
Design of a microcomputer "time interval board" for
time interval statistical analysis of nuclear systems

Item Type text; Thesis-Reproduction (electronic)

Authors Shuma, Mercy Violet, 1957-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:13:50

Link to Item http://hdl.handle.net/10150/276685

http://hdl.handle.net/10150/276685


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Microfilms 

International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 





Order Number 1333262 

Design of a microcomputer "time interval board" for time 
interval statistical analysis of nuclear systems 

Shuma, Mercy Violet, M.S. 

The University of Arizona, 1988 

U M I  
300 N. ZecbRd. 
Ann Arbor, MI 48106 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark •/ . 

1. Glossy photographs or pages 

2. Colored illustrations, paper or print 

3. Photographs with dark background 

4. Illustrations are poor copy 

5. Pages with black marks, not original copy 

6. Print shows through as there is text on both sides of page 

7. Indistinct, broken or small print on several pages S 

8. Print exceeds margin requirements 

9. Tightly bound copy with print lost in spine 

10. Computer printout pages with indistinct print 

11. Page(s) lacking when material received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages 

15. Dissertation contains pages with print at a slant, filmed as received _ 

16. Other 





1 

DESIGN OF A MICROCOMPUTER "TIME INTERVAL BOARD" 

FOR TIME INTERVAL STATISTICAL ANALYSIS OF 

NUCLEAR SYSTEMS 

by 

Mercy Violet Shuma 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF NUCLEAR AND ENERGY ENGINEERING 

In Partial Fulfillment of the Requirements 
•for the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN NUCLEAR ENGINEERING 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  8  



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of requirements 
for an advanced degree at the University of Arizona and is deposited in 
the University Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his or her 
judgement the proposed use of the material is in the interests of 
scholarship. In all other instances, however, permission must be obtained 
from the author. 

SIGNED: 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

^ George W. Nelson ~ 
Professor of Nuclear & Energy Engineering 

Date 



DEDICATION 

Dedicated to my son, Benjamin, for his patience and my husband, 
Dominick, for his courage, patience, understanding and love. 



4 

ACKNOWLEDGEMENTS 

The author would like to acknowledge the ever present guidance and 
encouragement provided by her advisor, Dr. George W. Nelson. Thanks are 
due to Nathan Moyer for his readiness to help and his excellent technical 
advice on the design phase of the project. 

Thanks is extended to the faculty of the department of Nuclear 
Engineering and Energy and fellow graduate students for making my study 
program in the department an unforgettable educational experience. 

The author is very grateful to the International Atomic Energy for 
the financial support during most of the course of study, and to Dr. 
Morton E. Wacks for providing the best possible communication link. 

Special thanks to all members of my Church for their constant 
prayers and moral support. 

Special recognition is owed to my father and my mother for the 
years of understanding, advice and love they both have provided to me so 
unselfishly. 

Gratitude to Yinka Omojola for typing this thesis. 
Lastly thanks to all my friends in Tucson for their support and 

encouragement which came in many ways throughout my study at the 
University of Arizona. 

Thank you all for making this attempt a success. 



5 

TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS 8 

LIST OF TABLES 9 

ABSTRACT 10 

CHAPTER 1: INTRODUCTION 11 

Objective 13 

CHAPTER 2: THEORY 15 

Time Interval Distribution 15 

Derivation of the Distribution Function for Random Pulses . . 16 

Resolving Time 20 

Correction For Loss of Counts due to Counter dead time 21 

Resolving Times of GM Counters 22 

Dead time of Scintillation Counters Nal(Tl) 25 

Dead Time of Semiconductor Detectors (GeLi) 26 

CHAPTER 3: DESIGN OF THE TIME INTERVAL BOARD ... 27 

Clock Generator 28 

Time Interval Counters 30 

Address Generator, and The On-Board Memory 34 

Memory Decoding 35 

Decoding the On-Board Memories 37 

Decoding the On/board Write-to Register 41 

Reset-Set Bytes 45 



6 

TABLE OF CONTENTS - Continued 

Page 

Decoding the Read-From Registers 46 

Decoding the Flag Register 49 

Summary 50 

CHAPTER 4: SOFTWARE DESIGN 51 

The Software Options 52 

Calculating Average Count rate 54 

Data Processing 55 

Summary 56 

CHAPTER 5: PERFORMANCE AND EFFECTIVENESS 57 

Amount of Data Obtained 57 

Verifying the Time Interval Distribution 64 

Measuring Detector Dead Time 71 

Two Source Method 71 

Time Interval Board Method 73 

The Overdriven System 77 

CHAPTER 6: DISCUSSION AND CONCLUSION 79 

Future Use of the Time Interval Board 82 

GLOSSARY 83 

APPENDIX A: Circuit Diagram 86 

APPENDIX B: Control Software 94 

APPENDIX C: Sample Data GM Counter 97 



7 

TABLE OF CONTENTS - Continued 

Page 

APPENDIX D: Sample Data Nal(Tl) (Cs-137) 98 

APPENDIX E: Sample Data Nal(Tl) (Co-60) 99 

APPENDIX F: Sample Data GeLi (Cs-137) 100 

APPENDIX G: Sample Data GeLi (Co-60) 101 

APPENDIX H: Data Resolving Time for Time Interval Board . .102 

APPENDIX I: Data-Effect of an Overdriven System 103 

LIST OF REFERENCES 104 



8 

LIST OF ILLUSTRATIONS 

Page 

Fig. 2.1: The Time Interval Distribution Function 11 

Fig. 2.2 Dead time and Recovery time for a GM Counter .... 13 

Fig. 3.1. The Design Block Diagram 15 

Fig. 3.2. Data Transfer Mode Control Signals 15 

Fig. 3.3. Hardware On-Board Memory Write Control Signals ... 16 

Fig. 3.4. On-Board Memory Decoding Signals 20 

Fig. 3.5. Write-to Register Decoding Signals 21 

Fig. 3.6. Read from Register Decode Signals . .... 22 

Fig. 5.1. Experimental Setup 25 

Fig. 5.2. GM counter 26 

Fig. 5.3. Nal(Tl) Detector, Cs-137 source 27 

Fig. 5.4. Nal(Tl) Detector, Co-60 source 27 

Fig. 5.5. GeLi Detector, Cs-137 source 28 

Fig. 5.6. GeLi detector, Co-60 source 30 

Fig. 5.7. Effect of an Overdriven System 34 



9 

LIST OF TABLES 

Table Page 

3.1 On-Board Memory Decoding Logic 35 

3.2 Write-to Register Decoding Logic 37 

3.3 The Reset-Set Bytes 41 

3.4 Read from Register Decoding Logic 45 

5.1 Equipment List 46 

5.2 Results of Amount of Data Collected for Na-22 .... 49 

5.3 Results of Data Collected for Cs-137 50 

5.4 Results of Amount of Data Collected for Ba-133 .... 51 

5.5 The Fitting Parameters 52 

5.6 Results of Deadtime Measured by Two Source Method . 54 

5.7 Fitting Parameters for Resolving Time 55 

5.8 Resolving Time Measured by the Time Interval Board . 56 

6.1 Channel Number Corrections 57 



10 

ABSTRACT 

A microcomputer based hardware, the Time Interval Board, was 
designed and the software interface control program was developed. 

The board measures time intervals between consecutive pulses from 
a discriminator output. 

The data is stored in on-board 16K x 16 memory. The 
microcomputer empties and processes the data when the on-board memory 
is filled. Data collection continues until the preset collection period is 
finished or a forced end is initiated. During this period, control is 
passed between the hardware and the microcomputer via the interface 
circuit. 

The designed hardware is IBM PC compatible. 
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CHAPTER 1 

INTRODUCTION 

In engineering and scientific research, data collection has always 

been an important task. This is because of the strong interdependence of 

the quality of data used upon good experimental results. 

Quality of data comprises the following: 

(i) Amount of data obtained over a period of time. 

(ii) Accuracy of the data obtained. 

(iii) Completeness of the data. 

Since it is usually necessary to use statistical methods in the 

analysis of data, one objective is to maximize the amount of data 

collected and to minimize data loss. It is also necessary to have a 

reliable experimental system which will collect as much data as possible 

and with as little error as possible. Finally, all of the information which 

the original measurement provides should be available to the experimenter 

for analysis; that is, no significant information should be lost because of 

the method of data collection. In analyzing nuclear events with 

electronic data collection systems, the most common measurement is the 

"count rate" or average number of pulses detected per unit time. In 

many cases this data collection method is quite sufficient. However, more 

information about the particular events is contained in the relation of the 

pulses to each other in time. 
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Full knowledge about the exact time when each pulse from a 

nuclear event is detected can be used to correct for resolving time 

counting losses, to diagnose departure from expected frequency patterns 

due to equipment failure, and to analyze non-random nuclear events due 

to fission or progressive nuclear decay chains. 

This project involved designing and testing a data collection system 

which records the time between successive pulses. The design is a "plug 

in" board for a standard IBM or compatible PC. The board is used for 

measuring and storing the time intervals between pulses in its "on-board" 

memory. The PC is then used to read data from the on-board memory, 

sort the information as appropriate to the experimenter and store or 

process the data using appropriate mathematical analysis methods. 

In 1986, Brian Rooney did research on "Measurement of 

Subcriticality in Neutron Multiplying Systems Using Time Interval 

Statistics," which served as his MS thesis at the University of Arizona. 

It is evident that statistical methods were used, which implies that both 

data quantity and quality were crucial. On the amount of data obtained 

from the experimental equipment used, which is referred to as the 

interval board, Rooney observed " Since the interval board designed must 

be reset after each recorded interval, all possible time intervals will not 

be observed. The maximum ratio that can be obtained is 50 percent of 

the total available." We can conclude that his experimental equipment 

would lose over half of the data. In fact, every other time interval is 

lost. 
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The results obtained by Rooney are valid, but there is a need to 

support them by more data. This can be accomplished by improving on 

the data collection equipment so that we can cut down the percentage 

loss in data. The data collection equipment is the interval board. It is a 

digital logic interface circuit and an interval measuring circuit. It 

interfaces the detector system to the microcomputer and it measures the 

time interval between two detected pulses from nuclear decays or 

interactions and stores the data in on-board memories. Transfer of the 

data to the microcomputer is done by software at a later time when the 

on-board memories are filled. 

OBJECTIVE 

The objective of this thesis is to design an interval board which 

will collect, as nearly as possible, all of the data available, and to 

demonstrate its performance and effectiveness for data collection of the 

time between all consecutive pulses. The performance of this designed 

interval board will be examined in the following way. 

(i) Choosing different pulse sources. 

(ii) Collecting the time interval data. 

(iii) Appropriate curve fitting. 

(iv) Assessing the performance: 



14 

The performance will be assessed (a) by comparing the amount of 

data collected by the designed board to the amount registered by a 

standard counter, at different count rates. 

(b) by comparing the quality of data obtained. For each randomly-

emitting source used and corresponding to different channel widths a 

curve will be drawn. Good data quality will be proven if smooth curves 

which match the anticipated theoretical function for random pulses are 

the result. 

The effectiveness will be determined (a) by measuring the resolving 

time of 

(i) Geiger Muller counter 

(ii) Nal(Tl) detector 

(iii) GeLi detector 

and comparing the values obtained to those measured by standard 

techniques, and 

(b) determining the effect of an overdriven system on the time 

interval distribution. 
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CHAPTER 2 

THEORY 

The work is divided into two parts, a) design of the interval board 

and b) testing the performance of the board. The theory of the design 

and the design work are discussed in chapter 3. The theory relevant to 

the performance of the interval board is the subject of this chapter. 

Time Interval Distribution 

The interval board is used for measuring the time intervals between 

successive pulses from a nuclear detector. The time interval is referred 

to as At. 

Pulses due to a random process have a constant probability of 

occurance per unit time. However, the frequency distribution of the time 

intervals obtained will be characteristic of a probability distribution 

function. 

In the derivation of the distribution function it is assumed that: 

(i) There is at most one pulse emitted in the interval 

[t, t + At]. 

(ii) The probability for finding one pulse in this interval is 

proportional to At. 
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(iii) The occurance of a pulse in the interval [t, t+ At] is 

independent of the occurance of a pulse in any other non-overlapping 

interval. 

Derivation of the Distribution Function for Random Pulses 

For random pulses, from assumptions (i) and (iii), the probability 

that there is one pulse in the interval [t, t + At] is 

Pi (At) = a At (1) 

where a is the average pulse density per unit time. 

The probability that there is no pulse in the interval is 

PO(At) = 1 - Pi (At) = 1 - a At (2) 

Assumption (iii) implies that the occurance of no pulse in At is 

independent of the presence of no pulses over the time t. and hence a 

factorization of the probability for occurance of no pulses over time t + At, 

t, given as 

P0(t + At) =Po (t) x Po(At) (3) 

but Po(At) = 1 - aAt from equation (2) 

POtt + At) - Po (t) 
= -a Po(At) (4) 

t 

When t -> 0, the left hand side of equation (4) becomes the derivative 

of Po(t) with respect to t. Hence we get 

dPo(t) 
= -a Po(t) (5) 

dt 



17 

We assume that a is constant and that Po(0) = 1, then the solution to 

equation (5) is Po(t) = e-at (6) 

Equation (6) gives the probability that two consecutive pulses are 

separated by time t or greater. 

The differential probability that the next pulse will occur within a 

differential time dt after a time interval of length t is determined by the 

following two processes. 

(i) No pulse may occur within the time interval from 0 to t. 

(ii) A pulse must be detected in the next differential time 

increment dt. 

The overall probability is given by the product of the probabilities 

characterizing the two processes i.e 

Probability of Probability of no Probability of 
pulse being = pulse during time . a pulse being 
detected in dt from 0 to t detected during 
after delay of t dt 

(Pl(t)dt) = Po(t) • adt 

Pl(t)dt = ae-atdt => Pj(t) = ae-at (7) 

Equation (7) is the distribution function for the time intervals 

between adjacent random detected pulses. Fig. 2.1 depicts its graphical 

behavior. 

The distribution obtained is characteristically an exponential 

distribution. This distribution is obtained when the probability of 

occurance of a pulse is small, and the total number of pulses is large, as 

in a Poisson distribution. 
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Equation (7) suggests that short intervals between randomly 

distributed events have a higher probability of occurrence than long 

intervals . 

The data collected is therefore expected to prove: 

(i) High incidence of short intervals. 

(ii) Infrequency of very long intervals. 

(iii) An exponentially decreasing frequency curve. 



o m 

time interval 

Fig. 2.1: The Time Interval Distribution Function 
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Resolving Time 

The Geiger Muller, Nal(Tl) and GeLi are three different types of 

radiation detectors. 

Geiger Muller counters are gas-filled counters. The output signal 

from a Geiger Muller (GM) counter is independent of the particle type 

and its energy. Therefore GM counters give information about the 

number of particles only. 

The Nal(Tl) is an inorganic scintillation detector. It is the most 

commonly used scintillator for gamma rays. The magnitude of the 

response of Nal(Tl) to gamma rays is proportional to the gamma ray 

energy for energies below 400KeV (Tsoulfanidis, 1983). GeLi is a 

semiconductor detector. A GeLi detector is always operated at liquid 

nitrogen temperatures to reduce electronic noise and to prevent mobility 

of the lithium atoms, which is very high in germanium at room 

temperature. The GeLi detectors are used exclusively for detection of 

gamma rays. 

In general, Nal(Tl) detectors display higher efficiencies than GeLi 

detectors, but GeLi detectors have superior energy resolution (Tsoulfanidis 

1983). 

An important characteristic of a detector is its ability to count 

accurately at higher count rates. This property is expressed as the 

resolving power of the system. The resolving time, which is inversely 
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proportional to the resolving power, is defined as the minimum time 

which can elapse between two successive interactions of radiation within 

the detector if they are to produce two counts (Price, 1958). 

Resolving time is sometimes referred to as dead time. An 

alternative definition for dead time is the minimum time that can elapse 

between the arrival of two successive particles and the detector so that 

two distinct particles are counted. The dead time of the system; i.e 

(counter -preamplifier - amplifier - discriminator - scaler) is more 

important than that of the counter alone. However, in many cases the 

dead time of the counter is so much longer than the dead time of the 

electronics that the latter can be ignored except when a multichannel 

analyzer is used. 

Because of counter dead time, some interactions will not be recorded 

since the counter will not produce counts for them. The loss of counts 

is particularly severe in the case of high counting rates. Obviously, the 

observed counting rate is not the true counting rate and there is a need 

for correction of data loss due to counter dead time. 

Correction For Loss of Counts due to Counter dead time 

If Cobs is the observed counting rate and is the resolving time, 

then the fraction of time which the counter system is insensitive is 

Cobs •T-

If Ctrue is the true counting rate, the number of counts lost per 

unit time is Ctrue • (C0bs • T)-

Therefore, 



22 

Ctrue = Cobs + Ctrue (Cobs • t) (2.1) 

Ctrue - Ctrue (Cobs •T) = Cobs 

Ctrue (1 - Cobs • T) = Cobs 

_ Cobs 
Ctrue = (2-2) 

(1 - Cobs • t ) 

Equation (2.2) is often referred to as the dead-time correction 

equation (Price, 1958). 

Different types of detectors have different resolving or dead times. 

Resolving Times of GM Counters 

The shape and height of GM counter pulses are not very important 

because the pulse is only used to signal the presence of the particle. 

However, how one pulse affects the formation of the next one is 

important. 

During the formation of a pulse the electric field in the GM counter 

is greatly reduced because of the presence of the positive ions around the 

anode. If a particle arrives during this period, no pulse will be formed 

because the counter is insensitive. 

The detector slowly recovers with the possible pulse height of the 

next pulse increasing during the recovery period. This is illustrated in 

Fig. 2.2 which shows the change of the voltage and pulse height for a 

typical GM counter. 
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Typical values of dead time for GM counters are from 100 to 300 

microseconds. 
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Dead time of Scintillation Counters Nal(Tl) 

For a scintillation counter, the resolving time is equal to the sum 

of three time intervals (Tsoulfanidis, 1983). 

(i) Time it takes to produce the scintillation, essentially equal 

to the decay time of the scintillator, which is of the order of 0.23 

microseconds for the Nal(Tl) detector. 

(ii) Time it takes for electron multiplication in the photo tube, 

of order of 20-40 nanoseconds. 

(iii) Time it takes to amplify the signal and record it by a 

scaler. The recovery time of commercial scalers is of 

the order of 1 microsecond. The time taken for 

amplification and discrimination is negligible (Tsoulfanidis 

1983). 

By adding the above three components, the resulting dead time of a 

scintillation counter is of the order of 1-5 microseconds. This is much 

shorter than the dead time of the GM counter. Scintillators have short 

rise time, which is an important feature in measurements that depend on 

the time of arrival of the particle. 



Dead Time of Semiconductor Detectors (GeLi) 
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In semiconductor detectors the dead time is mainly comprised of 

collection time and the pulse rise time. 

In a semiconductor detector, electrons are produced by interactions 

at different points inside the detector volume, and thus traverse different 

distances before they reach the point of their collection. As a result, 

the time elapsing between production of the charge and its collection is 

not the same for all carriers (Deme 1971). 

Detector thickness 
The collection time t = . The pulse rise 

Velocity of Electrons 

time is essentially equal to the collection time. 

In semiconductor detectors therefore, different geometries and 

different semiconductor materials give different collection and rise times. 

The variations are however between 60 and 200 nanoseconds. 
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CHAPTER 3 

DESIGN OF THE TIME INTERVAL BOARD 

"Design" implies creative and innovative activity (Camp, 1979), and 

like most such efforts, this design had an individual approach and may 

vary widely from other similar designs. 

The design theory is all in digital logic circuit design. The design 

is implemented mainly in Transistor-Transistor Logic using Small Scale, 

Medium Scale and Large Scale Integration. The design work is divided 

into two major parts: 

(i) Hardware. 

(ii) Software. 

The design objective is to design an interface board between a 

discriminator output and a personal computer (in this case, an AT & T 

6300), such that there is minimal loss of data. The design is made so 

that there is a complete control of the hardware, data acquisition, data 

transfer, and data manipulation by control software. 
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The block diagram in Fig. 3.1, shows the hardware which consists 

of the following major subsystems. 

(i) Clock generator. 

(ii) Address generator. 

(iii) Time interval counters. 

(iv) On board memory. 

(v) Memory decoding. 

Clock Generator 

The clock generator generates the different frequencies from a 2 

MHz crystal. The 2 MHz frequency is first divided by 2 to give 1MHz 

frequency which corresponds to a clock of 1 microsecond. The 1 

microsecond clock is subsequently successively divided by 10 to give 1 

millisecond clock at the third stage and 1 second clock at the sixth stage 

as seen in the circuit diagram, Appendix A-l. The clock frequency (one 

microsecond, one millisecond, or one second) is fed into a multiplexer 

whose control inputs are software controlled. 



Clock 
Generator 

MUX 
Fron/ 
Computer 
Data bus 

LATCH DATA 

AT 
Counter 

Data 

Latch 

MEMORY 2 MEMORY 1 
Address 

Generator 

Address 
Latch 

ADDRESS 
BUFFER 

From 
Corrputer 
Address bus 

3.1. The Design Block Diagram. 
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The expected pulse rate determines which from among the three 

available clock frequencies will be used, during data collection period. If 

a one second clock is required, then the multiplexer inputs B and A are 

both set to logic 0. A one millisecond clock is obtained by setting B and 

A to logic 0 and 1 respectively. The one microsecond clock is set if B 

and A are set to logic 1 and logic 0 respectively. It is necessary to note 

that for the multiplexer to work as expected, its enable input has to be 

set to logic 0. This is however software controlled. The clock frequency 

selected becomes the time base for measuring the time intervals. 

Time Interval Counters 

The time interval counters count the time between the end of one 

pulse to the beginning of the next pulse. The counters are 4-bit binary 

counters and count in the binary system. The highest obtainable count in 

decimal is 65535, which corresponds to the case when the output of each 

of the four counters is 1111 simultaneously. 

The input to the counters is gated by the following signals. 

(i) The overflow and memory fill signal from the counters. 

(ii) Software control signal. 

The signal from the discriminator is not TTL compatible. It is not 

conditioned to meet TTL voltage levels, i.e a HIGH of 5V and a LOW 

corresponding to 0V since the LS family of IC's can tolerate up to 7V 

input signal. The input unconditioned signal is however terminated by a 
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100 ohm resistor, for the purpose of impedance matching. The 

unconditioned signal is inverted to suit the design approach. 

The time interval counters operate in two modes: 

(i) counting mode. 

(ii) data transfer mode. 

The two modes work interchangeably depending on the status of the 

incoming pulse. The time interval counters count only when the inverted 

input unconditioned signal is high. When the signal goes low, the 

hardware is designed so that it goes to the data transfer mode. The data 

transfer mode is characterized by the generation of the following four 

signals. These signals are: 

(i) Buffer enable signal. 

(ii) Counter internal reset. 

(iii) Buffer output enable signal. 

(iv) Memory write signal. 

The sequence in which the signals are generated can be seen in 

Fig. 3.2. 



Input Signal 

Latch Enable 

Output Enable 

Write Enable 

Fig. 3.2. Data Transfer Mode Control Signals. 

n 

u 
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The buffer enable signal is generated immediately after the input 

signal goes low. It is a 50 nanosecond pulse going from Low-High-Low. 

When the buffer enable signal is high it enables the buffer to accept the 

time interval count from the counters and when it goes back to low it 

latches the t interval count in the register. Fifty nanoseconds later, a 

counter reset signal is generated which resets the time interval counters 

ready for another interval counting. 

After resetting the counters, the output enable signal is sent to the 

buffer so that it transfers its contents to the on board memory. The 

output enable is a High-Low-High signal. When it is inactive it stays 

high so that it does not drive the computer data bus unnecessarily. Fifty 

nanoseconds later the hardware memory write signal is generated to 

conclude the transfer of data between the time interval counters and the 

on board memory. Both the output enable and memory write signal are 

active low signals and remain active until the unconditioned input signal 

goes back high as seen in Fig. 3.2. 

The data transfer mode lasts only for 500 nanoseconds, which is 

shorter than the resolving time for many types of radiation detectors. 

In the counting mode, if it happens that there is a counter 

overflow, an overflow signal is generated which forces the counting mode 

and address generation to stop. 
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Address Generator, and The On-Board Memory 

The address generator generates the addresses into which the output 

of the buffer is written after each interval is counted. The on-board 

memory is 16K RAM into which the successive time interval counts are 

temporarily stored. The address generator consists of four binary 

counters which count to a maximum address of IFFFH (hexadecimal). 

Each pulse from the discriminator advances the address generator 

counters by one. The outputs of the address generator counters, are 

connected to the address buffers as seen in the circuit diagram in 

Appendix A-3. 

The on-board memory consists of two RAM memory banks, each 16 

bits wide with an 8K memory space which requires 13 address lines and 

16 data lines. Two 8K x 8 RAM memory are put together to give 

8K x 16 RAM; i.e the required 16 data lines. The memory data bus is 

bidirectional, i.e there are no separate data lines for incoming and 

outgoing data. Sometimes this kind of data line is called an input/output 

line to emphasize the fact that it is bidirectional. 

To be able to control data routing between the two memory banks, 

the address generator generates one additional control line, apart from 

the 13 address lines. The address lines are connected through an address 

buffer to the memory address lines. The control signal, together with 
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the write signal generated by the time interval counters, controls the 

writing into the memories. 

As seen from the timing diagram in Fig. 3.3, when the control signal 

is low, writing is done into memory bank 1, and when the control signal 

is high, writing is done into memory bank 2. However, when the control 

line is high and the highest address is generated i.e 1FFF (hexadecimal), 

a signal which halts data collection and address generation is generated, 

to prevent overwriting the memories. 

The signal which halts data collection also initiates setting of the 

memory fill bit in a flag register. Upon end of data collection time, the 

flag register is read to see if a memory fill did take place. Emptying of 

the on board memory can also be initiated by a software interrupt if the 

end of data collection time is reached, or if a forced end has been 

initiated through the keyboard. 

Memory Decoding 

When interfacing an external device to a microcomputer, one can use 

either of the two following techniques in decoding. Input/output 

decoding or memory decoding. In this design, the memory decoding 

technique is used. Memory decoding is the technique which makes use of 

memory address lines to facilitate the communication between a PC and 

an external device. Communication between the external device and the 

microcomputer is facilitated by the decoding circuitry. The 
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Fig. 3.3. Hardware On-Board Memory Write Control Signals. 
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communication is done by software. The decoding circuitry controls 

three major parts of the interval board. These are: 

(i) The on-board memory. 

(ii) The on-board Write Register. 

(iii) The on-board Read Registers. 

Decoding the Qn-Board Memories 

Out of the 20 absolute address lines, 13 lines are linked through 

address buffers straight to the on-board memory address lines. 

Address line 15 and 14 are used to generate the memory decode 

signal. This signal determines which among the four memories is being 

addressed. This is accomplished by use of a 2 to 4 line data selector or 

decoder. 

The remaining five address lines generate the address decode signal. 

This is a low level activated signal and it is true if the address lines 20 

to 16 are 11101 respectively, with the most significant address line being 

the leftmost. This implies that the address decode signal is activated by 

any of the following hexadecimal addresses: E8XXX, E9XXX, EAXXX, 

EBXXX, ECXXX, EDXXX, EEXXX and EFXXX. Reading from any of the 

four memories is therefore possible if Address decode, Memory decode and 

Memory Read Signals activate that particular memory. 

The timing diagrams for the on-board memory decoding are shown in 

Fig. 3.4. The decoding logic is given in Table 3.1. Details of the 
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memory decoding logic circuitry can be obtained from the circuit diagrams 

in Appendix A-4. 
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Fig. 3.4. On-Board Memory Decoding Signals. 



Table 3.1. On-Board Memory Decoding Logic 

Address Memory Decode Memory Memory 
Decode Read Decoded 

Address Line 
15 14 

1  x x x  n o n e  

0 x x 1 none 

0 0 0 0 # 1 

0 0 1 0 t i l  

. 0 10 0 ti 3 

0 11 0 #4 
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decoding logic circuitry can be obtained from the circuit diagrams in 

Appendix 1. 

Decoding the On/board Write-to Register 

The write-to register is the register through which all the setting 

and resetting bytes from software are passed to the hardware. 

The register is decoded by address E8XXX. The register decode 

signal generated by address lines 13-20 is an active low signal. This 

signal together with the bus signal memory write facilitates the writing 

of all the resetting and setting bytes to the hardware. The system reset-

set bytes are explained below. 

The timing diagram for decoding the Write-to Register are given in 

Fig. 3.5, and the decoding logic in Table 3.2. 
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Table 3.2 Write-to Register Decoding Logic 

MEMW Register Latch 
Decode 

0 0 1 

0 1 0 

1 0 0 

1 1 0 
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Table 3.3. The Reset-Set Bytes. 

Control 
Signal 
bit names 

Time 
Interval 
Counter 
Reset 

Address 
Generator 
Reset 

Clock 
Frequency 
Enable 

Clock 
Frequency 
Select 

Clock 
Frequency 
Select 

System 
Disable 

Interrupt 
Control 

On-board 
Memory 
Content 
Control 

Control 
Bit 
number 

Cl 

System 
Reset 

System 
Set at 

System 
Set at 

C2 

C3 

C4 

C5 

C6 

C7 

Cg 

0 

1 

0 

1-second 1-milli-
Clock second 

Clock 

System System 
Set at Disable 
1-micro-
second 
Clock 

0 

0 

0 

1 Left at 

Selected 

0 Frequency 

0 

1 

1 
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The reset-set bytes are the bytes issued by the PC through the bus 

for the purpose of controlling the time interval board. Five different 

bytes are used in resetting and setting the hardware, as seen in 

Table 3.3. The five bytes are reset, setl, set2, set3, and disable. 

At the beginning of each data collection period, the hardware is 

reset by writing the reset byte, DF (hexadecimal) to the write register. 

This resets the time interval counters, the address generator, and causes 

the contents of all the on-board memories to be invalid. The reset byte 

is also issued at the completion of each memory emptying procedure 

initiated by a hardware interrupt. 

After resetting, the board must be set at a desired clock frequency. 

There are three different settings which correspond to three different 

bytes. The interval board is set at one second clock by writing the setl 

byte, EO (hexadecimal) to the output register. Writing set2 byte FO 

(hexadecimal) to the register sets the board at one millisecond clock. To 

set the interval board at one microsecond clock frequency, set3 byte E8 

(hexadecimal) is written to the write to register. 

The last byte is the interval board disable byte. This byte is 

written to the register whenever the data collection time ends or a 

forced end has been initiated. The byte causes the time intervals 

counters to stop counting, the address generator to stop, and initiates a 
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software interrupt which empties the on-board memory and ends the data 

collection period. 

Decoding the Read-From Registers 

The Read From registers are two 74LS373 used for storing the last 

address used for storing data before an end of data collection period. 

The last address used for writing to by the hardware, before end of 

data collection is encountered during an experiment, is read from the two 

Read-from Register. The address obtained is used in identifying end of 

data in the memories when a memory emptying is initiated by end of 

collection time since it is expected that not all the on-board memory 

space would have been used. 

The two registers are at address E0000 and E0001 respectively, with 

E0000 containing the lowest 8 address lines and E0001 containing the 

higher 6 address lines. 

The address decoding signal is generated by address lines 3-20 and 

the register decoding signal is generated by address lines 1 and 2. The 

two signals are both active low signals. The bus signal memory read 

forms the third decoding signal. The timing diagram for these signals is 

given below in Fig. 3.6. Details of the decoding circuitry can be seen in 

the circuit diagram Appendix A-5. 
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Table 3.4. Read from Register 

Address Memory Decode 
Decode 

Address Line 
15 14 

1 x x 

0 xx 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

Decoding Logic. 

Memory Memory 
Read Decoded 

x none 

1 none 

0 Read from Register 1 

0 Read from Register 2 

0 none 

0 none 
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Decoding the Flag Register 

The flag register is a 74LS373 used for storing in the information 

about the status of the time interval board. When read, the flag register 

gives the information as to whether during the data collection the on

board memories were filled or if there was an overflow in the time 

interval counters. 

This register is eight bits wide. Only two out of the eight bits are 

used. The other six bits are tied high. 

If bit 0 is low, and bit 1 is high, then this indicates that the 

memories were filled and counting must have been forced to stop. If bit 

0 is high and bit 1 is low it indicates that there was a counter overflow 

in the time interval counters and counting was also forced to stop. The 

two situations correspond to the case when the register reads FE and FD 

respectively. 

This register is at address E0002. Its decoding is similar to the 

decoding of the Read-From registers, the only difference is the address 

used. 
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Summary 

The task of the hardware is to measure the time intervals and 

store them temporarily in the on-board memory, and at a later time to 

empty the contents of the on-board memory into the microcomputer 

memory for processing. Emptying of the on-board memory is initiated by 

either of following; 

(i) Filling up of the on-board memory space. 

(ii) End of the data collection period. 
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CHAPTER 4 

SOFTWARE DESIGN 

The software design is written in Microsoft BASIC and compiled 

with a QUICKBASIC 2.0 compiler. The software is made to be user 

friendly to enable the user to make the maximum use of the capabilities 

of the interval board. There are at least three ways to program the 

processor to acknowledge the existence of and react to an external 

signal. 

1. If the loading on the processor is light, it may be possible to 

simply put the processor into a "halt" state or idle mode in which the 

signal lines are scanned (Bywater, 1981). 

The signals are grouped together to form a status word which can 

be frequently checked by software using input ports. Although this 

system may be satisfactory in low speed microcomputers, it wastes far too 

much valuable processor time for most applications. 

2. Scanning the external signals, not on a virtually continuous basis 

but less frequently (Bywater, 1981). The frequency can be simply 

determined by considering how long any device can wait between 

becoming ready and the processor reacting to it. Between such scans, 

the processor can continue with "background" processing. 
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This is the method used in this particular design. The scanning 

frequency is the time it takes to fill 16K of on-board memory at a 

particular counting rate. It should be noted that it falls upon the 

processor to measure time intervals between scans and thus the method is 

still wasteful of the processor. Nonetheless, this method is often used. 

3. Interrupt system. This involves some additional hardware which 

allows a signal, external to the processor, to assert itself and break into 

the background processing (Bywater, 1981). It also requires a hardware 

interrupt subroutine written in Assembly Language and linked to the high 

level language in this case BASIC. 

In this case the processor can continue with useful background work 

at all times when no external signals exist. This is the best method, but 

it is difficult to implement. 

As the flow diagram for the control software shows in Appendix 

B-l, the program has the following main features. 

The Software Options 

(i) The Time Interval Counter Counting Frequency 

The user is expected to be able to roughly estimate the 

appropriate counting frequency depending on the radiation 

source. The 1 microsecond clock frequency will be the most 

frequently used due to high count rates. Weaker sources can 
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be counted using the 1 millisecond clock or the 1 second clock 

frequency. 

(ii) The Counting Period 

The counting period entered in seconds is another optional 

response expected from the user. The counting period 

determines the length of the actual counting process. Actual 

counting process implies that the time taken by the processor 

to transfer and process data from the on-board memories to PC 

memory is not included. 

(iii) The Channel Widths 

The channel width is a parameter used in sorting the time 

interval data. The expected response is any number between 1 

and 4096. 

(iv) Forced End of Counting Period 

In case of a need to terminate the counting process earlier 

than the period set, the user is given the option of inputing a 

Period End response at any time during the software data 

transfer and data processing period which takes about 25 

seconds when the program runs in QUICKBASIC. 
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(v) Open/Write/Close Data File 

The user is given the option .of storing data collected 

throughout the entire counting period. The user response is 

expected to be either Y or N. If the response is Y, then the 

user inputs the number of data points to be stored, the disk 

drive and file name into which storage is to be done. If the 

response is N, the counting period is terminated, and the only 

data saved is that which was written to the printer. 

Calculating Average Count rate 

Before the actual counting process begins, the average count rate is 

calculated. By calculating the average count rate, it is possible to 

calculate the approximate amount of time it will take to fill 16K (or some 

other predetermined amount of memory) space of on-board memory, so 

the data can be transferred from the on board memory at the time 

required. The average count rate is only an approximation because the 

pulses are random in nature, but it is useful in determining the time for 

data collection. 

Whenever the memories are full or a collection period end, a 

transfer of data is done from the on-board memories to the PC and or to 

the disk files to enable a permanent data storage and prevent overwriting 

the on-board memories. 
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The processor can read only 8 bits of data at a time. Each time 

interval data is 16 bits wide so when data transfer is in process, the 

processor reads the lower eight bits first and adds to it the value of the 

higher byte multiplied by 256. The result is the number of units 

(microseconds, milliseconds, or seconds), which is sorted into channels 

and stored in the PC memory. 

Data Processing 

Data processing allow the memory space available on the PC for 

data storage to be used more efficiently. 

The data processing procedure consists of the following steps: 

(i) Reading the raw data from the on-board memory to the 

PC memory 

(ii) Sorting the raw data according to interval size 

(iii) Store the sorted data in vector ways of channel width and 

number of colents. 

It is necessary to carry on the data processing each time raw data 

is transferred from the on-board memory to the PC memory because the 

raw data if stored un-processed in the PC memory will occupy 

approximately 10K memory each time and it is obvious that the PC 

memory will run out very quickly especially in high concentrates. 
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Summary 

The software design is in QUICKBASIC and it is user friendly. The 

software controls 

(i) the resetting of board 

(ii) setting of board 

(iii) data transfer 

(iv) data processing. 

Through the software control, many capabilities of the board are put 

into use. 
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CHAPTER 5 

PERFORMANCE AND EFFECTIVENESS OF THE BOARD. 

The performance of the time interval board was evaluated by: 

(i) Comparing the amount of data collected by the time 

interval board to the amount collected by a standard counter. 

(ii) Verifying the time interval distribution for a random 

distribution of pulses was exponential with the correct slope. 

The effectiveness of the time interval board was demonstrated by 

(i) Measuring detector dead time and comparing it to values 

obtained by the two-source method. 

(ii) Determining the effect of an overdriven system on the 

time inverval frequency distribution. 

Amount of Data Obtained 

The experiment was set as shown in Fig. 5.1. The equipment used is 

listed in Table 5.1. The number of counts recorded by the time interval 

board and the dual counter/timer were obtained for the following sources 

of variable energy peaks and source strengths. 

(i) Na-22, 8.2 Ci, 2/25/80 

(ii) Cs-137, 7.8 Ci, 2/13/81 

(iii) Ba-133, 7.1 Ci, 2/11/81 



The results obtained for each source are given in tables 5.2-5.4. 

The percentage of data obtained was found to be 99%. 

Table 5.1. Equipment List 

Equipment Model Manufacturer 

Spectroscopy 1413 Canberra 
Amplifier 

Counter/Timer 2071A Canberra 

Single Channel 406A Ortec 
Analyzer 
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Fig. 5.1. Experimental Setup for Determination of Performance and 
Effectiveness of the Time Interval Board. 



Table 5.2 Results of Amount of Data Collected for Na-22 

Collection Time: 30 sees. 

Number of 
trial 

1 

2 

3 

4 

5 

Average Counts 

Total Counts 
TIB Scaler 

13857 

14080 

14050 

13889 

13918 

13958.8 

+44.63 

13987 

13839 

14050 

13914 

13943 

13946.6 

+35.33 



Table 5.3. Results of Data Collected for Cs-137 

Collection Time: 10 sees. 

Number of Total Counts 
trial Scaler TIB  

1 11995 12060 

2 12103 11916 

3 12164 12003 

4 11771 11885 

5 12089 12129 

6 12000 11947 

Average Counts 12020.3 11990 

+6.39 +37.74 



Table 5.4. Results of Amount of Data Collected for Ba-133 

Collection Time: 10 sees. 

Number of Total Counts 
trial Scaler TIB 

1 9161 9184 

2 9185 9213 

3 9233 9243 

4 9327 9301 

5 9179 9085 

Average Counts 9217 9205 

+29.96 +35.75 
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In order to verify the exponential behavior of the time interval 

distribution, time interval data was collected by use of a GM counter, 

Nal(Tl) detector and a GeLi detector For the Nal(Tl) detection and the 

GeLi detector, two sources were used. 

A curve-fitting routine based on the Deming Method written at Los 

Alamos National Laboratory was used. (Rinard etal, 1987). The fitting 

parameters are shown in Table 5.5. The curves obtained for each 

detector are shown in Figs. 5.2 to 5.6. The fitting curve used is 

y = ajexpa2x (5.1) 

Where y is the number of counts and x is the channel number. 
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Table 5.5. The Fitting Parameters 

Detector Al A 2 

GM 7.951 x 10+3 -5.6409 x 10-4 

Cs-137 1.5168 x 10+4 -1.1589 x 10-3 

p1 
Error 

47.33 

54.29 

Error 

2.37 x 10-6 

3.19 x 10-6 

Nal 
Co-60 1.0955 x 10+4 -9.8320 x 10-4 

Cs-137 8.1297 x 10+3 -8.4095 x 10-4 

54.22 3.64 x 10-6 

+43.903 3.544 x 10-6 

GeLi 
Co-60 9.8239 x 10+3 -9.2811 x 10-4 +43.35 3.15 x 10-6 
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Measuring Detector Dead Time 

For comparison the detector dead times were measured by use of 

two different approaches: 

(i) two source method 

(ii) time interval board 

Two Source Method 

The equation 

T = Rl + R.2 - Rl2 (5.2) 

2RIR2  

(Chase, 1967) 

where 

Rl = observed count rate for source 1 

R2 = observed count rate for source 2 

Rl2 = observed count rate for source 1 and 2 together 

was used for the calculations. 

The results obtained for Geiger Muller counter, Nal(Tl) detector and 

GeLi detector are tabulated in Table 5.6. 
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Table 5.6. Results of Deadtime Measured by Two Source Method. 

Detector Deadtime (microseconds) 

GM Counter 218.6 +_ 28 

Nal(Tl) 5.7 + 2.3 

GeLi 21.56 + 7 
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Time Interval Board Method 

In this method, data was collected for a certain amount of time. 

Then a Least Squares fit was carried out on the data and the parameters 

obtained were used to determine the resolving time. The parameters 

obtained and used are in Table 5.7. The fitting curve used is Equation 

5.1. 
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Table 5.7. Fitting Parameters for Resolving Time 

Detector Ai A2 

GM 

Nal(Tl) 

GeLi 

1 6.2 X 10+3 + 48 -7.3 X 10-4 +_ 4.1 X 10-6 

2 6.2 X 10+3 ± 39 -7.2 X 10-4 +_ 3.3 X 10-6 

1 1.7 X 10+4 + 78 -1.2 X 10-3 + 4.3 X 10-6 

2 1.7 x 10+4 + 71 _i.2 x 10-3 + 3.9 x 10-6 

1 7.7 x 10+3 + 33 _8.2 x 10-4 + 2.7 x 10-6 

2 7.7 x 10+3 + 36 -8.2 x 10-4 + 2.8 x 10-6 
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We had seen before that 

^ C°bs 
Ctrue = — (2.2) 

1 - Cobs " T 

We can rewrite equation (2.2) as 

Cobs 
1 - Cobs * T = 

T * Cobs -

Ctrue 

1 - Cobs 

Ctrue 

1 1 
t = - (5.3) 

Cobs Ctrue 

Equation (5.3) is used to calculate the resolving time in the time 

interval board method. 

In order to obtain Ctrue. we however need to know the total 

number of lost counts, since 

Ctrue = CioSt + Cobs (5-4) 

The total number of lost counts is obtained by finding out the number of 

lost counts from those channels where the times are short, which were 

not included in the fitting data. 

The results obtained for the three detectors are in Table 5.8. 



75 

Table 5.8. Results of Resolving Time Measured by the Time Interval 
Board. 

Detector C0bs/sec Qrue/sec microseconds 

GM 625.8 747.3 259.7 + 29.5 

Nal(Tl) 1233.9 1238.1 2.7 + 0.021 

GeLi 810.4 816.0 8.5 + 0.005 
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The Overdriven System 

An overdriven system gives (Herbst, 1970) bad data because pulses 

are produced for non-existing nuclear reaction hence causing registration 

of multiple counts. 

The time interval board respond to an overdriven system by an 

increase and decrease of counts in some of the channels as shown in Fig. 

5.7. This shows a marked departure from the expected smooth 

exponential frequency distribution. 

One can also observe the tremendous increase of counts in the lower 

channels in an overdriven system especially for the GM counter. 

Appendix I is a tabulation of the sample data obtained from an overdriven 

GM counter system. 
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CHAPTER 6 

DISCUSSION AND CONCLUSION 

The amount of data collected by the time interval board when 

compared to the amount collected by a standard counter is found to be 

within one standard deviation. The curve fit shows an exponential 

distribution as expected from the theory of distribution of random pulses. 

The values obtained for the resolving time of the detectors fall 

within expected ranges. The results from the time interval board are 

however more accurate than the ones obtained by using the standard two 

source method and can be obtained in a shorter counting time. 

An overdriven system can be easily detected by the presence of 

increased counts in some channels in contradiction to the expected 

exponential shape. This departure can also indicate a non-random source. 

The time interval data obtained from the time interval board is 

affected by the discriminator output pulse width. This is because the 

pulse width is not included in the time interval counting. The pulse 

width is a known standard value for a particular discriminator and it is 

expected that discriminators with different output pulse width will give 

different actual time intervals. 

Actual time interval is the time between the arrival of one pulse 

and the arrival of a second pulse for the time interval board, the actual 
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time is the time recorded by the time interval counters plus the width of 

the discriminator output pulse. 

The pulse width of the Single Channel Analyzer used is 500 

microseconds. Therefore all channels have an offset of 500 microseconds 

irrespective of the clock frequency used for the counting as seen in 

Table 6.1. 
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Table 6.1: Channel Number Corrections 

Channel Number Actual Channel 

0 0.5 —> 1.5 

1 1.6 —> 2.5 

2 2.6 —> 3.5 

3 3.6 —> 4.5 

4 4.6 —> 5.5 

5 5.6 —> 6.5 
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Future Use of the Time Interval Board 

The board will be primarily used in measuring fission chains to 

determine subcritical multiplication of an assembly of fissile material by 

use of statistical methods. A secondary use will be obtaining half lives 

of gamma ray decay cascades. 

Conclusion: 

The performance and effectiveness of the designed time interval 

board is good. 



Glossary 

82 

Absolute address 

Access time 

Buffer memory 

Byte 

Clock 

Compiler 

Data Selector 

Decoding 

Flag 

Hardware 

Hex/hexadecimal 

Interrupt 

Actual memory address used to access instructions 
or data. 

Delay between supplying address to memory and 
obtaining data. 

A small, fast memory placed between a processor 
and main memory. 

Small group of bits—usually 8~treated as a single 
entity. 

Regular source of pulses for controlling timing of 
operations. 

Converts high-level language statements into 
(usually) machine-coded or assembly-language form. 

Logic for determining which of several data soures 
shall pass along a single channel. 

Breaking down encoded information into constituent 
parts. 

A hardware or software "marker" to indicate some 
sort of status in a machine. In hardware form, it 
is a flip-flop. 

The palpable equipment and components of a 
computer. Generally unchganged in form, once 
installed. 

Base 16 number system. Convenient variation of 
binary in which bits are grouped into 4s (nibbles) 
and given single character names 0,1, ... ,9, A, . . 
. ,F, for 0000-1111. 

A method for informing the processor of events 
outside the processor, without the proessor having 
to waste time polling (q.v.) status lines for such 
information. 
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Large-scale 
integration 

Latch 

Least-significant 

Medium-scale 
integration 

Microprocessor 

Multiplex 

Offset 

Overflow 

RAM 

Register 

Small-scale 
integration 

Integrated-ciruit form sufficiently complex that 
complete subsystems, such as microprocessors, can 
be formed on a single chip. 

A form of flip-flop having a clock input to control 
when data can be entered. Level rather than edge-
triggered (q.v.) and therefore not suitable for 
situations where the flip-flop ouput is only isolated 
from its input by combinational logic. 

Bit of least weight in a computer field or word. 
Usually drawn as the rightmost bit in a logic 
diagram. 

A level of IC integration which permits complete 
logic funtions to be formed on a single chip, e.g. 
memory. 

A complete processor formed on a single silicon die. 
A set of instructions, normally implanted in a ROM, 
which define the actions for realizing all the 
instructions in a computer's menu. 

To funnel several channels of data onto a single 
channel. Time-multiplexing is very common in 
computers, where each sourcde channel is given a 
slice of the total time in the ouput channel. 

A value added to a quantity or address 
temporarily increase or decrease its value. 

to 

Condition whereby the correct result of an 
arithmetic operation is above the highest value that 
can be represented. 

Random-access memory (more commonly read/write 
memory). 

A group of flip-flops treated as an entity and 
having a common clock or strobe line to make them 
operate concurrently. 

An IC technology in which a small number of gates 
(maybe less than 20) are formed on a single chip. 
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Subroutine 

Three-state 

TTL 

A separate program from the main program which 
can be entered at any time to carry out some 
frequently occurring task. Saves having to write 
the task many times in the main program. 

A type of logic capable of being set to logic 0, 
logic 1 or rendered inactive, so that many such 
devices can be connected together on a single bus. 

Transistor-transistor logic. 
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APPENDIX A: Circuit Diagram 

Appendix A-1: Clock Generator 
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Appendix A-2: Time Interval Counter 
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Appendix A-4: Memory Decoding 
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Appendix A-5: Decoding Circuitry: Read From Registers 
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Appendix A-6: Hardware Control Signals 
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Appendix A-7: Data Bus & Address Bus 
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Appendix A-8: On Board Memory 
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APPENDIX B: Control Software 

Appendix B-1: Flow Diagram For The Control Software 



10 DIM DB(500),D9(500>, D(4096) 

£0 INPUT "MICROSECONDS PER CHANNEL ";M 

30 INPUT "COUNTING TIME IN SECONDS "jTCOUNT: TC=TCOUNT 

40 DEF SEG=4HEaOO: POKE 4H0, 4HDF 'RESET BOARD 

50 TSTART=TIMER 

SO POKE &H0, 4HE3 ' INITIATE COUNTING 

70 IF (TIMER-TSTART) <1 THfM 70 

80 DELTA=TIMER—TSTART 

90 POKE 4H0, &HC8 'DISABLE THE BOARD 

100 DEF SEG=4HEOOO 

110 a=PEEK(&HO): B=PEEK(4H1> 'READ THE NUMBER OF 
RECEIVED SO FAR 

CBAR ' COUNTRATE IN COUNTS PER SEC. 

130 TBAR= lOOOO/CBAR : TBAR— I NT (10*TBAR) / 10 : PRINT 
TBAR "SECONDS TO FILL 10K" 'TIME TO FILL 
10K OF MEMORY. 

140 DEF SEG=4HEBOO : POKE &HO, SHDF 'RESET BOARD 

150 TSTART=TIMER 

160 POKE 4H0, 4HES:PRINT "START COUNT AT "jTIMES 
• ENABLE THE BOARD TO COUNT. 

170 T= TIMER 

ISO IF (T-TSTART) > TBAR OR (T-TSTART) ) TCOUNT THEN 
GOTO £00 

130 GOTO 170 

£00 DELTA=TIMER—TSTART 

£10 POKE SHO, 4HC8 : PRINT"STOP COUNT AT TIMES 
'DISABLE THE BOARD. 

£20 TCOUNT=TCOUNT-DELTA 

230 DEF SEG=4HEOOO 

£40 A=PEEK(4H0):B=PEEK(4H1) 

250 C=PEEK<4H2) 'TELLS WHETHER MEMORY GOT FILLED. 

£S0 PRINT A, B, C :NN=A+£5G*B sPRINT "THER ARE "jNNjDATA 
POINTS" 

270 LPRINT NN 

2B0 PRINT USING "######. *# SECONDS LEFT TO COUNT" : 
TCOUNT 

£30 IF NN>4096 THEN N=«»096 ELSE N=NN 

300 FOR IX=0 TO N-l 

Appendix B-2: Control Software 



310 DEF SEG=4HEaOO 

320 X=PEEK(IX) 

330 Y=PEEK(&H2000+IX) 

340 Z=X+256»Y 

3S0 X=INT(Z/M) 

3S0 IF X) 4035 THEN D<4096) =D<4096) +1: GOTO 380 

370 D(X)=D(X) + 1 

330 NEXT IX 

390 IF NN <4097 THEN GOTO 7E0 

400 IF NN>8192 THEN N=4096 ELSE N=NN-4096 

410 FOR IX=0 TO N—1 

420 DEF SEG=«HE900 

430 X—PEEK(IX) 

440 Y=PEEK(&H2000+IX) 

450 Z=X+256*Y 

460 X=INT(Z/M) 

470 IF X> 4095 THEN D (4096) =D (4096)+1 :GOTO 490 

480 0<X)=D<X>+1 

490 NEXT IX 

500 IF NN <0193 THEN GOTO 720 

510 IF NN> 12288 THEN N=4096 ELSE N=NN-8192 

520 FOR IS=0 TO N-l 

530 DEF SEG-&HECOO 

540 X=PEEK(IX) 

550 Y=PEEK(&H2000+IX) 

560 Z=X+256»Y 

570 X=INT(Z/M> 

5B0 IF X> 4095 THEN D (4096) =D (4096)+1 :GOTO 600 

590 D(X)=D(X)+1 

600 NEXT IX 

Appendix B-2: Continued 



610 IF NN<12289 THEN GOTO 720 

620 N=NN-122S8 

530 FOR IS-O TO N-l 

640 DEF SEG=«HEDOO 

650 X=PEEK(IX) 

GEO Y=PEEK(SH2000+iy.) 

670 Z = X+S56-»Y 

660 X=>INT(Z/M) 

690 IF X> 4096 THEN D<4096>=D(4036)+1lGOTO 710 

700 D<X)=D<X)+1 

710 NEXT IX 

7S0 IF TCOUNT) O THEN GOTO 140 

730 LPRINT USING "#»#(•# MICROSECONDS PER CHANNEL 
##### SECOND COUNT \ \ \j M,TC,DOTE* 
,TIMES 

740 LPRINT " " 

750 FDR IS=0 TO 99 LPRINT USING"#### ####### 
<*### ####### #»## ## «#*# 
#### ####### IX, D<IX> , IX+100, 
D(i-/+ioo), ix+soo,d<ix+2oo>, ix+300 
,D(IX+300) rNEXT IX 

760 " "1LPRINT USING "OVERFLOW##### ":D(40961 

770 S«=D <4096) »FOR 1%=0 TO 4036 .S=S+D (IX) i NEXT I 
LPRINT "TOTAL COUNTS « "-,S 

780 INPUT "DO YOU WONT TO WRITE DATA TO DISK (Y/N) 
"| fl« 

790 IF 0«="y" OR 0*=»Y" THEN BOO ELSE STOP 

BOO INPUT "NUMBER OF DOTS POINTS TO SAVE "|NPTS 

BIO INPUT "NOME DF FILE FOR DATA STORAGE ";F» 

S20 OPEN F* FOR OUTPUT AS #2 

B30 WRITE ttS.NPTS, 6 

840 FOR IX-0 TO NPTS-1 

BSO WRITE #2, IX»M, 0, D(IX), SQRT<D<IX)) 

660 NEXT IX 

870 CLOSE »2 

880 STOP 

Appendix B-2: Continued 



APPENDIX C 

Sample Data GM Counter 

Channel Number Counts 

0 16 

5 6037 

10 4618 

15 3451 

20 2622 

25 1932 

30 1464 

35 1087 

40 790 

45 620 

50 456 

55 406 

60 297 

65 204 

70 169 



APPENDIX D 

Sample Data Nal(Tl) (Cs-137) 

Channel Number 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

Counts 

14857 

8560 

4762 

2569 

1466 

846 

451 

252 

160 

72 

48 

21 

23 

12 

3 



APPENDIX E 

Sample Data Nal(Tl) (Co-60) 

Channel Number Counts 

0 10674 

5 6823 

10 4196 

15 2469 

20 1432 

25 910 

30 584 

35 340 

40 200 

45 136 

50 84 

55 58 

60 34 

65 23 

70 20 



APPENDIX F 

Sample Data 

Channel Number 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

GeLi (Cs-137) 

Counts 

7814 

5278 

3626 

2344 

1505 

1027 

672 

388 

261 

159 

122 

72 

54 

29 

30 



APPENDIX G 

Sample Data 

Channel Number 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

GeLi (Co-60) 

Counts 

9571 

6273 

3810 

2415 

1520 

974 

598 

406 

254 

156 

83 

62 

34 

24 

20 



APPENDIX H 

Sample Data: Resolving Time Using Time Interval Board 

Detector n Qost Cobs Ctrue 

GM 1 14692 75189 89881 

2 14461 75018 89479 

1 612 147918 148530 
Nal(Tl) 

2 395 148241 148636 

1 758 97202 97960 
GeLi 

2 600 97295 97895 



APPENDIX I 

Sample Data: Effect Of An Overdriven 

Channel Number 

0 

7 

10 

11 

13 

16 

19 

21 

23 

• 27 

28 

29 

33 

34 

35 

System On GM Counter 

Counts 

647 

3 

1 

2 

5 

6 

3 

5 

4 

2 

5 

4 

1 

1 

7 
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