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ABSTRACT

Because of technological advances in gamma-ray detection
and measuring equipment, gamma-ray spectroscopy has become a more
accurate analytical technique; it has also become more complex.
Computer aid in gamma spectral analysis is in most cases desirable,
ard in many cases essential,

A set of computer programs was written to perform automatic
reduction of gamma spectral data. The programs were designed to
run on a laboratory microcomputer and are written in the BASIC
programming language. The programs have met all design requirements
such as simplicity, ease of use, ease of modifications, and
accuracy. Tests of the programs have shown that they can be easily
and correctly used by persons with no computer programming experience
and little background in gamma spectroscopy. Users are able to
perform automatic qualitative and quantitative sample analyses, and
obtain very good results.

The programs in the package were designed to be modified
and expanded. Several recommendations concerning the future use

and development of these programs were made,
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CHAPTER 1

INTRODUCTION

When a radioactive material decays, it can emit energy in
the form of high-energy electromagnetic radiation, or gamma rays.
The number and energy of these emitted gamma rays are unique to
the nuclide, hence providing it with a nuclear "fingerprint".

Gamma spectral analysis is the technique whereby these emitted gamma
rays are counted as a function of energy. Such information can be
analyzed to identify radionuclides present in a given sample, and
also provide informatibn on the amount of each nuclide present. The
samples analyzed can be naturally radioactive, or have their activity
induced, such as is the case where stable elements are made radio-
active by bombardment with neutrons in the technique known as
neutron activation analysis.

Gamma spectral analysis is an extremely powerful and
sensitive analytic tool, and has found a place in laboratories
around the world, where the techniques in use are being proved and
improved constantly. Gamma spectroscopy has applicatioms in
virtually every field of physical research and quality control. For
a scientist interested in elemental analysis, it is an accurate,
precise, specific, non-destructive, fast, and economical technique.
Its applications currently include trace element analysis, biological
studies, forensic medicine, envirommental monitoring, and material

accountability systems.



Gamma spectroscopy has been in wide use for the past two
decades. In the recent past, however, several things have led to
a virtual revolution in the field.

The first of the developments was the development of
affordable, large-volume, high resolution lithium-drifted germanium
(Ge(Li)) semiconductor detectors. The second was the continuing
progress being made in the design and manufacture of multichannel
analyzers (MCA's) capable of digitizing gamma spectra into large

amounts of data (typically 4096 channels).(l)

By combination of the high resolution of the Ge(Li) detector
| and the increased capability of the MCA systems in use, it is now
possible to examine very complex features of gamma spectra. When

i this fact is coupled with that of the ever-increasing use of gamma

spectroscopy in many fields (implying the acquisition of many gamma
X spectra), the third major development can be arrived at almost by
deduction., Hand analysis of a single complex spectra can be difficult
and time consuming. When many spectra must be analyzed, computer aid
is desirable, if not absolutely essential to complete the task.
Therefore, the third thing that has a great effect on gamma
spectroscopy is the ongoing development of powerful, high-speed
digital computers and, more specifically, the recent major advances
in microprocessor technology. A new generation of powerful micro-
computers, along with a wide variety of excellent hardware and soft-
ware, is now available at a reasonable cost. Even those establish-

ments on small budgets now have access to computing capabilities




previously out of reach. In addition, the laboratory computer offers
a flexability unavailable with large systems. The laboratory
computer can be dedicated to a single task or group of tasks, and can
act as a controller to other laboratory equipment, while always
running in real time but incurring none of the high costs associated
with operation under a batch or time sharing mode of a large
computer.(z)

Microcomputers used as the basis for automated gamma spectro-
scopy systems not only free the researcher from the requirement of
performing the bulk of the analysis, but perform required calculations
much faster and more accurately than can be done by hand. Addition-
ally, the microcomputer can control an entire analysis system,
including sample handling and data acquisition, requiring little or
no user attention for long periods of time. Microcomputers also
provide in most cases the capability of mass storage of large amounts
of data in a small volume, the physical storage devices typically
being inexpensive magnetic tapes or disks.

Clearly, the use of computer assistance in gamma spectral
analysis can offer many advantages to the researcher. The purpose
of this research project was to provide a semi-automatic gamma
spectroscopy system to augment research capabilities at the

Louisiana State University Nuclear Science Center.



CHAPTER 2

PROGRAM DESIGN CRITERIA

A great deal of gamma spectroscopy work is done at the
Louisiana State University Nuclear Science Center; in fact, gamma
spectroscopy is probably the most versatile and widely used analytic
technique available in the department, applications for its use
being found in virtually all activities.

Regardless of the particular application, the basic data
analysis is always the same: the MCA used must be calibrated to
yield accurate peak energy information; spectra must be searched for
peaks and these peaks must be assigned energies; data must be output
to some device in order for a record of the data to be obtained; in
the case of a qualitative analysis, peaks found in a spectrum must
be compared to compilations of data to make nuclide identifications;
and in the case of a quantitative analysis, peak heights or areas of
an unknown sample must be compared to those of a standard
(comparator technique).

The design of a computer program or system of programs
depends on three basic things:

1. the type of computer equipment available,

2. the background and skills of the programmer, and

3. the requirements of the programs at the institution

(1)

where they are designed.




In addition, a useful computer program should keep requirements of
the user to a minimum. A detailed instruction set should not have
to be referenced for routine use; the programs should be operated
easily and correctly by users with little experience; no knowledge
of computer programming should be required of the user; and finally,
the program should be modified easily so that special or more
advanced algorithms can be added as necessary.(3)
Many computer codes have been written to perform some type
of gamma spectral analysis. The codes range from the very complex
to the very simple. A large amount of information has been
published in this field; unfortunately, the majority of the literature
reviewed contained little that could be directly applied to this
project. The reasons for this can be explained by the following.
The codes described in this paper were designed to be
most effectively used at the Nuclear Science Center., The main
objective of the program system was not to achieve results

dramatically more accurate than previously achievable; excellent

results have been obtained by hand for many years. The programs

were designed to replace the researcher in making calculations and
comparisons rather than improve on him, The computer equipment used,
while being very good in its class, is limited by available memory
and speed of program execution. These limitations preclude the
possibility of effectively using the most accurate and powerful
algorithms being developed by the scientific community today. While

it is fairly certain that many of these algoritims could be success-



fully modified to run on the small system in use here, the execution
times encountered would be intolerably long. Fortunately, the work
performed at the Nuclear Science Center does not warrant the use

of these sophisticated algorithms. Only very simple mathematical
relations are necessary for our analyses. The computer performs its
greatest service to us by the speed and accuracy with which it can
manipulate large amounts of data. Note that two very powerful

gamma spectral analysis codes are currently operational at LSU
through the efforts of members of the Department of Physics.(a’ 3)
These codes are designed to run on the IBM 370-3033 computer which
serves the university community, and they may be accessed via a
remote terminal at the Nuclear Science Center. Despite their
availability, these codes have never been used in any way at the
Nuclear Science Center; their function does not suit the needs of
the users here.

The major requirements of the programs described in this

report were to allow the user to:

1. transfer data easily from the MCA in use to the
computer's mass storage for retention and eventual
analysis;

2. perform an accurate, rapid MCA calibration;

3. easily maintain files of spectral data;

4, perform a sensitive peak search on a spectrum,

either automatically or under user control;



5., obtain both graphical and alphanumerical output

for evaluation and reporting;
6. perform an automatic qualitative analysis on a

selected sample;
7. custom build and tailor libraries to be used for

qualitative analysis; and
8. perform a quantitative analysis of a selected set

of samples using the comparator (standard)

technique.
A microcamputer based system can easily handle the require-
ments outlined above, and has many advantages over larger systems,
Programs are run locally on demand in a real time enviromment,
minimizing the time that must pass between initiation of a program
run and the time the results of this run are available to the user;
no charges for computer time are incurred; programs that terminate
abnormally because of an error can be corrected and restarted with
little loss of time; and programs may be addressed easily and
modified if necessary.
The programs described in this report were designed on the
basis or the requirements outlined above. Every effort was made to
incorporate the advantages offered by the use of the microcomputer
system into the programs where possible,

Before the design philosophy of the programs is further

discussed, we will describe the equipment comprising our gamma
spectral system. As stated previously, the availasble equipment sets

constraints on the final form of the programs.




The basic gamma spectroscopy system consists of an ORTEC

85 cm3 coaxial Ge(Li) detector with a measured resolution of 1.86
KeV at FWHM for a 1.33 MeV 60Cobalt gamma ray. High voltage is
supplied to the detector by an ORTEC Model 459 0-5 kV bias supply

in line with an ORTEC Model 119 high voltage filter. Detector
output is processed by an ORTEC Model 120-4 preamplifier, the output
of which is processed by an ORTEC Model 571 amplifier. The MCA in
use is an ORTEC Model 6240B with 4096 channels addressable. The MCA
contains several options, including a serial I/0 EIA-RS-232-C
general purpose interface. This interface provides a port for data
transfer from the MCA to the microcomputer.

The computer equipment used with this system is all supplied
by Tektronix. The computer is a Model 4051 microcomputer., It is
programmable in the BASIC computer language. The computer has 32
kilobytes of random access memory and an internal 300 kilobyte
magnetic tape drive for mass storage. The 4051 has a display screen
consisting of a cathode-ray storage tube that is capable of both
alphanumeric display and high-resolution screen graphics. The 4051
is fitted with an RS-232-C data communications interface, which
provides the port for reception of data from the MCA by the computer.
Additional equipment includes a Model 4924 tape drive which provides
an additional port for 300 kilobytes of on-line mass storage at all
times, and a Model 4631 thermal hardcopy unit, which serves as an
output device for both alphanumeric and graphical data.

While the basic ORTEC and Tektronix instruments were not

designed, as some systems are, to be operated together for the



gspecific purpose of automated gamma spectral analysis, the system
developed using them in conjunction satisfies the requirements at
the Nuclear Science Center very well, in some cases offering
definite advantages over currently available commercial systems.
Nonetheless, there are several basic limitations of the computer/
MCA interface that cannot be easily overcome; these limitations
affected the final design of the software. For example, there is
currently a one-way data transfer capability only: from the MCA to
the computer. No MCA functions are addressable under computer
control.

Next we describe the basic design considerations of the
programs. Detailed program descriptions are given in the next
chapter.

The system for automated analysis consists not of a single
program, but of a series of programs, each one performing a specific
set of functions. This modular program design offers many
advantages, some of them being:

1. All available RAM (random access memory) need not
be filled during program execution, This allows
for moderate expansion of programs without a
complete program restructuring.

2, Errors are detected more easily. If an error
occurs, only the module that was executing at the

time of the error need to inspected (in most cases).
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3. New modules may be added to the system as necessary,
and the basic package will remain intact and
operational throughout the writing and testing of
the new module.

All programs are written in the BASIC computer language
supported by the Tektronix 4051 computer, BASIC is a high-level,
user—-oriented language designed to be used by both advanced
programmers and those with limited programming experience. The
language is powerful and flexible, and almost as universal as the
well-known FORTRAN computer language.

The programs comprising this system were written to run in a
highly interactive mode with the user. A dedicated microcomputer
operating in real time lends itself to this type of operation as do
few other instruments. Such interactivity allows the user to
exercise maximum control over the execution flow of the programs,
enabling him to treat the data as his requirements dictate. This
interactivity also provides in some cases, automatic checking of
user-input data, preventing the loss of time occurring when a program
executes using incorrect data; allows for easy program termination at
any time for any reason; and allows for equally easy program restarts.
The graphics capability of the 4051 allows the use not only of
alphanumerical computer prompts and user responses, but also of
graphic data editing on the display screen during program execution.
The use of this capability in these programs makes the system much

more flexible.,
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When these programs were designed, the inexperienced or

occasional user was foremost in mind. The user is not required to
have an in-depth knowledge of gamma spectroscopy, though some
knowledge is essential to assure the proper interpretation of the
results of the programs. The user 1s not required to have any
knowledge of computer programming whatsoever. When a user response
is required by a program, the program provides a message to that
effect. In cases where more than one valid response is possible,
the program informs the user of his choices and in some cases
provides recommendations. The user is never required during routine
operation to address the computer on any level below the program
level. There are two known cases where a user might need to address
the computer while it is not under program control; these cases are:
1) when a new data tape must be initialized, and 2) the case where a
tape used for scratch data must be reformatted. Detailed instructions
on how to accomplish these two functions are given in an appendix to
this paper. Both actions are simple and fast to accomplish.
Throughout the execution of these programs, detailed
instructions are provided to the user which tell him exactly what
is expected of him. In several cases the program executing will
automatically halt to allow the user to make necessary calculations
or to gather data which he will need later in the program. The user
is then allowed to restart the program at the point that he left off.
Due to the design of the programs, the characteristics of

the computer central processing unit, and the limited RAM available,
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there are occasions where several minutes will be required for the
computer to finish processing a given set of instructions. These
cases have been kept to a minimum, but in some cases where these
delays cannot be avoided, the user is given the opportunity to
select an alternate method of execution. While the input to and the
results of these alternate choices vary, the user can select the
option which will give him the results he desires in a minimum
amount of time.

The programs will also notify the user if he has selected
to use a routine that could possibly yield inaccurate results if
used incorrectly. 1In these cases, instructions and recommendations
are provided the user which, if followed, can assure the user of the
most accurate results.

It should be stressed that while these programs were written
to aid the user, they were not written to run without supervision.
This is because the computer is limited in its abilities; it is very
good at making repetitive calculations and comparisons rapidly and
accurately. The human operator has available, however, his
experience and judgement—qualities that cannot be programmed into
any computer, no matter how complex, When the computer and human
user are properly interfaced, it is possible to do a larger quantity
of high-quality work rapidly, than either could do alone.

An important facet of the program design are the measures
that were taken to assure program availability. While the computer

is always available and can be called on on demand, the computer
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requires an instruction set before it can act. These instruction
sets are the programs described in this report. The programs are
stored on a magnetic tape and can be loaded into the computer
memory to be executed whenever the user desires--provided that the
programs are on the tape in a complete, operational form.

There are two ways that a mass storage device, in our case
magnetic tapes, can be addressed. The first is to read data from
these tapes; the second is to write data to these tapes. Reading
data (programs and/or alphanumeric data) from a tape is non-
destructive, i.e., when data is transferred from a tape to the
computer memory, the data remains on the tape. Writing data to a
tape, however, is destructive; any data previously on the tape in
the position where writing occurs is destroyed as the data being
written replaces it., For this reason, it is always necessary to
ensure that data is not written to a tape where important and
possibly irreplacable data resides.

Even the most experienced user can make a mistake, and the
inexperienced user can be expected to do so as he becomes familiar
with the computer. The underlying philosophy was, therefore, to
design the system to provide maximum protection for data stored on
tape. This was accomplished by classifying data according to its
relative importance and replacability, and storing different classes
of data on separate tapes as we now describe.

Class 1 data is that data which is essential to system

operation and that is the hardest to replace. This class of data
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consists of the programs comprising this software system. All
Class 1 data is stored on a single tape designated as a Program
Tape. This tape is manually write-protected and cannot be written
to under any circumstances; it can only be read. This eliminates
the possibility of accidental erasure of all or part of the
contained programs unless the tape is deliberately write-enabled.

Class 2 data consists of gamma spectra. These spectra are
considered important, but not necessarily irreplacable. Spectral
data may reside on any tape designated as a Spectrum Data Tape.
Since data must be written to these tapes when it is transferred
from the MCA, these tapes cannot be manually write-protected at all
times, The programs have been designed, however, so that these
tapes need only be write-enabled during the execution of the data
transfer program. At all other times, the tapes may be write-
protected, and will only have to be write-emabled when another
spectrum is to be dumped to them. When this is the case, the
controlling program automatically finds on the tape the first empty
file available for storage. This frees the user from the possibility
of data erasure due to improper file selection. There are two
possible exceptions to this statement, Both occur in the data
receive program and are described in the next chapter and in
Appendix D (Operating Instructionms).

Class 3 data consists of all easily replacable data such
as calibration data and intermediate results of program runs. This

data resides on a tape designated Scratch Data Files; this tape
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must be write-enabled at all times. If all or part of this data
is accidentally erased, it can be easily replaced under program
control. In the worst possible case, a complete erasure of the
tape--the user need only reformat the tape (instructions on how to
do this are given in Appendix C) and rerun the programs that had
been run prior to erasure, a process taking only a few minutes,

Additionally, programs that output data to tape files
automatically write this data to predetermined (fixed) files or to
files selected under program control. This frees the user from the
worry of directing data to the wrong file.

Finally, one further precaution was taken. As stated
previously, in addition to the 4051 internal tape drive, a second
unit, the 4924 tape drive, is on-line at all times to the computer.
The programs have been written so that all data to be written to
tape is directed to the tape in the 4924 tape drive--and the only
tape that ever need be inserted in the 4924 drive is that containing
Class 3 data. Again, this makes accidental erasure of important data
difficult, There is one exception to this direction of data,
however. The program that controls the data transfer from the MCA
to the 4051 requires that the write-enabled tape to receive the data
be in the 4051 internal tape drive. In this case, the precautions
under Class 2 data protect the tape from accidental erasure by the
user,

From the above the user can see that the system programs
and the data acquired on tape are inherently secure. There are

times, however, when a user might wish to access Class 1 and 2 data
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tapes in a write-enabled mode, such as during a program modification.
Regardless of the precautions taken, an error will eventually occur.
For this reason, a complete backup tape containing the programs is
always maintained. This backup ensures uninterrupted program
availability in the event of an error causing accidental erasure.
For safety's sake, no two Class 1 tapes should ever be write-enabled
at any time and no Class 1 data tape should be used for program runs
until the user is sure that a complete, operational backup tape is
available., Following these procedures has allowed for rapid
recovery from errors made during the development of these programs.
In any event, complete listings of all programs in this package at
the time of this writing are included as an appendix to this report;
the programs can be replaced by hand if necessary.

Finally, the programs in this system have been written to
accomodate the user who might wish to modify the programs at a later
time. All programs contain Remark statements (equivalent to the
FORTRAN comment card) in profusion. These statements provide the
programmer with information on exactly what function a series of
statements performs. Between these Remark statements and the
simplicity of the BASIC language, modifications to the programs by
the somewhat experienced programmer should be effected with a
minimum of difficulty. The user who is not familiar with the BASIC
language or the operation of the 4051 computer should not attempt to
make modifications to the programs; this would likely lead to a

costly mistake.
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Summarizing, it is believed that the program system
written satisfies the requirements of the users at the Nuclear
Science Center. Detailed descriptions of the programs are given

in the next chapter, and the results obtained by their use during

tests are shown in Chapter 4.



CHAPTER 3

PROGRAM DESCRIPTIONS

The software for automated spectral analysis consists of
ten separate programs. In this chapter we give descriptions of
the operation of each program; detailed operating instructions are
given in an appendix.

Three computer tapes are required to run these programs:

1. "Program Tape' - This tape contains the programs

described in this chapter.

2, "Spectrum Data Tape" - This tape is used to store
spectral data transferred from the MCA. Data is
recalled from this tape for analysis. Note that
additional tapes may be added to the system as the
ones in use are filled.

3. "Scratch Data Files" - This tape holds intermediate
results of program runs.

The system allows processing of 1024, 2048, or 4096 channel
spectra. All programs may be run at one sitting or as time allows.
In several cases, programs must be run in a specific order to yield
correct results., This is because only the results of the most
recent run of a particular program are stored on the scratch data
tape. This stored data is then recalled for use by the next program
in the series. For example, a run of the "List Results of Peak

Search" program will not yield the correct peak energies unless the
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the user has first run the "Calibration Routine" program, entering
to it the calibration data associated with the spectrum being
analyzed. Figure 3-1 shows the order in which the programs may
be called. Solid lines indicate the order in which programs must
be called from the directory to yield the proper results. Dotted
lines indicate that any program may be called from the directory,
as long as the results of the previous program in the series are
present on the scratch data tape.

Note that while the programs were written to run inter-
actively with the user, the user need not always be present during
execution, If the user is not present when the computer sends a
prompt for information, the program will wait for a user response
before continuing with program execution.

The following lists the programs in the order that they are
stored on the Program Tape. The descriptions given in this chapter

in this same order.

File Number
1. "Directory"
- allows the user to request a program to be run,
2. "Receive Spectrum from Ortec”

- allows the user to transfer spectral data from
the Ortec MCA to the Spectrum Data Tape.
3. "Calibration Routine"
- allows the user to enter calibration data to be

used to calculate peak energies.
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Directory :
1
i ) Receive Spectrum
S N ! from ORTEC
i ! Quantitative
} ! Analysis mod 1
i Calibration i Select ROIs
| Routine |
| bomommmoeeos
! Display Data
Tape Contents
i
Quantitative
Analysis mod 2
Peak
| Search
|
S e =
Lists Results
! of Peak Search
| S, —>
Isotope
Identification
Figure 3-1

Program Calling Sequence
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File Number
4, "Peak Search"

- allows the user to search a spectrum for
peaks either automatically or under user
control,

5. "List of Results of Peak Search"

- uses the results of the most recent peak
search and the most recent calibration to
calculate peak energies and produce a table
of results,

6. "Isotope Library"

- a library of nuclides and associated gamma-
ray energies that is used by the isotope
identification program. This module is not
an operating program in itself.

7. "Isotope Identification"

- uses the results of the peak search and the
isotope library to perform a qualitative
analysis on the sample being analyzed.

8. "Quantitative Analysis 1: Select ROIs"

- allows the user to manually select beginning
and ending channels for a peak region-of-
interest to be used for quantitative analysis.

9. "Quantitative Analysis Module 2"

- uses the ROIs entered in program 8 to do a

comparator type quantitative analysis on a

group of selected samples.
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File Number
10. "Display Data Tape Contents"
- allows the user to scan a spectrum data tape
and produce a printout of descriptive
information about the spectra on that tape,

We will now describe each program individually.

Program Descriptions: ''Directory" Program

The directory program is the first program on the program
tape, stored in tape file number 1. This program is initialized by
inserting the program tape in the 4051 and pressing the AUTO LOAD
button. A list of the available programs on the tape is displayed
in the format of a "menu" and the user is asked if he would like to
run a program. A "yes" response causes the program to prompt the
user for the file number of the desired program. Entering the
correct number causes the desired program to be located, loaded into

the computer memory, and executed.

Program Descriptions: '"Receive Spectrum from Ortec" Program

This program resides in file 2 of the Program Tape. It allows
the user to transfer data from the memory of the Ortec MCA to a file
of a Spectrum Data Tape in the 4051 internal tape drive.

This program offers the user three methods for selection of
a file on the Spectrum Data Tape to receive the data. The first is
an automatic mode in which the first available file for storage is
located under computer control. The second mode allows the user to

reuse an existing file containing no longer needed data; the third




allows the user to erase all or part of the tape for reuse. These
three modes allow the most efficient use of the storage space
available on a tape. Note that the use of the second two modes
should be made with caution to avoid accidental erasure of
irreplacable data., Warning messages to the user are delivered by
the program when either of these modes is selected.

The Spectrum Data Tape to be used for storage is formatted
in the following manner. Even number files are used to contain the
gamma spectra; the size of these files depends on the length of the
spectra stored in them. Preceding each file containing spectral
data is a file of fixed length containing descriptive information on
the following spectrum; this file contains a spectrum label, initials
of the user transferring the data to the tape, date and time of the
transfer, the number of channels in the spectrum, and a decay time
for the sample, in seconds, This information is requested of the
user by the program before a transfer of data is allowed.

The program allows the transfer of full spectra only; these
spectra may be 1024, 2048, or 4096 channels in length. The front
panel controls on the MCA must be properly set in order to have a
complete data transfer take place. Instructions on the proper
settings are provided the user by the program. A special note of
caution is included here regarding one of the requirements: before a
complete data transfer can be affected it 1is necessary that all
regions-of -interest in all memory locations be cleared on the MCA.

Failure to do this will cause an incomplete data transfer that will
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go undetected by the computer and likely the user. It is also
possible that this error could remain undetected by the programs
throughout a complete qualitative analysis. The results of the
program runs would therefore be erroneous, but no indication of this
would be provided the user by the programs.

The user will eventually receive a Magnetic Tape Error #54
error message during a run of this program. This error is expected
and is an integral part of the program, indicating that the Spectrum
Data Tape in use is filled and can store no more spectra, unless, of
course, the tape is recycled or an existing file is reused. A single
tape can hold up to 8 - 4096 channel gpectra if only 4096 channel
spectra are stored on the tape; likewise, the tape can hold up to
16 - 2048 channel spectra or 32 - 1024 channel spectra. The actual
number of spectra the tape can hold will depend on the mixture of
these lengths present.

When the program has finished executing, it remains in the
computer memory., This is so because the user may wish to transfer
several spectra in succession. In this case, the user saves time
by not having to reload the program into memory for each transfer.
This program is written to receive data only from the Ortec 6240B
MCA. It is possible to modify the program to allow other MCAs to be
used with the system. However, the modifications made will depend on
the MCA selected. These modifications should be made only by a user
familiar with the operation of the 4051 computer and the Tektronix

Data Communications Interface.
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Program Descriptions: "Calibration Routine" Program

This program resides in file 3 on the Program Tape. Its
function is to allow the user to enter calibration data to be used
by a subsequent program for peak channel to energy comversioms.

Calibration data is obtained by the user directly from the
display screen of the Ortec MCA. The program prompts the user to
enter this data; i.e., peak channels and associated energies. This
method of data entry and acquisition was selected because it offered
the advantage of being considerably faster than any alternative
method.

The program will also request the user to enter a reference
label to describe the calibration data, the initials of the user
performing the calibration, and the date and time that the
calibration was performed. Once all data has been entered, it is
fitted by the linear least squares method. A calibration equation
is then printed out for the user's records, and the coefficients of
this equation, as well as the descriptive information entered, is
written to a scratch data file.

Up to 20 calibration peaks may be entered to the program.
The linear fit performed on the data provides a very accurate
calibration, partially due to the extreme linearity and stability
of the MCA and associated electronics, The more peaks entered to
the program, the more accurate the resulting calibration; however,
satisfactory calibrations can be obtained by entering as few as

2 or 3 peaks. If possible, peaks from the low, middle, and high
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energy range of the MCA should be entered to the program to obtain
the most accurate peak energy determinations at the low- and high-
energy extremes.

The programs in the system work with gamma energies in KeV
only. For this reason, it is necessary to enter all peak energies
to the program in KeV,

Note that only one, the most recent, calibration is available
on the scratch data tape at any time., Before a spectrum is searched
for peaks, the user must ensure that the calibration information on
this tape is the correct information to be used for the spectrum
being analyzed. For this reason, the user should always keep a record
of calibration data used, and the labels of the spectra acquired
under this calibration. This calibration information can then be
entered via this program prior to the analysis of any of these spectra.
Of course, if several spectra analyzed in succession were taken with
the same calibration in effect, this program need only be run once,
since after this rum the correct data for all of the spectra will be
on the scratch tape.

When this program finishes executing, system control is
automatically passed to the Directory program to await the next user

program selection.

Program Descriptions: 'Peak Search” Program

The peak search program resides in file 4 on the Program
Tape. This is the largest and most complex program of the system.

The function of this program is to allow the user to locate peaks
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in a sampling spectrum. Once the peaks are located, subsequent
programs calculate the peak energies and perform a qualitative
analysis of the spectrum if the user requests.

The program provides three methods of peak location. We
will discuss each of these methods in turn.

The first method available is referred to as the AUTO or
automatic peak search. When this method is used, a sample spectrum
is scanned for changes in the content of adjacent channels. A
shifting register of five adjacent channel contents is maintained
by the program. A peak is located when the content of the middle
channel (defined as P3) of the register is greater than the sum of
the average register content (H) and its standard deviation

1/

(approximately by H 2) multiplied by a user-supplied factor (M9):

Peak criterion: P3 > H + M9 * Hl/2

in which
H = (1/5) [f (register channel contents)]

If a peak is indicated, the five-channel register is scanned
to ensure that the middle channel is the channel of maximum content
in the register. If it is, a peak is confirmed; it is not, this
indicates that a peak has not been found. In either event, the
register is then shifted one channel and the search continues.

The peak search algorithm used is very simple, but it is

capable of delivering excellent results. The success of the automatic
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peak search lies in the proper selection of the "sensitivity" factor
by the user. A value of 3 will usually provide satisfactory
results, and the program recommends to the user a value between

2.8 and 3.2, In cases of low-level, poor-statistics spectra, a
lower value can be selected, hence making the search more sensitive;
in the case of spectra with strong, well-defined peaks, a higher
value may be selected for a less sensitive search. The higher the
value of this parameter, the few spurious peaks that will be
detected; also, however, the possibility of a valid peak going
unrecognized is increased. Likewise, a low value for this parameter
will almost ensure the detection of all true peaks, but at the cost
of having more spurious peaks indicated.

Since there is the possibility of error im the automatic
peak search, the user must be able to determine the "goodness" of
the peak search results. For this purpose, the high-resolution
graphics capability of the 4051 is indispensible. The gamma spectrum
being analyzed is first plotted on the 4051 display. As the peak
search progresses, peaks are labeled as the program "finds" them.
At the conclusion of the search, the user can inspect the results
and determine if the results meet his requirements. If not, he can
rerun the search, either automatically with a different value for
the sensitivity parameter, or with one of the alternmate available
methods. He also will be provided with a hardcopy of this plot;

this gives him an indication of the trivial or spurious peaks
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ljocated, and he can use this information when interpreting the
results of later program runs.

The automatic peak search routine has both its advantages
and its disadvantages. One of the advantages is the fact that when
it does indicate a peak, the channel of maximum content is recorded
accurately (this is indicated by our tests of the programs; see the
Results Chapter). The major disadvantage is that this routine takes
the longest of all routines available to execute; in fact, in a
"yorst case" situation (i.e., a complex 4096 channel spectra), it
will take longer to execute than any other program in this package.
This slowness can be attributed to the design of the program, which
was constrained by the lack of available memory, and to the
relatively slow operating speed of the computer's central processing
unit. A minimum of three passes must be made through the spectral
data when this routine is used; the first to determine a data maximum
for scaling of the plot; the second to actually plot the data, and
the third to perform the peak searech. In the worst case, the routine
can take in excess of twenty minutes to execute, Fortunately, since
the process is automatic, the user need not be present while the
search is being performed.

The second peak search method is referred to as the MANUAL
peak search. When using this option, the user rather than the
computer is responsible for locating peaks in a spectrum. The use of
this routine offers several advantages. First, this routine executes

considerably faster than does the automatic routine. It also allows
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the user to visually locate the peaks, a process considerably more
accurate and reliable than the automatic peak search algorithm used.

The powerful graphics capability of the 4051 is again
invaluable to the operation of this routine. As in the automatic
peak search, the spectrﬁm is scanned twice to yield a scaled plot
of the spectrum on the display screen. At this point, the user is
supplied with a cursor in the form of a blinking arrow which may be
moved to any position on the screen by the use of pre-defined user-
definable keys. The user positions the arrow so that it is pointing
at the maximum of a peak, then presses another user-definable key to
enter the peak. The program then labels the peak indicated by the
user with a reference number. The user continues this process until
all desired peaks are entered. Besides saving time, the use of this
routine virtually assures the user of the results he requires.

As with any computer routine, however, the manual peak search
has its drawbacks. The most serious is as follows. In order to allow
positioning of the arrow cursor on the display screen, the screen
is discretized into a fine grid. In most cases, the adjacent points
on this grid are so close togehter that very little apparent cursor
movement is discernable by the user as he moves from onme point to
another. In order to enter a peak accurately, the user must position
the tip of the arrow as close to the peak maximum as possible.
Consider the following situation: The horizontal (channel) axis is
broken into an array of 1000 equally spaced points, and the cursor

can be positioned at any one of these values. Note that if a 4096
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channel spectra is plotted on the screen, moving the cursor just
one unit corresponds to a move of 4+ channels; in other words, if
the user positions the cursor even one unit off the peak maximum,
he is in effect missing the peak by more than four channels. When
dealing with high-resolution Ge(Li) spectra, an error of this
magnitude must be considered serious. Ways to minimize the
magnitude of this error had to be devised in order to have the
manual peak search function usefully.

An option was designed to allow the user to "peaksearch"
not only an entire spectrum, but also one or more parts of a spectrum
in succession. For example, the user may select to search channels
500-1500 of a spectrum only, or maybe channels 500-800, followed by
channels 900-2000, followed by channels 3100-3500, and so on. The
use of this option (called region-of-interest search by the program)
offers the user several advantages, and may be used in conjunction
with the automatic as well as the manual peak search.

Use of the region-of-interest (ROI) search option is the key
to obtaining good results from the manual peak search. When the
manual peak search option is selected, the program issues warnings
to the user of the possible errors encountered when using the routine.
The program then recommends that the user select the ROI search
option and break the spectra into components containing no more than
1000 channels. The program will then plot each selected spectrum
region on the display screen in turn, Note that in the case of 1000

channels on the screen, however, the movement of the cursor of ome
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grid unit, or 1/1000 of the plotted range, corresponds to a move of
only one channel. In addition, the user is able to see more change
in the position of the cursor as it is moved only one unit in the
horizontal direction. The user is able to point more accurately

at the peak maximum, and if he positions the cursor ome unit off,

he is missing the peak by only one channel. This magnitude of error
is one that the system can handle fairly easily.

When the manual peak search is concluded, that is, after all
selected regions have been plotted and searched, control is transferred
to a limited peak correction routine. The program scans a seven
channel region of the spectrum centered on the peak channel entered by
the user. If the content of any channel in this region exceeds that
of the user-entered channel, the channel of maximum content replaces
the user-entered channel. In this way, for the case of 1000 channel
ROI searches, the user could miss the peak by 3 channels and still
obtain the correct results. Accuracy can be improved even more by
using a smaller region of the spectra for the search. Tests of the
program have indicated, however, that excellent, reproducible results
can be obtained using the procedure outlined above.

Before we leave our discussion of the manual peak search
option, let us mention one other important fact that must be borne
in mind when using this option. Peaks should always be entered from
low to high energy; i.e., from left to right. Subsequent programs
in the series must have peak arrays arranged in ascending order to

function properly. Failure to process the peaks in this order can
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lead to unpredictable results, Also note that no more than 50 peaks
may be entered per program run,

Although the manual peak search option offers significant
advantages over the automatic search, it can still require more
time to execute than the user would like to spend. For this reason,
a streamlined method for entering peaks was included in the program.

This third option is not actually a peak search at all.
The user locates spectrum peaks on the display of the MCA, recording
peak channels and the counts in these channels using the alpha-
numeric display capability of the ORTEC MCA. The program will then
follow him to enter these peak channels and counts as he is prompted.
After the peaks are so entered, the program treats them just as it
would peaks specified by either of the two other options available,
thus making them available to the other programs in the system.

This routine, called a Keyboard Entry peak search, takes
at most a few minutes to run, and the accuracy depends only on the
user's ability to properly record data from the MCA display. Though
it is the simplest method for entering peaks, it is believed that it
will be the method which is used the most, because of its simplicity,
its accuracy, and its short execution time. Note that no plotted
output is provided by this routine, and that, as before, peaks must
be entered from low to high energy, the number of peaks entered not
to exceed 50, Also note that to use this option, the spectrum for
which information is entered must still have been transferred to a

file on the Spectrum Data tape. This is required so that in the
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event of any program failure, the gamma spectral data must remain
available in some form, and a hand analysis can be performed if
pecessary.

When the peak search program has finished execution, the
next program in the series is automatically called; that program
uses the results of the completed peak search as well as the
calibration data resulting from the most recent run of the
calibration routine to calculate the energies of the peaks entered

and to print out the results of the peak search for the user.

Program Descriptions: "List Results of Peak Search" Program

This program is stored in file 5 of the Program Tape. Its
function is to convert the peak channels resulting from the most
recent run of the peak search program into peak energies using the
calibration information entered during the most recent run of the
calibration routine. It also provides the user with an output list
of the results, indexing peaks by the label reference number assigned
to them in the peak search routine. The list includes peak channels,
counts, and energies in KeV, as well as descriptive information on
the spectrum searched and the calibration used. The program also
creates a file on the Scratch Data Files tape containing the
information needed by the Isotope Identification program.

This program is called automatically at the termination of
the Peak Search program; it may also be called automatically from

the directory if so desired, provided that the peak search and
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calibration data stored on the scratch tape is the correct data
to be processed by this program. When the program finishes

executing, it automatically returns to the directory.

Program Descriptions: '"Isotope Library" Program

The isotope library is stored in file 6 of the Program Tape.
This library is not a functioning program in itself; it is a set of
BASIC data statements containing information on nuclides of interest.
The data statements are in a format which allows them to be
appended to the Isotope Identification program during the execution
of that program.

The library was constructed on the basis of the information
contained in the "Gamma Spectra and Nuclide Identification

Catalog"(6)

compiled by Geoffery Gleason of Oak Ridge Associated
Universities. The data reflects a partial listing of isotopes and
the gamma rays associated with them that are seen relatively often
in the course of gamma spectral measurements. The isotopes included
in the catalog were selected on the basis of:

1. dimportance in Neutron Activation Analysis,

2, commercial availability,

3, use as standards,

4, use in medical applications, and

5. naturally occurring nuclides.
All gamma energies are expressed in KeV, The gamma rays associated

with the included nuclides may be only partially listed as the

catalog contains only the most prominent gamma rays for each.
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Each nuclide in the library has associated with it a "key"
gamma, that gamma being the one selected as being most characteristic
of the muclide by the authors of the catalog. Also included in the
catalog and the program library are: 1) absolute gamma intensities
(expressed in percent), 2) parent or daughter isotopes along with
their associated "key" gammas, if any, and 3) nuclide half-lives.

Information is available in the catalog for 170 nuclides;
the isotope library currently contains information on 168 of these
nuclides, The two remaining nuclides were omitted on the basis of
the unlikelihood of their presence in samples normally encountered
at the Nuclear Science Center. Nuclides may be added to or removed
from the library as needed. All information available from the
catalog for each nuclide included was made a part of the isotope
library for completeness. The absolute gamma intensities are never
used during the course of any program, but they were included so that
they would be available in the future if a program were ever written
to require their use.

Data is arranged in the library in order of decreasing energy

of the "key" gammas, This order is necessary due to the structure
of the Isotope Identification program,

The library was constructed with future modification or
expansion in mind. While it is believed that this library is
currently a good general use library, it may not contain the data om
a nuclide of interest to a user; likewise, it may contain more data
than a user who would like to restrict possible results would like.

Detailed instructions on the procedure to modify the library are
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included in an appendix to this report. It is stressed that
modifications should only be attempted by a user familiar with
the operation of the 4051 camputer.

A list of the isotopes currently included in this library

is also included in an appendix.

Program Descriptions: "Isotope Identification' Program

This program resides in file 7 of the Program Tape. The
program is called from the directory and uses the results of the
List Peak Search Results program to perform a qualitative analysis
on the sample being processed.

The only input this program requires from the user is that
he input an "acceptance range' for nuclide identification. The
function of this parameter is as follows.

Two sets of data are at the heart of this program. These
sets are the peak energies resulting from a run of the List Peak
Search Results program and the "key" gamma energies included in the
isotope library. The function of the program is to compare the
peak and library energies. Theoretically, when a peak energy equals
a library energy, this indicates that the nuclide emitting the
library energy is likely a contributor to the spectrum being
analyzed. In reality, library and measured peak energies rarely,
if ever, are exactly equal. The difference can be attributed to
several causes, including the characteristics of the gamma detection
equipment in use, the '"goodness" of the channel-energy calibration,

and possible errors in the cataloged gamma energies. For these
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reasons, a measured peak energy is compared to a range of values,
centered on the library energy being used in the comparison, When
the user enters an "acceptance range", he sets the width of this
comparison interval, and hence controls the sensitivity of the
routine. This can best be illustrated with an example.

Assume the program is currently searching for a "match"
for a measured peak energy of 2000 KeV, and that the user has
entered an acceptance range of 1 KeV, Assume that the first library
energy encountered is 2002 KeV. 1In this case, the range of values
that the peak energy must fall in for an energy "match" to occur is
2002-1 to 2002 + 1; i.e., 2001 to 2003 KeV. Since the measured
gamma energy does not fail in this range, a match does not occur
and the program contimues to scan the library for other possible
matches. Assume the next library energy encountered is 1999.5 KeV.
The acceptance range in this case is 1998.5 to 2000.5 KeV. Since
the measured gamma energy falls within this range, an energy match
occurs and the nuclide associated with the library energy is tagged
as a possible contributor to the spectrum.

The program scans the isotope library one time, from high to
low energy. The reason for this order is that high energy gamma
rays are more unique to a given muclide, and an energy match in this
range indicates the presence of the nuclide in question with greater
reliability than a low-energy match., This is also the reason that it
is important for energies to be entered during the Peak Search program

from low to high energies. The program processes the resulting array
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of measured peak energies in reverse order. An out-of-place energy
can cause some energies to be bypassed with no valid comparisons
occurring.

If an energy match occurs, the program then compares the
measured peak energies with any additional gammas (i.e., other than
the "key" gamma) which are associated with the "matched" muclide in
the library. If additional gamma energy matches are found in this
step, the gamma energies being processed are tagged as "confirmation"
gammas; i.e., gamma energies present in the spectrum that support
the tentative nuclide identification based on the original energy
match, If a parent or daughter product is associated with the nuclide
in the library, the program then scans the measured gamma energies
for the key gamma associated with this product. If an energy match
occurs, the program tags the product nuclide and associated gamma as
additional confirmation of the original energy match.

Note that the measured gamma energy array is scanned for
every library energy processed. For this reason, a single energy
match does not preclude the possibility that more than one muclide
could be contributing to a peak, nor are problems caused when two
measured gamma energies are very close together, The library scan
continues until the end of the library is reached.

The output produced by the program includes an identification
of the spectrum being processed, tentative nuclide assigmments
(including library key gamma, measured gamma, nuclide symbol, and

nuclide half-life), associated confirmation gammas, if any, and
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parent or daughter product gamma matches (including parent or
daughter label, nuclide symbol, associated library gamma energy,
and measured gamma energy), if any.

Very good results have been obtained with this program as
illustrated in the Results Chapter, Still, the results must be
inspected and interpreted by the user to yield the most accurate
information. Because of the nature of the data and the architecture
of the program, it is possible to have incorrect nuclide assigmments
made, or to have a contributing nuclide remain unidentified. There
are several causes for these inaccuracies, among them the fact that
library energies may be inaccurate, the calibration may be poor, or
two nuclides emit gammas of almost equal energies. The width of
the acceptance range heavily influences the qualify of the results.
A wide range increases the possibility of incorrect nuclide
assignments; a narrow range increases the probability of a true
contributing nuclide being discarded. An acceptance value in the range
of 1.0 to 1.5 usually yields very good results. Still, the above
inaccuracies considered, the program allows the user to perform a
reasonably accurate, reliable analysis. The use of confirmation
gammas and parent/daughter identifications, as well as the inclusion
of the nuclide half-lives on the output from the program, allow the
somewhat experienced user to quickly spot those tentative nuclide
assigments most likely to be correct, as well as those likely to be
incorrect. In addition, by the use of the list of peak energies

provided at the end of the peak search, the user can quickly determine
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if a major peak in the spectrum was bypassed by the program for any
reason, and can attempt to account for its exclusion.

The program takes only a few minutes to run. 1In the event
the user is unsatisfied with the results of a given run, he can
rerun the program using a new acceptance value with little loss

of time.

Program Descriptions: ''Quantitative Analysis 1: Select ROIs"
Program

This program is stored in file 8 of the Program Tape. It
is the first of two programs that together allow the user to perform
a qualitative analysis on a set of selected sample spectra. This
program is called from the directory and is independent of the
results of any previous program run, The program is designed to be
the 'setup' program for the next program in the series. It is
written to function in a highly interactive mode with the user,
using both alphanumeric and graphical input techniques.

In the course of the program run, the user is required to
enter the following information:

1. number of samples to be analyzed

2, file number of the standard sample spectrum

3. file numbers of the unknown samples

4., mumber of peaks to be used in the analysis

5, for each peak: a) peak channel in standard spectrum

b) isotope corresponding to peak

c) isotope halfelife in seconds
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d) element corresponding to measured
isotope

e) amount of this element in the
standard

f) units corresponding to this amount

Note that up to 10 samples may be processed per program run,
and up to 10 peaks may be processed in each sample, thus allowing
the user to analyze for up to 10 elements per sample per run. Also
note that all spectra to be analyzed, including the standard, must
be stored on a single Spectrum Data Tape.

After the requested information has been entered, the
program locates the file containing the standard spectrum. The
standard is used to select peak regions-of-interest, or ROIl's; i.e.,
those channels in the region of a peak that will be used to calculate
peak areas or integrals. Note that the ROI's entered for the
standard spectrum will be used in the subsequent analysis of all
spectra,

The ROIs are set by the user in the following way: the
program uses the values of the peak channels entered by the user,
each in turn, Taking a peak channel, the program reads from the
standard spectrum file 41 data values, consisting of the contents of
the peak channel and the contents of twenty channels to either side
of this peak. These data are then scaled and plotted on the computer
display screen. At this point, the user is given control of a movable
narrow cursor, similar to that described in the Peak Search program

description, The user moves the cursor via user-definable keys. He
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first points the cursor at the channel he wishes to begin his ROI,
the points at the channel to end the ROI, entering each channel via
another user-definable~key. The program will print for the user
messages indicating the peak currently being processed, the peak
channel, and the beginning and ending ROI channels. Note that the
peak channel is only printed after the program has scanned a 7
channel region of the spectrum centered on the user-entered peak
channel in order to ensure that the user entered the correct peak
channel.

The process outlined above is repeated until all peaks
requested by the user have been processed. When finished, pertinent
data is written to a file on the Scratch Data Tape to be recalled
for use by the next program, which is called automatically by this
program when finished execution.

Several aspects of the operation of this program should be
mentioned., First, as stated before, all spectra to be included in
an anlysis must reside on a single data tape; in addition, all
spectra to be analyzed must be the same length, Of course, it is
also necessary that all spectra be acquired using the same MCA
calibration,

Because of the structure of the program, ROIs may not be
processed for the following cases:

if the peak channel is < 21 or > 1003 for 1024 channel spectra

if the peak channel is < 21 or > 2027 for 2048 channel spectra

if the peak channel is < 21 or > 4075 for 4096 channel spectra
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This constraint is expected to cause no problems to the user since
a quantitative analysis would rarely, if ever, be based on data
acquired at these spectrum extremes.

When the user enters the peak channels to be processed by
the program, he must enter these channels in ascending order. All
isotope half-lives must be entered in seconds. The program allows
the user to have access to the computer for use as a 'super calculator"
prior to the entry of these half-lives.

Sample spectra need not have been accumulated for the same
count time, nor do the samples have to be decayed for a fixed length
of time; the program automatically corrects for these differences
by processing the data in a counts/unit time format. It is necessary
that all samples be subjected to the same irradiation conditions
prior to counting.

The program provides detailed instructions to the user
through out the run, including definitions of all user-definable-keys
to be used, valid ranges for regions-of-interest, etc. Upon
termination, this program automatically calls the next program in

the series to complete the quantitative analysis.

Program Descriptions: '"Quantitative Analysis Module 2" Program

This program resides in file 9 of the Program Tape. The
function of this program is to perform the computations required for
a quantitative analysis using the results of the first program in the
quantitative analysis series. This program is executed automatically

upon completion of the previous program.
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No user input to this program is required.

The program functions in the following way: Using the ROI
parameters entered by the user in the previous program, the program
finds the files containing spectra requested for analysis. From
each of these spectrum files it recalls the data in the requested
regions-of-interest. These data, are then used to perform the
calculations, described in the following paragraphs.

Gross integrals for each ROI are computed by summing the
contents of the channels included in the ROI. A background integral
is computed for each ROI by averaging the contents of the first
and last channels of the ROI and multiplying the result by the
number of channels in the ROI. Net integrals are then calculated
as the difference between the gross and background integrals. The
resulting net integral arrays are converted from net counts to net
counts per second by dividing the net count integrals by the spectrum
count time. This normalizes the data, compensating for differences
in spectrum acquisition times. The resulting net integral arrays

are then corrected for decay using the equation

in which
Ao = computed net counts/second of the undecay-corrected
sample
A = isotope decay constant, computed using the relation
A = 1n(2) /T and based on the half-life (T) of the

isotope corresponding to the peak being processed.




46

t = sample decay time measured from the end of the
irradiation to the beginning of counting. This
decay time is entered when the spectrum is dumped
from the MCA.

When all spectral ROI data has been processed as described
above, the unknown sample net integrals are ratioed with the net
integrals for the standard sample. The resulting ratios are then
multiplied by the associated amounts of the element-of-interest
in the standard to yield the final results for each sample. A
report is then printed for the user that includes the following
inf ormation:

For the standard -

sample label

spectrum length

count time

decay time

user initials, date and time of spectrum acquisition

For each peak -

element-of-interest corresponding to the peak

amount of the element computed to be in the sample

isotope the measurement was based on
This same information is output for each unknown sample, and continues
until each requested sample has been processed.

Note that if a decay time of 0 seconds is entered for a sample

at the time of transfer from the MCA, no decay correction is performed.
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This should only be the case where the sample decay time is small
compared to the half-lives of the isotopes used in the analysis,
or when decay times are unknown but assumed to be constant. Also
note that if a resulting net integral is negative, the integral
is reassigned a value of 0, since a negative integral has no real
meaning.

Excellent results have been obtained with this program as
shown in the Results Chapter. It is noted that the program may be
used for purposes other than the standard qualitative analysis;
applications include cross-calibration of gamma reference sources
and the determination of peak half-lives using successive counts of

a sample,

Program Descriptions: '"List Contents of Data Tape" Program

This program is stored in file 10 of the Program Tape and
is currently the last program currently available in this package.
The program was provided as a convenience to the user.

The program is called from the directory. The user need
only follow the instructions provided by the program to obtain a
list of the contents of a specific data tape. The following
information is printed out for each file on the data tape:

file number

stored spectrum length

stored spectrum label

user transferring spectrum data to the tape from the MCA
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time and date of data transfer to tape

sample decay time in seconds
The listing will continue until the last file on the tape has been
processed., If the tape is full, a message to that effect is printed
for the user.

Nofe that if a file labeled "NEW" (meaning empty) is in any
position other than the last file on the tape, this program will not
execute correctly. This situation should not, however, occur during

normal operation of these programs,



CHAPTER 4

RESULTS

This chapter contains examples of the results obtained
using the programs described in this report. As stated previously,
the results obtained have generally been very good; it is believed
that these programs will satify the current requirements of the users

at the Nuclear Science Center.

Calibration Routine

To illustrate the results obtained from this program, the
following was done:

1. The calibration program was run using calibration
data acquired on two standard gamma-ray sources,
60Co and 137Cs.

2., The peak search program was run for several spectra
acquired for known gamma-emitting isotopes.

3. The known peak energies of the gamma-emitting
isotopes analyzed in step 2 were compared to the
energies calculated by the program on the basis

of the data entered to the calibration program,

These results are listed in Tables 4-1 and 4-2.

Peak Search

To illustrate the results obtained from the Peak Search

program the following was done:

49
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TABLE 4-1

DATA ENTERED TO CALIBRATION PROGRAM

Standard Gamma Energy Peak Channel

Isotope (KeV) MC4)

137 ¢ 662 662
60Co 1173 1173
60Co 1332 1131

* Calibration equation returned by program:

Energy (KeV) = 1.001 * channel - 0.856

TABLE 4-2

COMPARISON OF KNOWN GAMMA ENERGIES
TO THOSE CALCULATED BY PROGRAM

Gamma Energies Gamma Energies

Known Isotope (known) (calculated) AE
22y, 511 KeV 510.7 KeV 0.3 KeV
1274.5 KeV 1274.6 KeV 0.1 KeV
Sn 834.8 KeV 835.1 Kev 0.3 KeV
1333a 81 KeV 80.2 Kev 0.8 KeV
223.2 FeV 223.4 KeV 0.2 KeV
276.4 KeV 276.5 KeV 0.1 KeV
302,9 KeV 303.5 Kev 0.6 Kev
356 KevV 356.5 KeV 0.5 KeV
383.9 Kev 384,.6 KeV 0.7 KeV
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1) Compared peak channels taken for several spectra from
the MCA screen to the peak channels returned by the program., This
was done for each of the three peak search modes available
(Automatic, Manual, and Keyboard Entry) to illustrate that when
properly used, the peak search routines will return accurate peak
channels., These results are given in Table 4-3.

2) Compared the peak channels and counts returned by the
Automatic peak search to peak channels can counts taken from the MCA
screen for the same sample., These data, shown in Table 4-4,
illustrates the typical quality of the results obtained using this
peak search option with a search sensitivity factor in the
recommended range of 2.8 to 3.2; the factor used in this case was
3.0. Note that some minor peaks were missed, while other spurious

peaks were detected; this is expected when using this routine.

Isotope Identification

To illustrate the results obtained with the isotope
identification program, spectra from samples of known composition
were analyzed. The isotopes identified by the program were compared
to those known to be present. Tables 4-5, 4-6, and 4-7 include
these results, as well as data and comments pertinent to the

interpretation of the results.



TABLE 4-3

EXAMPLE OF PEAK CHANNELS
RETURNED BY PEAK SEARCH PROGRAM

Peak Channel Peak Channel Type of
Sample From MCA From Program Peak Search
2244 511 511 Manual
1274 1274
1783 1783
133Ba 81 81 Automatic
277 277
304 304
357 357
385 385
54

Mn 835 835 Keyboard Entry




TABLE 4-4

EXAMPLE RESULTS OF AUTOMATIC PEAK SEARCH

Sample: J. H. #1
Peak search mode:

Automatic

Automatic peak search sensitivity factor: 3.0

53

From MCA

Peak Channel

Peak Counts

From Program

Peak Channel

Peak Counts

630

231
219
268
101
114
134
205

2620
31

59
67
134
173
239
480

619
686
847
1514
1807
2072
2109
2351

630
320
231
149
219
268

134
205
2620
19
281
8
131
6
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Quantitative Analysis

Table 4-8 contains the results obtained from the quantitative
analysis programs for a set of samples of known composition. The
samples consisted of a mixture of sand and a standard solution of
manganese; each sample contained 6-8 ml of sand and various amounts

of the manganese solution as shown in the follewing table.

Sample Mn Relative
Number ml Mn Solution Quantity

1 0 0 units

2 0.25 25 units

3 0.50 50 units

4 0.75 75 units

5 1.00 100 units

6 1.25 125 units

7 1.50 150 units

The samples were exposed to the same thermal neutron flux
from a 1.8 mg 2520f source for a fixed time; this resulted in the
production of 56Mn, the isotope on which the analysis was based.
The samples were decayed and counted for various times, then
analyzed using sample number 4, the 75 unit solution, as the
standard.

Manganese-56 emits three strong gamma rays of energies 846,

1810, and 2113 KeV., An analysis based on each of these peaks was

performed for each sample as an automatic cross-check on the results.
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The 846, 1810, and 2113 KeV gammas are designated as gammas 1, 2,
and 3, respectively, in Table 4-8,

Table 4-9 is a summary of the results obtained from the
quantitative analysis program using standard gamma-ray sources as
samples., A National Bureau of Standards 60Co source was used as
the standard and a New England Nuclear (NEN) standard 60Co source
was treated as the unknown. Again, since 60Co produces two strong
gamma peaks at 1.17 and 1.33 MeV, both peaks formed the basis of an
analysis, thus providing an automatic cross-check of the results.
These results illustrate the usefulness of this program to cross-

calibrate gamma sources.



TABLE 4-9

EXAMPLE RESULTS OF QUANTITATIVE ANALYSIS PROGRAM

61

Sample Peak Used Known dps dps From Program % Error

NBS std.*

(standard) 1.17 MeV 118300 118300 -
1.33 Mev 118300 118300 -—

NEN std **  1.17 MeV 22400 21980 1.9%
1.33 MeV 22400 21690 2,0%

* National Bureau of Standards

** New England Nuclear



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

It is believed that the system of programs described in
this report fulfill the current needs of the users at the Nuclear
Science Center. These requirements were listed in Chapter 2.

During tests of the computer system, users with no computer
programming skills, little background in gamma spectroscopy, and
only a brief introduction to the programs, had no trouble running
the programs. All of the programs in the package have been
thoroughly tested and are believed to be free of errors. Results
obtained from the programs have been accurate, reproducible, and
satisfactory in most cases.

A number of recommendations concerning the future use and
development of these programs can be made. The nuclide library used
by the isotope identification program currently contains information
on 168 isotopes. That data on isotopes of little or no interest to
users at the Nuclear Science Center should be removed from the
library; likewise, data on isotopes of interest not in the library
should be added.

Two other specific recommendations can be made. The first
is that some method be devised to allow a more rapid transfer of
data from the MCA to the computer; the second that steps be taken

to incorporate computer control of the MCA into the system. To
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carry out these recommendations, it will be necessary to design
additional hardware for the computer /MCA system.

Although other recommendations could be made, the general
nature of these recommendations can be stated as follows: A
computer program or system of programs is never really finished;
something can always be done to make them more efficient, accurate,
or better suited to the needs of the user. A system should continue
to grow, both in hardware and software, as the needs and skills
of the users grow., It is therefore recommended that the system be
modified as necessary. This will require that the users make
themselves familiar with the BASIC programming language and the
operation of all equipment used with the system. This will result
in an increasingly powerful and useful research tool for use at

the Nuclear Science Center,
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Ag-108
Ag-108m
Ag-110m
Ag-111
Al-26
Al1-28
Am-241
Ar-=41

~ As-74
As-76
As-77
Au-195
Au-198
Au-199
Ba-131
Ba-133
Ba-137m
Ba-139
Ba-140
Be-7
Bi-207
Br-80
Br-80m
Br-92
Ca-47
Ca-49
Cd-109
Cd-111lm
Cd-115
Ce-139
Ce-141
Ce-143
Ce-144
C1-38
Co-57
Co-58
Co-60
Co-60m
Cr-51
Ce-134
Cs-134m
Cs-137

APPENDIX A

Cu-64
Cu-66
Cu-67
Dy-165
Dy-165m
Exr-171
Eu-152
Eu-152m
Eu-154
Eu-155
F-20
Fe-52
Fe-59
Ga-66
Ga-67
Ga-72
Gd-153
Gd-159
Ge-75
Ge-77
HE-175
Hf-180m
Hf-181
Hg -203
Hg -197
Hg-197m
Ho-166
I-125
1-128
1-129
I-130
I-131
I-132
In-111
In-113m
In-114m
In-116m
Ir-192
Ir-194
K-40
K42
K-43
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CURRENT ENTRIES IN ISOTOPE LIBRARY

La-140
Lu-176m
Lu=177
Mg-27
Mg-28
Mn-54
Mn-56
Mo-101
Mo-99
Na-22
Na-24
Nb-94
Nb-95
Nb-97
Nd-147
Nd-149
Nd-151
Ni-65
Np-239
0s-191
Pb-210
Pd-109
Pm-149
Pm-151
Pr-142
Pr-144
Pt-195m
Pt-199
Ra-226
Rb-86
Rb-88
Re~188
Rh-104m
Rh-105
Ru-103
Ru-105
Ru-97
S-37
Sb-122
Sb-122m
Sb-124
Sb-125

Sc-44
Sc-46
Sc~46m
Sc-47
Sc-48
Sc=49
Se~75
Sm-153
Sm-155
Sn-113
Sn-123m
Sn-125
Sn-125m
Sr-85
Sr-85m
Sr-87m
Ta-182
Tb-160
Tc-101
Tc-99m
Te-123m
Te-129
Te-131
Te-131m
Th-228
Ti-44
Ti-51
T1-201
Tm-170
U-239
V=52
wW-187
Xe=133
Y-48
Y-88
Y-90m
Yb-169
Yb-175
Zn=-65
Zn-65m
Zr-95
Zr-97



APPENDIX B

HOW TO MODIFY THE NUCLIDE LIBRARY

The isotope library used by the isotope identification
program was designed to allow for future modificationms. Currently,
the library consists of almost all nuclide information available
in Gleason's cat:alog,(6> described in Chapter 3. The library
contents can be optimized for the user's purposes by deletions of
umwanted nuclei and/or additions of nuclei currently not included.
For example, the library could be modified to include only those
isotopes expected to be detected in envirommental samples. Thus,
when an envirommental sample was analyzed, the chances of a spurious
identif ication - the tentative identification of a nuclide that
meets the requirements of an energy match, but whose presence is
highly improbable - are greatly reduced. Likewise, only isotopes
expected to result from thermal or fast neutron irradiation could
be included. Also, if the user is interested in a single isotope,
the information on only this isotope could be included.

In any event, when information is added to the library,
it must be entered in the proper format to emsure correct
execution of the isotope identification program. This format is
described here and use of this description in conjunction with the
library listing included in Appendix E, Program Listings, should
allow the user to implement library modifications successfully.
Note that these modifications should be attempted only by users who

are familiar with the operation of the 4051 computer.
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All information must be entered in the form of a BASIC
language DATA statement. Information on a single nuclide can
use as many successive DATA statements as necessary. .

The first bit of information to be included in a DATA
statement is a nuclide's "key" gamma, i.e., that gamma energy which
when found to be present in a spectrum indicates the presence of
the associated nuclide in the sample being analyzed. All library
entries must be ordered by decreasing gamma energy, and all energies
must be entered in KeV. Hence, there is only one correct position
in the library for a new data entry based on its key gamma.

Following the numerical key gamma entry, the following
information must be entered in the order shown:

A, 1isotope symbol (character string)

B. isotope half-life magnitude (numeric)

C. isotope half-life units (character string)

D. absolute intensity of key gamma (numeric)

Note that if the absolute intensity of the key gamma is unknown, any
number greater than 100 but less than 99997 may be entered in its
place without affecting the isotope identification program results.

At this point, one may enter data on any gammas other than
the key gamma that are associated with the nuclide and that the user
wishes to use for confirmation gammas (described in Chapter 3). As
many of these gammas may be entered as the user desires, but none
are required. If used, the gammas must be entered in the order:

E. gamma energy (numeric)

F. absolute intensity of the gamma (numeric)
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Entries (E) and (F) may be repeated until all desired gammas have
been entered. Note that the absolute gamma intensity may be
treated in this case as described under item (D) if desired.

At this point, if no data on an associated parent of
daughter isotope is to be entered, the user must enter the following

in the given order:

G. 99999
H. 99999
I. 0
J. 0

If, however, information on a parent or daughter isotope is to be
entered, the entries must be:

G. 99998

H. 99999

followed by:

I. "P" or "D" designating whether the (note !) library
nuclide corresponding to the key gamma (initial entry)
is a parent or daughter to the product (character string)

J. product isotope symbol (character string)

K. key gamma energy of the product (numeric)

Note that one of the above must be included in the DATA statement,
regardless of whether or not any confirmation gammas are included.

All separate nuclide DATA statements must begin on a new

line, i.e., a single data string can contain information on one

nuclide only, except where a parent or daughter nuclide is included.
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The following are examples included to aid the user.

Assume that we wish to add data on the nuclide ''Dummy-1"
to the existing library. Assume this isotope has a key gauma
energy of 3000 KeV, a half-life of 23 days, an absolute key gamma
abundance of 50%, no confirmation gammas and no parent or daughter
nuclides of interest.

Referring to the listing of the isotope library, we find
the proper location for this entry to be between lines 520 and 530,
since lines 510-520 contain data on the isotope Ca-49 with a key
gamma energy of 3084.2 KeV and line 530 contains data on the isotope
Na-24 with a key gamma energy of 2754 KeV. We could enter our data

in this way:

525 DATA 3000, "pumMMy-1",23,"D",50,99999,99999,0,0

Note that the number 525 refers to a BASIC line number.

Let us now assume that there are two gammas associated with
the isotope "DUMMY-1" that we wish to use as confirmation gammas;
assume that these gammas have energies of 4107.5 KeV and 300 KeV
and absolute abundances of 2% and 437 respectively. Our entry in

this case might look like this:

525 DATA 3000, "DUMMY-1",23,"D",50,4107.5,2,300,43

526 DATA 99999,99999,0,0
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Finally, let us assume that the isotope "DUMMY-1" is the
parent to the isotope "Babydummy-2", and that this daughter has a
key gamma of 1700.6 KeV. To include this information we would make

the entry as follows:

525 DATA 3000,"DUMMY-1", 23, "D",50,4107.5,2,300,43

526 DATA 99998,99999,"P", "Babydummy-2",1700.6



APPENDIX C

MAGNETIC TAPE HANDLING

There are two cases when a user will have to address a
magnetic tape on a level below the program level. These two cases
are:

1) when the user wishes to initialize a spectrum

data tape;
2) when the scratch data tape must be reformatted
(in the case of an error).
A data tape may be initialized by following this procedure:

1) write-enable the data tape

2) place the tape in the 4051 tape drive

3) enter the following commands: FIND O

MARK 3, 1000
4) on the first run of the data transfer program using
this tape, the user should choose to RECYCLE THE
TAPE, and choose file number 2 as the first file
to be deleted.
5) when the data transfer program has finished executing,
the tape is completely initialized.
The Scratch Data Files tape may be reformatted by following the

procedure shown on the following page.

71



72

1) write-enable the Scratch Data Files tape
2) insert this tape in the 4051 tape drive
3) enter the commands: FIND O

MARK 17,10000

Note: Reformatting the tape destroys any data remaining on the tape!




APPENDIX D

OPERATING INSTRUCTIONS

This section has been included to provide the user an
easy~to-reference section on operation of this system of programs.
Annotated listings of actual program runs were selected as the best
format for this section, providing the user with the most

information at maximum clarity. This format has the following

advantages for the user.

The user is able to see:

1. How to select all available program options, and the

effect these selections have on program execution;

2, Exactly how information and user prompts will appear

on the computer display screen;

3. Typical user responses to program prompts; and

4, The result of each response.

While this section will be most useful to the new user, all
users should be thoroughly familiar with the information presented
here in order to optimize the use of the programs and the user's time.
It is stressed, however, that regardless of how familiar the user
is with the programs, he should always take the time to read the
instructions provided by the programs as they are executing, and be
sure that he has correctly and completely carried out these

instructions before continuing with program execution., It is further
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recommended that the user make himself familiar with the operation
of the Tektronix computer by referencing the available Tektronix-
supplied literature,

Three magnetic tapes are required to run these programs.
They are:

1. "Program" tape

2. "Scratch Data Files" tape

3. "Spectrum Data" tape
The tapes currently in use are well marked. Any tapes added to the
system, such as additional spectrum data tapes, should also be so
marked. Note that the Program tape should always be write-protected
or "safed" during normal operation. This is accomplished by means of
a rotating key located in the upper left of the tape cartridge. A
tape is write-protected when the arrow on the key points to the word
"safe'", Otherwise it is write-enabled. The Scratch Data Files tape
should always be write~enabled., Spectrum Data tapes should be write-
protected except when running the data transfer program.

There are several things that need to be mentioned before
we continue with the operating instructioms.

If at any time a blinking "F" appears in the upper left
corner of the computer display screen, this indicates that the
display is full., This condition is cleared by pressing the "Home/
Page" key located at the upper left of the keyboard.

If an error message appears at any time on the display,

the user should obtain a copy of the display by pressing the "Make
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Copy" button on the 4051, then consult with someone familiar with
the operation of the computer to determine and correct the cause of
the error. The user may also try to rerun the program in which the
error occurred if a user error is suspected.
A program may be terminated at any time by pressing the
4051 "Break" key twice. Any program may be restarted by putting the
Program tape in the 4051, pressing the "Auto Load" button, and
entering the file number of the desired program to the directory
_program when prompted.
Figure D-1 is a drawing of the components of the computer
system that the user needs to be familiar with. Important front
panel controls of the ORTEC MCA currently in use with the system are

shown in Figure D-2,

Operating Instructions

To get started:
1. Turn the 4051 computer on,
2. Turn the 4924 tape drive on,
3, Turn the 4631 hardcopy unit on,
4, Insert the Program Tape in the 4051,
5. Press the Auto Load button.
Following the directions given above causes the display on the

following page to appear.
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Note:

When finished, do the following:

1.
2,

3.

Press the Home/Page button three times.
Remove all tapes from the system.

Turn the 4051, the 4924, and the 4631 off.
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APPENDIX E

PROGRAM LISTINGS

100 BEA.....BE0DUQ progras

110 PAGE

120 WIEDOW 0,130,0,100

130 YIEB#PORT 0,130,0,100

140 Af=rnsssss HEND sESsREN

150 #0VE 65,95

160 POR I=1 TO LEN (18)/2

170 PRINT ®H_%;

180 RBIT I

190 PRINT AS

200 PRINT *J _G_5_G_"

210 PRINT 1:®ccecesass.Directory”®

215 PRINT

220 PRINT 2:;"..ccese-eeoBeceive Spectrum fros OBTEC"®
225 PRINT

230 PRINT 3;".......c..Calibration Routine"

235 PRINRT

240 PRINT 4;"ceceees--oPeak Search”

245 PRINT

250 PRIMT 5:"cecoe-eesslist Results of Peak Search®
255 PRIWNT

260 PRINT 6;™ceceeseesso.IS0tope Library”

265 PRINT

270 PRINT 7:Mceecewessa-IS0tope Identification”

275 PRINT

280 PRINT 8;"cccec-es-sQuantitative Analysis 1 : Select BRJII's"
285 PRINT

290 PRINT 9;™ccecesaseo.Quantitative Analysis Hodule 27
305 PRINT

310 PRINT 103"cccesessoDisplay Data Tape Contents"®
311 PRINT

312 PEINT 11:"ccccccccet®®ts LAST sessan;

320 PRINT ®G_G_G_G_G_G_G_G_"

330 PRINT "J_Would you like to rus a progras ? "
340 INPOT AS

350 IP A$="y" OR A$="yes" THER 370

360 ERD

370 PRINT "J_G_Enter file nusber : %;

380 INPOT P

390 PIND P

400 OLD

410 B¥D

Note: 1In these listings, control characters that are normally
represented by an underscored uppercase character are
represented in these listings by an uppercase character

fol%owed by an underscore; for example 'G'" is represented
by G ". -
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ssss TSO POREGROUND BABDCOPY #es%
DSHABE=NSHAG.THESIS. DATA (T¥%0 ]

1 INIT

2 GO TO 100

32 REN.....here ve are returning to the program after user salculations
33 GO TO 700

100 BEHN.....PBROGRAM TO RECEIVE DATA FRON ORTEC

110 INIT

120 L$="no"

130 N$="no"

140 PRINT "L_  H_B_H_ ~DATA DOBP= A A A_ 666663 J."
150 PRINT *J_J_5_PUT THE SPECTRUN DATA TAPE IN THE 4051 INTERNAL™;

160 PRIET ® TAPE DRIVEG_G_G_"

170 PRINT "J_J_J_Press RETURN td contimue. "

180 INPOT 28

190 PAGE

200 PRINT "Do you want to recycle the tape ? ";

210 IBPUT HS

220 IP H$="Y" OR H$="IEsS" THEY 1100

230 PRINT ®"J_Do yvou want to reuse an existing file ? %;

240 ISPUT HS

250 IP BS$="y" OR 43="yes™ THEN 1530

260 PRIRT *J_L_THIS TAPE MUST BE WRITE ENABLED TO BECEIVE DATA 16_5_5_"
270 PRINT "J_NOTE 3 G_G_G_G_G_";

280 PRINT ® All regions of iaterest BUST BE CLEABED on the JRTEC HCA"
290 PRINT "before data transfer. Pailure to have all BOI cleared will®™
300 PRINT "result in data being LOST DUBING TRANSPER !. This data is "
310 PRINT ®NOT recoverable. This is the responsibility of the OUSER. "
320 PRINT "If an incomplete transfer takes place, it WILL BOT be ™

330 PRINT "detected by this computer ( I'a haoaan, too ! ). 50, do this"®
380 PRINT "NOW, wvithout fail ! Thea press RETOURN to continu2.5_G_G_G_J3_":
350 INPOT 78

360 PRINT "J_G_Another note ! If a magnetic tape error #58 is received®
370 PRINT "at any time, it meass that there is mot roos on the tape”
380 PRINT "to store amother file of the size you specified. In that"
390 PRINT "case you may :1. Use another data tape.2. Recycle this";

800 PRINT " tape.l. Reuse an existing file OF THE PROPER SIZE tn

410 PRINT "J_Also note that am error of this type will teraminate the n
320 PRINT "program. It can be restarted by typing RUN then pressing®
430 PRIST “"the RETURN kay." :

840 PRINT *J_Press RETURE to continue.”™

445 INPUT 28

450 PRINT ®=J_Enter the spectrua jdentification label : ®;

460 INPUT PS

470 IP LS="Y" OR L$="YES® THEN 520

480 PRINT "J_How sany channels of data are in the spectrus ? "

390 PRINT "valid entries are 1024, 2048, and 8096, Enter : ";

500 INPOUT A1

510 IPF A1<>1024 AND 21¢>2038 AND A1<>8096 THEN 480

§20 PRINT "J_Bater your initials : ";

530 INPUT G$

540 PRINT %“J_EBauter today's-date : *;

$50 INPOT IS

560 DRINT "J_Enter the time :z "3

570 INPUT K$

580 POR K8=1 TO 100

590 %EXT X8

600 PAGE

610 PRINT “J_J_G_You must aov eater 3 decay time for the saaple f£or later®




620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
8u0
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1081
1082
1083
1084
1085
1090
1100
1110
1120
1130
1140
1150
1160
1"
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PRINT "use in the quantitative analysis progras. If you do not plaa”
PRINT "to perform a guantitative analysis, or if the decay time is"
PRINT "unisportant ( as is the case vith very long balflife %;

PRINT "isotopes ),you may eater a decay time of 0.7

PRINT “J_NOTE * This decay tisme sust be entered in SECONDS.®

PRINT "J_If you need to sake a calculation, do so mov. When You are®
PRINT "done, press USER DEPINABLE KZ2Y #8 to Tresuse the progras.”

END

PRIRT ®J_G_We have returned ! Did you record any calculations that”

PRINT "made ? Press BETURN to continue.”

INPOT 28

PRINT "J_J_Enter the saaple decay time im S2CONDS : "3
INPUT 21

CALL "cminit"®™

CALL "rate"™,2u400,0,2

CALL "rstrin®,®",® %,""

IP L$="y" DR LS$="yes" THEE 810

IP §$="y™ OR ¥$="yes™ THEEN 810

50508 1370

PIND P1-1

REM.....the folloving writes 1) the sample label, 2) th2 sampler's
REM. .o..initials, 3) date, W) time, 5) ¢ channels in spectrus®
PEM.....to the file preceeding the spectrua

PRINT 233:P$

PRINT 833:38

PRINT 333:1IS

PRINT 233:K$

PRINT 333:M\1

REM.....also Write the saaple decay time to the file

PRINT 333:721
PIND FI
PAGE

PRINT "¥e are realy to transfer data."”

PRINT "J_J_Set the JRTEC front panel controls to *# TYPE JUT &+« "

PRINT ®"and ** FULL SPECTRUN ®="

PRINT "J_Rexenber : the data displayed on the ORTEC 3ICA screed while"

PRINT "in CRT mode is the data that vill be dumped !"

PRINT *J_When the svitches are set, press the ORTEC I,/0 button.”
PRINT "J_Nuabers will flash on the screen while the transfer is ia "
PRINT "progress. When they stop, press the brown BREAK key oam the °
PRINT "4051, then the RETURN TO BASIC key (user-definale key 25 )."
PRINT "J_Pressing the BREZAK key generates am error aessage. Ijnore”
PRINT "it."™
CALL "dtrecv”

PRINT "1 _J_J_G_G_Transfer coaplete.™

PRINT "J_J_Spectrum for sasple ";F$;" comsists of ";A1;" channels"
PRINT "of infomation in tape file nunber ";P1;:"."

PRINT ®J_J_If you wish to luysp another spectrua, this progras”
PRINT “"can be rerun by typing RUN and pressing the RETORN key."

PRINT? "J_If you vish to run another progras inm the packaje, put”

PRINT "the PROSRAN TAPZ in the 8051 ani press AUTO LOAD."

PIND O

END

PRINT "J_J_G_G_ARE YOU SOREB_B_H_H_____ ?7?? This will 3elete all o7 part"
PRINT "of the data no¥ on the tape. L

IKPUT LS

1P L$="Y" OR L$="YES" THEN 1150

GO TO 260

PRINT ®"J_J_oeeeee0Kkaaeobut reseaber you said to !"
PRINT "G_G_5_G_"
PRINT "L_J_G_Euter the pnasber of the begimning file to be leletel.”



1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1569
1570
1580
1599
1600
1610
1620
1630
1640
1650
166)
1670
1680
1690
1700
1710
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PRINT "J_G6_6_G_This number must be an EVEYX nusber. ; ";
IBPUT P2

PRINT ®J_G_CBECK : Did you enter an EVEN nuaber 7 ®

PRINT "You entered the mumber : ";P2:" %;

INPUT QS

I? Q$="p® OR Q$="0o% THE¥ 1170

PRINT "J_Enter the number of channels in the first spectrus to”
PRINT "be dumped to this tape : ";

INPOT A1}

FPIND P2-1

$ARK 1,100

PIND P2

SARK 1,188

PRINT "G_G_G_Domne !"

POR I=t TO 300

NEXT I

P1=F2

30 TO 260

END

BEBMecoee

ri=1

PRINT 333,0:0,0,1

PIND F1

INPUT 333:A$

B$=SBG (A$,9,1)

IP BS="1" THEN 1460

P1=P1¢1

GO TO 1800

PRYINT 333,0:0,0,0

PIND P1

MARK 1,100

Pi=P1¢1

PIND P1

SARK 1,11%8

BRETURN

PRINT "J_The file to be reused must be the proper size !®
PRINT "J_If you are not sure of the existiang file sizes, press®
PRINT "the BREAK key to exit the program, then ose the TLIST"
PRINT "statement to 1look at the file structure.”

PRINT "J_Proper file sizes are :"

PRIBT "J_ 8192 bytes for a 102¢ chanpel spectrua®
PRINT ©® 16388 bytes for a 2048 chaanel spectraa”®
PRINT ® 32768 bytes for a 8096 channel spectrua”
PRINT "J_Press BETURN to coatinue.”

ISPOT 28

PRINT "L_Enter the number of the spectruam data file to be reusel.”
PRINT "J_This must be a EVEN puaber . Use file : "3

INPOUT P1I

PRINT *J_You said to reuse file ;P 1

PRINT "J_Is this correct ? "

ISPUT NS

IP E$="y™ OR ¥$="yes" THED 260

GO TO 1630

EH®D



119

sess TSO PORESBROUND HARDCOPY ®*s=

DSHARE=8SHAG.THESIS.DATA (TEREE )

100 INIT

105 PRINT 832,26:3

110 PAGE )

120 REM.....calibration routine

130 REM.....all inpat data is sanual fros the keyboard

140 REM....-an optional plot will be sade availablel in the future
450 REN.....for nov use 8928 as i/o device

160 DIS A$(72) ,BS(72).C$(72),D8(72)

170 BEN.....X array for iaput channels: y array for enerjies

180 REMee...allov for 20 input peaks

190 DIM X(20),Y(20)

200 x=0

210 =0

220 REN.....initialize counter

230 N=0

240 PRINT ®5_%%¢ Epergy calibration routine sss"®

250 PRINT *J_G_Put the SCBATCH DATA PILES tape in the 8928 tape dcive."
260 PRINT "J_Press RETURYN to continue.®

270 IRKPUT 28

280 PRINT %J_G_G_Note : This prograam package currently holds only dne,”
290 PRIKT "the most recent, calibration entered. This calibration is"
300 PRINT "used to process the results of a peak search progras run,"
310 PRINT "so the results of an isotope identification prograa cun®
320 PRINT "also depend on the calibration data currently in storage."”
330 PRINT ®J_Por this reasoa, the user is STRONGLY advised to retain”®
330 PRINT "a copy of the calibration data entered, as well as a list®
350 PRIHET "of the sasples run under this calibration. This ®ill *

360 PRINT "allow the user to reanalyze the saaples at a later time,"
370 PRIBET "merely by first runninj the calibration program and "

380 PRINT "entering the correct calibration inforsation.J_"

390 PRINT "Press RETOURY to continue. "

800 INPOT 28

410 PRINT ®J_Enter calibratioa reference label : ";

420 INPUT AS

430 PRINT #J_Enter calibration date : "

440 INPUT BS

450 PRINT ®»J_Bnter your initials 3 %3

460 INPOT CS$S

370 PRINT *J_PBnter calibration sources used, all on one lime please.™
480 INPUT DS

390 BREB.....DOV enter enerqy,channel inforsation

510 PRINT »G_L_Enter calibration data as prospted.”

520 PRINT

530 PRINT '..“‘."..“..‘..‘t“‘tt“‘t.‘....."“.l‘t.t“ttt..‘“"
S40 PRINT "+ L
550 PRINT "* Hote : All energies in this progras package must be s®
560 PRINT "¢ entered in keV.Beseaber this when entering energies *"
570 PRIET "¢ in this progras and ip other prograss where a user on
580 PRINT *¢ supplied emerqgy is requested ! LA
590 PRINT "e® L
600 PRINT l‘.‘..‘...“.‘.“t“‘.‘..‘.‘...ttt“.“‘.t‘...‘t‘...'.."‘
610 PRINT *J_To terminmate jnput, input a channel nuaber 0."

620 PRINT "Op to 20 calibration peaks may be entered.”

630 PRINT "At least 2 peaks HNUST be entered !*

635 roR I=1 TO 20

30 PRINT "G_J_Peak number ®;I;%: sChanael : %;

650 INPOT X (I)



660
670
680
685
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
855
856
860
870
880
890
900
910
920
930
940
950
960
970
980
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IP X (I)=0 THEN 710

PRINT "J_ sEnergy = "™;
IRPUT Y (I)

PRIET "J_";

N=N+1

NEIT 1

§=0

0
0
0
B I=1 TO N

X(I)02+0

V=X (I)sY(I)+V

S=X(I) ¢S

T=Y(I)+T

NEXT I

B= (T *U-S*V) /(N *0-5¢5)

M= (§*V-S*T) / (N*0-5%5)

REN

PRINT "J_J_The calibration equation is : "
PRINT USINS 9000:H,B

FOR X4=1 TO 1000

REXT X4

CoPY

PRINT 332,26:0

BEM.....¥Cite data to tape

PIND 32:8

PRINT 32:A8

PRINT 92:BS

PRINT 32:C$

PRINT 32:DS§

PRINT 32:N,8,B

PRIRT "J_J_G_G_G_DOBCeccwcosces"

PIND 1

OLD

BND

0

T
U
v
| 4
g

9000 INAGE 1,"Bnerqgy (keV) = ",fd.3d," ® channel ¢ ", £d.34
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esss TSO POREGROUND HARDCOPY ss¢=
DSHANE=NSHAG.THESIS. DATA (POOR )

1 RE3 udk defimitions
2 INIT

3 GO TO 100
4 REN - udk ®1

5 RMOVE 0,A2

6 BETURN

¢ RE8 - udk #2

9 RMOVE ~-A1,0

10 RETURN

12 RER - udk #3

13 RNOVE 11,0

14 RETORSE

20 REM - udk #5

21 REM - process peak

22 GOSUB 4140

24 RENM - udk#6 '
25 RMOVE 0,-A2

26 RETURN

28 BEH.....Calibration performed

29 30 TO 640

36 REM - exit search

37 REM - udk $9

38 GO TO 4340

39 REN - below is to bejin manual search - adk $#10

40 GOsUB 3970

41 PRINT @32,2u:"1";

42 GO TO 41

sy REN - udk 811

45 RMOVE 0,50%A2

46 BRETOURN

48 REN - udk #12

49 RUOVE -50%121,0

S0 BETURN

52 REN - udk #13

53 RNOVE 50*11,0

S4 RETURE

64 RENM - udk #16

65 RMOVE 0,-50%22

66 RETURN

100 ON SBQ THESN 4600

110 REM initialize paraseters

120 P$="nogrok"

130 REA

180 B=0

150 P1=0

160 p2=0

170 p3=0

180 P4=0

190 P5=0

200 REB.....if going to read/svrite char strings to tape,best to
210 REN.....dimension them firSt.-.. Bay cause probleas othervise
220 REM c7 is peak counter

230 Cc7=9

240 BRER B is ROI counter

250 B8=1

260 REd define device aldresses

270 REN for aov use #2 for read/vrite....33 for progran only
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280 T1=33

290 T2=2

300 REM define viewport here....use 1/2 screen

310 DATA 0,130,0,80

320 READ V1,Y2,V3, V4

330 V1=V1¢3%1,79

380 V3=v3+5¢2.82

350 V4=Vu-3%2,.82

360 VIEWPORT V1,V2,V3,V4

370 REM next few lines are teaporary...def ine labels,title

380 B$="chanpel”

390 P$="events®

400 REX dimensiom variables to hold search results

810 DIK J1(50),J2(50)

420 J1=0

430 J2=0

440 REM..es0.Koeoall is initialized

350 REN enter input data file number

460 PRINT "G_L_¢®=** Peak Search sssn

470 PRINT "J_Put the SPECTRUHE DATA ?APE in the 8051 internal tape irive."
480 PRINT "G_"

490 PRINT "J_Put the SCRATCH DATA PILES tape in the 3924 tape drive.3 "
500 PRINT "J_Press HRETURE to continue. ™

510 INPUT Z$

520 PRINT ®J_G_G_G_NOTE : Before this program is rum, the calibratioa"®
530 PRINT "program sust be run, where the user (100) mast enter the"
5S40 PRINT “proper calibration data for the sample to be analyzed. The"”
550 PRINT "program need only be run once if all samples vers2 taken™
560 PRINT "using the sase calibration. Running the progras before the"”
570 PRINT ®"search assures having the proper data available to the"

580 PRINT "program. So, it is a VERY good idea for you to alvays make"
590 PRINT ®a note of which set of calibration data goes with which "
600 PRINT "samples. If you need to do this, put the program tape in"”
610 PRINT "the 4051 internal tape drive and press ADTO LOAD."

620 PRINT "J_If this has been taken care of, press user-definable key $7°
630 BND

640 PRIBT "L_G_5_G_I bhave a proposition for you. This prograa will give you"
650 PRINT "the choice of an AUTOBATIC peak search (performel by yours"
660 PRINT "truely), or a HARUAL peak search {pecforaed by yau0 and”

670 PRINT "correctel by me, to the best of my ability). I gould like"
680 PRINT "to take this opportuaity to offer yet a third alternative”
690 PRIET "that I think might appeal to you. *

700 PRINT "J_If you like, you can enter fros the keyboard the following"®
710 PRINT "information :=®

720 PRINT *J_J_1. The number 2f peaks in your spectrum.”

730 PRINT "2. The chanmnmel of each peak.”

740 PRINT "3. The coants inm this channel.”™

750 PRINT "J_I believe that this could save you some time in certain”
760 PRINT "cases. Your choice 1 Wote, howvever, that in any case, the"
770 PRINT *"spectrus BUST resile in a tape file, and that yol aust ®
780 PRINT "supply me vith the number of this file."

790 PRINT "J_Would you like to try this 2 %;

800 INPUT Z$

810 IP 2$="Y" OR Z3="YES" THEN 5380

820 PRINT "G_G_5_6_5 _G_L_"

830 PRINT ®".coe-.forjet I asked.cccccnccccas™

840 PRIET ®J_Enter spectrus file number. This must be aa EVEN number : ";
850 INPUT P

860 REN select full or roi spec gsearch

870 PRINT "J_Select full spectrus (rOLL) or ROI (BOI) search : ¥*;

880 INPOT AS



890
900
910
920
930
940
950
960
370
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
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IP AS$="roi™ THEE 1000

BREM.....here PULL selected...treat as ome large roi

GOSUB 4610

REY set roi bounds

R1=1

R2=C8

REM write to roi select file

PIND 32:2

PRINT ?2:R,B1,R82,999,0,0
CLOSE 3T2:
G0 TO 1380

BEM roi search selected

PRINT "5G_"

FOP I=1 TO 10

PRINE " #ss ROI selected #*®*sK_"

NEXT I

PRINT "J_"

PRINT "J_NOTE ®s* VALID ROI RANGEBS sss®

DRINT "J_Valid ROI entries are : 1 through 1023 for a 1024 channel®;
PRINT " spectrun.”

PRINT * 4 through 2087 for a 2048 channel®™;
PRINT " spectrus.”

PRINT ®

PRINT "

PRINT

PRI "Any combisation of channels is alloved, and ROI may overlap.™
PRI ®BE SURE,however,to observe the upper and lover limits listed”
PRIHT "abosve. Pailure to do so may result in am ercor !®

POR Y9=1 TO 4000

REXT Y9

DRINT "G_5_G_"

PIND 22:2

PASE

PRINT "J_BOI nuaber ";RB

PRINT "Begin with champel : "3

INPUT R1

PRINT "En) with chanmpel : ";

INPUT R2

REM write selection to tape

DRI NT 22:8,R1,B2

PRINT "J_G_Another BOI ? ";

INPUT BS

1F B$="no™ OB BS$="n" THEN 1350

REN increment ROI counter

R=R+1

350 TO 1220

REM finished BOI iaput...vrite end numbers and close file

PRINT 82:999,0,0

CLOSE 32:

PEM.....Choose AUTD or MANUAL peak search

PRINT "5_5_L_Do you vant AUTO or MANUAL peak search 2?2 ";

INPUT CS$

1F C$="auto™ THEY 3270

IF C$<>"manual”™ THEN 1390

PRINT ®L_G_G_G_G_You have seleted a BANUAL peak search. There are some”
PRINT "things ve need to discuss first. "

PRINT

PRINT "Pirst, remeaber this ¢ YOU HNAY EHTER ¥O HOBE THAN S0 PBAKS."
PRINT "J_Second , you will be using a poiater to specify peaks."
PRINT "It is VERY important that you position the tip 2f the *
PRI "pointer as close to the actual position of the peak point as"”

1 through 8995 for a 4096 channel”;
spectrus.”
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1500 PRINT "possible.If you dom't understand vhat I meas, talk to "
1510 PRINT "someose who bas some experieace rusning this pragraa.”

1520 PRINT "J_¥ext, it is much easier to accurately point to a peak ig»
1530 PRINT "the plotted field is smaller. In other words, the accuraczy”
1540 PRI "of the pointer is better when you try to pick out a peak froa®
1550 PRINT "1000 plotted channels rather tban 3095 plotted channels *
1560 PRINT " (about 8095/1000 times better 1). So, rather than "

1570 PRINT “processing one large ROI, Yyou maight set®™

1580 PRINT "up & ROI's. Por exasple ROI $1 from chamnel 1 to> 1000,"
4590 PRINT "BOI #2 froam channel 1009 to 2000, ROI &3 fros 2001 to 3po0,"
1600 PRINT "and ROI &4 froa 3001 to 43095. Of course, BROI's need not"
1610 PRINT "be distinct ; they can overlap. Bat it is best to do things®
1620 PRINT "in a neat and orderly vay. I1f you do overlap ROI's be sure"
1630 PRINT "that the following comstraiat is applied "

1640 POR T9=1 T0 6000

1650 NEXT T9

1660 PRINT "J_G_G_G_sessessssssssses ALVATS (always!) eater peaks from left"
41670 PRINT "to right (from lov emergy to high energy). D) HIT skip®
91680 PRINT "around ! One needs to be careful when using overlapping™
1690 PRINT "ROI's."

1700 PRINT "J_Do you want to start over and do the search using RJI's 2%
1710 PRINT "EBnter M0 if you have already seleted an ROI seacrch. 7,

1720 INPUT 28

1730 IP Z$="yes" OB Z$="y" THEN 1750

1740 50 TO 1830

1750 PRINT

1760 POR ¥7=1 TO 25

4770 PRINT "A vise persdn sits before ae."

1780 PRINT "K_";

1790 ¥EXT @7

1800 PRINHT

1810 RUN

1820 END

1830 REM find BOI file

1840 PRINT

1850 POR ®7=1 TO 25

1860 PRINT "You have been informed !°©

1870 PRINT "K_";

1880 NBXT W7

1890 PRINT

1900 PIND 32:2

1910 REN input region paraaters

1920 INPDT #2:R,R1,RB2

1930 REN find spectrum 3ata file

1930 PAGE

1950 BPH.....input spectrum inf>

1960 PIND P-1

1970 INPUT 833:DS$

1980 RBH.....d$=1abe1,G$=initials,h$=date,j$=tile of count,=8=channels
1990 IBPUT 333:G$

2000 IRPUT 333:HS

2010 INPUT 333:J8

2020 INPUT 333:C8

2030 BEM.....¥e also vant to input the decay time

2040 INPUT 333:D6

2050 C8=C8-1

2060 BREMccoee

2070 FPIRD P

2080 REM input spectrum inforsation...now oaly time

2090 INPUT #33:T

2100 BR2M find roi max
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2110 I?F A$="full® THEN 2170

2120 IF Ri1=1 THEN 2170

2130 REM skip chanpels of no interest
2140 POR I=) TO Ri1-1

2150 INPDUT 333:B

2160 BEXT I
2170 REN initialize max count flag
2180 8=0

2190 BREM first pass through ROI for max
2200 POR I=R1 TO R2

2210 INPUT 333:2

2220 IP A>A THEN 2240

2230 50 TO 2259

2240 30S0B 3940

2250 NEXT I

2260 BEM define window

2270 WINDOW R1,R2,0,H

2280 BEE go to subroutine to add axes,tics,labels...
2290 GOSUB 3320

2300 REN now plot roi

2310 RENM find spectrum data file
2320 PIND P

2330 REN - input spectruas descriptors
2340 INPUT 333:T

2350 REN skip no interest chamaels
2360 IP A$="full"™ OB R1=1 THEN 2800
2370 FOR I=1 TO R1-1

2380 INPOT 233:A

23%0 HBXT I

2400 HMOVE R1,0

2410 POBR I=R1 TO R2

28320 INPOUT a33:)

2630 %OVE I,A

2840 DRAW I,A

2450 NEXT I

2860 REN branch to seacch here

2370 IP C$="auto™ THEN 2500

2480 GO TO 4070

2490 PEN

2500 BPY....auto search here

2510 SET SOKEY

2520 HONBE

2530 BEY.ccccccscccnscssaccscssssscncnscccsoacscsscassasscsccsscsccsnoccccns

25“3 RBE-.--..-.-..-----....o--...o. .......................-.......-...l

2550 REM find ROI select file

256) IP R>1 THEW 2610

2570 PIND 22:2

2580 REM input reqgion parameters

2590 INPUT 32:R,R1,B2

2600 BBNe....find spectruas data file

2610 PIND P

2620 BEM.....input spectrum descriptors
2630 INPUT 333:T

2640 REB.....Skip Bmo interest channels

2650 IP A$="full™ OR Ri=1 THEN 2690

2660 POR I=1 TO R1-1

2670 INPUT 833:)

2680 ¥EXT I

2690 BB ianput channels of interest and process
2700 POR I=R1 TO R2

2710 INPUT 333:P1 .




2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3209
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
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H= (P1¢P2+P3e¢PB+P5) /5

IP P3>N9*SQR(H) ¢H THEN 2750

G0 TO 2760

Ig P3=>P5S AND P3I=>PG AYD P3=>P2 AHND P3=>P1 THEE 3090
P5=P4

Pu=P3

P3=P2

P2=P1

IF C7=51 THEN 2830

BEM...above to avoid >S50 peak failure.

NBEXT I

REM .....30 to exit routine

GO TO 4340

REN....bhere is end of all gearchesS...-urite cesults to tape
DELETE 11,2850

c7=Cc7-1

REN find peak search results file

PIND 32:3

IF C$="Nanual®" THEN 4710

PRINT 32:CS$

PRINT 32:T,C7

PRINT 32:J1

PRINT 32:J2

PRINT 32:D$

PRINT 32:5$

PRINT 32:HS$

PRIHET 22:J%

PRINT 32:C8,D6

HOHE

PAGE

PRINT "Enter the program tape in the 8051 internal tape Arive."
PRINT "J_J_Press BETURN to continue.6_G G 6 6_";
INPOT 28

PASE

FIED S

oLD

END

REN....the automatic search found a peak
BENeoo...ELINIRATE PALSE PEAK AT BESINNING OPF SBARCH REGION
IP Pu=0 AND PS5=0 THEN 3260

BEN....peak channel = i-2

B$=CHR (127)

J1(CTy=1-2

J2{C7) =P3

BEE.....label peak

¥OVE I-2,P3

v5= (R2-R1+1) /(V2-V1) *1.55/2

RNOVE -V5,¥5

PRIBT "K_K_":C7;

PRINT "H_J_";

IP C7>9 THER 4560

PRINT RS:

REM.....increment peak counter

C7=CT+1

30 TO 2760

PRINT *J_You must nov enter an AUTO search semsitivity parameter.”
PRINT "We vould recommend a value between 2.8 and 3.2 Eater : ";
INPUT 49

PAGE

50 TO 1890

RES



3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
34340
3450
3460
3470
3480
3590
3509
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930

B3=RB2-R1¢1

REM.....S5et tics

R3=R3/10

R3=INT(R3)
BE¥e...-C3=xtics,cé=ytics

Bu=INT (8/10)
RBEM.esa-drav axes
AXIS B3,R4,R1,0

REM.....here we will write additional available data

HOME

PRBINT "

PRINT G$

PRINT *

PRINT JS$

PRINT ®

PRINT HS

DPRINT ™

PRINT T:;" seconds"

PRINT ®

PRINT D6:" seconds®

PRINT *

PRINT CB¢1;® chaanels”
REN.....add title

HOME

IFP 1.79%LEN (D§) DV2-V1 THEN 3650
BS=82-R1¢1

4YOVE B1+#RS/2,H

PRINT "K_";

POR I=1 TO LEH(DS) /2

PRINT "H_";

NEIT I

PRINT DS

REM....-.add horizontal label
BOVE B1#R5/2,0

PRINT "J_J_";

POR I=1 TO LEH{ES) /2

PRINT "H_";

BBIT I

PRINT ES

REMe.e-oadd vertical axis label
J=LEN (P$) /2

MOVE R1,8/2

POR I=1 TO J

PRINT "K_";

NEXT I

PRINT “H_H_":

pIN SS$(1)

POR I=1 TO LEN(PS)

$$=SEG (?$,I,1)

PRINT SS$;

PRINT "H_J_":

BEXT I

REY.....print axes data

MOVE R1,0

PRIBT "J_J_Axis crossing ¢ n-RY;",":0
BOVE B1,0

PRINT ®J_J_J_X tic interval : ";:B3
HOVE R1,0

PRINT *J_J_J_J_T tic jianterval : ";BS
PRINT "G_6_6_":

RETURS

counted by
at
on
count tine
decay tise

spectrun length

127



3940
3950
3960
3970
3980
3990
4000
4010
4020
8030
4040
8050
4060
4070
4080
4090
8100
4105
8110
4111
3112
4113
4114
8120
4130
8140
8157
4160
4170
4180
8190
4200
4210
8220
8230
4240
4250
4260
4270
4280
4290
4300
4310
4320
8330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4u60
4370
4480
4u90

REN.....Subroutine to set max ROI couat
H=A1

RETUORN

BEM.....UDK stat 80 subroutine
EEM.ceeo¥indov height=s,vidth=r2-r1

A1= (R2-R1) *1.0E-3

A2=4¢0.005

REN.ea..initial pointer placement

GIN G1,G2

BOVYE 531,32

BREN...-.Change font

PRIET 232,18:5

RETURY

REN.cc..Binual peak search rouatise
HONE

PRINT "Press UDK 10 to begin search.”
PRINT "Press UDXK 5 to eanter a peak.”
PRINT "Press UDK 9 to termipate search. ™
PRINT "DDK :"

PRINT "1 moves cursor up { #11:qp*50 )"

PRINT "2 left ( #12: 50 )"
PRIST "3 right ( #13: 50 )"
PRIBT "6 down ( #16: 50 )"
SET KEY

END

REM.....Binual peak search process
BEN..<..Pointer is positioned

GIN G1,G2

J1(CTy=INT(GI)

J2(CT)=INT(G2)

BEN...s.label peak

PRINT 332,18:0

WOVE G1,G2

R$=CHR (127)

RE¥..eee.Calc 1/2 character width in UDU's
¥5= (B2-R1+1) / (V2-V1) #1.55/2

REOVE -V5,V5

PRINT "K_K_"®:C7;

PRINT "H_J_";

IP C7>9 THEN 8580

PRINT BS:

PRIRT #32,18:5

REN.....idCcresent peak counter
C7=CT7+1

60 TO §1

BPS.c.o-eXit here froa autd or papnnal rol peak search

coPrY

IP AS="full™ THEN 4510

BEN.....save curreat roi ao. Imput mext in sequence from tape
B9=R

PIND 22:2

INPUT 32:B,R1,B2

I? B=999 THEN 8510

IP BR<=R9 THEN 8400

BEHee...if Ve get here ve have another roi to process
/=0

p1=0

p2=0

P3=0

Pu4=0

P5=0
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G0 TO 1930

REN....end of ROI's to process

REM.....TeSet font - disable UODK's

PRIET 832,18:0

SET NOKEY

GO TO 2850

PRINT "H_";

G0 TO 3230

PRINT "H_":

GO TO 4299

INPUT 32:L

REN.....input spectrus descriptors for AUTO search
PIND FP-1

1NPUT 333:D$

INPOT 333:GS$

I9PUT 333:HS

INPOT 333:3$

INPOT 333:C8

c8=C8-1

RETURN

END

REM....-hore we correct cesults of Hanual P.S.
PRINT "L_The manual peak search is inherently inaccurate.”™
PRINT "We will take this opportunity to correct it.J3_J_93_J3_3_"
PRINT "Hang on a BiDUtCocovescecovansascsanssses
IF C8>1023 THEM 4850

IP C8>2047 THEN 4920

EENe.o...bere we have 1024 chansels

DELETE A

pIR A{1023)

FPIND P

IN®OUT 333:B8

INPUT 333:2

GO T0 5090

RPN c...-here we have 2048 channels

DELETE A

DIN A(204T)

PIND P

INPOUT 333:B8

INPUT 333:A

30 T0 5090

BEPN.....bere ve bave 4096 channels

DELETE A

pin A {2060}

FIND F

INPUT 333:B8

INPUT 233:A

GO TO 5090

BEN.....bere for sacond pass

DELETE A

DIK A(2035)

PIND P

INPUT 333:B8

INPOUT a33:)

DELETE A

pIN A{2060)

INPOT 333:A

REM<....the above gives us channels 2036-8095
30 TO 5280 .

RE¥.....here we are ready to process for max
REN...e.-here also our channel register is ok
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5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
54390
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
S640
5650
5660
5670
5680
5690
5700

POR I=

K=32(1

110 C7
1=32(I) /2

K1=J1(I)
IP K1>2044 THER 4980

POR J=

K1-3 TO Ki+3

IP A{J)>K THEN 5200

NEXT J
NEXT I
GO TO
J2(N)=
K=J2(I
J1(I) =
GO TO

REYe....here 2nd part 90969

POR I
K=J2(I
K1=J1

IP A(J
NEXT J
NEXT I
50 TO
J2(11)
K=J2 (I
J1(IN)
30 TO
END

2910
A {J)
)
J
5179

=1 T0 C7
1)-32(11) /2

{(I1H
POR J=K1-3-2035 TO K1¢3-2035

) >k THENX 5330

1

2910

=2 (J)

1N
=J+2035
5300
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REY-...-here user will manuoally input channels,counts

PRINT
PRINT
PRINT
PRINT
INPUT

n"L_OK !"

"G:Hhat file is the spectrua in ? (Remember that the data"
ntape should nov be in the 8051 internal tape drive)."
"Note that this must be an EVEN nusber ¢ Pile = ":

F

PIKD P-1

INPOT
INPOT
INPODT
INPUT
INPUT
IBPUT
PIND P
INPDT
CLOSE
C$="Ke

PRINT *J_5_I read the folloving
PRINT "saaple ®;D3;" count
PRINT "The data consists o

PRINT

PRINT "J_Hov many peaks do you van

IRPUT
POR I=
PBINT
PRINT
INPUT
PRINT
INPUT

NEXT I

233:D%
933:6%
233:H48
933:33
#33:C8
#33:D6

#33:T

yboard Eatry"

. §e are entering peaks for the "
ed by ";GS;™ on ";AS;" at n.J8%
£ a ";C8;" channel spectrua.”

wCount tige was ";T:" seconds. Decay time vas n:D6;" seconds"”

c?

1 TO C7

®J_Peak nuaber LB ¢
nJ_Peak chanaoel : ";
JHID

mnpeak counts ¢ "¢
J2(I)

t to enter 2 ¥;

PRINT "G_5_6_DODCecsacecessaccasss"

GO TO
END
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e¢sss TS0 POBREGROUND HARDCOPY &ss¢
DSNLSE=NSHAG. THESIS. DATA (PIVE )

100 INIT

110 REB.....3j3 ®ill bhold peak eaecgies
120 DIN J3(50)

130 REM.....ibDput results of peak search
130 DISN AS(10|,J1(50),J2(50)

150 J1=0

160 J2=0

170 J33=0

180 PIRD 32:3

190 INPUT 22:1§

200 INPUT 32:T,C7

210 INPUT 32:J1

220 INPOT 32:J32

230 INPUT 22:X$

260 INPUT 32:XS$

250 INPOT 32:18

260 IRPUT 92:18

270 INPUT @2:18$

280 INPOUT 92:08

290 INPUT 22:V,¥

300 REM.....input calibration results
310 PIND 32:8

320 DIN 83(72).CS(72),D$(72),2$(72)

330 INPOT ?2:B%,C$,D$,B8,N,H4,8B

340 REN.....Calculate peak energies

350 POoR I=V TO C7

360 J3I(I)=8*J1(I)¢B

370 NEXT I

380 REH...-.WCite all jnformation to amother file
390 BBH.....a8=auto/nanna1;b$=calib label;c$=calib date;d8=initials
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300 BEB.....e$=calib isd list:t=count tise;c7=# peaks fouad; ji=channels

810 BENeoee.. j2=counts;n=§ calib peaks;m=cal slope;b=cal intercept
420 PIND 32:9

430 PRINT 22:1S$

440 PRINT 22:BS

450 PRINT 32:CS$

460 PBINT 22:D$

470 PRINT 32:ES

480 PRINT 32:7,C7

490 PRIST 92:J1

500 PRINT 32:J2

510 PRINT 32:J3

520 PRINT 32:8,H4,B

530 PRINT 92:1$

540 PRINT 22:18

550 PRINT 32:88

560 PRINT 32:08

570 PRINT 32:V,%

580 REZM.....produce a printout of the results
590 PRIRT @32,26:3

600 PRINT "L_G_* Peak search Results *"

610 PRINT "J_These are the results of a ®;A$;" peak search. The search”
620 PRINT "vas for saaple w.x$;" acguired by =.Y8;" on ";AS;" at ®-0§;

630 PRIET "."

6540 PRINT "The spectra consists of ":¥:;" channels.Decay tise vas®;
650 PRINT 8;" seconds.™;

655 PRINT " Count time was ";T:" seconds.®



660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
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PRINT *"J_The emergies we calculated om the basis of the calibratioa®
PRINT "labeled : ®;B$;" which was perforaed by ®;D$

PRINT "on ®";C$;” usiang the isotopes ";ES

PRINT "J_J_J_"

PRINT USIES 750:"Peak Nusmber®,"Channel®,"Energy (KeV) ", "Peak Couats"
POR I=1 TO C7

PRINT USING 760:I,J1(I),J3(I),J32(I)

NEXT? I

GO ro 770

INASE 6x,11a,5x2,72,5%2,122,5x,11a

INAGE1l, 11x,2d,10x,44d,8x,53.34,9z,¢c7d

PRINT 832,26:0

PIRD 1

coPY

oLD

BED



133

sess TSO FOREGROUND HARDCOPY sse¢
DSNARB=N SHAG.THESIS. DATA (S1IX )

500
510
520
530
540
550
560
570
580
590
595
600
610
620
630
640
650
660
670
680
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1012
1020
1030
1040
1080
1090
1109

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DA TA
DATA
DATA
DATA

3103.8,%s~-37",5.06 ,%8", 100,99999,99999,0,0
3088.2,"CA-49%,8.8,"8",91,4071,8,99998,99999,"P","SC-49"
1780

2750,"!&-2“',15.'5",100,1368.6,100,99999.99999,0,0

2614. 5, *TH-228%,1.91,"Y",36,860.5,5,727.3,7,583.2,31,510.7
10,300.1,8,277.8,2,238.6,89,99999,99999,0,0
2167.5,"CL-337,37.3,"4", 44, 1642.7,33,99999,99999,0,0
1836,'88-88'.17.8.'!“,22,2677.9.2,898,1“,99999,99999,0,0
1836,"Y-88",107,"D",99,898,93,99999,99999,0,0

1808. 7, "AL-26", T40000,"Y", 100,1129.6,3,511,163
99999,99999,0,0
1780,'SC-09',57.5.'!'.0.03,99998,99999,'D",'Cl-09',3085.2
1779."AL-28“,2.23,"!",100,99993,99999,"0",'56-28”,13“2
1633.5,"F=-20",11.6,%s", 100,99999,99999,0,0

1596. 6, "L A- 140", 40.2,"8",96,925.2,7,367.8,6,815.8,23
687,ﬂ5.328.8,21,99998,99999,"D','Bl-100”,537.3
1575.8,"PR- 142", 19.1,"H", 4, 99999,99999,0,0
1524.7,"K-42",12.4,"8",18,312.7,0.4,99999,99999,0,0
1“81.7.“NI-65",2.52,"H',25,1115.“,16,366.3,5,99999,99999,3,3
1460.7,"K-30",1.3E49,"Y",11,99999,99999,0,0

1434, "V-52",3.73,"%",100,99 999,99999,0,0
1“08,”20—152",13.5."!".21,1112.1,13,1085.5,11,96!,15
778.9,13,344.3,27,2684.7,7,121.9,28,99999,99999,0,0
1305.8,'CU-64',12.8,'H',0.5,511,36,99999,99999,0,0
1352.'56-28',20.9,'8",53,961.5,38,399.8,37,30.6,66
99998,99999,"P","AL-28",1779
1332.5,'CO—60",5.27,"!',100,1173.2,100,99999,99999.0,0
1311.9,"Ssc-48%,1.83,"D",100,1037.5,100,983.4,100
175.4,6,99999,99999,0,0
1297.1.”Cl—l7",l.Sa,"D',75,807.9,7,589.2,7,99998.99999
npn _n5C-47",159.8
1293.5,"AR-41",1.83,"8",99,99999,99999,0,0
127".5,"“!-22",2.6,"Y",100.511,181,99999,99999,0,0
1221.Q,'Tl‘IBZ",111,"D",29,1189.1,18,1121.3,37,222.1,8
100.1,15,67.8,448,99999,99999,0,0
1156.95,"SC-°G',3.93,"B",100,1599.0,1,511,189,99998

DATA 99999,"D","TI-44%,78.3

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

1122.6,"ED°151",12,"H",33,1180.9,10,“23.5,6,255.7,13
138.9,7,116.8.“5,99998,99999,'?','?!-151",339.9
1115.5,'2!-65',2@5.1,"0“,51,511,3,99999,99999,0,0
1099.2,"?!‘59",Bu.ﬁ,'D',SS,1291.6,0“,192.3,3,99999,99999,3,3
1097.3,"1!-116!',50.2,"!".56,2112.1,16,1507.5,10,1293.5,80
818.7,12,416.9,29,99999,99999,0,0
1077.“.'Gl-66',68,"!'.3,511,179,99999,99999,0,0
1076.6,"RB-86",18.7,"D",9,99999,99999,0,0
1067.2,'SU-!ZS".9.6,"D',Q,2002,1,1058.9,0,915.7,1,522.6,2
469.9,0.4,99998,99999,%p","SB-125",427.9
1039.2,"C0-66%,5.1,"1",9,99999,99999,0,0

DATA 983.5,'V-u8',16,'0",100,1312,97,9“5.1,8,511,100

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

99999,99999,0,0
889.3,"5C-l6',83.8,'0'.100,1120.5,100,99999,99999,0.0
879.3.'!8—160',72,'D",BO,1271.9,8,1177.9,15.966.1,25
962.1,10,298.6,27,197,5,86.8,18,99999,99999,0,0
871.1,'!3—90',20000,'!‘,100,702.6,100,99999,99999,0.0
846.8,"8¥-56",2.58,"8",99,2113.1,18,1810.7,27
99999,99999,0,0
843.8,"NG-27",9.5,"4",72,1018.2,28,99999,99999,0,)



1110
1120
1130
1140
1150
1160
1179
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
13480
1350
1360
1370
1380
1390
1400
1410
1420
1430
1480
1850
1460
1470
1480
1490
1500
1510
1520
\ 1530
‘ 1540

1550
1560
1570
1580
1590
160
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

841.6,"E0-1521",9.3,"A", 13,1389, 1,1314.7,1
963.3,12,344.3,3,121.7,8,99999,99999,0,0

834. 8, "N§-54", 312.5,"D", 100, 99999, 99999,0,0
834,%"31-72",18.1,"8",96,2507.6,13,2490.9,8,2201.7
26,1861, 5, 1596.7,8, 1468, 8, 1050.7,7,894.2,10
629.9,25,600.9,5,99999,99999,0,0
810.8,"CO-58%, 70. 8,"D", 99,511,30,99999,99999,0,0
795.8,"CS-134",2.06,"Y",85,801.9,9,604.7,98
569.4,8,99999, 99999,0,0
376.5,"BR-82",35.3,"4",83, 1474.8,17, 1317.5, 27, 1044, 27
827. 8, 24,698.3,28,619,43,558.3,71,99999, 99999,0,0
773.7,"TE-1318",1.2,"D",86,1125.5, 15, 1206.6,12,882.8,7
852. 3, 26,793.8, 16,782.5, 8, 665. 1,5,852-4,7,334.3,1
240.9,8,200.7,8,149.8,24,102.2,8,99998,99999

wps, "I-131%,364.5

765. 8, "¥B-95",35.1,"D",100,99998,99999,"D", "2B-95",756.9
756.9,"Z8-95", 65, "D",55,728.2,88,99998,99999

wpw, wgB-95%,765.8
739.5,"M0-99", 66. 2,"H", 13, 777.9,5,366.8,1,181.7,7
99998,99939,"P","TC-998",140.5

724. 2, "RU-105",4.83,"E",85,676.3,15,469.4,18,316.5,10
262.9,7,129.7,5,99998, 99999, "P", "RA-105",319.2
722.9,%1G-1088%,127,"Y",91,614.3,91,433.9,90,79.1,5
99999,99999,0,0
696.5,"PR-144",17.3,"8",1.5,2185.7,0.8,99998,99993
wpn, *CE- 148%,133.5
685.7,"¥-187",24,"8",32,772.8,5,618.2,7,551.5,6,479.5
27,134.2,10,99999,99999,0,0
667.7,"1-132",2.3,"4",99,954.6,18,812.3,6,772.6,76
670,5,630. 2, 18,522.6,16,505. 9,15, 99999,99999,0,0
661.6,"BA-1378",2,55,"8",90,99998,99999, "D","CS-137",661.6
661. 6, *C5-137",30,"",90,99998,99999,"P","BA-1374",661.6
658. 1, "N B-97", 74,"A", 98, 99998, 99999, "D", "ZR-97",57.8
657.7,"AG-1108",252.4,"D", 95,1505, 13, 1384.3,25

937.5, 34,884.7,73,818,7,764,22,687,16,677.6,11
99999,99999,0,0

633, "AG-108",2. 42,"3",2,618.9,0.3,833.9,0.5,99999
99999,0,0

616.9,"BR-80", 17.6,"8%,7,666.3,1,511,5,99999,99999,0,0
609.3,"RA-226",1620,"1",47,2204.1,5,1764.5,17
1238.2,6,1120. 4,16,768.4,5,352,39,295.2,20,241.9,7
99999,99999,0,0

602. 7, *SB- 128", 60.2,"D", 98,2091,6,1691,49
1368.1,5,722.8,11,645.8,7,99999,99999,0,0

$95.9, "A5-74", 17.8,"D", 60, 634.8,15,511,56,99999,93999,0,0
590.9,"R0~101",14.6,"8",21,1012.5,16,505.9,11,191.9,18
99998, 99999, "P","TC-101",306.8

569.7, *BI-207",38,"Y",98,1770.2,7,1063.6,73,99999
99999,0,0

564, ®SB~122%,2.7,"D",71,1256.9,1,1140.6,1,692.8,8
99999,99999,0,0

559. 1, "A5-76", 26. 3,"H", 83, 1216.2,4,657,6,99999,99999,0,0
542.9,"pT-199",30,"4", 11,493,8,4,317,0,286.4,1,185.8
2,99998, 99999, "P","AU-199",158.8
537.3,"BA-140",12.8,"D",20,304.8,5,162.9,6,30, 1%
99998,99999,"pP", ®LA-180",1596.6
536,"1-130",12.8,"78",99,1157.4,11,739.5, 82,668.5,96
%18, 34,99999,99999,0,0
527.9,"CD-115%,2.21,"D",28,892.3,8,260.9,2,99999,99999,0,0
514, "SR-85%,64.9,"D",98,99999,99999,0,0
507.8,%z8-97%,16.9,"8",5,1750.5,1,1362.7,1,1188,3



1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1880
1850
1860
1870
1880
1890
1900
1912
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2029
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA

DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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355.6.2,99998.99999,'?','!8—97',658.1
097.1,'RD~103',39.“,'D'.86,610.3.5,99999,99999,0,0
596.3,"31-131",11.8,"0",““,373.3,13,216.1,20,123.5,29
99999, 99999,0,0
RBZ.Z,'HP-181',Q2.I.'D',86,335.9,10,136.3,6,133,53
99999, 99999,0,0
l77.6,“52-7'.53.3,'0',10,99999,99999,0.0
059.5.'TB—129',70,'!',7,1083.8,0.6,“87.3,1.!,278.!,0.6
250.6.0.“,99998,99999,“?",'1-129',39.6
U02.9,“I-128“,25.1,“!',12,526.6.1,99999,99999,0,0
HJB.G,'Z!-GSS',13.8,"3",95,99999,99999,0,0
327.9,'55—125“,2.77,"!',30,636,11,606.7,5,600.6,18
ﬂ63.l.10,176.3,6,35.6,6,99998,99999,'0'.'5!-125“,1067.2
611.8,"AD—198',2.69,"0',95,675.9,1,99999,99999,0,0
396.3.'YB-175",ﬂ.2."0'.7,282.5,3,113.5,2,99999,99999,0,0
391.7,'IH-1135',1.66,“8”,65,99998,99999,"D",'SH-113”,255.1
388.5.'SB-87S",2.81,'H',82,99999,99999,0,0
372.8.'K-l3“,22.6,'ﬂ',87,617.5,81,593.“,11,396.9,11
99999,99999,0,0
36ﬂ.5,'1-131".8.0“,'0',81,722.9,2.637,7,28!.3.6,99998
99999,"D","TE-1314",773.7
363.5.'GD—159",18.6,"B",11,3“8,0.2,99999,99999,0,3
356.“8!-133",10.5,"!',62,383.9,9,302.9,19,276.“,7
81,33,99999,99999,0,0
3“3.6,'HP-175',’0,"D",85,89.6,3,99999,99999,0,0
3“2.2,'AG—111',7.45,'D“,6,2l5.u,1,99999,99999,0,0
339.9,'?!—151',28,"5“,2“,717.9,0,275.1,7,177.1,5,167.8
10,99993,99999,"D“,"IB-151",1122.6
332.3,'HP-180H",5.5,'H",9!,500.7,13,Qﬂ3.2,82,215.2,82
93.3,17,57.4,08,99999,99999,0,0
332.'SH-125!",9.55,'!',97.99999,99999,0,0
328.5,"13-19“',19.38,'8",13,293.0,3.99999,99999,0,0
320.1.'CR-51‘,27.7,"D',10,99999,99999,0.0
320,"?1-51',5.79,"5",95,928.6,5,608.3,2,99999,99999,0,0
319.2,'35—105'.1.H7,'D",20,306.3,5,99998,99999

wpm, *RG-105",724.2
316.S,"IB-192",7".2."D",86,612.0,5,605.0,9,“68.1,51
U16.H,7,370.ﬂ,8,308.“,31,296,29,99999,99999,0,0
308.1,”23-171",7.52,"8“,63,295.8,28,12&,9
111.6,23,99999,99999,9,0
306.8,'TC-101',13.'!",90,535.1,5,127.2,2,99998
99999,"D", "40-101",590.9
293.2.'CB—1“3',1.37,"D",ﬂ7,722,6,66“.6,6,57.ﬂ,13
99999,99999,0,0
255.9,'?&-1“9',2.21,"D',3,99998,99999,"D','HD-1Q9“,211.3
279.2,'86-203‘,07,'0",81,99999,99999,0,0
26“.7,"53-75',120,“0",60,!00.6,12,279.5,25,136,57
121.1,17,99999, 99999,0,0
260.6,“G!-75',82.8,'H“,11,198.6,1,99999,99999,0,0
26!.0,"62-77“.11.3.'5',58,1085.2.6,631.8,7,558,16
“16.3,22,367.“,1“,215.5,29,211,31,99998,99999

wpw _wpAS-T7%,239
255.1,'5!-113",115.2,”0",2,99998,99999,"?','I!-1135'
391.7
205.Q.'CD-111!',“8.6,'!",95,150.8,30,99999,99999,0,0
2“5.3,"1!—111'.2.83,'D',9Q,171.2,91,99999,99999,0,0
239,"!5-77',38.8,"8".1.6,520.7,0.6,99998,99999

wpn, ®wGE-T7%,264.8
231.7.'58-85!",65,'H",87,1S1.2,13,99999.99999.0,0
215.7,'30-97',2.9,'D',88.32“.5,2!,99999,99999,0,0
211.3,'ID~1“9',1.73,'!“,27,650.8,7,560.5,8,¢23.6,9



2330
2340
2350
2360
2370
2380
2390
2400
24 10
2420
2430
2840
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
259)
2600
2610
2620
2630
2640
2659
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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270.2,11,267,6,155.9,6,118.3,19,99998,99999

wpn, ®pN-149",285.9
208.4,"L0-177",6.71,"D",11,113,6,99999,99999,0,0
202.5,'!-90!',3.lQ,"H',97,b79.Q,91,99999,99999,0,3
198,"YB-169",31.8,"D",35,307.7,10,177.2,22
130.5,11,109.8, 18,63.5,85,99999,99999,0,0
190,"IN-1148",50,"D",18,725.2,5,558.8,5

99999, 99999,0,0
184.6,"C0-67",61.9,"A",48,300.2,0.8,93.3,17,91.3,8
99999, 99999,0,0
168.8,"PE-52"7,8.28,"8",100,511,112,99998,99999

wpw WHN-52%, 1634
167.4,"TL-201",73.5,"8",12,135.3,4,99999,99999,90,0
165.9,"3!—139",82.7,'!',22,1Q20.5,0.3,99999,99999,0,0
165.8,"CB-139%,140,"D",80,99999,99999,0,0

160. 2, "SH-1234",40.1,"8",84,99999,99999,0,0
159.0,“SC-B7',3.02,"D",68,99998,99999,"D",'Cl-07".1297.1
159, »TB-1233%", 120,%D",84,99999,99999,0,0
158.0,"AU-199'.3.1l,'D',37,208.2.8,99998,99999,'D","PT-199"
542.9

155, "RE- 188", 16.7,"H", 15,633,2,99999, 39999,0,0
189.7,"TE-131",25,%%",68,1187.48,6,997.8,4,602.2
0,092.8,5,HSZ.U,16,99998,99999,“?','1’131",366.5
145.4%,"CE-141%,32.5,"D",08,99999,99999,0,0
182.5,"SC-46%", 18.7,"s",57,99999,99999,0,0
100.5,'TC-99!",6,'B",90,99998,99999,"D","HO-99”,739.5
134, "HG-1978%, 24,"8",82,279.2,7,99999,99999,0,0
133.5,"CB-1QQ",280,"D',11,696.5,2,80.1,2,99998,99999
spn, "PR=-1R4",696.5
129.4,%05-191~,15.8%,"D",35,99999,99999,0,0
127.4,"CS-1348",2.9,"8", 18,99999,99999,0,0
123.1,"E0U-154",8.6,"1",40, 12748.5,34, 1004.8, 18
996.3,11,873.3,11,723.3,19,237.7,7,99999,99999,0,9
122.1,%C0-57",270.9,%D",86,136.5,11,148.4,10
99999,99999,0,0
108.2,'0!-IGSH",1.26,'H",3,515.2,2,99999,99999,0,0
106. 1, "¥P-239",2.4,"D",23,277.6,14,228.2,11
209.8,3,99998,99999,"D","0U-239%,74.6
10“.3,”5!-155',22,'!',73,2"5.7,0,1“1.“,2,“1.5,17
99998,99999,"pP","BU-155",86.5
103.2,“5!-153',06.8,”8”,28,97.5,1,69.7,0,99999,99999,0,3
98.9,'10-195'.183,'0",11,129.8,1,99999,99999,0,0
98.9.'?1-195!".“.1,"D',11,129.8,1,99999,99999,0,0
97.5,"GD~153",242,"D",37,103.2,27,69.6,13
99999,99999,0,0
93.6,"0!-165',139,'!',“,505.7,2,361.7,1,99999,99999,0,0
93.3,”5!-67",78,'H',38,393.5,0,300.2,16,18“.6,2“
99999,99999,0,0
91.1.'!0-1"7",11.1."D‘,28,531,13,99999,99999,0,0
91.1.'80-1#7',11.1,'0',28,531,13,99999,99999,0,0
88.3,"LU-1764",3.69,"8",10,99999,99999,0,0
88,"CcD-109",4.53,"D",4,99999,99999,0,0
88,"pPD-109",93.5,"8",8,99999,99999,0,0
86.5,'!0-155',1.8,'!',36,105.3,22,99998,99999

®pw®, ®SA-155",104.3
84.8,"T4-170",129,"D",3,99999,99999,0,0
81,'!2-133".5.3,'0",37,79.6,0.2,99999,99999,0,0
80.6,"HO-166",27,"E",6,1581.9,0.2,1379.4,1

99999, 99999,0,0
78.3,%TI-34",47.3,°1%,95,67.9,88,99998,99999

wpw wSC-34%,1156.95



2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

77.6,'36-197",65,'8",20,191.5,0.6,99999,99999,0,0
7“.5,'0-239".23.5,"!",51,Q3.5,5,99998,99999

wpn wyp-2397,106.1
61.5,'55‘122!”,Q.Z.'H',SO,76.3,17,99999,99999,0,0
59.5,'!!—241",133,'!",35,26.0,3,99999,99999,0,0
58.5,"co-601",10.5,"8%,2,99999,99999,0,0
51,'85-10“!",!.u1,'ﬂ',l7,775,0.2,555.8,0.2
99999,99999,0,0
46.5,"PB-210",22,"I",§,99999,99999,0,0
39.6."1-129",1.57!07,'1",8,99999,99999,0,0
38.7,"BR-80%", 8.42,"H", 36, 99999, 99999,0,0
35.5,"I-125%,60.1,"D",7,99999,99999,0,0
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sss3 TSO POREGROUND HARDCOPY #ses

DSKAME=NSAAG.THESIS.DATA (SEVEY )
1 PAGE

3 G0 TO 100

4 INIT

5 PAGE

6 GO TO 300

100 BREM.....prograas to test isotope id rostime.....first draft

101
110
130
LER
132
140
150
160
170
180
190
200
210
215
220
230
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
421
422
423
u24
425
430
440
450
459
460
461
462
463
a6y
465
866
467

INIT

PAGE

PRINT "<<<<< Isotope Identification >>>>>%

PRINT "J_The SCEATCH DATA PILES tape should be in the 3324 tape”
PRINT "“drive, and the PROGEAY TAPE should be im the 8051."
PRINT "J_J_You must nov enter am 'acceptance' ramge in Kev"®
PRINT "The number you enter is used in the following wvay. "
PRINT "J_Say yoa enter the number 1. This means that an energy"
PRINT "in the library that is within ¢- 1 KeV of an energy”
PRINT "output fros the peak search progras vill satisfy the”
PRINT ®requirement for an energy 'match', and therefore, the”
DRINT "assiqoment of the library gamma emitting isotope to the"
PRINT "peak in the spectrus being analyzed.J_"

PRINT "A value between 1 and 1.5 is recommended.”®

PRINT *J_Bnter the KeV range for isotope acceptance : L
INPOT 17

PRINT 232,26:3

REN

PIND 6

APPEND 300

BEMeceeooeoes LIBRARY BEGINS HERE

DATA 3103.8,"5-37%,5.06,"8",100,99999,99999,0,0

BENcecaes

REBHlececce

BPEY.....D0O BOT DELETE THE BELOW !!!!f!.c.ceccwcccccccccncsccas
DATA 99997,%dummy%,9,%4%,100,99999,99999
REMecececceOcKkoeeasalet us pull in sose real Jdata herec.....

DINK J1(S50) ,J2(50),J33 (50)

DIM AS(10) ,B$(72),C$(72),D8(72),ES$(72)

J1=0

J2=0

J3=0

FIND 22:9

INPUT @2:108%,B$,C8,D5,E$,7,C7,J1,J2,J3,K,4,B

INPUT 22:X$

INPUT 22:YS$

INPUT 32:RS

INPUT 32:03

INPOT @2:V,%

REMe cec0ceec0000sacoosttaess taesete seee e oersnracsssassssssosancssss
RENcoooesecrs enrmisesecsnecnsstioenn 800000000anaerosasssosnnacsscnscsscas

RENe cecccccccecnonassnoncscvcscncossacsnsaccssscaassanceansoncnnese

PAGE

DRINT

PRINT "Qualitative Apalysis for sample ";IS

PRINT "J_Spectruam acquired by ®;Y$;™ on ":BS$;" at n:0$
PRINT "Spectrus lepjth : ";V:;® chaumnels."®

PRINT "Sample count time : ";T:;" seconds. Decay time : ®;¥;
PRINT " seconds. ™

PRINT

PRIRNT



870
480
890
500
510
520
530
5380
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
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BREN
RESTORE 300
REM
REN
REHN
READ J&
IF Ju=0 THEY 1320
READ IS,TS5,TS$, A9
IFP J4=99997 THEN 1070
REN
REN
REN
L9=J4+17
L8=J4-17
REH
REN
FOR I=1 TO C7
IP J3(I)=>L8 AND J3(I)<=19 THEN 850
HEXT I ;
READ 2
IP 2=99999 THEN 1280
IP 2=99998 THEN 1260
IP Z=99997 THEE 1090
IF 2=0 THEN 1340
GO TO 660
GO TO 520
READ Q$,V$,C3
L5=C3¢Y7
L4=C3-17
YOR K=1 TO C7 .
Ir J3(K)y=>L& AND JI{K)<=L5 THEX 1160
NEIT K
GO TO 520
REN. .cees-confirm gasma found
BEMeccccescacseseaad0 D0t delete this lin@eccoccaccce
PRINT 0SIES 1370:C1
PRINT USINS 1380:33(1)
GO TO 980
BBH...............................peak found
HPMeccocccacencacssasssassaancacassil, key gansa satch
PRINT USING 1390:
PRINT "K_*";
PRIRT USINS 1400:
PRINT USING 1360:J38
PRINT USINS 1410:J3(I)
PRINT B®J_ Isotope 32 ";IS
PRINT © Halflife 2 W;T5;" ®:T$;"J_"
REHN
RES
REN
PRINT ®"©%
READ C1,C2
IP C1=99999 THEN 650
IP C1=99998 THEN 730
L7=C1+Y7
L6=C1-17
POR L=1 TO C7
1P J3(L)<=L7 AND J3 {L) =>L6 THEX 800
WEIT L
GO TO 980
PRINT "End of 1ibractye.....finished I"
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1080 PRINT 332,26:0

1100 REM....delete stat belov mast be changed as library graws
‘110 azﬂ.......-.‘.. 20 60 0GB BHLSSOS .............-...........'...
1120 DELETE 270,2640

1130 PIBD 1

1135 COPY

1140 OLD

1150 END

1160 BEMcceceececconscsssassasaassscaaeasd0 nOot delete these 3 ress

’170 BN e 0000000000t 000000000ct0esd todolooeaactsoassasascssccs

'180 PENeeec 0000000000 00000000000000000C0000RT0ETevsersnssasnsnase

1190 IP Q$="4d" THEY 1300

1200 m$="Daughter”

1210 REM....target string

1220 PRINT "J_®*¢ ®:n$." isotope peak found: Isotope : LIS £

1230 PRINT » Energy expected : ®;C3;" KeV"
1240 PRINT " Energy measured : ";J3(E) ;" Kev"
1250 GO TO 520

1260 READ 2Z,M$,¥3,0

1270 GO TO 520

1280 READ 2

1290 GO TO 520

1300 §$="Parent”

1310 GO TO 1210

1320 READ B9

1330 50 TO 520

1340 READ Z

1350 S0 TO 520

1360 INAGE"Tentative gasma assigonment : Bxpected energy
1370 IAAGE"Confirsation peak found : Expected energy
1380 INAGE29x,"Beasured energy : ",5d3.3d," Kev"

1390 IMAGE 72(™ ")

1400 INAGE 72(" ™)

1310 INAGE29x,"Measured epergy : ",54.34," KeV"

",53.3d4," KeV"
",54.343," Ke?V"



L2 2
DSH

11
36
8 R
S B
8 B
9

42

100
110
120
125
130
1480
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
810
820
830
440
450
860
470
480
490
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* SO FOREGROUED HABDCOPY sse¢s
ABE=HSHAG.THESIS. DATA {(SIGHT )

RIT

0 TO 100
HOVE 0,556/50
ETURN

MOVE -0.5,0

RETURN

REOVE 0.5,0

RETURN

G0SUB 24820

RNOVE 0,-R6/50

RETURSE

BEMec<eothis is return to prograam after calculations
50 TO 1110

GOSUOB 2340
PRINT 332,284:RS$
GO TO 41

REH

29=0

P2=1

o4=0

BEM.....quantitative analysis program

REBccace

BEM.....this program vill do the following

REMceooe

REN.....0se FULL spectra stored on tape

REN.....the user vill be expected to supply appropriate file nusbers
REE.....read ONE of these spectra into memory and process it

BEM. -...to allow the user to establish his BROI's.

REH.....the BOI's s> established will be processed as a peak
REB.....Channel ¢- pntered values. These #¢- values will resain
REN.....constant througbont the analysis, but the peak aay shift
REM.....¥ithin set bounds (probably ¢- 3 channels).

8PM.....vhen a secoad spectra is processed, the spectra vill be
REM.....read into memory, as well as the previously set peak chaanel
REM.....and associated information on the peak. The maxiauam count
REN.....in the range of OLD PEAK -3 wpill be assigned as the peak
BEN.....channel for this spectrom. The ROI ¥ill thea be set
BEM.....based on our input BOI ¢- bounds to give same total wilth.
Rz!- e e e

BEN.....all spectra used ia am apalysis sust be the same length
BZH.....due to memory constraints, 8096 channel spectra must be
REN.....processed in tvo parts, the first handling all peaks
REN..co.<=2047, the second, all peaks 2048 or greater.

BEN.cooa

):§ 3. FRPRPRFAY

RENececece

REB.....let us get started

BEHccace

PRINT ®G_G_G_L_#8¢ Juantitative Apmalysis : Comparator sethod ##¢"
PRINT "J_G_Note ® PROGERAR LIBITATIORS *"

PRINT "J_BROI's may not be processed in the follosing ranges :"
PRINT "J_Peak chamnels <21 or >1003 in a 1024 channel spectrus™
PRINT " <21 or >2027 2048"

PRINT * <21 or >8075 8096"

PRINT "G_J_"

PRINT

PRIST "J_J_Hovw many sasples do you vant to amalyze ? No more than "



500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
80O
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1049
1050
1060
1070
1080
1090
1100
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PRINT ®10 samples say be analyzed per progras rui. Iaclude *
PRINT "the standard when entering this nuamber : %3

INPUT ¥

PRINT ®"J_The standard counts as sample nuaber 1.J_"

PRINT "J_J_Banter the number of the file containing the standard ";
PRINT "spectrum : ";

DIN FP1(N)

INPUT P1(Y)

PRINT "J_Enter:J_"

POR I=2 TO §

PRINT ®Number of file for sample ";I;" : %

INPUT P1(I)

NEXT I

BEMecceeOkea---let as find the standard spectrus description file
PRINT "G_G_5_L_Put the SPECTROA DATA TAPE in the 405! internal tape "
PRINT ®"drive, and the SCRATCH DATA PILES tape in the 4928 tape "
PRINT "drive.J_J_"

PRINT "Press RETURNE to coatinue."

INPOT 28

REN.e...0ke..¥e have the Jata tape

PIND P1(1)}-1

BEY.....D0¥ input the spectrum descriptors

INPUT 233:V$

INPOT 233:WS$

INPUT 333:1I$

INPUT 333:1S$

INPUT 333:1A1
BZH.....VS:labeI;vs:initials:xS:Aate;yS:tile;.....a1=0channels
REN. ....nOV we are ready to process the spectra to set ROI'S
REM.....remember that the variable al will tell us if ve
REN.....have to process the spectrus in two parts

REN.....¥e also have another test

BEM..c..if no peaks of interest greater than 2087 are eatered
fEN.....¥e can also do it in one step

REH. ....nOV let's give the user sose iastructions and get the
REM.....peak channels

PRINT ®G_L_I need sonme information now. How smany peaks 1o you want"®
PRIBT "to perfora an analysis on ? A maximus of 10 peaks is *®
PRINT "alloved : ™;

INPOT N1

DIN P(NV)

DIN Q(N1)

pIm T(B1)

DIN D(N1)

DIB C(N1)

REH. o= P=PK chan;q=quantity; t=halflife;d=decay;c=count

REN. «a..DOV give the user a chance to make some calculations
PRINT "J_J_I am next going to ask you to enter the following"”
PRINT "information FOR EACE PEAK."

PRINT

PRINT " & Peak channel”

PRINT * ¢ ISOTOPE corresponding to this peak"®
PRINT ® * isotope halflife IN SECONDS®

PRINT ® s PELEHENT corresponding to this isotope”
PRINT * ¢ amount of this BLEMEET in the stanlard®
PRINT ™ ® the UNITS 5f the above amount"”

PRINT "J_NOTICE that all time values must be entered in SECONDS. Wz2"
PRINT "vwill novw exit the program to give you a chance to sake any"™
PRINT "calculations that may be necessary. To resuse progras "

PRIST “"execution, press USER DEPIEABLE KEY 4 8.0

END



1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1362
1370
1380
1399
1400
1410
1429
1430
1440
1450
1460
1470
1480
189)
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
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DRI "J_G_We are back !!! Press RETURKN to continue (be sure that youn®
PRINT "have recorded any nombers you may have calculated).®
INPUT Z8

PRINT "G_L_"

PRINT "Now you nust enter the channels of the peaks. 7> avoid”
PRINT "frustration, enter these suabers in ASCERDING ORDER !©
POR I=1 TO W1

PRINT "Peak chaanel for peak number ";I;" : ";

INPOT P{I)

NEXT I

REY....ve have to get those character string to be input
RENce...0ut of the vay....let us use scratch file #13

PIND 32:13

PEM.....0k .. let as get the info

PASE

PRINT "G_Enter the folloving information for the peaks "
POR I=1 TO N?%

PRINT "Peak nuaber ";I:" in channel ";P(I)

PRINT "J_ISOTOPE correspanding to peak : "3

INPOT US

PRINT *J_The halflife of this isotope IN SECONDS = ";

INPUT T(I)

PRINT "J_The ELEMENT in the standard corresponding to this isatope”;
PRINT ™ & "

INPUT RS

PRINT "J_The ANOUNT of this elesent in the standard : ";
INPUT Q(I)

PRINT "J_The ONITS corresponding to the above amount 2 ",
INPOT S$

RPMoc...WrLite identifiers and character striogs to Eile 13
PRINT 22:1I,P(I)

PRINT 32:U3

PRINT d2:BS

PRINT 32:S$

POR K=1 TO 100

NEXIT K

PRINT "G_L_"

NEXT I

REMe....CeBEmRbEr....SOBEtine ve have to read in the decay
REY-....times from the spectrum data tape...ve can jet the
RE¥eeeeo.Count tines fros the spectra

RElccees

RE%e....nov let's see if ve have to make one or tvo passes
1=0

FPOR I=% TO N1

¥=p (I) BAX ¥

NEXT I

DELETE 100,1580

1P M>2027 THEN 1340

REM.....C23ardless, here ve begin our first pass
RPY.....didension dur array to bold the data

REM.....but lelete it first, in case this is our seconl pass
IF A1=2048 OR A1=4096 THEZN 3320

IF AY=1024 THEN 3350

PRINT "L_G_G_G_%%%% FATAL ERROR %%%%% INVALID SPECTRJY LENGTH"
END :

RE%eoo..0k...Check to see if it is first or second pass

IP P2=2 THEN 3050

RE%.....herCe Wwe are on our first pass

PIND PY (1)

INPOT 833:26



1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1949
1950
1960
1970
1980
1990
2000
2010
2020
2030
2080
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2155
2156
2157
2158
2160
2170
2180
2190
2200
2210
2220
2230
22480
2250
2260
2270
2280
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IHEPOT 333:A

BEPHe....¥e need to dimension our variables to hold

REMe....O0Ur beginming (R1) and ending (R2) channels

BEY.....fOr each peak

pIN B1(¥N1),R2(NY)

R1=1.,0E+10

R2=0 .

REN.o-..¥We will worry about computations later

RES.....here we actually begin to set our ROI's

REN.....fOr DOV, only GIN sode available

G0 TO 1990

REN

REN.....here m>2027 so we have to make tvo passes

RESe....but, let us make as sure as possible that this is possible
IP M>2047 AND A1<3096 THER 1930

REN.....the above is sur # passes indicator

PRINT *J_You reguested a peak chaanel > 2027. This means that wve"
PRINT "must have a 8096 chanmel spectra available in each sample"”
PRINT "case, and that we will have to set our BOI in tso passes."
50 TO 1600

END

PRINT ®G_L_Guess what ? You just tried to process a peak ia channel®
PRINT H:;® while having only 2087 chanpnels of data available !!:!®
PRINT "J_It was a good try,ay friend, but it is also a%;

PRINT " X%%X%X PATAL BRROR XXX%X"

PRINT "and this proqras is hereby TERNMINATED IG_"

BND

I=0

I=I+1 .

REN.....HERE we must make a test to see if the data ve are
BEN.....requesting is in memory....if it is aot, then ve have to>
REM.....rCead it in, i.e., begin our second pass

BEH.....¥e do this by checking our peak counter,p. If it (P(i))
REMeewseiS > 2027, then we go to the second pass

BENecocos

IF P(I)>2027 THEN 2720

R$=CHR {127)

YIBWPORT 60,125,15,65

gINDOW 0,10,

ROVE 0,0
DRAW 1,0
DERAR 1,1
DEAW 0,1
DBAW 0,0
HOVE 0,1
PRINT "K_";
PRINT "K_*";

PRINT "Peak number ";I:" in chanmbnel ";P(I)
VIEWPORT 66,119,21,59

B6=0

IFP P(I)>2027 THENW 2900

POR I9=P(I}-20 TO P (I)+20

IP A(I9)>H6 THEN 2660

NEXT I9

WINDO¥ P{I)-20,P(I) +20,0,86

POR I9=P(I)-20 TO P(I)+20

HOVE I9,1(19)

DRAF 19,1 (I9)

NEXT 19

HONE

PRINT "J_J_J_J_J_Press OUDK 10 to begin. UDK 5 to enter a paint."
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2290 PRINT ™ ODK 9 when done.™
| 2300 PRINT "J_ODK ="
2310 PRINT "1 moves cursor up2 moves cursor leftl moves cursor tight"
2320 PRINT "4 moves cursor down."
2330 END
2340 GIN G1,G2
2350 SET KEY
2360 IP P(I)>2027 THEN 2990
2370 IP 29=66 THEN 2830
2380 HOVE P(I)-10,86/2
2390 GIN G1,G2
2400 IP P(I)>2027 THEN 3010
2410 RETURHE
2420 RBY.....pointer is positioued
2430 GIN 61,32
2440 IF P(I)>2027 THEE 3030
2450 S1=INT(G1)
2860 I® G1>R1(I) THEN 2510
2470 HOME
2480 PRINT "Begin chanmel : ";G1¢1
2490 R1(I)=G1+1
2500 GO TO 41
2510 HOME
2520 PRINT "Eni chanbel s ":G1+d
2530 REM.....here we want to be sure that ve have input the peak
2540 REM.....chabnnel. So, ve vill search a region of ibput peak
2550 REM.....*=3 channel for the true saxisunm. This saxisus will then
2560 BENeo....Ceplace the input peak, channel
2561 IP P(I)<=2027 THEN 2570
2562 GOSUB 7000
2563 GO TO 2580
2570 S0SUB 3210
2580 PRINT "K_K_K_K_Peak channel : ";P(I)
2590 R2(I)=G1+1
2600 POR K8=1 TO 600
2610 NEBXT K8
2620 PASE
2630 IP ICKN1 THEN 2000
2640 30 TO 3060
2650 END
2660 BE%.....Set max count
2670 M6=A(I9)
2680 IP P{I)>2027 THEHN 2920
2690 30 TOo 2210
2700 END
2710 END
2720 BEHe....her we are ready for our second pass
2725 1P Ou=93.6 THEN 2830
2730 DELETE A
2740 REN....-the above leletes our data array for reuse
2750 BEN.....Cedisension a
2760 DIB A(2027)
2765 04=93.6
2770 PIND P1(1)
2780 INPUT 333:26
2790 INPOT a33:1
2800 DELETE A
2810 DIM A (2068)
2820 INPUT 333:)
2830 Z29=66
2880 EBNeceo.0k...¥e DOV bave channels 2028 thru 4095 in seaory
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2850 REM.....¥e have to be sure incremeat our chanpel counter right
2860 REMceceee0K.ooWhat do ve do now??? We knov that ve are rupning
2870 BEM...-.out of memory. We say have to delete part of the
2889 BEMoo...progqranmt?i!

2890 30 To 2080

2900 FOR 19=p(I) ~2028-20 TO P (1)~-2028+20

2910 IP A(I9)>86 THEN 2660

2920 NBXT I9

2930 WIKDO® P(I)-2029—20,P(I)-2028020.0,56

2940 POR I9=P(I)-2023—20 T0 P(1)-2028+¢20

2950 MOVE I9,A(I9)

2960 DBA® I9,A(I9)

2970 NEXT I9

2980 50 TO 22790

2990 MOVE P (I)-2028-10,86/2

3000 GO TO 2390

3010 31=61+2027

3020 50 TO 2410 '

3030 51=61#2027

3040 GO TO 2459

3050 END

3060 REM.....here all of our ROI should be set

3070 RE2Me....¥e will write all of the information we have
3080 BBY.....qgathered to tape file #14 on the scratch tape
3085 PRINT nGg_5_G_G_J_Put the PROGRAN TAPE in the 4051 internal tape drive. "
3086 PRINT ®"J_J_Press BETURN to continue.";

3087 INPOT 2%

3090 RBYeo...then we wvill 30 to apother progras to

3100 PBYe....find all of the data files of the sasples, pull the
3110 REY....-.33ta in the roi's we requested, and do the calculatioas
3120 BEMueo..0D ita

3130 RES

3140 REAN

3150 REHN

3160 REN

3170 FPIND 32:14

3180 PRINT 32:3,B1.F1,P.B1,BZ,Q,T

3190 PIND 9

3191 OLD

3200 END

3210 REM...-.Subroutine to test for true peak

3220 K7=A(P(I))

3230 POR K4=P(I)-3 TO D(I)+3

3240 1P A (K4)>KT THEN 3270

3250 NEXT K4

3260 BETURN

3270 P (I)=K4

3280 K7=A(K4)

3290 GO TO 3250

3300 BND

3310 END

3320 DELETE 1A

3339 DIN A(2087)

3340 30 TO 1670

3350 DELETE A

3360 DIY A{1023)

3370 GO TO 1670

3380 BND

6999 EWND

7000 QFE%a0ee-SUSROUTINE TO TEST POR HNAX CHAENEL I¥ ROI
7010 REMeceseON SECOND PASS FOR 4096 CHANNEL SPECTIRA



7020
7030
7040
7050
7055
7060
7070
7080
7090
7100

K7=A (P (X})-2028)

POR K4=P(I)-2028-3 TO P(I)-2028+¢3
IF A(R4)>KT THEN 7070

NEIT K4

P(IY=P(I) -1

RETURN

P(I)=K&+2028

K7=A (K4)

50 TO 7050

END
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sssx TSO PORBGROUND HABDCOPY ssex
DSHANE=NSHAG.THESIS. DATA (NINE )

100
110
120
130
140
150
160
170
180
190
200
210
220
230
2640
250
260
270
280
290
300
310
320
330
3a0
350
360
370
380
390
400
810
420
430
440
450
460
470
880
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660

REM. ....Actual, real live guantitative analysis progras
BPN.....ve need to input some data from the scratch data files
BEB. co..data resides in files 13 and 18....ve are only zoncerned
REN.....Vith the data in file 14 right msow

PRINT "G_L_Qouantitative lnalysis-~~Coaparator BethodJd_J_"

PRINT "Put the SPECTRONM DATA TAPE in the 8051 internal tape drive.”
PRINT "J_Put the SCBATCH DATA PILES tape in the 3924 tape drive. "™
PRINT "J_J_G_Press RETURN to continl@eccecccccs™

INPOT Z$

PAGE

REN.<e..find the file

PIND @2:14

REN.<c..input the number of samples, n, and tke nuaber >f peaks, bl
INPUT 32:N,M1

REN..<...nOW ¥e can limension our variables to hold the rest of
RBB.....the data

BEM.....fl=sample file numsbers, c=sample count times (fros spec data)
BEN.....d=sanple decay times (from spec data tape)
REN.....p=pepak chaanels, ri=begin channels, r2=end chaanels
REM.....g=clesent quantities, t=isotopep halflives

DIN P(N),C{(N),D(N)

DIN P(!1),R1(N1},RZ(Il),Q(Nl),T(!n

BEN..c<.cO0KeosoDOW input the data in file 14

INPUT #2:P,P,B1,RB2,2,T

BEN.....¥We will try to process our sasples vhile in a FIR loop
BEN.....bot, since the standard is unmigque to the projraa, let
REN.eo..US process it separately

REN.....first let us input the spectrum descriptors

FPIND 32:15

FOR I6=1 TO N

FIND P (16) -1

INPUT 333:18

INPOT 333:BS

INPUT 333:C$

INPUT #33:D$

INPUT 333:C8,D (I6)

REM.ceee0Keecos¥e DOV have the necessary information

REM.....¥e DOV need to begim our calcaolatioms

REM..... probably would be fastest to have spectruam read into
BEN.eee.al arcay a.

REN.c...if ve have a 4096 channel spectrus, ve vill go through
REB. oo tu¥ice

BEN.....here let us see wvhat size spectra we are dealingy with
c8=C8-1

IF C8=1023 THEN 2220

IF C8=2047 THBE® 2320

1P C8=4095 THEN 2400

BEM....ve are bere if c8 is imvalid

PRINT *G_L_%%%%%X FATAL BRROER %%%%% Invalid spectrua lenjth"®

EED

BEZN...-..here ve return

RES.....¥e have all of the data im the 1024 and 2048 channel
BREN.....Spectrus cases. The first 2048 channel in the 8096 case
BENece---50, let us begin

pIE G(H1),B(B1),83(N1)

BEM.....J=gross intagral array,b=bkg array, n3=net array

6=0 .



670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1175
1180
1181
1182
1183
1190
1200
1210
1230
1240
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B=0

N3=0

POR I=1 TO K1

REN.....here ve need to test to see if we have to go load some
REM.....BOre data

IP P (I)>2048 THEW 2690

REBce...COBpPUte gross inteqral

rog I1=R1(I) TO B2(I)

G(I)=G(I)tl(11)

NEXT I

REM.....let us compute the background

REHB. ce-« fOC ROV, ¥We ¥ill use the first and last channels in the
BEN..e..ROI

B{I)=(A[B1(I)) +A(B2(I))) /2% (B2(I)-BI (I} +1)

BEN...-.00¥ compute net

B3 (I)=5 (I)-B (1)

BEN....-n0¥ go for next peak

NEXIT I

60 T0 1010

BEH.....¥e coOBe her to process the second half of a 4096 channel
BEH. .-« SPecCtrun

BEM.....counter i is already correctly set

BE%. ... CeBReaber, ve Bust properly handled offset channzl anumbers
REM.....begin another loop with a newv counter

PFOR I2=I TO H1
BEN.....CORPUtE Jross integral

POR I3=R1(I2)-2027 TO BR2(12)-2027
G(12)=G(12)01(13)

NEXT I3

REN. «...cOBpute background
B(I2)=(A(RY(I)-2027)+A(R2(I)-202T))/2¢ (R2(I)-R1(I)¢1)
BEN...-..COBpPUte Det

I3(12)=G(12)-B(Ih

HEXT I2

BEN....-bere, in any case, we are finished with saasple 1
REN.....best to write data to SCRATCH PILES file 15, then
REM....G0 back for the next sample

REN.let us try to make the sachine thiank that it has tareinated
BPY....oall POR loops

I=¥81

REN.....here we are ready to write the results for sample 1
BEBNeee=-tO tape

BEM.....¥e already have the tape positioned

PBINT D2:B,l1,?(16).P.R1,B2,Q.r,b(16),C(IS),CB,G,B,BJ

PRINT 32:AS$

PRINT 32:BS

PRINT 32:CS$

PRINT 32:D$

REM.....¥e ¥will do computatioans in next prograas

RES.....for now, do mext sasple

NEXT Ib

PAGE

HOME

PRIBT *® {({I{ Quantitative Analysis Results J)}1}}1°"
PRINT "K_":

PRIET " IRRRL feeees
BRER.....Quantiatative apnalysis module 3...final nodule

INIT

PRINT 332,26:3

REM.c...find data file from last step

PIND 22:15



1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1800
1810
1420
1430
1460
1850
1860
1470
1880
1890
1500
1510
1520
1530
1580
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1780
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850

REN.<-e.imput nusber of sasple,nunber of peaks per sample
IBPUT 22:¥,81

BBN.....dimension variables to hold data

DIl !(l),D(l),C(H)

DIN P(l1),B1(l1),l2(l1),0(l1),!(ll),G(l1),B(II),IJ(I1)
REN dimension variables to hold results of calculations this step
DIN S(N1)R(N1) ,A(N1),A1(EN),LI (N1) ,B1(F 1)
RES....-begin sample loop

POR I6=1 TO K

?9=1

BEB.....inpot sasple inforsation

PIND 82:15

IBPUT 92:8,81,P (16)

I NPOT 32:9.31.32,9,1,9(16),cus;,ca,s,a,uz

INPOT 32:1S$

IEPUT 32:1S8

IEPUT d2:18

IWPUT 82:BS

IBPUT 32:C$

INPUT 32:DS

IP ?9=16 THEE 1380

?9=P9+1

60 TO 1370

REM.....here we have the right imformation
BEN.....begin calculations

BEN.....CORVErt Det intejrals to net counts/second
B3=03/C({16)

RES....-.calculate decay constants

L9=105 (2) /T

BER.....cOrrect for decay

L8==18D (16}

£1=18%L9

POR I=1 TO ¥1

l3(I)=I3(I)/2!P(31(I))

NEXT I

BEB.....first sasple processed is our standard

REN.all subsequent puabers must be cospared to standard oumbers
BENewo..-S50, l€t us store them in a separate array

17 16=1 THEN 2090

BEN....-Calculate guantity ratio

POR I=1 70 HI

1P S(I)<=0 THEN 2130

B (I)=¥3 (1) /5(1)

BENoc.c...if ve get a negative integral, make integral=0
IP R(I)<0 THEN 211D

BRXT I

pEN.the quantity of the element of interest is read in on every
BZN.coo-PASS

BEN.....Calculate amonnt of element of interest in sample
poR I=1 TO M1

A (I =R(I) *Q (1)

¥EXT I

2P8.....here we want to out put the results of this sasple
PRINT "G_J_J_>>>Sasple z ";A$;"J_"

PRINT USING 2150:CB+1

PRINT DSING 2160:C(I6)

PRINT USIES 2170:D(16)

PRIWT "Acguired by #:88:;" on ®.Cc$;" at ";DS§

PRINT USING 2180:

BPH.....G0 toO descriptor file

PIND 92:13
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1860
1870
1880
1890
1900
1910
1930
1950
1970
1980
1990
2000
2020
2030
2035
2036
2040
2060
2070
2080
2090
2091
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
26420
2430
2840
2850
2460
2870
2880
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POR I=1 2O W1

INPUT 32:X7,X8

IBPUT 32:1I%

IPUT 32:%8

IKPUT 92:08

PRINT " ®ePS;"K_"

PRINT " ".08;"K_"
PRINT " nIS;nK_"
PRINT OSIN3 2190:A(I)

XTI

BEM.....go for mext saample

EEXT 16

PRINT "J_J_G_Put the PROGEAH TAPE in the 80S1 internal tape drive.”
PRINT "J_Press RETUERN to continue."

CcoPY

PRINT 232,26:0

INPUT 28§

PIND 1

oLD

END

S=N§3

A3=18t" (Standard)”

GO TO 1640

R(I)=0

30 TO 1700

S(I)=1.0E-12

G0 TO 1670

IHAGE "Spectrus length : ",&d

INAGE "Count time s »n £f3," seconds”
IBMAGE "Decay time : ", £f4," seconds”
IBAGE 5:.21,'Blelent“,12!,'Alount',16:,'Isotope Beasuredn,21l
IBAGE 18x,7d.24

END

BND

BEM.....here we have a 1024 chapnel spectrun
DELETE A

pIE A(1023)

PIED P (I6)

REMee...input the couat time

IBPUT @33:C(I6)

REN.....input spectrum

INPUT 233:2

GO TO 600

BBD

REM.....here we bhave a 2048 channel spectrum
PIRD P (I6)

DELETE A

DIN A(2047T)

IWPOUT #33:C(I6)

INPUT 333:A

GO TO 600

END

BP%.....here ve have a 8096 channel spectrus
BEPMec...¥e ¥ill have to perform 2 passes (probably)
EPN.....8llov the first pass to handle peak chammels up to 2048
DELETE )

DIN A(2068)

rIND P(16)

IWPOT @33:C(16)

I8POT #33:)

30 20 600



2890
2500
2510
2520
2530
2580
2550
2560
2570
2580
2590
2600
2610

RE2.....here we are going to set up to read for our secoad
BEYee...PaSs. e already have sur count tiae

DELETE A

DIN A(2028)

RE%....-the folloving should give us channels 0-2028
PIND P (16)

INPOT a33:1

DELETE A

BPNe.....the following should give us chanmels 2028-8095
DIN A(2068)

INPUT 333:A

PRINT “G_"

80 %0 860
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ssse TS0 POREGROUND HARDCOPY #*&%s¢

DSHANE=NSHAG.THESIS.DATA (TEN )

100 BEN.....PROGRAN TO DISPLAY CONTEHTS OF DATA TAPE

110 BEN.....give user iastructions

120 PRINT *"L_6_ $88$S Data Tape Contents $§S$sS¢
130 PRINT "Put the SPECTROUM DATA TAPE in the 3051 intermal tape drive.”
130 PRINT "Press RETURN to continue.™;

150 IHPUT LS

160 BPM.....remember that 0dd sumbered files are descriptor files
170 BEN.....even nuabered files are files containing spectra

180 I1I=1

190 BEN.....bhere begin our loop

199 BEHE.....first go into non-header forsat

200 PRIRT 233,0:0,0,1

220 PIND I

230 BREN.....input the header inforsation

240 BBR.....See if we have the LAST file

250 IBPUT 233:T$

260 U$=SEBG(TS,9,1)

270 IP 0$="L"™ THEN 480

275 IP US$="E" THEN 1000

280 BEN.....bere wve do not have the last file, so let's get the info
290 BE8....-.return to header mode

300 PRINT 833,0:0,0,0

310 PIND I

320 INPUT 233:AS8

330 IPPUT 233:BS

340 INPUT 833:CS$

350 INPUT #33:D3

360 IMPOT 8#33:B

370 INPUT 233:P

380 BEM.c....DnOv print out the SPECTRUM file number and the info
390 PRIRT ® Pile : ";I+ ;" "

800 PRINT "Coatents : A ®;B;™ channel spectra labeled L § 1

810 PRINT ®Spectrua acqusition time : ®";D$;" on n.C$

820 PRINT ®"Acquired by = ";:BS:" Decay time : ";P;" seconds.”
430 BEMee-..0k, we are ready for the mext one....increment counter
840 I=1¢2

850 PRINT 233,0:0,0,0

860 GO TO 200

870 EED

880 REM. ....here ve have found the last file

890 PRINT 233,0:0,0,0

500 PRINT %G_G_G_G_G_End of files on this tape.”

505 PIND O

510 END

1002 PRINT ®G_oss¢ THIS TAPE IS PULL ®seen
1010 60 TO 880
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