZASED RCz.L COVPENSATOR ROUTINE
/ADDCSS OF DECRZASED ARCE.L COYPENSATOR ROUTINE
/ZINTAINS 8 OF TSMP POINTS PIINTER

/3L0CAING ERROR INDICATING RIUTINE LOC
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/
/THIS RVUTINE RESETS T4S SYSTEM TO COMPENSATE FOR INCREASED RCELL

®AGE

AP
OFIX1,CLA
TAD
TaD
SNa
Jup
aPZ, Tad
DCaA
SLA
TAN
Jup
ofie, SLA
TAD
TAD
L 1)
JuP
SLA
TaD
DCa
JuP
GOA» C_A
TaD
L
S2L
Jup
0Ca
1aC
Juo
oF14, S.A
TAD
AL
DCA
TaD
JMP

SLL
JINITS
aF1000

12
27490
INITS
Lt
377690
2421
SLL
1vP
(7570

304
Stt
(4010
1vP
ar2
SLL
4P

14
2yp

2420
s.L

1vp

1vP
20004
aA20

/MINJYJM OFFSET,
/YES, 30 RESET PH
/ND, 'SET 1 LESS UNITY

/5UT 1 OFFSET UNIT VALUE
/SHECK FOR MAX GAIN SITUATION
/IETURNS 0 AC AT MAX GAIN
/NOT AT MAX GAIN, CONTINUE

INEN 17V IF MAX SAIN

/EMOVE LAST OFFSET UNIT, SET PARA
/JINCREASE PN IF »0SSIBLE

/730NE T00 FAR,

/YES, CHECK GAIN

/N0, P4 SET, STORE
/a0D1

/INCREASE GAIN IF POSSIBLE
ZINCREASE GAIN VALUE IN 2ARA WORD

/
/THIS WVUTINE FESETS TWYZ SYSTEM TO COMPENSATE FIR DECREASED RCELL

/
OFIX2,3.4
TaD
TaD
SZA
Jup
SLA
TAD
0Ca
008, <°.A
TAD
740
SNA
Jup
TAD
DCa
LA
TAD
Jup
ofF21, 2.

Sub
tve
(3770

208
SLL
(c210
1ve
skl
INITS
15400

w2y
22029
NITS
St
0020
Ja21
SeL

/HECK FOR PREVIOUS 0 OFFSET
/3ETYINS 0 AC AT PREVIOUS 0 JFFSEY

/NOT AT 0, CONTINUE
/NEW 1/Vv SETTING

/YAX1IvMJM OFFSET,

/YES, 30 RESET GAIN
/NI, SET 3 MORE UNITY

/IN1ITS INCREMENTER FOR PARA wORD
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TAD
AR
SZL
JuP
2Ca
TAD
Jup
SLA
Tad
AR
0Ca
TAD
TAD
SNa
Jus
S$«p
47
SLA
SMA
Jup

of22,

/BEGIN 3ESST JUTINES,

1ve

¥r22
1vP
27774
2422
SLL

P
24P
24P
37400

1 ari9

SLb
2422
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/DECREASE GAIN IF POSSIBLE
/30NE T0 FaAR.

/YES, 30 LOWER PH 1F POSSIBLE
/NJ, STORE

/JDECREASE PH IF °0SSIBLE

/30NE TOO FAR,
/730 1) SUBSCALE WARNING ROUTINE

/YES, STOP
/NI, SET UP
/-1

SXECUTED AFTER RETURN FRIM QJFIX ROUTINE

JROUTINZ T) RSSET AFTER ETIIN FROM OFIXL FROM PH, GAIN CHANGES

QA20, TAD 52A3a /32SST PARA WORD ON RETUIN FI0M FIX
AND 22MS< /2SZT QOFFSET UNITS IN PARA WORD
TAD 202490 /SET ODFFSET UNITS = 10 IV PARA WORD
DCA spPAR
TAD 22400 /557 UNITS POINTZR & 40 OFFSET UNITS
0Ca JNITS
JYP 2423 /730 LATCH CIRCULIT
/THIS IS RSTUINV ROUTINE FOR 3IESET OF UNITS ONLY
0A21, TaAD 5543 /ESZT PARA WORD
DCA 35PA3
JuP 2424 /730 LATCH UNITS
JTHIS IS Tdz ITTJYRN WUTINE “OR QFIX2 FROM PH, GAIN CHANGES
0A22, TAD 3PAN /ESST PARA WORD
AND 22MS¢ /3ZSZT OFFSET UNITS [N PAA 40D
Tap _n020 /3T OFFSET UNITS s § IN PARA WORD
DCA SPARA
Tan 27009 /ST OFFSET UNITS POINTER s 1 JFFSEYT UN]T
DCa JNITS
JTHIS RUTINE IESETS CIVPBI® FOR NEW PARAMETERS
0A23, S._A SLL
TAD 24P /ESET PHy Pu
TAD 24P
.°HH /.ATC"' PH, PH
QA24, C._A 2. L
TaD 1vP /3ESET UNITS, OFFSEY DECADE, GAJN
TAD JNITS
-Iv0 /. ATCH
S.A SLL
0A25, J9P] 2F1Ls /ETJ]IN TO MAIN 2R0OG
07000,7"790 /31VES OFFSET UNITS s 1
02400,2400 /710 OFTSET UNITS VALUE TJ CO%P3IP
00240,.240 /3ARA dORD 10 OFFSET UNITS INDICATOR
02MSK, 7417 /2ARA AORD OFFSET UNITS VALUZ vASK
L0020, ."20 /1 OFFSET UNIT VALUE TJ CIvp3l?

02000,2"n0
07760+7740
00004, ,n04
07400, 7400

/7INITS INCREMENTZR

/>ARA 4ORD OFFSET UNITS DZCREMENTER
/PARA ADRD GaAIN INCREMENTER

/34 YNDERRANGE CHECK
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S M5400,3400 /IFFSEY OVERRANGE CHECX
S 0002004920 /3ARA 4ORD OFFSET INCREMENTER
S 0777407774 /2ARA d40RD GAIN DECREMENTER
$Qr1000,1~00 /VIN OFFSET (s1) CHECK
S oF16, L7
: oF19, faLT?2 /3UBSCALE WARNIN3 ROQUTINE
/
S /SUBPRJI3SRAM DTOUT
S /THIS SECTIIN SETS U T4E TRANSFER TO THE ANALYSIS ROUTINE
S v
$ DTOUT, LA 5L
NARA(2043)auT
NARAC2044)s]TVL
VARA(2045)s D
NARA(2044)s1PTS
CALL WTAPE(1,13L%K,2046,NARA)
CALL Ex1ir

/
/SUBPRIZRAY FA_TY
/TH1S SUBPIIGIAM INDICATZS THAT CELL CIND 1S VERY LOM

/

FALTL,SLA SLL
ARITZ(1.14)PW

4 FORMAT(/,'ERRIY ¢ AT 24 8 ',F6,3,*' MSEC!)
SiA SLL
JMP | PAFY

PAF1, AN

/

/SUBROJTINZ FA_T2

/THIS SJURRIUTINE INDICATES C=LL COND TI0 HWIGH

/

FALT2. 1000
SLA SLL
dRITE(1,15)PW |

s CORMAT(/, 1EQRI 2 AT Pd & 'oF6.3,1 MSEC')
S SiL
152 TaLt2 /SET T3 RETURN 19 MAIN PRIG * 1

E17e  JYP | FA_T2

,

JSUBPRIGRAY FA_T?

JTHIS 5JBPIIGIAM [NDICATES THAT ONE OVIRFLOW OF CLICK TIMING

fuas SSURIED DURINS TOA - A FATAL ERRIR WHICH HALTS THE PROGRAM
FALT?,2.A SLL
dR1T2(1,117)
117 FORMAT(/,2RRJ 7))
ar

M WYDAOVM VW - LAOLOLOLBGLOW ™ KLeueumue

/

/SUBROJTINZ S:ZTUe

/THIS S5UBRIJTINE SETS NZCESSARY PARAMETERS FOR AVEIASING

/A SERISS 3F SZANS) AND SETS PROPER PW, AND INSTRUMENT PARAMETERS

/
SETUP, 100
READ(1,7)ACW,A2TS,LD
? SORMAT('AT WHAT 24, (4SEC)! *,EL19,8,/,'NJYBER JF G SCANS TO AVER
SAGZ: ¢,316,8,/70'J0U3LE PECISION. (13Y,08N)8',15)
d172(1,309) .
309 CORMAT('TYPE EXPEIIMENTAL INFO (SNTRL 8 T3 END)S',/)
S TEIl, SLa SLL
S TEl2, <SF /4EY3JARD STRUCK YET,
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TEL3,
TELS,

10
11

wE,
wF,
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JMP TEILR /ND CHESCK AGAIN

<38 /YES, EAD CWARACTER
T.9 /3CW0 1T ON PRINTER

TAD TELS /7-207

$2a /18 1T AN ALT MODE,

Jup TELY /NJ, IZTURN FOR MvQRE

Jup T=14 /YES, CONTINUE IV NEXT ROUTINE

7571 /7-207

SLA SLL

Jos]

Axs,)04

ixlllolﬂ.

IF(AoW=Xx)11,11,10

Jou ey

30179

1PTSsIFIX(APTS)

Sua S

NINsIPHO(JR)

TAD sNId /7.0AD °HW

0CA 4P

NItslive(Jr)

TAD sNII /7.0AD 1/v. OFFSEY DECADE
0cCA JvP

NIwstPWA(yP)

TAD sNINW /7_.JAD 2w

0Ca 24P

NJusluNlT(JP)

TAD sN1J /7.9A0 JIFFSET UN]TS
OCA JNITS

TAD (VP

TAD JNITS

-1v0 /.ATCH OFFSET, /v
152 asEY /74AJT TOR RELAYS TO SETTLE
JHP JE

152 ASEY

JuP 4F

SLA SLL

TAD 4P

TAD uP

«OHN /.ATCH PH, Pw

I1S2 ASET /4A1T TOR RELAYS TO SETTLE
JYP 43

152 ASET

JMP dH

S.A 3

J9P 1 SETUP /IETURN TO MaIN PROG

/
/SUBROJTINZ TY26
/THIS 5JBRIJTINE READS TTy aAND CHECKS FOR A "G"

/
TYPG,
AA,

AS,

J700

SLA CuLL

dR1T2(1,1)

TORMAT('TYRE ®3" TJ START!)

<SF /74cY8)34RD STRUCK YET,

JUP AS /Nd, CHECK AGAIN

<3R /YES, EAD CHARACTER

7.8 /ACKNOALEDGE IT IN PRINTER
TAD V747% /3JBTIACT 307

824 /1S 1T a."G",

JYP AA /NI, 3 CHECK AGAIN

Jup | Tveg /YES, RETURN TO MAIN PROSRAM

v7471,7471 /=307
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L
$ /SUBROJTINZ DCHDS
8 /THIS SJBRIJTINE DECIDES PARAMETER WORDS AND CIWPUTES
S /PHIRVIXUNI,ES,RCELLIAND CCE.L. IT MUST BE ENTZRED WITH PARA WORD IN AC
S /PARA AJRD FORWAT: FIST & BITS (MS3) ARE UVJSED
Sy NZXT & BITS FOR UNITS VALUE (BINARY 1-10)
Sy NZXT 2 BITS FOR 3AIN INFI (BINARY VALUE 0e3)
L NSXT 2 OITS FOR 2H INFO (3INARY 1e3)
Sy
s DCoDE,J000
] DSa 3ePJ /STORE PARA WORD
XJN1®9,.
d4s,005%
Qvs10000,
S TAD 8PPJ
] AND vSKY /9ASK ALL BUT PH BITS
S pCie O0CA SPP4
S TAD S$PP4
s SNA /ALLSET,
S JupP 0C2 /YSSs, SONTINUE
s SLA SLL /ND, ADJUST
24spP4eil,
s Sva /40p -1
S TAD SPPH /3ET U2 NEXT ITERATION
S JuP NCY
S MSK1, Jn03 /YASX ALL BUT PW BITS
S pC2, TaD 38°PJ
S AND 9SKZ2 /448K ALL BUT GAIN BITS
S pC3» DCa SOP4
S TAD 3PP4 _
] SNA /ALL SET.
L] JuP 2C4 /YSS§, SONTINUE
S SLA SLL /%3, ADJUST
VsRVelil,
S TAD 077774
] TAD S$PPd /SET U2 NEXT ITEATION
[ ] Jue I3C3
S MSK2, 5314 /9ASK TOR ALL BUT GAIN B]TS
SDC7774,7774 /3A1N DEINCREMENTER
S pCas TAD S5PPJ
] AND vSK3 /908K ALL BUT OFFSET uNITS BITS
S pDCS, DCa 3pPP4
S TAD SPPd
] SNA /ALL SET.
] JuP 0C6 /YES, SONTINUE
S SLA SLL /NO, ADJUST
XUNIsXUNTeL,
S TAD 9C77s0
s TAD SoPd /38T U3 FOR NEXT ITERAT]ION
S Jup 1CS
S MSK3, 360 /4YAS< TOR ALL BUT UNITS 31TS
8DC7760,7760 /7INITS DEINCREMENTER
S pCé» 2S_A SLL
80 SS3(2e(12,5/40%6,)¢6,25)
17¢L0)312,312,3511
311 SSLE(2L0(12,5/74094,)¢6,25)/7APTS
SSsESEES,
312 CEL.8PH/7((ES/7VIe((10,0XUN])I/RY))
SCEL.81./RZELL
S SLA S.L
S Juyp 1 DCHDE

END
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/PROGRAY NAMVE!?

CIPSLT,FY

/FORTRANSA3R} KEITY J, SASEIITA 4/2/774
/THIS 230G3AM JUNS 4ITH ANY INE OF FOUR OPTIINS!

1)SEARCH A PRES

V19JS F1_E GENERAYED WITH THIS PROGRAM

AJCALCJLATE waXIMUM AND MINIMUM ERROR
8)CALCJLATE AVZRAGE ERROR?
C)OyTIJT THE DATA SET ON THE LPTY
2)PLIT A PREVIIUS.Y 3SSNERATED FILE
A)CALCJLATE aAND OUTPUT MAXIMUM ERIOR
8INE0JEST 5CI23 SCALING 2ARAMETERS
S)PLOT PIINTS AITHIN LIMITS
3)COMPARISON RIN
A)QEOUSST NU“3ZR OF AVERAGES
3)PERFIRY SRE_IMINARY SCAN, JUTRPJUTTING A "," WHEN DONE
CIREQJEST WEA_ R FOR X AXIS (AS _9G(R))
0)OPERATI S2_SCTS OPTIOVS

YEASURE AND AVERAG:= INPUT SCANS OF THE STANDARD
MEASURE AND AVERAGS INPUT SCANS 9F THE COMPARISON
AES=T X AXIS VaLUE

30 IOV T)O NEXT VALUZ, STORING CJURRENT DATA

SHAN3E 24

SNO MEASJREMENT AND SELECTY J°TION

JUTAUT EIROR

4)VAIJAILE INCIEMEINT 2JLSING
A)OERFIRY 2RI_IMINARY SCAN, JUTPUTTING A ",% WHEN DONE
9)REOUSST INTZ3Ival, USED AS X AXIS (AS LOGCINTERVAL))
£)OPERATIX SS_ZCTS OPTION AS IN (D) ABIVE BUT DATA IS
AC2J1330 AS 1000 SCANS AT THE CHOSEN INTERVAL
THIS 230GIAM 1S BASICA.LY DISIGNED FOR ACCUIACY DZTERMINAT]IONS

COMMIN DARY,NARA
DIMENSIIN DARY(2,50),\VARA(2)

J°DE? SCFp.
JPDE® 3coR
JopE’ aCFo0
JPDE? ZCP1
JPDE® SCFGD
SxPp* TCFL
Jdone* TOST
JPDE? TRIG

S<PD®  TTFL
J3DE? J1vo
JopE? PH
JPDE"T 3701

J5DE* STFeG
J20€7 TTAD
Jone?®  tFPGT
JPDE’ TIT

Joper _PSET
JONE? SLCL

Japer ICNTR
J5DE* {4 o
JPDE?T LCNTR
JoDET  ?CTAL
JopET  ]CNTR
JoDE* LCTRL
S<PD®  SKI0Ff
S«<PD* SK20E
JPDET SLOFE
S<PD"  SKX°TH
S<PD* SKTQE
JPDET SLTBE

6324 /CLEAR CIND FLAG, CLEAR P] ENABLE
8322 /GATE CONDUCTANCE DRIVER

6323 /CCFp + 3cDR

9324 /ENABLE COND PRO3IAM INTERRUPT

8527 /CCFP ¢ 3CDR ¢ ECI]

6331 /TEST CONDUCTANCE FLAG

8332 /TURN OFF SEQUENCE TRIGGER

8334 /TRIGGER SEQUENCE

8344 /TEST TEMPERATURE FLAG

8342 JLATCH 1/v, OFFsSY

4344 /LATCH P4, PW

8354 JENABLE TEMP PRO3RAM INTERRUPT

6352 /CLEAR TZMP FLAG, 21 EVABLE, GATE DRIVER
8334 /TRIGGER TEM2 A/D CONVERS]ION

4356 /CTFPG o TTAD

8361 /T1TRATE

8121 /LOAD THES CLOCKX 23ESET REGISTER
8122 /CLEAR T4E CLOCK

6123 ZINITIALIZE THE CIUNTER

6124 /CLEAR C.OCK AND INITIALIZE COUNTER
41259 /LATCH T4E COUNTER

8126 /READ THZ COUNTER LATCH

8127 /READ THZ COUNTER

6134 /LOAD CONTROL RESISTER

8132 /SK]P ON OVEIFLOA

8133 /SXIP ON QVERFLOW ZRIOR

6134 /CLEAR OVERFLOW AND JVERFLOW ERROR FLAGS
6138 /SKIP ON TIMZ BAS: FLAS

6136 /SKIP ON TIME BASZ EIRIR FLAG

6137 /CLEAR Y,8, AND 7,8, ERROR FLAGS

250
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IepE? Wy 7408 /MULTIPLY

JIDE? ovil 7407 /D1VIDE

1.1 34 M1 764y /NORMAL I ZE

J90E* SHL 7413 /SHIFT LEFTY

JopE* (Y 1] 7418 /ARITHMETIC SHIFT RIGHT

JPDE? SR 7447 /LOGICAL SHIFT RIGHT

Joper  wOL 7424 /L0AD MU_TIPLIER QUOTIENT
J20E° sCL 7403 /STEP COJNTER LOAD FR0Y MEMORY
JODE’ sSCA 744y /STEP COJUNTER LOAD INTI AC
990€° woA 7304 /M0 LOAD INTO AC

3P0ET SRASE 6034 /ERASE DISPLAY SSIPE
JODE? STORE 8037 /SET SCO2E IN STIRE MO0E

A3Svyv ayoe 0074 /PH POINTER
YIL.IZ L) 007s /PW POINTER
A3SYv {ve 007¢ /71/V POINTER

A3Svy INITS 0377 /OFFSET UNITS POINTER

A3SYV ASEY 0100 /GENERAL POINTER

A3SYv SPARA 0101 /PARAMETZR PIINTER

A38qyYv sPPYy 0102 /INDIRECT ADDRESS IN FIELD 4 POINTER
A38YY LLLY] 0103 /INDIRECT ADDRESS IN FIELD § POINTER

:wauuuouuuuuaouuuunuuuuuuo

/
/
/PROGRAV B231NS WiTW FI3IST J2TION SELECTION
/
/
Tsn
172 dITS(1,872)MT,
872 TORMAT(/,9SEAASH 2IEVIIUS FILE & 2Y,/,'PLOT PREVIOUS FILE = 1',/
®, "START CIYPARISIN s 01,7, VARIABLE INCREMENT PULSING ® «311,10)
WeAD(1,1981) 0
164 CIRMAT(IS)
1€€0029150,160,159
159 \LAD(L,158)
158 TORMAT(*CIIST 3ILI2421,13)
SALL RTAIE(1,Je376,DARY)
IFENARA(2))380,3%81,381
380 d1T2(1,302)
382 TORMAT('THIS 13 A COMIARISON FILZ'/)
33 19 334
384 43172(1,383)
383 TORMAT('THIS IS5 A VARIABLE PULSING FILE',7)
384 CLTETYRS)
1F(J2+2)815,502,3)2
619 JASNARA(Q)
S SLh SLL
S Jus asut
] Jus TauY
S oA SLL
33 13 69
goo SINTINUSE
/
S /BEGIN THE 2R3_JvINAY 3TaN SEQUENCE
Sy
S PNNY, S.A SLL
S DZA 24P /SET o4 AT 0.0% vSEC
READ(1,7)PA
? CORMAT('2W (4S2C)1',212.8)
1£€¢J2)937,998,988
98s AWTA0C1,799)«0
989 FORMAT('AVERASESI'HID)
287 xs,37¢

e XXsXX010,
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1F(PdexXI1L,11,10
ul0e S.A SLL .
TAD 24P /3EY P4 TO PROPER VaUE
TAD (0120 /INCREVMENT Py
DCA 4P
JuP =8
#l4s SiA SLL
0CA 88A
TAD APKW? /SET P4 POINTER
SA 4P
TAD AlV? /SET 1/v POINTER
DCa tvP )
TAD AUNIT /SET UNITS POINTER
DCA JNITS
AAJs» IAC /IFFSETs05 J/VI LMAsLQV
«1V0 /. ATCH JFFSETS0) 1/VE 1 vAsiQV
WA, 182 ASE? /74A1T TOR RELAYS T0 SETT_E
JuP dA
uY, 182 ASEY
Jup gy
/
/SET U3 PRIPER] PJYLBS HELINT
/
AD, S.A 2,
TAD 24P /34 9QINTER
L /SET o4 INSTRUCTION
L 148 /¥AY P4 YET,
Jup | Q3AIN /YES, INCREASE GAIN OF l/v
Dca 4P /ND, CONTINUE
1aC /a0D 1
TAD S9AR /0DD P<4 INFO TO 2aRa WORD
CA §50A
TAD 4P
TAD 24P /SET 24
-PHi /7.AT24 PH,PH
w8, 1S2 ASEY /4A1T TOR RELAYS 70 SETTLZ
Jup 43
i, 1S2 ASEY
Jup 42
S.a SLL
TR16 /UL S TRIGGER
AE, TCoFL /TEST TLAG
JuP s
CFPY /CLEAR FLAG,GATE DR]IVER
1aC SHESK INPUT
SNaA /1S A/D NEARLY PSGSED,
JuUP SFF /Y2S, ADD OFFSE?Y
JuP 4D /NJ, INCREASE PH
APHP, J400 /3% 3JINTER
AlVP, Jaot /1/v 9JINTER
AUNIT, 7400 /7JINITS POINTER
0GAIN, AN /00D=SS OF ADD 3AIN RIUTIVE

/
/SUBPRI3RAM GALIN
/THIS SJURPIJBIAM INCIEASES SALIN OF 1/V aAMP

/
GAIN,

CoA C.L
TAD 1vP
L
SIL
Jus 1 PTS
0ca 1vP

/1/7v 2IINTER
/SET 1/v INSTRUCTION
/1S vAX GAIN APP_IED,
/YES,G) TELL
/NO,CONTINUE



u32¢ TAD 3AP?
TAD §2A3
02A $PA
TAD vP
AND 90077
<1v0

we, 1S7 ASEY
JuUp 42

WX, 1S2 ASET
JuP JX
SLaA
T16

AfF, TSFL
JuP AF
SCFeD
1aC
SNA

PTAs JuP IFF
Jup 3AIN

GAPT, Ju904

M0077,0977

PTCs “ALTY

/
/SUBPRJI3RAV OFFSET
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TER
ROPER 3AIN VALUE

/2SE DUMMY POINTER
/. ATSH,OFFSET=0) 1/V
/4A1T TOR RELAYS TO SETTLE

/32U SE TRIGGER

/TEST TLAG

/2LEAR FLAG,GATE DRIVER
/2HESK INPUT
/1S A/0 NEARLY PZGGED,

/YES ADD OFFSET

/ND, INCREASE [/Vv GaAIN
/3AIN P0INTER TO PARA WORD

/448«

/AARNING ROUTINE 3

/THIS 3)B8PI9GAM APP_123 OFFSET CURRENT

/

OFFs S_A 3L
TAD AJtl
0CA J1¢
TAD (VP
AND NNOT7Y
0ca vP
TAD 1vP
ATL
ML
TAD 1vVP
0SaA tvp

AG, S.A SlL
1sz J1t
JuP aAl
JuP 1 PTD

AAls  TaD xJPTY
TAD S2A34
DCA 3PAR
TAD v7400
TAN JUNITS
9CA UNITS
TAD 1vP
TAD JNITS
-1V0

WD, 1S2 ASET
Jue 40

wJd, 1SZ ASEY
JuP dJ

WU, 182 ASETY
Jyp 4
oA 2Ll
TR1G6

AH, TSPy

JuP A

SCFPO

1ac

/3ET UNITS INCREMENTER

/3RING IN CURRENT SCALE
/YAS< DUMMY POINTER

/5703E

#5337 ud OFFSET CURRENT DECADE SCALE
/32T 1/V, OFFSET DECADE

/3T0RE

/1S vAXIMUM OFFSZT APPLIED.,
/NJ, CTINTINUE

/vs TELL DEFAU.T
7533 97FSET BOINTER To PARA H0RD

/ADD IN PARA WORD

/SET ITFSET UNITS POINTER
/00D PIEVIOUS OFFSET

/33T OFFSET) [/V WORD

/.ATCH OFFSET,
/4A1T FOR RELAYS TO SETTLE

/3L SE TRIGGER

/TEST FLAG

1/7v

/CLEAR FLAG, GATE DRIVER
/2HESK INPUT
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SNA /A/D PZGGED,
JHP AQ /YES, ADD MORE OFFSET
JuUP AN
XUPY, J720 /IFFSET POINTER TO PARA 4IRD
AULL, 7765 /11
uigs 3100 /JN1TS INCREMENTER
PYD, FaALT2
NO0Q77,.077
v7400,7400
AN, SLA 3SLL
d173(1,48)
FORMAT(/,,0)
1ST1¢s0
JSTI<s0
IFPEMTY728,68,233
D) 6%6 ls1,50 ®
SLA SLL
JMS IPSdN
Cua 3L
CONTINUE
S né74, :LA SeL
S Jus AJUTY
] JNS TIUT

TSI XX LU X X X X 1}

X" 1" X X 3
.: [ _J

SLa oL

30 19 162

162 AWAD(L,67) Y

Y FORMAT('RESTART=0,ECOIVee11",15)
1£€JY163,69,69

163 WAD(1,.194)y

164 FORMAT('=138T 3LJSK11,15)

NARA(1)s]

VARA(2)s8 0

SALL WTAPE(1,J:374,DARY)

30 1) 69

/
/SUBROJTINE TyT
/THIS SJUBRIJTINE PLITS DATA
/
TOUT, 0000
LA Ll
AZADC1,1UPD, 00 9
TORMATC Y YMAX S sEL9:8074'XMINE Y, B16080/70 ' XYAXI',EL16.8)
dsA NG(RWY 2,303
A sA_JG(RL)/2.303
432 YSCA.82747,/U)
KSCA.32247,/7(4=3.)
09 3 Jsi,!
XsDAY(L,J)
YsDAY(2,J)
IFtY-UPD)434,434,5
434 XsA_33(x3/2,303
433 dysyesySialL
dxs(xX-R_ )oxSCA,
fyslTIx(2Y)
Ixspeix(oay)
SALL XYST(Ixo,1Y)
CALL XY2ND
SONTINUE
SLA SuL
JNP 1 TIT

- e ne

[T X" X~
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/
S /SUBROJTINS 03SWN
S sTHIS SJUBRIJTINE ALLINS THE SELECTION JF THE DATA JPTION

s/
S OPSHN, 000
[ ] SLA 3L
a3 dR1T73(1.,994)J
994 TIRMATC V)
15€J0976%4,645,965%
064 WAD(1,201)071327
20g TORMAT( ' INTERVAL (MICRISECS)I',E16.8)
. Dary(i,1l)sT83T
TI8PT=TI9PT/1.36
S °.A SLL
S Jus STC«
] SuA S.L
30 1y 728
[(11] WTAD(1,51)0ARY(L, 1)
91 FORMAT('R s 1,316.8)
728 A173¢1,729)J»
729 FORMATC'1,10)
Sih Sul
KiMs <£SF
Jup (I
<8
TLS
Y
0CaA 4.0
TAD 4.0
TAD (0317 /1)
SNa /3JTPyT BRROR,
JuP I JER /YES, 3]
Sud SLL
TAD 4 D
TaD (0373 ’3
SvaA /CHANGE PN,
Jup PH /Y38, 39
SLA S
Tap 4.0
TAD (9328 /
SZA
JuP «18

s.A SLL
1F€J2)674,162,162
KTSe SLA 2L

BOAULLLVBLOLBLLLBLLLLBLLLY VBV LLLALLDLBLLLLVLMNLBLLLLOW

TAD 4 D
TAD (0318 /N
L Y7
JMP (TT
JUP | 038NN
KT?e S.A SuL
TAaD 4.0
TAD (0322 /
SNaA /EREAD R,
JUP 8233 /VES, 30
SLA SiL
TAD 4.0
TAD (0323 /8
SNA /TAKE STANDARD,
JuP STND /YES, 30
S.Ah Sub /NY, TAKE DATA

1F0J3)667,660,569
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: 667, J4S Avi0

oLA SLL
a0 TI 680

S 2660, J9S AVER]

(11 0ARY(2,1)8a88((S=CELL)/S)
33 ry 72

S OUBR, 3.La SLL
dRITS(1,477)0A3Y¢C2,.])

"’ ro‘""".'en 8 '4316,8)
33 13 728
S CPMe S.A SLL
“Tel
S oLA SLL
S JNP IyNY
S STND, CLa 2.L
1F0J3)670,878,97%
S w670, JvS Avi0 /730 AVERAGE 1000 SINGLE SCANS
[ ] SLA SLL
a0 19 672
S w671, JuS AVEQ)
672 S$sRC3LL
20 Ty 728
$ WLDe J000

Sy
S /SUBROJTINS ADJT
S sTHIS SUBRIJTINE JUST PISKS JUP SOME VALUES

S/
S AOUT, J100
152 XMAXSDARY(2,1)
00 64 Jsi,!
IFCXMAX=DARY(2,J))55,64,64
(1] XMAXSDAY(2,J)
o4 SONTINUZ
ARITS(1,86)XMAX
1) FORMAT(/,'MAX 2R =3 1,E16,8)
S.a L
Jup 1 AT

/

/SUBPRIZRAM SSTCLK

JTHIS 330G3AM SETS THE SLOCK FROM THE 3ERIOD INPUT FIOM THE TTY
21T CONTAINS ITS 04N FIX RIUTINE TO INSURE AGAINST

/FORTRAN FIX 23RIQS

JANY TIME INTZ3VAL FI04 L MISROSECOND TO 40000 SECINDS

/MAY BE INIYT

/
STCK, J00

v-‘ :LL *
TAD ATM3 /53T ud PRESET MIDE INDICATOR
DZA TuB
TAD SCT2 /SET U? T8 POINTER
0ca 8273

202 I1F(T13PT«,004)204.203,203

2203, TAD TuB /73.052< PRESET MODE INDICATIR

TAD T10J0 /2.08< T8 INCREMENTER
0CA TwB
T16PTsT]3PT/10,
1s2 8273 /0LL DINE,
JYP w202 /N, RETURN

204 T18PTsT13PTe1000000,
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/
#SPECIA_ Fix JUTING FI? CLISK SETUP

/
SLA S.L
TAD sT]337 /73INING UP EXPONENT,» UPPER MANTISSA
0ca 20TY
DCa 2372 /2ERD 4S8 WORD
TAD 207%
AND N3770 /7448< SIGN, MANTISSA
aTm /LGHT JUSTIFY BXPONENT
QAR
TAD X7620 /SET EXPONENT
oLl SvA /SET SSALING POINTER
CA ABNTY
TAD 357¢
AND NOO97 /722SE ALL BUT UPPER MANT]ISSA
arm /.EFT JUSTIFY
are
DCa 2374
TAD eT1309T8 /3IN3 IN FIRST SOMPLETE 9MANTISSA WQORD
AND N777) /4A8< OWER 3 B1TS
TR /RUVGHT JUSTIFY
AR
sCté, Tap 397%¢ /3BT COMPLETE WO3D
182 XONTY /ALL SSALED,
S«p /N0, STALE
JuP 8375 /Y88, 30 ON TO N2xT SECTIOIN
L /5CaLz BY 2
0ca 3074 ,
TAD 3072 741LL SONTAIN COMPLETED vALUE
RaAL /5CALE BY 2
DCA 2972
Jup.SCT4 /ETUQN FOR NEXT SCALING
ATMB, L400 /3RESET MODE INDICATIR
TMB, uN00
11000,10n0 SL0SK TB INCREMENTER
sCr2, 7771 /783 POINTER
sCT3, J000
pOTL, nyoO
pOT2, 1700
N377053770
X7600,7600
XPNT, 000
N0QO07,)007
N777067770
SCTS5, S.a 5oL
TAD Tu8 /SELEZSTED T8 PRESET MID:
<CTR. /.3A0 SONTROL RE3JSTER
SLA SLL
TAD 2972 /SETS JP EXACT INTERVAL
SlA
«PSEY /7.0AD 2RESET REGISTER
JMP 1 ST3K

/
JTHIS 18 Td4dZ RJUTINE WHISH TAKES 1000 MEASUREMENTS AT AN INPUT
2INTERVAL APARY AND AVEIAGES THEM

/
3AQ0E
AV10, .c00
SLA S.L
0Ca T.S3 Z2ERO _EAST SIGNIFICANT 31T7S

0Ca TvS3 J25RI v0ST SIGNIFICANTY BITS
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TAD (7000 /-512
DCA ASET?
X0, TR10 /34,88
SLorFg SLEAR CLOCK FLA3S
Scrp SLEAQ COMPBIP FLAG
xR, TSFL /TEST SOMPBLIP FLAG
JHP AR
sLels /3LEAR CLOCK, INITIALIZE COUNTER
SCFPD /SLBAR COMPBIP PLAG, GATE DRIVER
TaD T.S3
0cA t.83
L
TAD TuS3
0CA TvS3
182 ASET
Sp
Jup 7
$<PO° /AALY TOR CLOCK FLAG
JuP xS
Jup 13 /3ETURN FOR MORE
TL$8, 000
TNS'. aOOﬂ
XT, LA SLL
TAD 7.83
oL
TAD TMS3
ove
1700 /THE DIVISOR, 542
TAD (4010
L
DCA =JSTIK
24
TAD (4000
0CA =fSTIK
TsFLIAT(ISTIX)
T2sF _DAT(JSTIX)
<De512
TAD 8PA3a
Jus 02002
SLa S.L
A173(1.21)RCE.L
b 30“"‘7".'Q s '.510.3./)
DARY(2,1)83CEL,
SLA SLL

J¥P I AVLO

BDOBLOBLBLBVLL A VN VLBVLLVLVLLLOULOLLLLLOLLLLLOLLL
»
w
.

THIS SECTIIN JUTPUTS T4E DATA STORED IN TAPE
AND FINNnS THS maxlvJM, MINIYUM,; AND AVERAGE EIRORS OF THAT DaATA.

C X" X X" X N
NNN N

302 RWEAD(1,503)00
803 FORMATE ' MAXMINSL,AVERAGESO,0UTPJITR<11',15)
1F¢J)504,508,339
S04 20 %)7 Jsi,1
dQITS(3,508)0AY(1,J),0ARY(2,J)
308 FORMATISY,'X 8 '9316.8,5Xs'ER & 1,E16,0)
507 SINTINUE
3% 19 s
508 79789,
00 596 Jsi,!
TOTsTITe0ARY(2,J)
$0¢ SONTINUE
TOTsTOT/PLOAT(I)
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dR173(1.%522)7)°7
922 FoamMaT(/,1AyE0GE & ,316,8)
37 139 520
S0¢ XMAXeDAY(2,1)
AMINSDAY(2,1)
YMAXSDAY(Y,1)
, YuINSDARY(1,Y)
810 09 519 Js2,]
1P (xAXeDARY(2,J))518,512,512
914 AMAXSDAY(2,J)
YMAXS0ARY(L,d)
30 19 519
912 ICCDARY(2,J)eX91V)513,519,549
913 XMINSDARY(2,J)
YMINSDARY(1,d)
519 SONTINUE
AQITZ(1.524)XMAX, YHAX, XMIN, YMIN
914 CORMAT(/,'9AX SR 8 *,E16.8," AT X = *,E16,8,/,"MIN ER & ',E16,8,
o' AT X 8 ',E16.9)
820 EAD(1,921) Y
921 TORMAT('IPTIONSsL,ESTART=01*,15)
s 1F€JY69,69,502
/
S /THIS WUTINE PERFOINS THE AVERAGE OF AN INPUT NUMBER OF SCANS
L B
S AVERG,u100
S AV, SuA SLL
YTe=1
$ SLa SuL '
] TAD a«<D /SET u® DIVISOR
s SA N3IAR
s TAD =D /387 Ud 8 OF POINTS POINTER
L ] Sla .
| DSA 29AR7
] CA N_S3 /72L.EAR |SB WORD
S DA vys3 SLEAR MSB WORD
S AW, :;‘ seL
[ ] 716 /2ULS8E TRIGGER
S aAX, ToFL /TEST FLAG
] JuP Ax
s SCFPD /SLEAR FLAG, GATE DRIVER
] TAD N.S3 /40D IN LSBS
S DCA NLS3
] L /SET Ud OVERFLOMW
s TAD vuS3 /40D IV MSBS
s DZA NuS3
] 1s7 394 /ALL DINE,
H JYP Ad /Nd, RSTURN FPOR NEXT SCaV
] TAD NLS3 /YES, 3ET SEY TO AVEIIASIE
S L /7.940 40 WITW LS3 WOD
] TAD vvS3
] Ov? /01vip2
8 NBAR, 21790 /THE DIVISOR
TAD 24000
L ] SLL
S DCA wysSTiK /STORE REMAINDER
S vaA /7.0A0 QIVIDEND INTO AC
S SNA /JNDERIANGED,
s JYP 1 K11 /YES, IIESET
(] DCA vaALJ /N, STORE
S TAD VALY
] 1ac
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S Sva /IVEIRANGED,
S JYP 1 Kit /YES, RESET
| Ca 3L /NO, CONTINUE
S TAD vaALJ
] TaAD 24023 /734AN3E Y0 2°'S CIMPLIMENT
] SLL
S OCa #1STIK
TesFLIATLISTIK)
L2sF _0AT({JSTIK)

S SLA SLL
S TAD S2AR0 /73J7 2ARA WORD IN AC
S Jus 1 BZIDE /739 Tn DECODE SU3SROUTINE WITH 2ARA WORD IN AC
] S.A 5L
] Jup =72
S VALU, 3no0
S X111, =it
S NLSH, .,700 /THE _ZAST SIGNIFICANT BIT WIRD
S NMSB, .00 /THE 4IST SIGNIFICANT 31T WO
S PBAR, :"nn /AVERA3ZE NUMRER PpINTER
S C4000,4"00
S 8CoDE,NcnD: /2ARA 40RD DECODZ SUSROUTINE

72 d1T2(1,13)28,3C2_%

13 TOQMAT(/, Ayl V 8 ' ,312,6,/,4X,13 8 1,E12,8)

JYP 1 AVER3

/
/SUBPRIGRAN FA_TY
/THIS $J8PIGIAM INDICATES THAT CELL CIND IS VERY LOW

/
FALT1,3La SiL
ALTE(Ls14)
‘ TIRMATLIZRIQR 1)
Juye 1 PATY
PAFL, AN

/
JSUBPRIZAAY FA_T2
JTHIS 5JRO3GAM JNDICATES CSLL COND TI0 HWIGH

/

FALT2,3.4 2oL
A172(1,15)

5 TIRMAT('ZRIQR 2°)
S.a 2LL

ul?, JuP ag1d

/

/SUBROJTINZ D29DE
/THIS SJURRIJTINE DECIDSS PAMMETER WORDS
JCOMPUTZS 24,3V, XyNI,ES,C2_L,CCELL

21T MUST 83 ENTSIED 4IT4 PARA WORD IN AC
/PARA 4JRD 7OIMAT:

BLOVOLOLVLWLOBOLVLOVLLVLOLOVLFE VLVLLLLOOVWV*- eounennnm

/ T13sT 4 BITS (MS3) ARE FI RZMAINDER OF AVERAGE
/ NZXT 4 BITS FOR JUNITS VA_JE (BINARY 1-10)
/ NZXT 2 BITS FOR 3AIN INFO (BINARY VALUE 0e3)
/ NEXT 2 BITS FOR 2K INFJ (3INARY 13)
¥4
pCoDE, 900

CA 3PPJ /STORE PARA WORD

XYN]sQ,

%4s,.008

vs13000.

TAD 32P)

AND 9SK1 /9ASC ALL BUT PW BITS

DCis» 0C5A 52P4
Tan SePd

NnLLL



SNA
Jup 02
SCA SLL
I4sPdell,
cSHA
TAD So°Pd
Jup 3C¢
MSKi, J303
pC2, TaAD SoPY
AND ¥SKQ
DC3, D0Za S$oP4d
TAD SPPd
SNA
JMP 924
Sua SLL
QVsRVel0,
TAD 3C7774
TAD S2P4d
Jue JC3
S MSK2, U214
SDC7774,7774
S pCas TaD 59PY
S AND vSK3
S pCs, 0CaA SepPd
] TAD 80P4
] SNA
S JMP 2C6
S
S
S
S

SLA SLL
XUNIsXUNTey,
TAD 02C7780
TAD 8°Pd
Jup IS
S MSK3, J3a0
SDC77604+7760
S DCés SiA SLL
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/ALLSET,
/138, SONTINUE
/N0, ADJUST

/00D -3
/387 U NEXT ITERATION

/74A8< ALL BUT PW BITS
/448¢< ALL BUT GAIN BITS
Z0LL SET,

/YES, SONTINUE

/NO, ADJUST

/SET uU® NEXT ITEATION

/4A8< FOR ALL BUT GalN BITS
/3AIN DEINCREMENTER

/79A8K ALL BUT OFFSEY yNITS BITS
/aLL SET,

/YES, SONTINUE

/ND, ADJUST

/3BT U? FOR NEXT ITERATIOV

/74AS¢ TOR ALL BUT UNITS 31TS
/JN1TS DEINCREMENTER

SSL=07220(¢12,5/74095,)45,25)/FL0AT(KD)
80 258(20(12,5/740764)46,25)«ESL
CEL.3P4/((ES/V)e((10,8XUNI)I/RV))

S SLA S_L
S Jup | DZ30¢
SND
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PROGRAM LISTING
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/PROGRAY NAVE! C3TCLH,FT

/FORTRAN=SA3RS KEZ1TH J, SASZ3TA 5717774

JTHIS IS T4= T2ST PIGIAM AND EXERCISER RQUTINE FOR THE ENTIRE
/COMPBI> §vySTZv, IT CIVTAINS DIAGNOSTICS AND EIR0R CODES TO
/PERMIT DETSRYINATIONV I° WMAIDWARE MALFUNCTIONS AS WHELL AS
/PERIOIIC INSTIUMENTAL ADJUSTHENT,

/17 BESINS 4I1T4 AN INITIAL 3 SCAN OF T4 SYSTEW AFTER THE CHOSEN
JPULSE 4107« [S INPJT, TEMOZRATURE IS ALS) “EASUR=D, IF A FLAG
JERROR SWIJ_D 9CCUR IN 217423 CIRCUIT DURING T<Z PIELIMINARY SCAN,
JTHE PRIARAM AJTIMATICA_LY =NTERS A CONTINUOUS FLAS=CHECK ROUTINE,
JIF TH3 PRI_IMINARY 5CANV S SOMPLETED SUCCEZSSFJLLYs» THE VALUES OF THE
/CIRCUIT PAQAMETZRS ARZ JyTAuT,

/THE O2TIONS AVAILAI_E AT TulS TIMEI

1)AVERA3T 100 SONIUCTANCE SCANS FOLLOWING EACH "G™ TYPED
2)RESTART TWlS PRIIGRAM

3)CONTINJOUSLY PJ_SE T4E CELL AT PW X 10 INTERVALS

4)TEST T4E CONIUSTANCE CONVERSION SYSTEM

5)TEST 3374 COVDJSTANCE AND TEMPZRATJRE CONVERSION SYSTEMS
§)AVZQAIS 285 TZMA:aTUIE POINTS FOLLIWING EACH "G* TYPED
7)TEST TJ4E TEMA2EIATYI= CONVERSION SYSTEM

JERRQR VMESSAGSS AQE JUTIUT ~1TH EACH FAILURE,

/7€1) AND (8) JJTPUT JATA TI THE TTvY,

/
JPDET SCFp 8321 JCLEAR CIND PLAG, CLEAR Pl ENABLE
JopE? 3C0R $122 /GATE CONDUCTANCE DRIVER
JopE” sCFeD 6323 /CCFP & 5CDR
JPDET HLd 8324 JENABLE COND PROSIAM INTERRUPT
Jane? SCF50 $327 /CCFP & 5SCDR « ECPI
S4<PD7 TCFL $331 /TEST CONDUCTANCE FLAG

SNNNSNSNN N

JepeT TOST 6332 /TURN OFF SEQUENCE TI[GGER
J9pET  TRIG 8334 /TRIGGER SEQUENCE

Sxep¥ TTRL §14yq /TEST TEMPERATURE FLAG

JopE* -1vo 9342 /LATCH 1/v, OFFSET

J2pE*? P 8344 /LATCH P4, PW

JPDET  =TAY 8334 JENABLE TEMP PROSIAM INTERRUPT

Jo0ET STFpG 8352 /CLEAR TZMP FLAG, ©] ENABLE, GATE DRIVER
93p=* TTAD 8354 /TRIBGER TEM? A/D CONVERS]ON
Jape~s TFaGT 8356 /CTFPG e TTAD

J20E7 Ty $351 /TI1TRATE
Jape~ _PSET 8124 /LOAD THZ CLICX 23ESST REGISTER
rELIE SLSL 8122 /CLEAR TH4E CL0OCK

JopE” 1CNTR 8123 ZINITIALIZE TWE COUNTER
Jap=* sLc1c 8124 /CLEAR C.OCK AND INITIALIZE COUNTER
Joner .CNTR 828 JLATCH THE CIUNT=R

Jape* ACTRL 8126 /READ THZ COUNTER LATCH

Jap=* CNTR 8127 /READ THZ COUNTER

Jape*? craL 8131 /LOAD CONTROL RESISTER

S«<pPD? SKX2o9F 6132 /SKIP ON OVEFLOW

S<pPp*7 §xPns 933 /SXIP ON OVERFLOA ZRIOR

Jdang* sLAFE 6:.34 /CLEAR OVERFLOA AND JVERFLOW ERROR FLAGS
S¢<pPO°7 §x°v3 8135 /SK1P ON TIMZ 3ASZ FLAS

S4<PD” §XTgQs 6136 /SXIP ON TIMZ 3AS5Z EIRIR FLAG
JapE* SLT8E 6137 /CLEAR T,B, AND 7,8, EIROR FLAGS
dene’ Wy 7408 JMULTIPLY

JPDE* ov! 7407 /D1VIDE

IopE?T M1 7411 /NORMALIZE

JepE® SHL 7413 JSHIFT L=FTY

Jone? ASR 7418 /ARITHMETIC SHIFT RIGKHT

JONE? .S 7447 /LOGICAL SHIFT RIGHTY

Jane” oL 7424 /LOAD MULTIPLIER JUOTIENT

JopET SCL 7403 /STEP COJNTER LOAD F0Y¥ MEMORY
JopET SCA 744y /STEP COJNTER LOAD INTI AC

262
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VOVOLVLLOLVLBLBLLLLVBVLWLVLVLLULBLNLLBLLLVLVLOVLLUVLWVLLLLLLY O

/

/
/THE PRELIWINARY SCAV

/

Jo0E
J20€
J2DE
A38Y
A3sy
A3sy
A3sy
A3sy
A3sy
A38Y
A3sy

by LT

® SRASE
¢ STORE
U] 'L

L} L ']

L] jve

v JNITS
L] ASEY

¥ SPanA
L) spoy
L] SPPy

/
PNNY, S.a 5L

510,

uig,

AAJ»
WA,
wyY,

AD,
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7504 /M8 LOAD INTO AC

6034 /JERASE DISPLAY SCIPE

0057 /SET SCOPE [N STORE MODE

0)74 /PH POINTER :

037s /P POINTER

007¢ 717V POINTER

0077 /OFFSET UNITS POINTER

0100 /GENERAL POINTER

0104 /PARAMETZR POINTER

0102 /INDIRECY ADDRESS IN FIELD § POINTER
0103 /INDIRECT ADDRESS IN FIELD 4 POINTER

323INS

0CA 24P /38T Pd AT 0.01 9SEC
Tso
READ(L,7)PU
TIRMATC'AT WHAT 34, (4SEC)I ',EL2,8)
AxXs,00%
AXsXxe10,
IFCP4-X")11,11,10
S.A 2Ll
TAD 24P /SET 24 T0 PROPER VaLUE
TAD (0170 /INCREMENT Py
0CA 34P
Jup a8
S.A Sy
DCA 8sPARA
TAN 4PNW2 /8E7 o4 POINTER

CA 4P
TaD AJVP /38T 1/v POINTER
0Ca 1vP )
TAD AUNIT? /7537 -UNITS POINTER

CA UNITS
;AD IyP /3BT CL0CK FOR Pd X 10 FIR FLA3 CHECK
TR
TR
TR
1AC

1aC
«“CTR. /.3AD THE CLOCK CONTROL WESGISTER
S.A SLL
Scrp ZINITIALLY CLEAR THE CONDJUCTANCE FLAG
IaC /IFFSETs0) J/VY LMARiQV
-1vo /7_ATCH OFFSETS0) [/VE 1 wASiQV
152 ASET /4AALT TOR RELAYS TO SETTLE
JYP dA

1S2 ASEY
Jup 4y
Suh UL

TAD 4P /94 BOINTER
AL /55T P4 INSTRUCTION

s2L /1AY P4 YET,
JYP 1 0Q3alN /Y28, INCREASE GAIN OF I/v
SA 4P /N),SINTINUE

1aC /740D 1

TAD SPAR /4DD P4 INFO TO 2aARA WORD
DZA $2AR
TAD 24P



TAD 24P
«OHW
w8, 182 ASEY
Jup 43
wa, 1S2 ASEY
Jue 42
SuA SLL
s.CL
S.18%
T16
S«p
JuP (TC1Q
$4<PT3
JuP A4S
JMS TALTS
JuP 8T
K¥Ci, 22FPO
1aC
SNA
JMP IFF
JUYP AD
APMP, 400
AlVP, _ae01
AUNIT» 7400
OGAIN, 3ALIN

/
/SUBPRI3RAW GAIN

264

/387 o4
/. ATCH PWoPH
/4A1T TOR RBLAYS TO SETT.E

/SLEAR THE CLOCK

/3LEAR TIME BASE AND ERRIR FLAGS
/3JLSE TRIGGER

/TEST TLAG

/SX1® IN TIME BASE

730 INDICATE FLA3 ERROR

/730 7O CONTINUOUS FLAG CHECK RIUTINE
/SLEAR FLAG,GATE DRJVER
JSHESK INPUT

/18 A/D NEARLY PZ2GGED,

/YES, ADD OFFSE?Y

/ND, INSREASE PH

/34 39INTER

/1/v 3)INTER

/INITS POINTER

/ADDRESS OF ADD 3AIN ROUTINE

sTHIS SUBPANGRAM INSIEASES SAIN OF I/vV AMP

/
GAIN,C.a C.L
TaD fvP
AL
SIL
Jue t PYS
0ca tvp
852, Tan 3aPY
TAD SPA3A
DCA 32A3R
Tap tveP
AND 4¥N077
-1V0
wuC, 1SZ ASEY
JypP dC
WX, 1S7 ASEY
JUP 4X
S.A
s.CL
MR H
T16
AF, TCFL
S«<p
JupP «(T1C2
S«<PT3
JuP A*T
JMS FaALTS
JUP S«(TC
KTC2, 3SZFPH
IaC
SNA
PTA: JuP FF
Jup AN

/1/v OIINTER
/SET 1/V INSTRUCTION

/1S vax GAIN APP_]ED,

/YES,33 TELL

/N3, SINTINUE

/ADD 1 TO GAIN PIINTER

/3ET PARA WORD T2 PROPER SAIN VALUE

/3R08E DUMMY POINTER
/_ATSH,OFFSET=0) [/V
/4AA1T TOR RELAYS TO SETT. S

/3.EAR THE CLOCK

SLEAR TIME BASE AND ERRIR FLASS
/3J.8Sc TRIGGER
/TEST TLAG

/510 IN TIME BASE FLAG

/739 INDICATE FLA3 ERROR

/733 75 CONTINUOUS FLAG CHECK RIUTINE
/SLEAR FLAG,GATE DRIVER

/SHECK INPUT

/1S A/D NEARLY PEGGED,

/YES ADD OFFSET

/ND, INCREASE I/V GAIN



GAPT,

4304

M0077,.077

PTC,

/
/SUBPRI3IRAY OFFSEY

FALT

1

265

13:10 30INTER TO PARA WORD
ALY 1]
/4AARNING ROUTINE

2THIS $UBPRIGRAM APP_185 OFFSET CURRENT

/
ofF,

AAL,

WD,
WJd,
WU,

AM,

KTC3,

1}S )

oLA
TAD
DA
TaD
AND
DCa

TaD

ATL
MWL
TaAD
DCaA
SLA
152
Jup
Jup
Tan
TAD
oCa
TAD
Tap
Dca
TAD
TaD
.lvo
157
Jup
157
Jup
152
Jue
oA
s.CL
.78
716
TSFL
S«p
Jup
S«or
JuP
Jus
Jup
SCFP
jIac
SNA
Jup
S«<p
;100

Sl
t7768
J11
tve
to0?77
tve
1vpP

[vP
1vP
J11
(Y Y]
TALY2
(1020
SAARA
§oA3A
(7430
INITS
INITS
1vP
INITS

ASET
40
ASEY
4J
ASET
4

sLL

<TC3
3

Ad
SaLTs
$«<T3
b]

(¥}

/58T UNITS INCREVENTER

/3RING IN CURRENT SCALE
/4A48< DUMMY POINTER
/3710¢

/SBT U OFFSET CURRENT DECADE SCALE

/58T 1/v, OFFSEY DECADE
/8T0¢E

/1S vaxIMUM OFFSZT APPLIED.

/NI, CINTINUE

/vE8, TELL DEFAULTY

/35T D°FSET POINTER TO PARA WORD
74DD IN PARA WORD

/38T JFFSET UNITS POINTER
/ADD PREVIOUS OFFSEY

/38T DFSET) 1/V WORD

/_ATCH OFFSET, 1/v
/AALT TOR RELAYS TO SETT.Z

/LEAR THE CLOCK

/SLEAR TIME BASE AND ERRIR FLASS
/2J.S2 TRIGGER

/TEST “LAG

/5419 IN TIME BASE FLAG

/39 INDICATE A FLAG 2RI

/33 1) CONTINUOUS FLAG CHSCKX ROUTINE
/CLEAR FLAG, GATZ DRIVER

/>HECK INPUT

/0/D PZ5GED,

/YES, ADD MORE OFFSET

/JVN1TS INCREMENTER

/
/BEGIN TO JJT3JT THS DATA FRIM TWE PRELIMINARY SCAN

/
AN,

SLA
STFP
Y

0Ca

TTAD

N
3
S.L

ASET?

/SLEAR TEMP FLAG INITIALLY

JIERD T FLAG CHESK POJNTER
(TRI333R TEMP A/D



AP,

KYCe,

xL2.

KYCS,

/
71
3

4
614
S v
S v

JYS TALTS

Jup 8T

SCoFPN

TAD (4000

IR R

9CA =1T2I3E
TsFLIAT(LITIRE)
SLA SLL

TAD $2A3

Jus Hco0s

C.a Sl

TYFL
3¢P
Jup
182
Jup

<TC5
ASET
X.2
JuS TaALTS
JMP SKT3
STFPS

TaD (4010

vol
0cA «]TI3E

TsFLIAT(]1TIRE)
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/5LEAR TWE CLOCK
/2.BAR TWE TIME 3ASE AND ERRIR FLAGS

/32U SE TRIGGER
/TEST TLAG

/541P 3N TIME BASE FLAG

733 INDICATE A FLAG ERROR
/733 T9 CONTINUOUS FLAG CHECK ROUTINE
/SLEAR FLAG, GATE DRIVER
/3HANGS TO 2°'S CIMPLIMENT

/3JT PARA WORD [N AC
/739 10 DECODE RQOJUTINE W]TH PARA WORD IN AC

/TEST TEMP FLAG

/33 INDICATE A T FLAS ERIIR
/733 TJ CONTINUOUS FLAG CHECK RIUTINE
/3.EAR FLAGs, GATZ DRIVER

7'2"10./‘096.)05.

/
/0UTPUT CI3ICUIT B9ARAVETZ3S

A1TS(1, 320 XINT,RY

TORMAT('Ow s

'9E10¢4,7,UNITS = ?,E10.4,/,'RV = ',E10,4)

A1T2(104)2S,s2Eua0 T
TIRMAT('SS 5 'sEL24607,'RCELL & *,E12.6,//,°'TEVP = 1,E12.6./)

IF(MT) 730,728,730

S sOPTION ROJTINZ TQ SSLECT TESTING OPTION

s/
S v
728
729

KIM»

A1T2(1.729)

TIAMAT(/,190TIINS: 1)AVERAGE 100 G SCANS',7,9X,'2)RESTART,/,9X,
@133 L83%,/,9%0'4)3 SOVV TEST',/,0%,'S)TEM3«COND TEST1,/7,9%X,'6)AVE
SRA3Z 25 T S0INTS'»/7,9%,'7)T CONV TESTt,/)

S.A
<SF
Jup
<3R
r.s
TAD
SNA
JuP 4y

TAD (7777
SNaA
Jvp
TAD
SNA

oL

(1M

7517

dyNY
(727727
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S JUP 2TP.S
S TAD (7772
] SNA
S JuP SINV
S TaD (7777
S SNA
S Jup TCTY
S TaD (7777
S SNA
] JuP 2321
] JUP TINY
730 SONTINUZ
S/
S sTHIS VJUTINE OEIFOIMS AVEIAIE OF 100 3 SCANS
Sy
S AV, Soh SLL

Tsi
] JuS TvP3 /730 dAlT FOR A %3»
] oA S
S TAD <n144¢ /327 u? DIVISOR JF 100 DSCIMAL
S DCa N3AR
] TAD <7634 /35T U2 8 OF POINTS POINTER
S 0CaA 23943
S DZa N_S3 /2L.EAR SB WORD
S A NuS3 SLEAR 4SB WORD
S AN, S.A Sl
S 7316 /2ULS= TRIGGER
S AX, TSFL /TEST 7LAG
S JUP AX
S ScFeh /SLEAR FLAG, GATE DRIVER
] TAD V.S3 /00D IV LS8S
S CA N_S3
S AL /32T U2 OVERFLOW
S TAD vuS3 /0ADD IV MSBS
S JSA VvS3
S 1s2 23AR /ALL DINE,
9 JYP A4 /NJd, ZTURN FOR VEXT SCaV
S TAD V.S3 /vYES, 3ET SETY TO AVEASE
] L /.40 40 WITKH LS3 WORD
S TAD VvS3
S Dvt /731lviDz
S NBAR, )"0 /T4E DIVISOR
S c.A S.L /3ASE REMAINDER
S LT /7.940 DIVIDEND INTO AC
S SNaA / JNDZRIANGED,
S Jyo 1 Kit /73S, IESET
S Ica vaLd /N, STORE
S Tad vaLJ
S jac
S 3va /IVERRANGED,
S Jup 1 xi1 /Y2S, ESET
S S.a SL /NJ, CIONTINUE
S Tan vaLJ
S TAD 24073 /SHANGE TO 2SS CIOMPLIMENT
S s.L
S DZaA s1STIK

2FLIAT(IST]X)
S o.A 2L
S TAn $2A30 /3J1 9ARA WORD IV AC
] JuS 1 RIIDE /733 79 DECODE SU3ROUTIVE WdITH PARA WORD IN AC
S S.AS.L
S JuP w22
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K0144,.144 /7100

K763407834 /-100

VALV, Jo00

Kig, m14 .

NLSB, Jno0 /THE LSAST SIGNIFICANT 81T WIRD
NMSH, Jino0 /THE 4IST SIGNIFICANT BIT wWORD
PBAR, npO /AVERASE NUMBER PpINTER
C4000,4700

8CODE, 20D /2ARA 4ORD DBCODE SUBROUTINE

72 d1T2(1,13)ES,CE.L
13 SORMAT(/Z, AV 38 3 1,512.6,/,4%,'RCELL s 1,E12.6)
JP Ay /ETURN FOR NEXT RUN

/

/SUBPRIGRAY SKTC

JTHIS 5J8P39GRaAv CONTINJIUS.Y CHECKS T4E CINDUCTANCE AND
JTEMPERATYUIS F_Aa38, IT IS SNTERELD AS THWE RESULT OF A FLAG
JERROR DURING THE PITLIvINARY SCAN ROUTINE,

/
SKTC, STFP3 SLEAR TEMP FLAG
3;‘ o
0Ca ASE? JIERD T FLAG TEST POINTER
SCFp SWEAR THE CONDUSTANCE FiLAG
c.CL SLEAR THE CLOCK
oLT83 /SLEAR THE TIME 3ASE AND ERRIR FLAGS
T16 /TR1332R PULSES
KTC6, T3FL /788T SONDUCTANCE FLAG
S«p
JuP «TC?
S<PT3 /SK1P IN TIME BASE FLAS
JuP (TCH
JuS FALTS /730 INDICATE G FLAG ERROR
KYC?7, TTAD /TRI33ZR TEMP A/D
KTCO, TTFL /TEST THE TEMP FLAG
Sxe
Jup §«T3
182 ASE?
Jup «TC8
JuS TALTS /30 IVDICATE T F_AG ERRQR
JuP SKTS

/

/SUBPRIGAAY CTPLS

2THIS 3J8033GAM ALLINS CONTINUOUS PULSING OF THE COMPUTERIZED
JCONDUSTANSS SYSTEM AT A PERJOD EQUAL TO 10 X 34

/
CTPLS, LA SLL

TAD 34P .
R /SEY TIME BASE TI BE CHOSEN PULSE
TR /% 10
TR
IaC
Iac
«-CTR. /.9A0 THE CONTRO{ RESISTER
SuA SLL
cTPl, S.CL /CLEAR THE CLOCK
°.T83 />.EAR T,.B8. AND T,B, ERRIR FLASS
T316 /UL SE
cTP2, 8«pPT3 /5%19 IN 7.8, FLAG
Jup 3TP2
Jup TPy
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/

/SUBPRI3ZRAY CIVYV

JTHLS SUBPVGIAM ALLIWS CONTINUOUS PULSING AND CONVERSION

JAND C4SCxS FIq FLA3 0 2EXD CONVERSION ERARORS IN THE G CIRCULT

/
CONV, S.a 3L
TaAD 24P
TR
TR
TR
1aC
1acC
«-CTR.
CNV1, SLaA S.L
CNV2, S.CL
cLT83
TR16
CNV3, TCFL
LT ()
JNP SNV
SKPT)I
Jup Syv3
Jus TALTS
JuP SNVi
CNV4, C2FP)
SZA
Jnup SNVS
JMS TALTe
JMP SNVY
CNVS, Iac
S$2a
JuP SNVi
Jus FALTS
JuP SNVi
/
/SUBPRI3RAM TOTT
JTHIS SUBPINGIAM CHESKS 30TH T AND G CINVERSIONV AND FLAG CIRCUITS

Vi
TCTT, S.a 3SLL

TAD 24P

AR

TR

AR

1aC

1aC

-CTR.
TCCi, S.a S5LL

DCA ASEY /ZERY TIME [INDICATYOR
rCC2, S.CL

oLT8%

SCFP ZINITIALLY CLEAR G FLAG

TR16
TCC3, TSFL

S«P

Jup TCCH

S<PT3

Jup TCC3

Jus TaLTS

JuP TCCY
TCC4, 5CFPH

S2a

JMP TCCS



rCCcY,

TCCe,

TCC7,

rccse,

TCCY,

7C10,

/
/THlIS
0ls.

013,

0Z2.

909
S
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JuS TALTe
Jup 12C6
1ac

SZa

Jup TCCH
JYUS ZaLTS
S1Fe3 ZINTTIALLY CLEAR T FLAG
SLA SLL
TTAD

TTPL

Sxp

Jup TCC8
1S2 ASEY
Jup 13C7
Jus TaLTs
STFP)2

SZA

JuP T12CH
JUS 2ALTS
Jup 1219
1ac

SZA

JYP 71210
JYS TaALTY
S.A 2

Jup TCCH
VUTINE OERFORYS THE AVERAGE OF 25 T POINTS

SLA Sub

TAD (7747 /-2%

OCA ASET

SA T LSI

DCA TvS3

Jus TYP3

STFP3 /SLEAR TEMP FLAG
SLA SLL

TTAD /TRI3GEZR TEMP A/D
TTFL /TZST FLAG
Jup 222

STFP2 /SLEAR FLAG, GATE DRIVER
TAD T.S3

0Cca 71.83

AL

TAD TuS3

DCA TuS3

182 ASEY

Jue 373

TaD .53

‘oL

TAD TvS3

v

J034

SLA SLL

24

TAD (4000

OCA wlPIT

TsFLIAT(LIPIT)
285(20(10,74099,)43,)
d1TS(1.900)ES
CORMAT('TEYP 8 1,312,8)
JMP 224



TL88,
THSS,

TONV,
MNY»

Jooo
%00

/

/SUBPRI3ZRAY TINV

JTHIS FJUTINE SHECKS TH:
/FOR CINVEISIONV AND ”LA3 ERRIRS
Vi

STFPI
:L‘ :;L
O0CA ASEY
TTAD
TTFL

2N

TSM2ERATURE CINVERSION SYSTEM

JINITIALLY CLEAR T FLAS

/SLEAR INITLAL TIMING POINTER
/TRI3GER TEMP A/D CONVERSION
/TEST TEMP FLAG

DOV ABNBUBIY BLLLOLLVLVFLE VOOV VN WV " ]

sxp
JuP w\3
182 ASEY
Jup wy2
S TaLTe
STFPI

SZa
Jup
Jns
Jue
1aC
Sz
Jup
Jus
S.A

Jup
/

/SUBPRI3RAY FA_TY
2THIS SUBPIIGIAM INDICATES

MN3 . SLEAR T FLAG, GATE DRIVER
L) L]

TALTS

NS

MN4,

yNs
TALYY
S.bL

wi

T4AT CELL COND IS VERY _Ow

/

FALTL,2LA SiL
dR1T3(1,16)
TORMAT('SRAOR 1)
JuP | PATY

PAF1, AN

/

/SUBPRI3RAY FA_T2

2THIS SJUBPIIGIAM INDICATES CSLL COND TI0 MIGM

/

FALT2,2.a 5L
AR1T3(1,15)

CIRMAT('SRAQR 2')
SLA 2L

w17, JuP =614

/

JSUBROJTINE FA. T3

/THIS 3)8PIGIAM INDICATES ©_LAG ERROR

/

FALT3,J000
c.A 2L

AR1T2(1,740)

490 FIAMAT('SRROR 3')

SLA SLL
JuP | FA_T3

/
/SUBROJTING FA T4

JTHIS $)3033GaM INDICATES 5 ZERD CONVERSION ER3IOR

/
FALT4,0000
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Sud SiL
dRITECL.741)
FORMAT('ZRAQR 4')
c.A SLL

Jup 1 FALT4

L
[

/

/SUBROJTINE FALTYS

/THIS $JBPIDGAAM INDICATES 3 FULL SCALZ CONVERSION ERROR
/

FALTS,0000

SLA 3Ll
dRITE(1,742)
SORMAT('SRRQR 51)
oA SLL

JMP 1 FA TS

&
N

/

/SUBROJTINE FA_TS

/THIS SJBRIJTIVE INDICATES TEMP A/D FLAG ERROR
/

FALTG,J000
SLA SLL
dRITE(1,743)
43 TORMAT('SRRQR §')
SLA 3L
Jup 1 FALTS
/

/SUBROJTINE FA_TB
/THIS 3JRRIUTINE INDICATES T ZERO CONVERSION EIROR

/

FALT8..700
c.A JLL
d1T2(1,744)

44 TIRMAT(*2RION 3)
S.A 2

.
JMP 1 FALTS

/
/SUBROJTINE FA_T9
/2THIS 3JUBRIJTINE INDICATES T FULL SCALE CONVERSION EIROR

/

FALT9,.700

SLA SL
dITS(1.749)
TORMAT(!ZRAQR 1)
S.A 3L

JuP | FA_TY

»
»

/
/SUBROJTINS TY2G
/THIS SJRRIJTING QEAIS THE TTY AND CHMECKS FOR A "G"

/
TYPG, )00
AA, S.A S.L

AS, <Sf /4<2Y3JARD STRUCK YETY,
J¥P A4S /NJ, CHECK AGAIN
<38 /YES, EAD CHARACTER
T.8 /ACKNJALEDGE 1T IN PRINTER
TAD V7474 /3UBTRACT 307
SZA /1S 1T A "g",
JuP AA /ND, 33 CHECK AGAIN
S.A SLL
JuP | TY36 /YES, IETURN TO vAIN PRO3RAM

BBBDAGDBLBLBL VL LVNNNBBY VULAVLLVOY VLOLVLVLOLAY VO OVLVLBOLY VOULLLLLBY o

V7471,7471 /=307
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/

/SUBROJTINZ DSIDE

/THIS SUBRIJTINE DECIDES PARAMETER WORDS
2COMPUTSR 24,Qv,XUNIIES,CELLH»CCELL

217 MUST B3 ENTERED 4174 PARA WORD IN AC
/PARA dJRD FOIVATY

/ - F1AST ¢ BITS (MS3) ARE FII REMAINDER OF AVERAGE
/ NSXT 4 BITS FOR JUNITS VA_UE (BINARY 1-10)
/ ‘NSXT 2 BITS-FOR SAIN INVFI (BINARY VALUE 0e3)
/ NZXT 2 B1TS FOR ®y INFO (BINARY 1e3)
/4
DCODE, . 300
0Za Sopy /STORE PARA WORD
XJNIsO,
Pys,00%
qys10009,
] TAD 8$PPJ
] AND vSKQ /7948¢ ALL BUT PW BITS
$ DCe» SA SoP4
] TaD 8°Pd
$NA /ALLSET,
S Jup Dc2 /YES, SONTINUE
[ ] S.A SLL /NI, ADJUST
S4sPdell,
S SuA /40D -%
[ ] TAD S°oPd /S8BT U® NEXT ITERATION
S Jup 9714
S mMSKi, Jl03 /9A84< ALL BUT PN BITS
S pC2, TaD 8PP
[ ] AND wSK2 /74A8¢ ALL BUT GAIN BITS
S pC3,» 0ca sPP4
S TAD SoP4d
S $NA /aiL S2T.
S JYP 0C4 /YES, CONTINUE
] S.A S.L /ND, ADJUST
VsRVeld,
S TAD 237774 _
S TAD 82Pd /88T U3 NEXT ITERATION
] Jup 3T3
S MSK2, J014 /4A8¢ TOR ALL BUT GAIN BITS
8DC7774.7774 /3AIN DEINCREMENTER
S pCas TaD SOPY
S AND vSK3 /9ASK ALL BUT OFFSEY UN]ITS BITS
S DCS» DCa 8°P4
S TAD 39Pd
S Sva /ALL SET,
s Jup 536 /Y58, SONTINUE
S S.A SLL /NI, ADJUST
XINISXUNTeY,
S TAD 327760
] TAD SoP4 /SET U2 FOR NEXT JTERAT]IIN
] Jup 328
S MSK3, ,360 /9AS< TOR ALL BUT UNITS 31TS
sDC7760.7760 /INITS DEINCREMBNTER
S pCés 2LA SLL
80 282(20(12,5/4076,)¢48,25)
VEL 8P4/ (CES/7AVIe(10,0XUNT)/RY))
CCEL.81,/RCEL.
] TAD 3°PJ /IZTJAN WITH REMAINDER 1IN AC
S TAD 027400 /9AS< ALL BUT REBMAINDER 91TS
S Jup 1 D302
$DC7400,7400 : /9A8< TOR ALL BUT REMAINDER B1TS

Ev0
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JPROGRAY NANE! CaTaLa,FT

JFORTRAN-SASR} XS1TH Jo CASERTA 1734774

JTHIS 1S Td4S ARAY AIRANIER “OR COMPUTERIZED CIVDUCTANCE SYSTEM DATA
JNWICH TAKSS A TE4P-C0N) AIRAY (OF UP TO 500 PIINTS FQOR

/DOUBLE PRSCISION IVSLUIED DATA) AND AIRANGES IT IV ORDER

/0F INZIEASINSG THERWISTZR RCSPONSE. IT THEN SELECTS 1 7

JINTERVAL 44104 CORIZS2INDS TO THe LARSEST T INTERVAL AND MOVES
JTHROU34 TJE ARRAY, AVEIAGIN3 ALL T AND G POINTS [V THAT INTERVAL.
JTHE NZ4 AIRAY CINSISTS IOF THE REAL FORTRAN G INFD, AND THE INTEGER
/TIME INFO

/790900330GIAM JILL RJN IVNLY IF DOUBLE PRECISION DATA IS TAKENeseoe
JTHE NS4 DATA IS WRITTEVW 16 3L.0CKS BEYIND THE JIGIONVAL DATA
/STARTING ADD3IZSS,

/

COMMIN TSDATA, VAR
DIMENSION TCOATA(SB80),NARA(G)

JPDET WY 7408 /MULTIPLY

0°DE®  OV! 7407 /DIV1DE

IPDET WM} 7411 /NORMAL12E

J°DE~ SHL 7413 /SHIFT LEFY

J°DE>  ASA 7418 JARITHMETIC SHIFT RIGHT

IDET L SR 7417 /LOGICAL SHIFT RIGHY

J9pE* vaL 7421 /LOAD MULTIPLIER QUOTIENT
J2DET  SCL 7403 /STEP COJNTER LOAD FROM MEMORY
J9DE* sCA Ta4y /STEP COJUNTER LOAD INTO AC
J20E°  wOA 7501 /MQ LOAD INTO AC

I°DET  ESRASE 6054 /ERASE DISPLAY SCOPE
JopE*® STIRE 6057 /SET SCO2E IN STIIE “0DE

A3SYY PKHP 0974 /PH POINTER
A3SYY oNp 037s /PW POINTER
A3SYY tve 0076 /1/V POJINTER

A3SYY JNITS 0077 JOFFSET UNITS PQINTER

A3SYY  ASEY 0100 /GENERAL POINTER

ASSYv SPARA 0101 /PARAMETER POINTER

ASSYY SPPY 0102 /INDIRECT ADDRESS IN FIELD 1 POINTER
A3SYV Spoy 0103 /INDIRECY ADDRZSS IN FIELD 4 POINTER
A38YVv PSEY 0104 /FORTRAN LOWER MANT]ISSA POINTER

TWE INITIALIZATION SECTION IEGINS MERE

EAD(1,100)18L¢

100 SORMAT('FIRST 3LICC T READI ',13)

SALL ITAPE(1,13L€,2045,TCDATA)
IC(NARA(S))310+319,382

319 43172(1,311)
31 FORMAT(',ND,')

SaLL sxir

312 ITRV_sNAA(S)

1PTSsNARA(S)
fAs0

{9s0
1o4s0
{p2sQ
1TImMEs0
I<s0
ITs-2
1sz aro0?
1s2 aror
Sxp
PTOT, sTOT

274
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N NN NN

VO VUL YNV LVLLOLWWLLLWO®

NN NN\ N

BUL OV VLV LVLLVLVL (7]

N
o
(” ]

204

SLa SLL

00 707 lei,1TRVL

faslded
18s]4A
Sua S
TAD =lA
TAD (9177
0CA ASEY
8211
1500
6201

0cA SPPY
IP1s]ed
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GEGIN TO IRDEQ TWE ARRAY IN DECREASING T

/SET ADDRESS OF FIRST T PJINT

/30F 1
/3RING IN FIRST T POINT

00 201 JelPy,1TRV.

1881344
SLa UL
TAD ulB
TAD (9177
DCA SPARA
8211

1501

6201

DCA SPPd
JY8 IrDER
CLa SLL
SONTINUE
CONTINUE

fasn
13s0

19231 TRV =4

s-A SLL

00 204 leg, P2

JAsAed
Sua L
TAD wlA
TAD (0177
DCA ASE?
TAD ASETY
TAD (0004
DCA SPAR4
$211

1501

Sla

1500

6201

CA uy

~,
oA 3

/SET ADDRESS OF T POINT TO COMPARE

/730 CHECK FOR NECESSARY JIDER REVERSAL

BEGIN TO SCAN FOR T4E vAXIvUM T INTERVAL

/SET ADDRESS OF T POINT TQ CONSIDER

/3UBTRACT T(Ne1) FROM T(V)

1F(13-J)203,20¢,2)4

138y
SONTINUE
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BEGIN VUTINS TO AVZRAIE ALL: T AND G POINTS WITHIN AN INTERVAL

SLA SLbL

OCa tvP /A3, CONTAIN NUMBER OF 2)JINTS SELECTED
0Ca wOIV

0CA 4P

OCA 24r

9yPseQ

T07s).

JST1<(s0

1ST1<s0

1€s0

Sua SLL

TAD (0203

DCA SPARA /3BT ADDRESS OF FIAST T POINT
TAD (0200

DCA ASETY

TAD (0200

DCA JNITS

JuS TTALS /730 CALCULATE F13ST T VALJUE (REAL)
TB8s(”_0AT(IB)®L0,)/40%5.

oLA SLL

TAD (0177

DCA 8PA

SXTENTsT.TS

00 237 ls1,1T]VL

SLA SLL

TAD (70)¢

TAD 5°A3

DSA $9AR .

JuS TIALS /30 CA_C NEW T
IF(T-2XTENT)205,205,203

SLA SLL SML A3 /ACs4000

8211

1500 /IRING IN CURRENT REMAINDER
8201

DA =2JSTIK

LLsFOAT(JUSTIC)

S.A S.L SML A3 /aCse000

1S2 ASEY

8211

1500 /3RIN3 IN CURRENT G DATA

8201

DSA w]STIXK
TsFPLIAT(ISTIX)
S.A 3L

1SZ ASET

8211
1500 /3RIN3 IN CURRENT PARA WD

6201

Jus Jco0s2 /739 DESODE
TOT=TOTeCCELL

Y2aMIeg

S.A SLL

1ST ASET

211 -
1500 /73RING IN T INFQ
6201

TAD 24P " /aDD IN LSB
DCA w4P
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AL

TAD 4P /ADD IV mSB

0Ca 2uP .

1S2 ASEY /SET U® FOR NEXY POINT
182 volv /JINCREVENT DIVISIR
JMP =207

2206, SLA SuLL

XMP3T_0AT(vP)

TOT=T0T/7XMP

SLA SLL

TAD sut0?

8211

:477 /STORE FIRST WORD OF CALCULATED G
0%

182 JNITS

TAD =TOTS

6211

3477 /3TORE SECOND G 4ORD

6201

182 JNITS

TaD I PTOY

6211
3477 /STORE THIRD G WIRD

8201
182 JNITS
TAD 3wP /4DD IV LSB T INFO
qaL
TAD 24P /40D IV MSB
ove /01viDe
MDIV, 3000 /01VISIR, SET UP DURING RUN
Cia SuL
LT /7.0AD AVERAGE INTQ AC
8211
3477 /3TORE T INFO
8201
182 JNiTS
DCa 24P
DZaA 24P
OCA w01V
1SZ tvP /400D ONE TO NUMBZR OF WO3DS POINTER
YPs0
T37s0.
EXTEVTsSXTENT-TD
1Fe12)205,20%,208
207 SINTINUE
[&8ey
30 13 27

/
/ZOUTPUT TWZ NJWBER J7' DaTa 2JINTS SELECTED, THE CHOSEN T INTERVAL,
/AND WRITE THZ ARRANIED ARRAY ONTO TAPZ,

/
2208, SLA CuLL
TAD [vP
0CA =]
NARA(4)s]
d1TZ(1.10191,18
101 SORMAT(/,'TOTA.: 2IINTS.SELECTEDI 15,7/, INTERVAL CHOSEN: ',15)
13LKs 1B <16
CALL WTAPE(1,13L4.2085,TCDATA)
SALL EXIT
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fsUsaOthus 030€ER

JTHIS SJUBRIUTINE COMA2ARSS Tus MAGNITUDE OF THWO T PIINTS,
JIF THS LARQIER 1S SESONV) TO THE SMALLER IN ARRAY ORDER,

217 Wil.. MIVE THE LAGE T OIINT SET INTO TWE SHALLER'S

/POSITION AND VICE VZRSA

/
oRDERnu100
Sid SLL
TAD 80P
0CA TPPJ
TAD 8PP4
0CA TPP4
TAD (7764 /-12
OCA T4ELV
sT, SLA SLL
0CA ° /TERD 317 TEST PIINTER
TAD TPPY
L /SET 81T OF FIRST T TESTED INTI LINK
S2L
Is2 ° /317 1S ONE, SET P
DCA TPPY /STORE ROTATED WIRD
SLA SLL
TAD TPPJ
AL /SEY 31T OF SECOND T TESTED INTO LINK
0CA ToPd /370 ROTATED WIRD
L Y48
SLA SLL ZmMa /-1
Tap 2 /JOESET P
Spa /730MPARE
Jup TIxsq /NEW T GREATER, 2EARRANGE
S$2a /JARE 31TS THE SAME,
Jur | ORDER /¥3, FTIRST T LAR3ER, RETUAN
1S2 TdELY /ALL B1TS COMPARED
Jup 8T /90, CHECK NEXT 317
Jup 1 O0DER /YES, IETURN
TPPUs J000
TPPW, )000

/
/FIXER 0UTINE
/THIS RJUTINE INTERCHAN3ZS T4E CURRENT TWO T DATA SETS BEING CONSIDERED

/
2aGE
FIXER,S_A SLL
TAD (7773
TAD ASEY
CA 4P
TAD 2wP
SA 4P
§211
1474
DCA 4R /STORE REMAINDER IN TEMPIRARY LOC
1S2 4P
sP, s211
1474
DSa 40 /STORE G DATA IN TEMPORARY LOC
1sz2 ouP
1474
0CA 4P /STORE PARA WORD IN TEYPIRARY LOC
182 wP
1474
A 4T /STORE T DATA IN TEMPORARY LOC
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TWELV,
P

HR,
Wb,
WP,
HY,

6201

TAD (77753
TAD $PA%
0oca tvp
TAD JvP
0Za UNITS
SLA SuL
8211

1476

Ja7s

1SZ ouP
1s2 tve
8211

1476

3478

1S2 24P
152 tvpP
1476

3478

I1SZ 24P
1s2 lve
1476

BZA 8PPJ
TAD So°PJ
3478

4201

TaAD 4R
8211

3477

182 UNITS
8211

TAD 40
3477

1SZ JNITS
TAD 43
3477

152 JNITS
TAD 4T
3477

8201

JMP 1 O030ER
+700

3300

v100

3300

40

3200

/
/SUBROJTING TIALC
2THIS SUBRIJTINE CALSULATES A REAL VALJE FIOR THE T VOLTAGE

/
1CalC,

49500

279

/STORE SECOND R IN FIRST R LOC

/STORE SECOND G DATA IN FIRST G DATA

/3TORE SECOND PARA IN FIRST PARA LOC

/3ET NEW UPPER Y
/STORE SECOND T DATA IN FIRST T DaATA

/STORE FIRSY R IN SECOND R LOC

/3TORE FIRST G DATA IN SECOND G DATA
/STORE FIRST PARA IN SECIND PARA LOC

/STORE FIRST T DATA IN SECOND T DATA

SLA 2Ll SML RAR /aCs4000

8211
1501
8201
0Ca wITIvE

“LL
TsFLIAT(ITINE)

/00D IN T WORD

TaTe(10./74096,)¢5,

SLA SL
Jup 1 TiaALC

Loc

Loc

Loc

Loc



DOVO Y VVVVLVVLDOBAVY VOBV LVLONY LVOULLBLL®

;SUBROJTINE 0390E
/THIS SJURRIUTINE DECIDES PAIAMETER WORDS
JAND CIvPyYTSS 3M, RV, XJN], =S, AND CCELL
217 MUST 93 ENTEQED 41T<4 THE PARA WORD IN THE AC

/PARA dJRD FOIVAT)

/

/
/
/
/
0

pCe,

pC2,
pC3.

pC4.
pCs,

pCé.

CoDE, 900

0Ca

3PPy

TNaT™
TvsT.
TLeT¢
AINIeO.
PHe,008
2ve10009,

TAD
AND
o] |
TAD
SNA
Jup
CLa

SPPJ
(0023
11T
SoPd

oc2
SLL

PHspPdel),

SLA
TAD
JuP
TAD
AND
0sa
TAD
SNA
Jup

SLA

SLL SmHA
sopd
1]
sopPy
(0014
$oPd
8PP 4

0s4

~a)
-

VsRVel1",

SiLA
TAD
TAD
JuP
TAD
AND
DCaA
TAD
SNA

JuP
SLA

XINIsXUN]eol,

LA
TAD
TAD
Jup

SLA

SLL

(7774
3oPd
1 Jo ]

SPPJ
(0350
SPPd
SPP 4

ce
sLb

S.bL
(7768)
SoPd
bt}
SLL

280

FIRST ¢ BITS (MS3) ARE UNUSED

NEXT 4 BITS FOR UNITS VA_UE (BINARY 1+10)
NEXT 2 BITS FOR 3AIN INFJ (BINARY 0.3)
NEXT 2 BITS FOR 3N INFO (BINARY 1.3)

/5T0R€ PARA WORD

/9ASK ALL BUT PH BITS

/ALL SET.

/YES, CONTINUE
/-1
/SEY U® NEXT [TEIATION

5
/79ASK ALL BUT GAIN BITS

/ALL SET.
/YES, CONTINUE
/NO, ADJUST

/4AS< ALL BUT OFFSEY UNITS BITS

/aLL SET.,
/YES, SONTINUE
/NJ, ADJUST

/3ET U2 FOR NEXT [TERATION

S68(2e(12.5/4076,)¢6,23)
SSLE(ZLe(12.5/76099,)¢5.,2%)/FLOAT(IPTYS)
ESEESeES,
SCEL.s((2S/RV)*((10,0XJINT)/RV)) /PN
1FC1¢)772,287,772



281

u?72, LA S
TaDp 8
SlA
TAD miX
SNaA /2ARA 40RDS THE SAME,
JUYP =287 /YES CINTINUE
SLa SLL /NO, THREE POINTS IN A RId,
IFCITY?74407274,773
8773, SLA SLL 1AC RT /lc..‘
TAD SPA /52T ADDRESS OF NEXT PARA WORD TO CHECK
0CaA 3SEY
8211
1504
6201
S1A /9AKE NEGATIVE
TAD 8SPPJ '
SZa /S0MPAE CURRENT AND NEXT PARA WORDS
JYP u77¢
SLA SLL
11sTN=TH
T2sTY=T,
INsT_=(21e22)/2,
IT8ZT+ZN=CCELL
774 178-3
2957 T<sC2oELL
CCEL.sCCSL 27
ITsITed
SLa SLL
Tan sepPy
0CA sIK
SLA SLL
JuP 1 DSIDE
END

LL
Py



CCLALF

PROGRAM LISTING



JPROGRAY NAME! CoLALF . FTY
JFORTRAN-SA3R} KEITH J, CaS:ZaTa REVISED 2/10/74
/THIS 1S TdZ DATA OUTPJT RIUTINE
/FOR T4Z T24P=30ND CJRVE
/t? 1S DESIGNSD TO FILLIM T« ARRAY ARRANGER, C3TALR,FT
AND WI_L SUNCTION JVLY IN'THE ARRAY A3RANGED SEJUENCE
/xvsvs S8 AND aX18.83 4JUST 35 LOADED WHEN THIS PRO3RAM IS COMPILED.

4

SOMMIN TZSDATA, VAR
DIMENSIIN TCDATA(S80),VARA(S)

J9DET  wUuY 7405% /MULTIPLY

JoDET  DOV! 7407 /D1V1DE

JPDET Mg 7611 /NORMAL12E

J0pE® SHL 7413 /SHIFT LEFTY

Jd2pE* ASR 74158 /JARJTHMETIC SHIFT RISNHT

J7DES: (SR 7447 /LOGICAL SHIFT RIINTY

JPDET WO 7424 /LOAD MULTIPLIER QUOTIENT
JPDEF  SCL 7403 /STEP COUNTER LOAD FROYM MEMORY
JPDET  SCA Y444 /STEP COUNTER LOAD INTI AC
9PDE* v0A 7504 /M0 LOAD INTI AC

$«<PD* sxops 6151 /SK1P ON SCOPE DISPLAY FLAG
IPDES  ERASE 83134 /ERASE DISPLAY SCJ°E

JopET  NSTQRZ 603S /SET SCOPE IN NOV=STORE MODE
IPNET  JTSET 6136 /SET SCO2E IN WRITZ<THIQUGW MODE
JepET  STIORE 6137 /SET SCO®E IN STIRIE 9ODE

dPDE”  XLOAD 89951 /LOAD HORIIZONTAL D/A

9PDEST  YLOAD 6182 /LOAD VERTICAL D/A

J3DET  INTENS 6164 7INTENSIFY BEAM

J5pE®. Lo 8188 /7XL0AD o INTENS
JPDE® yL® 8066 /YLOAD e INTENS
A3SYNY NP 0074 /PW POINTER
A3sSyv oWo 007s /PW POINTER
A3SYV jve 007¢ /1/V POINTER

A3SYM JINITS 0077 /0FFSET UNITS POINTER

A3Svyy ASEY 0100 /GENERAL POINTER
A3SyY SPARA 0101 /PARAMETZR PIINTER

A3Syy  SPOy 0102 /INDIRECT ADDRESS IN FIELD § POINTER
A3SYY  SPPRy 0103 /INDIRECT ADDRESS IN FIELD 1 POINTER

THIS IS T4E INITIALIZATION AND PRINTSOUT SECTION

/
/
/
/
/
D?OUT. v.‘ vLL
!EAD(i.’G?)]B €, .37, 714
942 TORMATL'P13ST 3LICC TH READ! ',15,/7,'0UT®yT IN LPT, (1sYES, 0=NO
‘o)t '-IS.I.'YluE JETAZEN 20INTS (SETS)t '91E14,6)
UCEL s0, '
'b‘ dLL
1s?2 3CE.
1s2 3CE.
TAD s PY
SZA
JUP NXT
Jup :R0S
S PCEL, sZCE.L
S NXTe S_.A 5_L
dA1T2(3,49%4)
404 ENRMAT(/, Y TEMPCIND Y, /5" POINT ' ySXs ' TIME? 13X, 'RIM),12X,1G(M)?,
e12x,'G(S) 12X " TEM", /7, 11X (SEC) "y 18X, " (IHMS) 10X, (MHOS)*»10X,
e (M4nNS),10X,*(VILTS)?,//)
S EROS, STOR:

282
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] ERASS /ERASE DISPLAY SCoPE
9 SLA SLL
1871<s0
SALL ATAPE(1,13L%,2045,TCDATA)
1TAV._sNARAC(SY)
{orSaNARA(S)
178-2
1«0
AOTSSFLIAT(IPTS)
S Coa SLL
S TAD wlPT /SHESK TO SEE IF PRINTOUT IS DESIRED
S $24
S JUP NXU
] JYP u4is
S NXUs SuA SLL
| TAD (0230 .
S DCA SPARA /SET ADDRESS OF FIRSY DATA POINT
D) 411 .AsL, 1TV,
S JuS SALS /739 CALCULATE CONDUCTANCE
] JUS TALC /730 CaALCULATE TEYW
WEL.51.,/CCELL
S W, C.A SLL
S 4666
403 AITSC3,405)LAXTIN,RCELLICCELL,CORG,Y
408 FORMAT(]14,5(¢4XeEL2,6))
406 KTIMSXTIVeTIM
a1 SONTINUE
: /
/
S /BEGIN IPTION ROUTINZ TD PLOT THE COMPLETE DATA SET
Sy
Sy
413 ARITS(1,4168)
416 THOAMAT('IPTIONSSE 1)PLOT AXES*»/,9Xe12)PLIT CORRECTED DATA'./.9X,
OIIIFIT /s 9XeV4)SAL. EXIT',/)
] SLA SLL
S RPLL, <SF /<Ev32ARD STRUCK YET,
S JUP VLY
S <38 /YES, EAD CHARASTER
S T.8 /3CHI
S TAD (7917 SHECK
s SNA /1S 1T A "1,
s Jup WL 2 - /YES, 30
S TAD €277 /NO, CHECK
S SNA /1S 1T A m2v,
S Jup I /Y28, CSONTINUE
S TAD (7777 /NJ, CHECK
S SNA /1S 11t A "37,
s JHP IPLE /YES, 30
cALL ExlTY
S RPL2, S’ASS /ERASE SCOPE
L] SLA SLL
NDIveel?
NOtvYsi0
ouAh SLL
CALL AXIS(NDIVX,NOIvY)
-] JYP u41S
S RPL4, C.A JLL
MAsl
S JuP s=4t?
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RBOUEST RANGE AND P.OT POINTS

S RPLI, S.A SLL
368 MAs0
417 ITAD(1,448) 4, .8
418 SORMATC'FPROM PIINT +,15,/,'T0 POINTY *,18)
S 1Y, SiA SLL
READ(1,829)40P %
029 CORMAT(? JSING XeY PLOTTER, (1SYES, O0sNO)S ',[5)
<As4oe A
oA SLL )
TAD (0174 /SET U3 ADDRESS JF FIRST REMAINDER
TAD sxA
DCA SPARA
SLA SLL SMaA /ACe?777
ODCA ASEY
00 605 lsLA,LS
Jus caLC /730 CALCULATE CONDUCTANCE
182 ASETY /°1RST PASS,
JuYP 372 /N3, CINTINUE
XAVESCCE L
X9VEsCCs.LL
VsCC:sLL
ZBCCEHL
JUS SCALE /730 SCALE
Cua L
182 3PA
SONTINUE
YVOLT32047,/7(XAVE-XQVE)
YAVEsSXAVE
Y3vEsXBYS
SLA. SLL
TAD (0174 /35T ADDRESS FOR TEMP
TAD sxA
DCA 8°ARa
SLA SLL oM /0387777
DCA ASEY
03 607 l=LA,LI
TAD (00023 /537 PIPPER TEMP ADDRESS
TAD 5°A34
DCA 3PAR
Jus TALC /730 CALCULATE TEvP
1S7 ASEY /7IRST PASS,
Jup w802 /N3, CINTINUE
XAVEsY
ASVEsY
vsy
802 sy
Jus 3CALZ /30 SCALE
UL‘ :LL
07 SONTINUS
XvOoLT32047,/7(XAVE-XQVZ)
STAR:Z * /327 SSOPE IN STIRE v00E
SLA SuL
TAD (2174 /SET U3 DATA ADDRESS
TAD s<A
DCa SPARM
DD 477 lsLA,L3
Jus 3saLl /730 CaALCULATE CONDUCTANCE
Ye(CSSL.aY3VE)RYVILY
~YSITIX(Y)

(X 1 ]
YN SN

~
o

[ X L " X
[ ~
[ N

~
E )
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S Jus TALS * /30 CALCULATE TEwP
Ks(Y-XBVE)oxVI.T
WXSITIX(X)
IF(NIPE)B30,030,0838

S n830, Jus soL?

39 T3 470

031 SALL XYST(LX.LY)
SALL XYEND

470 SONTINUE

SLa L

CALL XYEND

IF(MA=1)419,475,413

TRANSTER THE SCALINI PARAMETERS ONTO TAPE WITH THE DATA SET

S VL
VN NN

TCOATAL671)sXAVE
TCOATA(672)eX3VE
TCOATAL673)sYAVE
TCOATAC674)aYVILY
NARAC1) s A
NARA(2)s.8
S SLA Sl
SALL WTAPE(C1,13L€,2046,TCDATA)
, CALL Exir

/SUBROJTINE CA.C

/
JTHIS SJUBRIJTINE CALSULATES THE CONDUCTANCE
CALC, J000

SLA St

8211

1501 /3RING IN UPPER 3 WORD

8201 :

DoA wCCELL

182 sPARA

8211

1501 " /3RING IN SECOND G WORD
5201

DCA aCCE_L¢

1S2 SPARA

8211
1501 /3RING IN LOWER 3 MANTISSA

$201

0ca 1 PCEL
152 SPA3A
JYP | CA_C

/
/SUBROJTINE TA_C
/THIS SJUBRIJTINE CALSULATES THE TEMPERATURE VOLTAGE

/
TALC, Jno00
SLA SLL SML RAY /aCladn00

8211 /30F 1
1501 /0DD IN TEMP DATA
$201 “I0F O

0CA w1STIX
TsFLIAT(ISTIX)

Ys(Z2010.74096.)03.
S SLA SLL
S 152 8PARA
S JUP ] TAC /3ETYRN
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SUPROJTINE SCALE

L 4
: /

/
S /THIS SURRIJTINE SETS U3 SCALED SCOPE PARAMETERS
Ss

CALE, 1000
SLA SLL
609 AVOLTsVe?
1FeXvOLTYA07,450,409
407 IF(XAVE~=2)408,450,450
408 XAVES?
39 13 450
409 I(X3VE=2)450,450,410
410 XBVES?
450 SONTINUE
] SLA SLL
s Jup 1 SCALE /RETURN
Sy
S /SUBROJTINE FOLT
S STHIS SJUBRIJTINE PLOTS DATA JUICKLY ON THE SCoPE
Sy
S FPLY, JN00
L] 3LA SLL 3ML RT /aCs2000
] TAD aLX " /3RING UP X VALUE
s L /5CALE
S SvA
S X_0AD /.0A0 X D/A
S SLA SLL SML RTR /4Cs2000
S TAD =LY /3RING UP Y VALUYE
s RAL /3CALE
S SHA
s y.p /.0AD Y D/A AND PLOY
S oLA SLL ’
] JYP I FA,T /3ETURN TO MAIN PROG

gD
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S /PROGRAY NAVES COTALC.FT
8§ sFORTRAN-SASRS KEITH J, CASERTA 2717774
S sTHIS 1S T4s FITTING RIJTINE FOR THE TEMPCOND CURVES
S /MHICH dIL. RJN IN 8¢ I CIRE aAND PRODJCE A CuslC F1Y
S »s1T CAN ON_Y 38 uyN IN THE S2 OUENCE IN WHICH COTALR,FT IS USED
S s17 IS CAL.ED AFTER SCLALF,-T
L B
SOMMIN TSDATA, VAL
DIMENSIIN TCDATA(S80).NARA(S)
DIMENSIOV AR(4,5),3R(4)
] A3SYvY NP 0074 /PH POINTER
S ABRYY e 007s /PW POINTER
] ABSYY tye 027¢ 717V POINTER
S A3SYv INITS 0077 /0FFSET UNITS POINTER
S A98YY ASEY 0100 /GENERAL POINTER
] ABSYY  SPARA 0101 /PARAMETZR POINTER
] A3SYVY  spAy 0102 /INDIRECT ADDRESS IN FIELD 4 POINTER
] AgSYVY SPPY 0103 /INDIRECT ADDRESS IN FIELD 4 POJINTER
s/
S v/
: SJINITIAL1ZS Td2S ROUTINE To FIT TEMPCOND DATA
/
S
READ(1,942)18L L
942 FORMATC'=13ST 3L32< TO READI! ',15)
SALL RTASE(4,13L4,2046,TCDATA)
<LsNARA(Y)
<YsNARA(2)
ITRY _sKdeK| ¢
{TsqexL
30R000 .
1ST14s0
L | SLA SLL
L] 182 SCEL
] 182 3CEL
[ ] sxp
S PCEL, sCOR3
] SuA SuL
] TAD oK?
[ ] TAD (C17e
S DZA SPARM
$v
S v .
S JCALCULATE SUMMATIONS FOR A LEAST=SQUARES CuBiIC FIT
S v
S v
0D 480 “Asg,%4
S Jus ZaLC /739 SaLCULATE CONDUCTANCE
] JYS TAL? /730 CALCULATE TEYP
S Sua SLL
ASsyey
CsXSsY
isxleY
XISsxlSexS
XjCsx1CexC
X]Osx]QexKSexS
XIFsxiFexSeyxC
KixsxixexCoxC
Yisyt+CIG
XjvlsxivievaCIiG
XISYsX1SvyexseCIRI
XICYsXICvexCeCIRI
480 SONTINUE

287
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SET U2 THE DETERMINANTS

-« W » e
NN NN,

ARC1,1)sPLOAT(ITRVL)
A¢1,2)8x]
AR(L,3)31]S
ARC1,4)8X]C
SR(1)sv]
A(2,1)8X]
A3€2,2)841S
AR(2,3)sx]C
AR(2,4)8Y¢]2
RC2)sxlv}
ARC3,1)8X]S
ARC3,2)=x]C
A(3,3)sx1Q
AC3,4)8XIF
3¢3)axlsY
A(4.1)8x]C
At4,2)8x])
A¢4,3)3x]F
ACa,4)8x]X
3ICe)sXxICY

BEGIN TWE 21VITAL CINDENSATION

oL e n
LS S NN

00 29 Ksg,3

€918+

LK

00 21 ts¢Py,d

IFCAISCAR(Y,X))eA3S(AR(L,K)))2L,21,20
20 sl

21 SONTINUE
fe(L=-«)25,25,23

[ INTEICHANGE RJAS

a DJ 24 Jsx,d
DIMMYSAR(K, )
A(K, JISAR(LJ)

24 ARCL . J)SDUMMY
DUMMYsBI(K)
32¢K)=B(L)
3¢L)sDJuNMY

c SLIMINATION

F1] 09 29 1s¢Py,4

DumMMysAR(T ) /7AR(CoK)
‘Q“l(’.o.
00 29 Js¢Pi,8
28 ACT s JISAR(T0J)=DIINYeAR(K,J)
59 33(1)sB3(1)-DJIMYeBR(L)
3ACK SO.JTION
A(4.5)33R(4)/0R( 4, 4)
<s}3
30 {P1s(ey
DUMMYsS0.
D0 31 Js¢Py, ¢
31 OUMMYSDJUMYeAR(K) J)0AR(J,5)
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ARCK,S)B(BR(X)eDUYMY)/AR(K,K)
s~}
IFtK)32,32,30
/
SOUTPUT THE: EJJATION
/
AITE(L1,580)AR(A,3),AR(3,5),AR(2,5),AR(1,5)
FORMATC(/Z," G 8 '9316.8)° T(I) @ 1)EL6:8," T(2)'2/:3%X,"'e 1,E16,8
' T o *E16,087)

/
JMRITE THE COSFFICIENTS OF THE FITTYED EQUATION INTD THE DATA SET
/

TCDATA(S75)s43(1,5)
TCOATA(S76)2A(2,5)
TCOATA(S77)=AR(3,5)
TCDATA(S878)aAR(4,5)
TCOATA(S579)s0,

TCDATA(S50)s0.,

CALL WTA2E(1,13LC,2046,TCDATA)
SALL EXI?

/
/SUBROJTINE CALC
/THIS SJURRJIUTINE CALSULATES THE CONDUCTANCE

/
CALC, 3200
SLA SLL
5211
1501 /3RING IN UPPER 3 WORD

6201

DCA =C033

182 spPAa

8211

15014 /3RING IN SECOND G WORD
6201

0CaA uCO3s

1S2 SPARA

6211

1501 /3RING IN LOWER YANTISSA
6201

0ca | PCEL

1S2 SPARM .
SLA SLL

JuP 1 CALC /ETYRN

/
/SUBROJTINS TA_C
/THIS SURRIYTINE CALSULATES THE TEMPERATURE VOLTAGE

/
TALC, Jno0
S.A Sl oML RAQ /aCsé000

8211 /30F 1
1501 /ADD IN TEMP DATA
8201 /30F ¢
CA u1STIXK
TsFLIATLISTIX)
7002'10a14096. )e3.,
S I1s2 s2A3
] oo SLL
S JYP | TA_C /3ETURN

END
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/PROGRAM NAVES T CTPTLILFY
JFORTRANCSASR]) XE1TH J, CASEITA EVISED 11/27/73
JTHIS 1S T4E P_OTTING FJUTINE FOR THE FITYED TEYP-COND DATA
JWHMICH 9L 0TS MSASURE) T=Mp a8 X, AND CALCULATED COND AS ¥
JFROM ANY INTS3ER FIT J2 79 A FIFTH ORDER EQUATION
217 FO__0OWS CE_TLF.FT 33 MAY DIRECTLY FoOLLOW?
JCDTTLL.FT, COTTLO.FT, SDYT_S.FT,
JCDTAL..FT, COTALQ.FT, SDTA_S.FT, OR COYALF,FT,
JXYSYS.SB wJST BE LIADED WHMEN THIS PROSGRAM IS COuPILED.
/
COMMIN TSDATA, VARALEXTIA
DIMENSIIN TCOATA(S80),NARA(S)

JREAD THE DATA AND ST JP TWHEZ COEFFICIENTS AND SCALING PARAMETERS

READ(1.942)18LC

42 FORMAT('71Q8T 3LICK TO READI !',13)

;L Len
A L N

SALL RTAPE(L,13LK,20644,TCDATA)
18LKsIBL (16

CALL RTASE(1,13L%,6,EXTRA)
XAVESTCOATA(67Y)
XSVESTCOATA(672)
YAVESTCOATA(673)
YVOLTSTCDATA(S74)
A1=TSDATA(S75)
A2sTSDATA(676)
A3STSDATA(677)
A4sTIDATA(S78)
ASeTSDATAL679)
ASSTSDATA(680)
TADDS(X3vE-xAVZ)/300,
XADD®2047,7500,

CALCULATE THZ CURVE AND PLOT

YsAbe(X3VEeaS)oASe(XIVEend)epda(XBVERI)+ASe(XBVERXBVE)eA20XBVES

Al
Ys{YYAVE)eyVI.T

Lxsn

Lysiagxty)

CALL XYST(LX,LY)
Tsxgve

AsQ,

0) 1 1s2,500
TsT-7ADD

AsXeNADD
YeA6e(Tea5)eAS0(Tong)edda(Toe3)oAIoT0T0A20TeAY
Ys(YeYAVE)eyV].T
LXSITIXN(K)
<YslfIX(Y)

SALL XYP_T(LX,.Y)
SONTINUE

SALL XYEND

SALL EXIY

END
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JPROGRAN NAVES CSLMLT,FY

/FORTRANCSASR) XE1TH J, CASEQTA 874473

JTHIS 1S T4z 9JTOyT SET FOR THE TDA ROJTINE

JUWICH CONTAINS TWE 2RIvISIONS FOR TITIATION ANALYSIS

217 READS T4E DATA S04 Ta®Z AND QUTPUTS ON THE LPT

L)POINT NUMBER

2)VO.JME OF TITRANT ADDED

3)SA¥ILED vOLTAGE

4)RA4 CINDUCTANCE

$)COVDUSTANCE SORECT=D FOR SCALE CHANGES

$)CONDUSTANCE SO0ECT=D FOR DILUTION

7)CONDUSTANCE S0IZCTZD FOR TEMP JF TEWP IUNS WERE MADE
$)CONDUSTANCE SO0IIECT=D FOR DILUTION AND TEMP

/ PITHIQMISTIR ISSPINSE

21F THS 0P2QATIR DESIRES PRINT-OUT, WHEN THE DATA SET WAS BEEN
JSCANNZD, 1T 2)TPYUTS, IV THE TTY, THE YAXIMUM AND MINIMUM FOR
/ALL CINDUSTANSES CA.CU.ATED, IT IS RUN FOLLOWING CBTMLT,FT,
/

C X I X 1V 3 X 1 1 X X X' I"; Y ¥ ]
NSSNSNSNSNSNSNSN

SOMMIN NARA
DIMENSIIN NaARA(2046)

JdopE? q“wy 7408 /MULTIPLY

JppE? ov! 7407 /D1V1IDE

JPDE? M1 764y /NORMAL I ZE

IPNET WML 7413 /SHIFT LEFT

JPDE’ ASR 7448 /JARITHMETIC SHIFT RIGHT

JPDET SN 7417 /LOGICAL SHIFT RIGNT

JPDET qoL 7424 /L0AD MULTIPLIER JUOTIENT
JODE?T SCL 7403 /STEP COJNTER LOAD FRO¥ MEMORY
Jdepe? SCA 764y /STEP COJUNTER LOAD INTO AC
JonEg? vaa 7504 /M0 LOAD INYJ AC

JODET  ERASE 8034 /ERASE DISPLAY SCI°E
J2DE*® STORE 8137 #/SET SCO%E IN STIIE v0DE

A3SYV t L 0174 /PW POINTER
A38Svy puo 007s /PW POINTER
A3SYV tve 0376 717V POINTER

ASSYY JNITS 0077 JOFFSET UNITS PQINTER

A3SYv ASEY 0100 /GENERAL POINTER

AgSY SPARA 0101 /PARAMETZR POINTER

A3SYV sPPY 0102 /7INDIRECY ADDRESS IN FIELD 34 POINTER
A3SvYVY spPoOy 0103 /INDIRECTY ADDRESS IN FIELD 4 POINTER

THIS IS Td4E INITIA_IZATIOV SECTION

ONSNSNNN

TOUT2.A S.L
TAD(L1.900918.¢,427
900 1;0RHIT("IQST ILICC TH READI 1,15,7,'0UT2YT ON LPT, (18Y,0=N)I !
*13%)
SALL TASE(1,13L€.2045,NARA)
«28NARA(2043)
ITAV._sNAQA(2044)
L0sNARA(204S)
Io7TSeNARA(2046)
ADPTSeFLIAT(IPTS)
S C.a 2L -
] TAD w.LP
s SNA
s JuP 1908
] c.A 3SLL
904 READC1,902)42,403,44,45,A6
902 SORMATL'T(1)8 A2 = +,Z16.8, p:;:g

/ J0'7(3)8 AG 8 0
®,E15.8,/74'7(4)1 A5 s +,c16.8,/,
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903
904

NXU»

404
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LAD(L,904)V2ERD

FORMATCY INITTIAL VILUME (MLS)s ',EB14,6)
Tins,2

NDivis10

NDIVYsi(

1782

I1<a0

SeA SLL

TAD s_P?

SZA

JUP NXU

JuP NXT

SLA Sil

8666

dARITS(3,404)

FORMAT(/," TITIATION', 7, POINT!,2X, 1 TITIANT?, 9%, ES?,8X%,,'GCELL

‘:?".5;.'3$ELL(3)'05x.'S:ELLCD)'-’K.'GCELL(Y)':‘X.'GCELL(D'T)'-OXG
(ALY

d1T2(3,909)
FORMAT(INs *(MLS) ", BXs " (VOLTS)'o6X, ' (MHOS) ") 7X, * (MHOS) *»7X, ' (MNOS

O) 7N, *(MA9S) 0, 7K, Y (MNHIS) ', 6%, (VOLTS) ', /)

ENNNNN
»
p
L ]

~
©

S PAM,
980
984

982
983
519
9320

521
522
984
98s

98¢
(1})

BEGIN TO SALCJLATE JATA AND MAXIMA AND MINIMA

STORZ )

2]4AS82 /3RASE DISPLAY SCOPE
SLA SLL

TaD 0200 /58T U FIRST DATA WORD ADDRESS
DCA ASEY

D3 411 Lasg, 1TV,

JYS 3JUNS 730 CALCULATE RA4 CoONDUCTANCE .
Jus 13cDh /730 Sa_.CULATE DILUTION CORRECTED CONDUCTANCE
C.A SLL SMa /-1

TAD uLA .

$2a

JuP 2AM

S.a SuL

43sC3zLL

3GsCoELL

4C=CI6

3CsCIR6

430330

360230

30 1) 988

S.A Ll

1P(H3-CSZLL)D8L,519,0082

45sCELL

39 13 519

1¢CoSLLB3)985,5i9,319

33sC3ELL

IFEHZ<CIG)B200994,521

4CsCJ36

30 7)) 984

IF(CIRG=3C)IB22,984,004

3CsCIR6

15(H30-301985,788,986

430230

35 13 998

17¢(G7-830)987,70%,988

3530220
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/
/DETERMINE IF T POINTS 43RE TAKEN AND CSALCULATZ IF THEY WERE
4
]

988, °_aA SiL

TAD s_ P

SNA

JuP =403

S_A SLL SMA /-1

TAD «_A

SZA

J¥P <ULl

TAD «._D /557 > PROPER ADDRESS FIR FIRST TEMP POINT
TAD (0272 /SEY 3 STANDARD TEMP
DSA 82A3%

6211

1501 ~ /0D IN TEMP INFD

)
7281(4090 /5MAN3S YO 20S COMPLIMENT
S.L
DCA sISTIX
TaFLOAT(ISTIK)
TSe28(10,7409684)05,
KULIA»S_ A SLL
Jus 327 739 CALC TEMP CORRECTED §
JYus 3¢CT0 /59 CaLC Y-D CORRIECYED G
SLA SLL SMaA /-1
TAD =._A
SZA
Jup Tt
89 437s37
33r=3T
46TD=3T0
3370sG370
33 13 403
S PATe J_A SuL
990 IF(H3T=37)9901,994,092
994 437=37
37 19 994
992 [T(GT-B837)9903,794,994
993 337837
994 IF(H3TD-37D)993,403,999
99s 4370370
30 79 403
996 17¢(GTD=33570)997,423,403
997 33702570

/
J0UTPUT NDATA IN THE _INZPRINTER IF REQUESTED 1)
/
ud03, J.A SLL
TAD = PT
Sza
JuP NXV

JuP w40$
NXV, S.a 5L

6666
d17T2(3,40%)LAsXTIY,85,CCELL,COR3,GD,GT7,37D,T
SORMATC(LX,14,8(1X,512.9))

406 ATIMsXT{veT ™

411 SONTINUS

]
o
(- J
[
-

&
(=d
n
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QUTPUT MaXIMA AND “INIvA

wuee
NSNS

dVT2(1.998)43,83,4¢C,32,HGD,0GD

99 POAMATC/Zo5X, 'HAX 3(M) 8 1,EL4,6,5X0MIN 3(Y) & *,E14,60/:5X0 'MAX
e G(C) 8 ",314,6,3X,°MINV 3(C) ® ', EL4060/705%,"'MAX G(D) & ?,EL4,6,5X
Gy tMIN 3(D) = 1,814,9)

] oA SiL

S TAD s P

L ] SNA

S JYP w124

L ] S.A SLL

999 AITS(1,979)H37,337,437D,8G6TD

978 PORMATL/Z,5X, "HAX 3CT) 8 ' )EL446,3X0"MIN S(T) 8 '9EL4.60/7,5Xs ' MAX
¢ G(T=D) 8 1,544,9,5x,' 4[N B(TeD) & ?,EL4.:6)

124 SALL EXITY

/
/SUBROJTINZ GJNC
/THES SUBRIJTINE CALSULATES AW CONDUCTANCE

/
GUNC. JOooo
SLA SLL
TAD u D
S2A
JuP SEL
Jup ScM
CELs 314 SLL
$211
1500 "/A0D 1IN REMAINDER
201
TAD (4070
oL
0CA =JSTIK
T_sF_OAT(JSTIK)
SLA SLL
1S2 ASEY
8211
1500 /ADD IN DATA
8201
TAD (4000 SHANGE TO 2°'S CIMPLIMENT
SLL
DCa =ISTIK
TsPLIAT(ISTIX)
S.A SLL
1S2 ASETY /SET J2 FOR PARA WORD

CEM,

1500 /4DD IN PARA WORD

JYs 02002 /730 DSSODE

1827 ASETY /SET U2 FOR NEXT POINT
S.A SLL

JuP 1 GJNC /ETUIN

/
/SUBROJTINS GSO
/THIS SJUBRIJUTINE CALSULATES DILUTION CORRECTED 3

/

GCD,» J9%00
S.A SLL
30s((v2ER0¢xT]4)OC0R2)/VZERD
Y SN §

JYr 1 G3D /ETYaN
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$
S
S
s
s
]
L4
S v
Sv
s /
]
S
S
S

/
act,
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/
/3UBROJTINE GO°
/IS SUBRIJTINE CALSULATES TEMPERATURE CORRECTED 3

JN00
sud SLL
6211
1500 200D IN TEMP POINT
6201
TAD (4000 /SHANGS TO 2'S CIMPLIMENT
sLL
SA uISTIX
TaFLIATLISTIX)
T820(10.74096.)0e5.
3TsASa((TSeaS)=(Tee8))eaB0((TSe0d)e(To0q))oAda((TS0e3)=(Toal))eA

*30((TSen2)e(Tes2))e02e(TS5-T)+CORG

/

/
/
D

pC1.,

MSK1
DC2.

DC3.

SLA S.L .
182 ASETY /5ET U® FOR NEXT POINT
Jum 1 GO7 /RETU]N
/
/SUBROJTINE GC5TD
/
ecrd, Jooo
SLA SLL
3TDs((VIZRIXTIN)3IT)/VZERD
S.A SuL
Jup 1 G3TD /RETYRN

/SUBROJTINZ DJIDE
/THIS SJBRIJTINE DESIDES PAIAMETER WORDS

/COMPUTZS 34,3v,XuNl,ES,CEL L, CCELL
/17 MUST B3 ENTERED 4174 PARA WORD IN AC

PARA 40RD FORWATy

PIRST ¢ BITS ARE UNUSED
VEXT 4 BITS FOR JUNITS VA_JE (BINARY 1-10)
NEXT 2 BITS FOR 3AIN INFO (BINARY VALUE 0e3)

NEXT 2 BITS FOR PH INFJ (3INARY 1e3)

CODE, s200

DCaA $PPY /3TORE PARA WORD

TNaT™
TysT,
TLsT(
XUNIsO,
Pys,008
We10000,
TAD $°P)
AND vSK1
0CA §9P4

TAD $PPd
SNA /ALLSETY,

Jwe 0C2 /YES, SONTINUE
SLa S /N0, ADJUST
34yspdell,

Sva /40D -1
TAD 30P4d /SEY U3 NEXT ITERATION
Jup 974

e J°03 /YASKX ALL BUT PH BITS
TAD 80Py
AND ¥SK2 /4ASK ALL BUT GAIN BITS
0CA soP4

TAD 3°P4 : .
SNA /ALL SET.

/9ASK ALL BUT PHW BITS



S Jup OC4
(] sLA SLL
YvsRvVell,
S TAD NC7774
| TAD S$2P4d
L ] Jup 3C3
S nSK2, .714¢
$0C777447774
S pCés TaD $2PJ
S AND WSK3
8 pCss 0OCaA SoP4
TAD $PPd
(AT
Jup 0C6

SLA 3.

TAD 0C7760
TAD $PP4
Jup I8

8 MSK3. 2340
8DCc7760,776n0

9 pCes 3.A o

(1]

KINIaXUNTeY,

296

/vES, CONTINUE
/ND, aADJUST
/SET UP NEXT ITEATION

/79A8K FOR ALL BUT GalN BITS
/3AIN DEINCREMENTER

/9ASX ALL BUT OFFSET UN]ITS BITS
JALL SET,

/YES, CONTINUE

/ND, ADJUST

/58T U® FOR NEXT ITERATIOV

/4ASK POR ALL BUT UNITS 3ITS
/JN1TS DEINCREMENTER

-t
SSu(22(12,5/4096,)96,23)

1F(LI)312,312,318
311 ESLE(ZLe(12,5/74095.)46,25)/APTS

E$SsESHES,

32 SCEL.s((3S/RV)Ie(1).0XUNI/RY))/PH
15€1¢)772,775,772

a?72, SLA SLL
TAD SPPJ
CIa
TAD slK
SNA
JYP u778
SLA SLL

/3RING UP CURRENT PARA WD

/3ARA dORDS THE SAME,

/YS8 CINTINUE
/NJ), 3 POINTS IN A ROW,

IFCIT)774,774,773
u?73, S_A S_L 1AC RA, /4Ce0002

[ ]

S

[ ]

]

S

S

S

S

S TAD =.0
S TAD «_P
s TAD ASE?
S 0Ca 8PARM
S $211

S 1501

S 8201

S clA

s TAD $PP)
S $Za
S JuP w774
s Soh 2.l
LisTN-TY
L2sTHT,

/SET ADDRESS OF NEXT PARA W0O3D TO CHECK
/70R ANOTHER IMPSNDING SCALE CHANGE

/3ING IN NEXT PARA WORD

/729MPAE CURRENT AND NEXT PAA WORDS

INsT_=(21422)/2,

TTe2Te2N<CCELL

774 1723
77s T4<=C>=zL

CORGECCE_Le2T

ITslTet
S SLA S.L
S TAD $2P)
s DSa six
S

JyP | DJJDE
Evp

/3RIN3 UP CURRENT PARA wWJ3D



CDPMLT
PROGRAM LISTING




§ /PROGRAY NANES COPMLT,FT

$ /FORTRANSA3RI KE1TH Jo CASZATA 8,473

$ /IS 1S T4 JJToYT SET FpR THE TDa ROUTINE

8 INHICH CONTAINS TWE 2RIVISIING FOR TITIATION ANALYSIS

S /1T READS T4E 0ATA “I0M TA3Z AND OUTPUTS ON THE SCIPE AND PLOTTER

9 SJUNDER SOMVAND OF THiE J2ERATIR!

$/ 1)AXZS
8/ 2)RA4 CIND
$/ 3)CONDUSTANCE S02CTED FOR SCALE CHMANGES
$/ 4)CONDUSTANCE SOISCTED FOR DILUTION
s/ 5)CONOUSTANCE SORECTSD FOR TEMP [F TEMP RUNS WJERE MADE
s/ $)CONOUSTANCE SO0IECTED FOR DILUTION AND TEMP
S /17 IS UN FOLLOJINS CO9LT.®Y
: /JXYSYS.S8 AND AXI1S.S3 %JST 3% _LOADED N4EN THE PIOGRAY IS COMPLIED
/
CIMMIN NARA '
OIMENSIIN VARA(2046)
S IPpE® Wy 7408 /JMULTIPLY
[ ] JIpE? ov! 7407 /D1V1IDE
] "IPDET  NM] 7414 /NORMALLZE
[ ] JoQE*T SH 7443 /SHIFT LZFY
(] 99DET  ASR 7418 JARITHMETIC SWIFT RAAGHT
[ ] JP0ET .S 7447 /L0GICAL SHIFT RIGHNTY
[ ] JopE?* oL 7421 /L0AD MULTIPLIER QUOTIENT
S Jape’ SCL 7403 /STEP COJUNTER LOAD F0V MEMORY
S JoDE? SCA 7449 /STEP COJUNTER LOAD INTI AC
[ ] Japge™  v0A 7504 /MQ LOAD INYO AC
[ ] JopE? SRASE 8134 7ERASE DISPLAY SCIPE
S J°0ET STIRE 6357 /SET SCO3E IN STIRE “ODE
] ABSYVY oud 0074 /PHW POINTER
L ] A38yy  ayo 007s /PW POINTER
[ ] Agsyv tve 0076 717V POJNTER
[ ] A3SYY JNITS 0077 /0FFSET JUNITS POINTER
] A3SYY ASET 0100 /GENERAL POINTER
S A3SYvw  SPARA 0101 /PARAMETER PIINTER
S A3svyv SPoy 0102 /INDIRECT ADDRESS IN FIELD 4 POINTER
[ ] A3SYY SPPy 0103 /INDIRECT ADDRESS IN FIELD 1 POINTER
$ v
S v/
S /THIS 1S T4E INITIA_IZATION SECTION
S /
S v
S DYOUT,S_A SLL
AD(1.900)13L¢
900 CIAMATI*TIRST 3LI2< TO READI ',19)
SALL RTAIE(L,13L €. 2045,NARA)
~PENARAL2043)
T TRV ._aNAQA(2044)
<0SNARA(2048)

[PTSsNAA(2046)
:378'7LQQYC!P73)
sLA S

TAD u.P
SNA
NP
=2}
TAD
TAD
DCa
S
$211
1901

w903
Sti
s D
(e202
LEIYT

/3EGIN TO CALC STANDARD TEwp

Sl SHL RAR /aCs4000

297
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ASAD(1,932042,083,46,45,A6
02 3 1,E16.8,7,'T(2)0 AS & 1,E16,8,/,17(3): A4 8 ¢

O EL15.8,/,77C4)1 A5 8 +,216.8,/,'T(5)1 A6 = ',EL6,8)

FORMATCYINTITIA, VILUME (MLS)!

] 201
] .l
s 0CA wiSTIK
TsFLIAT(ISTIX)
1S820(1,/74098,.) ¢35,
904
902 ToORMATCIT(1)!
903 EAD(1.904) V2230
90¢
TimMs,2
NOtvis40
NOtvYsiO
[Tee2
IKs0
$ v/
L B
S sBEGIN IPTIIN ROJUTINS: TI PLOY
L B/
Sy
$ LINDA,S. A SLL
] JYP wu4ss
700 SALL XYEND
a1s dR1TS(1,416)
416

'9E14,0)

SHAMATCILIT 02TIINSE 1)AXES's/,14X,"2)RAd DATA,/,14X,13)C CORR

oECTZD NDATA',/,14X,'4)D ZIRRECTED DATA1,/,14X,'3)T CORRECTED DATA',
©/014%X,'6)0aT CORIESTED DATA,/,14X,'7)CALL EXIT,/)

/<EYBJARD STRUCK YET,

S.A SLL
RPL1, <SF
JUP WL
<38 )
T.S
TAD (7517
SNA
Jup 23PL2
TAD ¢7777
SNA
JUP L3
TAD (7777
SNA
JuUP LG
TAD (7777
SNA
JUP LS
TaD (7777
L 3T
Jup LG
Tan (2777
SvaA
Jup 3IBL?
SALL =xlY

S.A 2L

rRPL2,

/YES, EAD CHARACTER

/3CH9

/3HESK

/1S 1T A wgv,
/Y88, 30

/N, CHECK

/1S 11 A w2v,
/YES, SONTINUE

/1S IT A "3%,
/YES CINTINUE

/18 1T A "av,
/7E&S, CONTINUE

/18 1T A "S°%,
/YES, SONTINUE

/18 17 A “ev,
/Y28, SONT]INUE

SALL AXIS(NDIVK,NDIVY)

JYP =418

/
/BEGIN OUTINE TO PLIT Uy 3 DATA

/

RPL3, S.A 5L
Ju8 ANDR
JuS 3UNC
YsCcCsLL -
JuS I F

/730 READ AND SET yP

730 CaALC.RAN G
433 9. 37 FIRS?

PIINTY
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Y@sL ey

00 908 lsmM3,LC

SLA SLL

TAD u.P

SNA

JuP 704

o.A SLL

182 ASEY

u703, Ju§ 3IUNS 730 CALC RAW G
YsCC3LL

Jus 3,07 430 MY
SONTINUE

a0 13 700

/
/BEGIN ROUTINE YO CACY.ATE SCALE CHANIE CORRECTED G
/
RPLE, 3ua S,

JuS ANDR /730 READ AND SEY yP

JMS JUNC /730 CaLC RaW @

YsC03

Jus afF " /30 PLIT FIRST PIHINY

¥Bsl 304

D3 775 tsM3,LC

SLA SL

TAD u_P

SNA

JYP w776

S.4 SLL

152 ASEY
776, JuS 3JUNS /30 CALC RAW G

YsC013
Jue 2 o7 739 PLIT

SONTINUE
30 T3 7J0

BEGIN ROUTINZE TO PLIT DILUTION CORRECTED DATA

7

/
/
/
RPL5, SLA oL
JuS ANDR
A3sF _0AT(LY)
KTIMsTIva(XBe1,)
SLA SLL
JMS JUNT /30 CaALC RAN G
Jus 320 /730 Ca.C D CORRECZTED 6
YsG0
JuS AL F /739 P97 FIRST PIINY
YBs| 3e4
D0 919 laMg,LC
SLA SLL
TAD wuLP
SNA
JuP n703
SLA Sl
182 ASETY
03 XTIMeXTIMeT M
JuS 3N _ 739 SALC RAW G
JMs 350 /39 CALC D CORRECTED @
YsQa0
Jus .07 730 PLITY
10 SONTINUE
33 13 700

BOB VL YO NLLOVLwLLW

W WL NLLLLWLL



1

e
&

/
/
/
RPLE,

/
/
/
RPL7,

SLA SLL

Ju48 ANDA

JUS JUNS

Jus 3CY

YsQT

JNS P

LI TTR 'Y

D0 912 lsm8,LC
JuS IUNT

Jus 3CT

Ys87Y

Jus 2,07
SONTINUE
30 T3 700

SuA Sl

JYS ANDR

X3sF _0AT(L3)
XTIMsTIVe(XB=1,)
SuA SLL

JYuS JUNT

JYs 3CT

Jus 3ICT0

Y3670

JuS ALF

A LLIR P34

DO 914 lsm3,LC

BEGINE ROJTINE TQ P,OT T

/30
/30

/730
/30
/739
’3d

730

/30
/730

/730

XTIMSXTIveTINM

JuS 3JUNT
Jus 3cT
Jus 3¢T0
YsBTD
Jus 3. 07
SONTINUE
33 73 700

/
/SUBROJTINS GINC
#THIS SUBRIUTINE CALSULATES AW CONDUCTANCE

/
GUNC,

CEL

CEM,

4100
S.A SLL
TAD = D
Sz

JuP SEL
JuP SEM
SLA SLL
s211
1500
$201
TAD (4000

IR

I3A «JSTIXK
2uaF_0AT(JSTIX)
SLA SLL

182 ASEY

8211

1500

/39
/3]

/730

T 13

300

CORRECTED G

CaLC
CaLc

pLIT
CaLC
CaLc
7

caLC
ALl
Ca.C

LT

Ca_.C R

SaLC
CaLC

PIT

RAW G
T CORRECTED G

FIRST PIINY

RAW G
T CORRECTED 6

BEGIN WUTINE TI PLIT 0T CIRRECTED DATA

RAW G

T CORRECTED G
D-7 CORIECYED G

FIRST PIINT

AW G
T CORREZTED G
D-T CORIECTED 6

/40D 1V REMAINDER

/ADD IN DATA



o
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8201
TAD (4020 /SHANSE 10 2'S CIMPLINMENT
SuL
0CA mISTIXK
TsPLIAT(ISTIN)
SLA SLL
182 ASETY /3BT U® FOR PARA WORD
6211
1500 * /00D 1IN PARA WORD
8201
JuS 0003 /30 DECODE
;sz AsEY /3BT U2 FOR NEXT POINTY
-y, Su
JuP 1 GJINC /ETURN
/

/SUBROJTINE GSD
/THIS SJUBRIJTINE CALSULATES DILUTION CORRECTED G

/
GCD,» 000
S.A SLL
08¢ (VZE0eXT1I4)0CIOR3)/VZERD
SLA SLL
JMP 1 GCD /ETURN

/
/SUBROJTINE GCTY
/THIS 3UBRIJTINE CALSULATES TEMPERATURE CORRECTED @

/
6Cts 9900
SLA SLL
8211 .
1500 /00D IN TEMP POINT
8201
TAD (4000 /SMANG2 T0 2°'S CIMPLIMENT
oLl
DCA s=1STIK
TFLIAT(ISTIX)
'.2.‘100’4096.,0’1
3TuAse((TS0aB)e(Too8))enS0((TS0ed)e(Tasq))eAda((TS0aI)(Toed))eA
030 ((TSne2)e(T002))042e(T75-T)+CORG

SLa SLL
1S2 ASET /38T U2 FOR NEXT POINT
Jup 1 G3Y /ETURN
/
/SUBROJTINS GSTD
2THIS SUBRIJTINE CALSULATES DILUTION AND TEMPEIATURE CORRECTED G
/
G6CtD, J200
cLA SLL
3TDs((VZZROXTIM)®3T)/VZERD
SLA SLL
Jup § GCYD /3@TURN
/
/SUBROJTINE ANOR .
2THIS SUBRIJTINE DETZRVINES THE NUMBER AND RAN3E OF POINTS TO PLOT
/
ANDR, J"00
READ(1,418)L 3, Covt,vYL0
18 TORMATCITRIY IIINT  1,15,/,'T0 PIINT ',15,/7.'UPPER G ',E14.6,/
' _OWEI G ',E14,06)
o.A SLL
s.A SLL
TaD ¢0220 /SET U® ADDRESS IF FJRST POINT
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0CA ASET
1780,
1782
LASY
9 IPELI-LAY531,531,330
8530, J4s 3yNS /730 SaLC RaW @
SLA 2Ll
TAD s P
$2a
182 ASEY
SLa SuL
wAs_ Ao}
30 19 529
w331, JYP | ANDR
/

/SUBROJTINS PP
sTHIS SJUBRIJTINE SETS SCALINI PARAMETERS AND PLOTS FIRST POINT

/

PLPy J°00
C.a LU
YSCA.32347,/(Y4leYLD)
1SCA.82247/7¢LCLY)
Ys(YevYLI)avSCA,!
«YSITIXN(Y)
LXs0
CALL XYSTI(LX.LY)
SLA S.L
JYP L P.F /RETURN

/
/SUBROJTINS P.OT ‘
JTHIS 3UBRIJTINE PLOTS aLL REMAINING INDICATED POINTS
/
PLOT, JN00

SLA SLL

YsCyevLI)ovSCA,:

.Yll’ll(ﬂ

wXSLXeISSAL

SALL XYO _T(LX,.Y)

SLa SuL

Jup 1 PLIT /3ETURN

/

/SUBROJTINZ D23DE

2THIS SJUBRIJTIVE DECIOZS PARAMETER WORDS
#COMPUTZS 34,3V, XUNL,ES.CE2L(,CCELL

/17 MUST 82 ENTERED 4174 PARL WORD IN AC

/PARA dJRD FOIVAT:
: " FIRST 4 BITS ARE UNUSED

NZXT 4 BITS FOR JNITS VA_UE (BINARY 1-10)
NEXYT 2 BITS FOR 3AIN INFJ (BINARY VALUE 0e3)

NZXT 2 BITS FOR PH INFJ (3INARY 1e3)

ONSNS NN N

CoDEsunoo
CA 8°PJ /STORE PARA WORD
TNeTY
TysT,
TLsT(
XUN]sQ,
24s,00%
vs10009,
TAD SPPJ



pCy»

"’kla
pCa2.

pC3,

MSxe,
sDC7774,
S pCs.

pCs,

S mSK3,
SDC7760,
S pCé»
80

311

312

n772,

l”;.

303

AND wSKY- /9ASK ALL 8UT PH BlTS

DCA 8oPd

TAD SoP4

SNA /0LLS2T.,

JYP 0C2 /YRS, SONTINUE

oLA SLL /ND, ADJUST

'“"‘.10. .

CMA /00D -1

TAD §0Pd /SET u® NEXT ITERATION

Jup 9eY

4103 /9ASK ALL BUT PH BITS

TAD 30P)

AND 9SK2 /YASK ALL BUT GAIN BITS

DCa SoP4

TAD SOP4d

SNA /AL SET.

JMP DZ4 /YES, SONTINUE

SLA SuLL /ND, ADJUST

QVsRVel0,

TAD 0C7774

TAD $PP4 /SET U NEXT ITERATION

Jur 923

Jn14 /9AS< TOR ALL BUT GaIN BITS
7774 /3AIN DEINCREMENTER

TAD 8$oPJ

AND vSKS /9ASK ALL BUY OFFSET UNITS BITS
DA SoPd

TAD $PP4

SVA /AL S2T,

Jup dC6 /YES, SONTINUE

CLa SLL /NI, ADJUST

XUNJsXUNTey,

TAD 05357760

TAD 30°Pd /38T U2 FOR NEXT ITERATIIN
Jup ¢S

0360 /7448¢ FOR ALL BUT UNITS 31TS
7760 /JNITS DEINCREMENTER

Q. ‘

'5"20‘1205140’50)’602,)

IFELI)312,312,311
SoLs(2L0(12,574095,:)05,25)7APTS

SSsESES,

CCEL.s((2S/qV)e(10,0XUN]I/RV))I/PH
17€1¢€)772,2%87,772

S.A SLL

TAD 82P) /3RINS UP CURRENT PaARA WJ3D
A 'Y

TAD uiK

SNA /3ARA JORDS THE SAME,

Jup u2%? /YES CINTINUE

S.A SLL /NJ, 3 POINTS IN A ROW.
lf¢17)774.774.77l

oA S.L IAC RA. /ACs0002

TaD s D /SET ADDRESS OF NEXT PARA WORD TO CHECK
TAD su.P /70R ANOTHER IMPENDING SCALE CHANGE
TAD ASET

DCA 8SPAR

8211

1501 " /3RING IN NEXT PARA WORD
8201 .
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SIaA
;An L L) /30MPAIE CURRENT AND NEXT PAA WORDS
A
JMP =774
SLA SLL
T1sTNeTY
T2sTH-T,
INST _«(21e22)/2,
ITeZTeZNCCELL
”‘ 'TI.!
as57 T4<sCSsLe
CORGSCCE_L 27 .
{TelTey £

T -1

TaD $oPy /3RIN3 UP CURRENT PaARA WIRD
L]
!

OF AT

0cA
Jup
1)

¢J0¢



FILEII
PROGRAM LISTING



/PROGRAY NAVES FILELL,TT

JRELTH J, CASERTA ~  3/4/74

/THIS PRNGIAM EXSCUTES AVY 3T THAEE OPTIONSH

)17 dILL EAD AN Sp1TIQ GENERATZD FILE FROM DTAl
AND #RITE 1T 9V THE SYSTZM TAPE AS AN OOPEN FILE FOR
JSE WITH C3MELP, IN ORDSR T) DO T4IS, THE OPERATOR
WUST <V04 TW3 ABSOLUTE B.0CK NUM3Z (DSCIMAL) ON THE
DTAL W4EIZ T4Z PROGKAM 15 STORZED aND THE NUMBER
9F "0S/3 3_.0C<S IT OCCUPISS, THIS INFOIMATION MAY
3E°08TAINZD 3y CALLING PIP AND GETTING A LISTING OF
ODTAL (/E 22TIOV), [IF DTAL PISSESSSS AN 0S/8 SYSTEM
AREA, THEZ FI3ST PROGRAM 3IEGINS AT 3LIC< 112 (DECIMAL),
SACW 33739 3L3CC WHICH THZ P12 LISTING INDICATES THAT
1T OCCJPIES IS EOUAL TO TwO ABSO.JTE TAPE BLOCKS.
{F THE TAJE DD3S NOT INC.UDE AN 25/8 SYSTEM AREA.
THE FI3IST PRISIAM BGGINS AT ABSO.JTE TAPE BLOCK
14 (0321%4AL),

2)1T dILL CREATE & P_OTTING FILE BY ALLOAING THE OPERATOR
T0 IN2JT THE X AND Y COOIDINATES IF ALL POINTS WHICH
ARE CIVNSSTED IN PLOTTINS AS STRAISHT LINES, SCALING
PACTORS 71 39TH THE X AND Y VALJES vAY BE 1NPUT.
ALL PISITIVE INTEGERS. FROM 0 TO 2047 ARE VALID
SOORDIVATZ vALUES, A "31% IS USZD AS A LINE DELIMITER
AND A "e2" INNDICATES AN END=OF<FI_Z, THE FILE IS
ARITTSN A3 AN JOPEN FILE ON THE SYSTZM TAPE,
THE FILE MAY 3E EDITFU WITH THIS SaMZ JIPTION, THE
NAME 135 IvPyT TO CALL IT FROM Ta?3, THE EDITING
FUNCTIINS INCLUDE CHANGING PIINTS, DILUTING POINTS,
INSERTINI 2pINTS, CHANGING SCALING FACTORS, ANV
SEARCHINS THE ARRAY FOR A PARTICJLAR X OR'Y VALUE,

3)IT dlLL PLOT A FILE PREVIOUSLY GENERATED., THE FILE
NAME 4JST 3 INvPUT,

VOVOVOLNVBVAVLBOBNLVLLLVLOVLOLALANLLLLLNLALLLL G
NNUNNNNNNNNCNN NN NN L NN NN NN NN NN N NN NN,

SOMMIN 13, 1F1L3,1T37,13LK,™
DIMENSIIN IFILZ(128),12(2,300)

/
/SELECT mMaAJ3R IPT]IIN
/
000 NR1TS(1,2)
FORMAT('OPTIONST 1)CIZATE A TEXT FILE's/,9X, '2)CREATE OR EDIT A
SPLOTTING TILS0,/+9%X,'3)2 07 A FILE')
READ(L.5)1uM
FORMATY('31,15)
63 TI (5,50,187)41MM

/
/BEGIN TO GENERATE TEXT FILE
/

TAD(L,10)FNAME, 13K, 1TOT
(] THORVAT(INESTIRZ) VAME 37 OUTPUT FILE1',46,/,'F1QST " BLOCK TO READ)
S0,15,/,07T0TAL 9578 3LOSKSI'15)
ITATe1T0Te2
SALL D023NCeDTAD',7NAME)
90 4) 31,1707
SALL RTAGE(L,I3L4,128,1FILE)
WRITEC4,20)(IFILS(Y),4mg,128)
20 FORMAT(128A2)
18LKS1BLKe1
40 CONTINVUZ
CaLL JCLISE
169 Go 10 1000

“~ommww M Nrruvon

305



306

Sy
S /BEGIN 3RA®4ICS FILE OPTIOQNS
Sy
S0 READCL,170)xTY
170 FORMATCIEDIT ®IEVIOUS FILE=L,CREATE NEW FILEsOS ',1%)
{TRsQ
T IPIKTYY51,51,190
/
S SJROUTING T9 GENERATE GAPHIC DISPLAY
Sy
-3 ATADCL,110)FNAYE, XSCLE,YSCLE
110 TORMATC(YDESIRED NAME 0F PLOTTING FILES ',A0,7,'X SCALING FACTOR

SCREAL)I *4516,8,7/,'Y STAING FACTOR (REALII ',E16,8)
00 130 Is1,300

114 EADtL,120)IPCL, D0 1IR(2,1)

129 TORMAT(IX 8 ',(5,/7,1Y 8 1,135)
IFC13(1,1)¢1)160,130,125

123 19€1,1)8LOAT(IPCL,]))oXSCLE
19€2,1)8FLOAT(1P(2,]1))myYSCLE

130 SONTINUZ

149 SALL D0EN(1DTAQ!,FNAYS)

dARITI(6,150)(¢12(1,1),121,300)
AR1TS(4,150)(12¢2,1),184,300)

150 CORMAT(300A2)
SALL 0OCLOSE
30 19 1000
Sy
; JROUTINE T EOIT GRAIHICS FlLE
Y]
189 EADC1,1181)KT3

1108 SORMATC!SILE IV 3JFFERsy,FILE ON TAPEs2: 1,15)
30 TI (209,1180),4TS
1180 IEAD(1,181)FNAYE .
184 FIRMATCIVAME 37 TILETI FIXI1,A8)
SALL 102=N(DTAQ',FNAME)
WADCE,150)(12¢1,1),181,300)
WADC4,150)¢12(2,1),1=1,300)
209 dQ173¢1,909)
909 TORMATC Y INSERT A 2JINT=41,/,'DELSTE A POINT=21,/,1CHANGE A POINT
e830,/,9CHANGE SZALINS CACTORS®4',/,'SEARCHES',/,'ALL DONEs6?)
WAD(L,5)KTS
30 79 €2131,217,182,500,600,140),47S

ROUTINE T3 INSERY 2IINTS INTO GRAPHICS FILE

ITADCL,212)INFI,XSSLF,YSCLF
S9OMATCIIN FRINT IF 20INTS ,15,/7,'X SCALING FACTOR: ',E16.8,/,!
oY SCALING FACTII ',216,9)
1PC19¢1,INFD))1627,628,628
628 MXsF _OAT(12(1,INFI))/XSCLF
YysP _9AT(19(2,INFI))/YSCLF
30 79 627
1629 Mxs13(4, INSO)
Mys]2(2,INFQ)

629 dRAITZ0L0444)[NTOs X, MY

444 TORMAT('I0INT o030 10,700 8 1,15,/,'y u 1,15,/)
TAD(L,213)1PT

213 FIRMAT('VUYIER OF 20INTS TO INSE3TI ,18)
1P€127)299,209,21¢

214 CTus301eINFQ=12T
<Tus300

<1$s300ciPY



307

00 2185 ls=1,xTW
1P€L,<T )8 IP(L,KTS)
180¢2,47))81P(2,XTS)
{TUsCYUey
(788¢7Sey

ais SONTINUEZ
00 218 leg,1PTY
WAD(1,120)1PCL,1VF0),1P(2,INFO)
IPCI®C1,INFD))531,530,930

30 1904, INCI)EPLIATCIO(1, INFO))aXSCLF
19¢2, INFI)sFLIATCIP (2, INFO))aYSCLF

634 INFOSINFTIeL

216 SONTIVUS
EADLL,917)KTS

81y TORMATCYALL DIVESL, INSSRT MORE PIINTS=0,E0IT OPTIONSs=1s 1,15)
IPIXTS)209,211,140

; ‘aauvst T3 DELETE PIINTS FRIM A GRAPNICS FILE

Sy

L 3%4 EADCL, 818V IPT, INTI, XSSLF, YSCLF

818 PORMATCIDELETSE P30M PIINTI 515,/50T0 PIINTE 1,15./,'X"SCALING

oFACTOR! ',216,8,/,'Y SCA_ING FACTO: 1,E16.8)
IFC12(L,1PT7))1933,632,532
632 WXSF _OAT(12(1,1PT))/XSSLF
qysF _0AT(19(2,1PT))/YSCLF
39 19 633
1633 X213(1,1PT)
Yys(3(2,1PT)
633 ARITE(1,444)12T7,9K, MY
IPCI3(1,INFD))IL635,634,634
634 wxsF_OAT(19¢1, IN7I))/XSCLF
qysFP _ 9AT(19¢2,INTJ))/YSCLF
29 13 635
1639 *n-x’tt.lnro)
Mys13(2,INFQ)
63s AR1TS tz.aao;lv Do vX, vy
ASAD(L,445)KTS
443 TORMAT(YCONTINJESL,S<]2 DELBTIONS2! 1,15)
30 79 (446,209),4TS
44¢ <rSs300sINFD
INFORINFIey
D9 218 I=1,«TS
IP(L,IPT)ISIP(L,INTD)
R(2,1PTISIP(2,IN7)
PTsPTey
INFOSINT ey
218 SONTIVUE
AEAD(L,2199KTS
219 FORAMATCYALL NDIVESL,DZLZTE MORE PIINTSsO0,EQIT OPTIONSs=11 ,1%)
IF(KTS)209,217.140

L 3
S JROUTINE T9 CHANGE 2IINTS [N Ao GRAPHICS FILE

S v
182 AEADCL,183)KTS, XSSLF,YSCLF
103 FOAMATC 130 INT TO SHANGZ1'015,700X SCALING FACTIR! ',E16,8,/,'Y §
OCA_ING FACTOR: 'sE15,8)
[FC13¢1,4€T5))043,542,0842

04?2 1P€1,<TS)eF 0AT(12(1,4TS))/XSCLF
I1P(2,4TS)eF 0ATCI2(2,<T5))/YSCLF
843 AQIT3(1,120)1901,478),10(2,K7S)

AEAD(10120)IP(1,4TS)s12¢2,KTS)
IF(13(104T8)) 044,945,845



(L] ]

844
183

308

IPCL,¢TS)SFLOAT(T2¢(1,XTS))aXSCLF
I9(2,47S)eF 0AT(12(2,4TS))0YSCLF

WADL1,195)«TS
FORMATCALL DIVES1,CHANGE ANOTHER POINTs0,EDIT OPTIONSSe1l !,15)

IPeKTS) 209,182,140

s/
S JROVUTINE T3 CHANIE T4E SCALING FACTORS OF A GRAPHICS FILE

S/
300
904

AEAD(1,501)I%S8C.EsYSCLE, XSCLF,YSCLF
FORMAT(13L0 X SCA_ING TACTORy '9316,8,/,°3LD Y SCALING FACTORS ¢

"®,EL6.8s/70'NE4d X SCA_IN3 TACTORS '9316,8,7,'NEW Y SCALING FACTOR! ¢
0151‘0"

00 502 Is31,300

IFC19(1,1))9802,63%,6368
IPCL,1)S(FLOAT(TI2(L,1))/XSCLE)OXSCLF
19¢2,1)8(FLOAT(]3(2,1))/YSCLE)eYSCLF
SONTINUE

FEAD(L.593)KTS

FORMATC'ALL DOVES1,EDIT OPTIONSe0: 1,15)
1F(X?8)209,209,140

S v _
S JROUTINE T3 SSARCH T4E 33APWICS BUFFER FOR A VALUE

S/
600
604

37
638

602
603
604
60s
606
607
(1] ]

S v

EAD(1.601)1C,IDoYSCLF
FORMATC(ISEAQCH F33 x VALUEsL, Y VALUEs21 ',15,/,'VALUE T0 BE FOU

oNDS 1,18,7,'SCALINI FACTIRI ,E16,8)

IPC12)639,837,537
10sF_0AT(]D)eYSC.*

vCs0

00 604 131,300
1PC19¢12,1)-10)604,602,604
dR1TZ(1,603)1

TORMAT('I0INT 1,13)

¥Cayg

SONTINUZ

1FEMs)603,50%,907

dQ1T2(1,606)
PORMATC/,"VaLJ3 DISS NIT APPEAR!, /)
AEAD(1,508)KTS

SORMATCYALL DINES1,SSAICH AGAIN=O,EDIT 0PTIONSsels 1,19)
IFEKTS)209,600,140

S /BEGIN ROUTINE T PLIT A FILZ

s/
189

1522
190

1190

193

AEAD(1,1181)IKTS

30 79 €1190,1522),47S
EAD(L.190)FNANE
TORMAT('NAME JT: FILE TI PLOTY ',A6)
SALL 1023N(eDTAQ',FNAME)
AEADC4.150)(12(2,1),181,300)
AEADC4,150)CI2C2,1),188,300)
xs13(1,1)

dye]2(2,4)

vxgs)

SALL SCOST(uX,vY)

DO 200 1s2,300

yxs13(1.1)

vys(3(2,1)
IP(MLe1)1000,173,194

xisg



194
193

1%¢

309

30 73 200
IPEMY1)195,196,195
SALL SCOST(MX, 1Y)
xis0

30 7y 200

SALL SCIPL(MX,4Y)
SONTINUS

30 13 1000

END
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8 /PROGRAY NAME! CINELP,FT
8 JKEITH 4 CASERYA 9/2/76
S /THIS 1S T4z 29M2YTSL 230 SOVDUCTYANCE SYSTEM INSTRJICTIONAL PACKAGE.
8 #1T 1S DESIANEDY TP T=ACH THE NOVICE USSR THE NZCESSARY FUNDAMENTALS
S »T0 PEAVIT 419 TI 03ZRATE Tws COMPUTERIZED CINDJCTANCE SYSTEM,
S ¢sIN ADIITIIN, IT SEIVES AS Ao CONTINUAL REFERENZZ T) THE EXPERIENCED
8 JUSER
S /17 MUST B2 CIOVPILED WITH TWZ XYSYS,SB AND SC02Z.S3 PLOTTING ROUTINES,
sy
DIMENSIIN 1P(2,300)
Jvys190%
LPTs(
FyaMisl,
LASO
Liso
Mey
Sy
: JOEGIN INITIAL D1ALII
/
LAD €1.8101X
o1 TOAMAT('40J L0 YOJ LIKE INSTRUCTIINS FOR JUSING THIS PROGRAM. (TYP
oB YES 939 NI)2,4A2)
IFCIKelY)63,062063
62 A TLUH AL LI L
] Jus arg. .z
S oLA SLL
63 AFA001,101)LPT
104 TOQMAT('UTOUT OV LPTsl,0N TYYSD,8KIP INITIAL DIALOG==11"',15)
1PEL27)215,214,297
S w287, JuS I.P 73J SEY UP LPT
9 oLA SLL
214 TNAMSS'ASTART!
] JuS W, 3
S w215, S A 3.
TNAMES*ISTARTY
P78l
] JuS {FILS
] SLA SLL
TT)
Sy
S v
S sBEGIN SELSCTIIN OF YAJIR JIPTION
L
S v
RE@AD(1,299)N
269 FoRMATY('1?,13)
20g 39 79 €391.38303130317:319,321,3230325+327+347,346),N
S v
S sOPTION YO TERYINATE
S v
346 d173¢1,328)
328 TORMATC/,*] AY TESAYINATING'9/s '] WOPE 1 «AVE BEEN OF ASSISTANCE!
*/)
SALL =XITY
208¢ WAD(1.330)N
330 TOAMAT('TYIE NJM3IZI IF NEXT OPTIIN',13)
s 30 19 29»
/
8 /GENERA_ SvYSTZ4 De8ScU33TIoN JIPTION
Sy

310



31

314 FyAnEs?25CCRD!
1SKsy

JuS 3 o7

oLA SLL
FNAMEs?*23CC32Y
19xs0

Jus s 07

oLA SLL
FNAMZe®S3GSDC!
Jus arlie

SLA SLL

30 TI 29

DESCRIPTIIN 37 TuE INSTRUMENTY OPTION

UL L VU e
WN NN

TNAMZa'CINSQOP?

LMsy

L87s0

JuS L3

S.A SLL

L)

ALADCL, 197N

700 30 79 (701,702:7030704,705)0N

70¢ SNAMSE'IANALGY
Isxst

S Jus .07

S SLA SLL

FNAMZR12ANAL 2!

fsxs)

JuS L 07

LA SLL

TNAMSS'IANALY!

Jus 3,07

cLA SLL

ENAMSSYSANALG?

30 T3 708

702 FNAMEs 385590
I8xsy

S JuS 3 07

S SLA SLL
FNAMZS8®235292!"
18xs)

S Jys 3,07

S SLA SLL
FNAMZSS'SZ0NDM!
30 T3 70

703 CNAMZ8?IYEAGS!
ISksy

S Jus .07

S SLA SLL
FyAMSs'I4EAS2!
Isxsg

S Jus 3 07

S LA SLL
SNAM3Is ' SUEASS!
30 T3 708

704 TNAMIS'ITEMDY!
I1Sxst

S Jus 3, 07

S SLA SLL



312

FNAMES'PTEURD!
18Ks)
] JYuS 3 07
{ ] Cua SLL
FNAMZS ' STEMRN?
39 19 708
70s FNAMSe 1 S304ER?
S n706, JuS AFI S
S SLA SLL
ATADLL,707)1X .
707 FOAMAT('40JLD YOU LICE A DISCUSSION OF ANY OTHER MODULE, ',A2)
IPCInelY)286,7380296
708 FEADCL,709)N
709 TORMATC'3L2aSS TYIZ THZ MODULE'S QOPTION NJUMBER!I ',19)
30 T3 700

S v
S »DISCUSSION OF CONDUSTANCE MZASUREBMENT OPTION
S v
318 TNAMSs0,CC3P!
isxsy
Jus 2 07
oLA SLL
FNAMZSs'2DOCNE!
JNS 2aFLLE
SLA SLL
30 73 295
/
sDISCUSSTION OF T4 9IPJ_AR PJLSE TECHNIQUE OPT]ION
Vi
17 FNAMSs123PCYPY
ISKsl
Jus 2,07
SLA SLL
FNAMZS°03TIPT?
Jus argLe
JLA SLL
ITADCL. 3500 1X .
359 TORMAT(140JL0 YOJ FE INTERESTED IN"A DISCJUSSION OF THEORETICAL E
*RRIR, ', A2)
1PCIelY)256+3510206
33¢ ENAMZs?'SD0TEC!
S JUS IPLL2
S Suh SLL
30 TI 2%

S v

S JINSTRJSTIINS £0 RIJTINE IPSRATION OPTION
Sy

319 TNAMZ8'JTIF00!

Jus arl.s

SLA SLL

30 79 2%

INSTRJSTIINS FOR PU_S8 A1DT4 SELECTION OPTION

N
» NN N

CNAMSe'PQEV R
ISxat

Jus 3 07

LA SLL
FuAMZe'3IFOYSY
JuS arq.3

SLA SLL

33 73 29%¢



313

Sy .
S /INSTRJSTIINS POR RIJTINE ADJUSTMENT 0°TION
s$v
323 FuANZa' SIFRALY
L ] Jus WL 8
] SLA SLL
. 30 73 28¢
/ .
S SERROR MESSAGE SUMMAY AND TVUBLESHOOTING OPTION
Sy
32s FEADCLL 2900 IN
109 TORMATYC'JOJLD YOJ LICE AN ERROR SUMMARY,',A2)
IFCInelY)182,194,192
1684 CNAMSS ' SCEUSC!
S JuS AP S
L ] SLA SuL
182 dR1TE(1,1063) )
183 FORMAT(!] COMPJTS THAT vOU MUST 3 EXPERIENCING SOME DIFFICULTY,
o)
LTAD(L,194)1X
184 FOAMATCY40JL0 YOJU LICE SOME MELP,',A2)
. IFPtInelY)296,195,2086
108 FNAMES'TROJBL
«¥sy
«PTs)
s Jus arl.e
S SLA SLL
L))
d172(1,189)
186 TORMAT('9LZASE IVIICATS THE NUMBER OF THE PRIBLEM'»/,"WHICH BEST
e DSSCRI3ES YIyR IIFTICULTYI, /)
WAOLL.197)N
187 SoRMAT(]S)
623 IPtNe14)498,493,439
498 30 79 €(301,502+5030504,505,506,507+5080509,510,511,512,513),N
499 NsNe{3
30 T (314,515,515,517),N
50¢ TNAMZ8' 23R8
30 T3 518
8502 TNAMZS'TIBFL G
30 TI 518
503 TNAMZs'T2RI33!
3% 1 518
804 CNAMZ='J3RID4
33 79 51
s50s FNAMZs*'C2RIB8Y!
35 1) 519
506 TNAMEsC9RI36"
39 13 518
507 FNAMZa1C2R987
30 1) 818
sos “NAMZIs?33RJg0!
37 19 518
809 TNAMZs'33R389"
30 1) 519
510 “NAMZe*l2R010"
30 73 518
814 SNAMZs3IRI11
30 13 518
8512 TNAMES?1C2RD12"

30 T3 518



913
$14
913

16
8317

S =518,
]

620

621
622

314

FNAMZe'C2RI1 3!

33 13 519

PNAMZE'SPROL 4

39 13 519

FNAMIS'CIRILS?

30 T3 S1i8

ATUH L LI L

30 TI 518

CNAMZ8'SORI 7!

JMS L2

SLA SLL

WAD(L,520)1X , ]
TORMAT( 1400 YOJ .ICE A DISCUSSION OF ANY OTHER PROBLEM. ',A2)
IfCInelY)286,521,02%6

WAD(L.522)N

CORMAT( 12 SASZ TYIZ T4= NUMBER OF THE PRIBLEMI '»15)

30 13 623

S v
S /SELECTION 3F 4 PRO33AM SET “OR SPECIFIC EXPERIYENTS OPTION

S v/
327
630

A173(1,630) .
TIRMAT( ' THS NAYES IF T4E PROGRAMS IN THE COMPUTERIZED',/,'CONDUC

eTANCE SyST=M ARZ CIDZD FIR',»/,tEASY RECOSNITION, WOULD YOU LIKE!')

634

632
S
S
633

TADCL,531)1X%

CORMAT( VAN EXI_ANATIONV OF THIS CIDE, 1,A2)
IFCINelY)633,532,0533

SNAMZ8 ' SORGEX!

Jus FL, 2

SLA SiL

TNAM3s'3SDAPS!?

LMag

P78

Jus arl.s

SLA SLL

=480

d172(1,519) .
TOOMAT( Y2 EASS TY3Z TW: NUMBER WH]CH CORRESPONDS TO THE',/,'TYPE

® 0F £X9RIVENT YIU AISw TO PERFORMIY)

READ(L, 187N

30 79 (501,602:603,604,605,606,607,608:609,610,650),N
TNAMZSS 13T ou2!

JUS L.

SLA SLL

IEAD(L,511)1X .
TORMAT('40JLD YOJ LICE AN EXPLANATION OF THE PROGRAM SET. ',4A2)
IFCIealY)679,812,5979

TNAMZs'IEXOL !

JUS Il e

SLA 3oL .

EAD(1,680)1X

TORMAT('40JL0 YOJ SARE TO VIEW SAMPLE DaTa, ',42)
IPCInel1Y)2960531.2086

FNAMzIs'dT7]TE

ISxsy

JYs 3 07

SLA S.L
FNAMZg'lT]ITEL!

33 13 520

CNAMZSS' ST

JMS P S

A SL

WADCLL 111X
IPCInelY)092,6130582



619
609
010

‘315

FNANESS2X 30

JUS P8

SLA Sl
BAD(L1,590) X
IPC1telY)294,893,296
CNAMSS'O4EKEL?

18xsy

JYS I 07

SLa SLL

FNAMZe* SJEYCEL’

30 13 820
"NAMIe'CTLOWY!

Ju8 AP

eLA SLL
WAD(L,611)1X
1PCItelY)2860614,206
SNAMZe'0ZXPL L

3% 13 %20
FNAMZS ' STLOuG!

Jus ArL. E

SLA SLL
WAD(L,612)1X
IPCIxelY)286,615,2086
FNAM3e!ZEXD 6!

30 13 520
PNAMER'SFLOYS!

JUS APILS

oLA 3L
WAD(L,511)1X
IFCInely)2B88.516,286
CNAMZS13ZXP L4

30 13 520

A T H LA & T'L L

JNS RFILE

SLA S.L
SADCL.951101X
IPCIxelY)296,517,2086
CNAMZS 'SNS5

30 13 %520
TNAMZe'STLONT

JUS AFL.:s

SuA SLL
[EAD(L.51101X
1PCIKelY)286,618,286
TNAMIS'33XO 7

30 TI 520
TNAMZE'STLONS

JuS P 3

SLA SLL
CADCL,511)1X
IFPCIKelY)286,519,286
TNAMSS1EX B

33 13 s20
ENAMZS 'SP IW9!

3% 13 S20

FNAMIs13TL 940"

30 79 S20
SNAMZe'SPLO1Y

Jus 3r e

SLA SLL
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WADCL, ) IX
3 CORMAT('40JLD YOJ LICE A DISCUSSION OF ANY OTHER EXPERIMENT, ',A

)
IPCIXelY)286,4.2089

EAD(L. 3N
SOAMAT( I EASS TYIZ TWE NUMBER OF THE EXPERIMENT! ',19)

30 17 6
CREATING IR S4ANGIN3G A CgWELP FILE OPTION

NN NN

TNAMZs3ICACF!
JUS Tl

SuA SLL

30 TI 29
/SUBRQJTINS RFILZ

/THIS SJBRIJTINE REAIS & FILZ GENERATED WITH FILEST AND
/JOUTPUTS T T THE TTY JR PT

N uwLm vy DDLU LKL B e
~

/
RFILELD000

SLA SLL
IFPeLY)213,213,212

213 FEADCL,100)LPT

100 SORMAT('IUTRUT OV .PTel,ON Ttvnot'.xs;
IPeEL37)212,242.209

S w206, J¥S ILP ° /33 SgT UP LPT

S SLA S.L

212 SALL JO3SN('DTAD',7NAVZ)

21 AZADC4,203)(13(1,1),121,128)

203 TORMAT(1284A2)

] JYS SCRAv /73 UNSCRAMBLE

S SuA SuLL

D0 29%¢ 131,192
LAS]2(2,1)
SLA SLL
TAD u_A
TAD (7545
SNA /1S 1F A CNTRL "2w,
Jup | RFILE /73S, ETURN
SLA SoL
Ir(L91)215.27s.27s

u2?%, S_A
TAD ILA

PLP, TSF /T2ST TTY FLAG
Jup 3.p
T.s 73CN9 SHARACTER
SLA SLL
33 13 204

w276, Z.A SiL
TAD s_A

PLL, 95661 /TEST _PT FLAG
JUP 3L
9886 /3UTdyT CHARACTER
SuLA SLL

04 SINTINUE
30 13 211

SUBROJTINE 0,2
THIS SJBRIJTINE SET3 J2 THE _PT FOR QJTPUT

BLuULL NuouuvwoLuunuon VUL LLOL Vuuuouuuun

NN NN
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oLP. 0000
SLA SuL
9662 J3LEAR LPT FLAG
8661 /TEST “LAG (SEE IF L°TY 1S OFF)
JuP «(F1

Jup L PT /739 TE.L 7O TURN ON LPT
wFle 9662
6661
Jue xr}
JUP dFl
xFls SLA SLL
TaD (7709
DCA 82712 JJELAY LOOP
FP, 182 s&Ty
Jup cp
187 scT2
Jup tp
TAD (0213 /SARRIAGE RETURN
9464
vFls 5641
Jup vr1
cLA SLL
TAD (0214 /FORY TEED
%666
2F1s 9661
Jup 2F1
SLA SLL
Jue 3xP
SET1, J000
sEt2, 2000
oLPT, LA SLL
dR1T3(1,220)
20 TORMATCI ,TJRN IN _PT,1/)
Jup 4rt :
EXPy» SLA 3Ll
JUP 1 0,9

/

/SUBROJTINE S34Av )

/THIS SJBRIJTINE YNSSRAY3 LSS 0S/8 DECYAPE PACKED ASCII INTO
/DISCRZTE 8 BIT vaLy:S

/

SCRAM, 0000
SLA SLL
<T1sg
<As(
<8sQ
cs0
<D=
00 400 <s1,127.2
CAs]3(1,¢)
<B3]3(14¢e1)
SLA SLL
TAD ugA "/32QIN Y0 REARRANGE DATA
AND (0377
0Sa s«C
TAD =«¢B
AND (0377
cA ®«D )
TAD u«A /3EGIN 70 COMBINS THIRD CHARACTER CODE
AND (7400
ATR
AR

DALV VLBVON NVUVOBVBVLBVLVLOBULULOBLLOVLOLLOULBLLLOO LWL B

DO OLLBOLLOWLWOY
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DCA uxA

TAD =«P

AND (7400
L

arL

AL

TAD <A

0sA u¢A

SLA SLL
I9¢2,<T)sKC
{TsKTel
1P(2,¢T)=xD
<TsKTel
1P(2,<T)exA
{TaKTel
SONTINUSZ
JYP 1 STAM

o
o

/
/SUBROJTINZ PLIT
/THIS SJURRIJTINE GENZRATZS 5APHICS DISPLAYS FOR C3HMELP ROUTINES

/

PLOT, J000
SLA 2L
SALL JO0PEN(1OTAQ', NAME)
READ(4,920)(13(1,1),0=1,300)
TAD(4,920)(12(2,1),121,300)

VLOLLVWLLLSS

920 FORMAT(3304A2)
1F€15¢)923,923,921
924 EAD(1,930)1X
930 £99MAT(Y 40U D YOU 1<E A HARD CO2Y OF THE DJAGRAM,',4a2)
923 xs]3(1,1)
Mys]3¢2,1)
xis0
17 (IXe1Y)935,936,935
935 SALL SCI5T(uX, 1Y)
59 1Y 937
93¢ SALL XYST(4x,4Y)
937 D9 950 122,300

Xs]2¢1,1)
Mys13(2,1)
IF(MXe1)960,94),945

949 ICCIXalY)9d42,941,942
944 SALL XY:ND
942 x1sl
30 13 950
945 IFCILe1Y)946,9¢7,946
94¢ IF(MYL)948.949,943
9438 SALL SCASTCMX, 1Y)
x1s)
33 1Y 95
949 SALL SCI2L(uX,4Y)
33 13 959
947 1P (ML) 951,952:951
954 SALL XYST(Mx,4Y)
“xis)
39 13 %30
952 SALL XY2_T(uX,vY)
959 SoNTINUE
9690 IF(I=1Y)942,9%10952
961 SALL XY3END
S n962, S_a 3.
S Jue 1 PLIT

SND



