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&3STPACT 

Time domain spectroscopy, like other complex 

measurements, can be enhanced by the use of microprocessors 

in two main areas. One is to provide the required data 

processing, and the other is to simplify the man-machine 

interface. 

'"his thesis describes a spectrometer in which a single 

microprocessor performs both of the above mentioned tasks. 

A high speed floating point mathematical unit operates as a 

slave to the microprocessor, thus enabling it to perform 

various processing functions necessary for spectroscopic 

measurements. The r^lativ^ complexity of the measurement is 

also softened through utilization of the microprocessor as a 

controller. 

iv 



ACKNOWLEDGEMENTS 

°he author would like to thank his thesis supervisor Dr. 

S.S. Stuchly for his support and encouragement. 

Special appreciation is extended to Mohammed Masters for 

valuable technical assistance. Specifically, the 

inspiration and debugging of the FBIDEC algorithm and the 

entire FDECBI algorithm are gratefully recognized as being 

his contribution. 

I would also like to thank the Department for their 

tolerance of my presence over the years. There have been a 

number of friends among the teaching and sunport staffs, and 

students who have made this education an enjoyable 

experience. 

v 



TABLE OF CONTENTS 

ABSTPACT iv 

ACKNOWLEDGEMENTS V 

References 240 

Chapter pa<Je 

I. INTRODUCTION 1 

Applications of spectroscopic measurements . . . 1 
Time versus frequency domain techniques . . . . 2 
A microprocessor controlled system • • • • . • _̂_ *. ** 
Organization of the thesis . . 5 

IT. A REVIEW OF THE LTTESA7UP2 7 

A brief history of TDS 7 
Some reported TDS systems . . . . . . . . . . . 9 

Data acquisition 9 
Control 10 
Data processing 11 

III. TnEO?FmTCAL BASIS FOP THE MEASUREMENT 13. 

Physical significance of epsilon 13 
Peflection coefficient and complex permittivity 15 
Measurement of Gamma 1$ 

I V . EXPERIMENTAL APPARATUS AND PPOCEDURE 2 1 

System Hardware 21 
Hardware modifications . 24 

Calculation of CT from mechanical dimensions 26 
Measurement of CT using resonant cavity . . . 27 
Linear phase increment compensation . . . . . 33 

Experimental procedure 35 

Limitations of existing hardware 39 

V. mDS SOFTWARE 43 

Operator interface 46 
Data acquisition 55 
Data processing 60 

Normalization .61 
- vi -



F . T . p r o c e s s i n g , . . . . . . . . . £2 
T r i g o n o m e t r i c and c o n v e r s i o n r o u t i n e s . . . . 65 

Memory u s a g e 72 

V I . CONCLUSIONS 76 

R e s u l t s and System p e r f o r m a n c e . . . . . . . . . 76 
R e c o m m e n d a t i o n s f o r f u t u r e work . . . . . . . . £$1 
Summary and c o n c l u s i o n s . . . . . ^7 

A p p e n d i x p a g e 

A. NOmES ON TH'* USE OF THE SBC-310 90 

P . FLOWCHARTS AND PROGRAM DESCRIPTIONS 95 

C. PROGRAM LISTINGS 146 

D. SAMPLE RESULTS . . . . . 222 

References 240 

LIS" OF TABLES 

Table page 

1. A comparison of TDS systems 12 

2. Results of open circuit resonance measurement . . . . 30 

3. Results of short circuit resonance measurement . . . 32 

- vii-



LIST OF FIGURES 

Figure page 

1. Typical complex permittivity characteristics . . . . 14 

2. A summary of the experimental procedure .20 

3. TDS Hardware block diagram 22 

t». Signal propagation in sampling assembly 24 

5. Sample holder mechanical dimensions . . . . . . . . 2 6 

6. Open circuited wave guide extension 29 

7. Short circuit reference plane displacement . . . . . 31 

R. Open circuit reference plane 34 

9. Typical stimulus and response curves . . . . . . . . 36 

10. Space-time reflection analysis 41 

11. Software implementation of the measurement procedure 44 

12. Fourier transform of the stimulus 4# 

13. Fourier transform of the response 49 

14. Fourier transform of gamma 50 

15. Complex permittivity 51 

16. Loss factor versus dielectric constant 52 

17V. A/D converter interface format en 

1#.. Stimulus normalization and preprocessing 64 

1 9 . Response normalization and preprocessing 65 

20. Perturbations in the arctangent algorithm 67 

21 . Data buffer memory map 75 

22- SBC-310 operand initialization 91 

23 • Operand location in memory 93; 

24 , The 32 bit floating point format 92 

25". FIXSD opcode result format I33 

- viii -



Chapter I 

INTRODUCTION 

mhe primary objective of this work has been to design, 

implement, and evaluate a microcomputer based, time domain 

spectrometer. Without getting into the details of the 

measurement itself as this point, a few words about the 

nature of the measurement should suffice to introduce the 

subject. 

The main objective of the measurement is to determine the 

dielectric properties of a given substance from the spectrum 

of tve scattering parameters of a sample holder containing 

the test substance. There are two basic techniques used to 

acquire these parameters, namely the frequency domain 

methods and the time domain methods, which have been 

discussed and compared in [1,2]. The work discussed herein 

is concerned with the time domain techniques tor making 

spectroscopic measurements. 

1 • 1 AZEIiI21II£IIS £1 SPECTROSCOPIC '<?ASUEEMyNTS 

mhe many and diverse applications of spectroscopic 

measurements range from cancer treatment to evaluation of 

- 1 -
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microwave radiation hazards. Dielectric methods have been 

used to investigate the quantity and nature of bound water 

present in biological tissues [3,4]. Other areas of 

application include anesthesia effects, relationship of 

heart disease to bound water in lipoprotein 

solutions,relationship of senile dementia to dielectric 

properties of spinal fluid, freshness of fish, as well as 

water content ot many other substances [4]. 

Of more direct medical significance is the use of 

radiowaves and microwaves in the treatment of cancer. 

Previous techniques involved the raising of the temperature 

of the entire body using wax baths, the additional heat 

causing the tumor to regress. Dielectric techniques could 

be used to determine if there is a frequency range over 

which the cancerous tissue absorbs more energy than the 

surrounding normal tissue. This would facilitate the 

localization of the heating effect caused by microwave 

hypothermia treatments. A thorough discussion of biomedical 

applications of dielectric spectroscopy appears in [4], 

Although both approaches have their advantages and 

disadvantages, there are two major incentives for using time 

domain techniques rather than frequency domain methods. 



3 

One of the .points in favour of time domain measurements 

is the lower source and receiver cost. A fast rising step 

function contains freguency components from D.C. to an upper 

limit imposed by the risetime of the step, thereby requiring 

a single step generator as a broad-band source. A sampling 

oscilloscope would satisfy the receiver requirements. 

Frequency domain measurements for the same frequency 

range reguire a number of programmable swept frequency 

generators as well as a complex amplitude and phase 

measuring microwave network analyser as sources and 

receiver. The frequency domain components are relatively 

more expensive than their time domain counterparts. 

A second advantage for a time domain measurement is that 

the response can be windowed in time so that only the 

desired part of the signal is analysed. This feature 

facilitates the removal of unwanted reflections which are 

due to impedance mismatches, etc. by simply delaying the 

perturbation out of the time window of interest. 

Another relevant point is that the time domain 

spectrometer (mDS) described herein uses a time domain 

reflactometer (TDR) on its front end, and therefore can also 

be used for TDR type measurements. 



1.3 A y.TC?T'0prrc F C CON"1 ~n LL^ D JY^^^M 

Time domain techniques por spectroscopic measurements 

inherently require some form of data processing, which 

implies the use of a computer. Existing systems which will 

be discussed in the next chapter, use large central or time 

shared computers or dedicated minicomputers to do the 

processing. Ordinarily a microprocessor might be employed 

to look af*er the data acquisition, formatting and transfer 

processes, and possibly even to soften the human interface. 

However, with the advent of sophisticated microprocessor 

system compatible single board slave processors, such as the 

SBC-310 high speed mathematical unit, the use of the 

microprocessor can now be extended to complex data 

processing. 

"he independent stand alone TDS is now a reality although 

possibly at the expense of over-utilizing a single 

microprocessor. Alternatives to this are presented in the 

final chapter of this thesis. This potential over-

utilization was not of concern during the course of this 

work since part of the objective was to evaluate such a 

systea. "he recommendations which cose from this excercise 

will certainly be of use in the development of the second 

generation of stand alone microprocessor based TnS's. 

Although applications of microprocessors in instrumentation 

are widely known, (Refs. 18-24 ) , direct use of microprocessors 

in time domain spectroscopy has not been widely reported. 
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1 • ̂  !Zr £•§"!?§ tAQD 9 J *£• = Tht5eS 

Chapter two reviews time domain systems presented in the 

literature. The references discussed in that chapter deal 

directly with the time domain measurements dealt with in 

this thesis. 

The third chapter gives the theoretical basis and 

mathematical relationships used in the measurements. 

Chapter four discusses the hardware aspects of the system, 

dwelling more on the non-standard or custom components, and 

shortcomings of the hardvar-. Also, presented there is an 

improved proc-dure which eliminates calibration required in 

other systems, minimizes the effects cf unwanted 

reflections, simplifies domain conversions, and reduces the 

p = asur?3-nt tii:-. 

Chapter five begins with a flowchart of the overall 

software implementation of the procedure discussed in 

chapter four. "his inplen-ntation is semi-automatic with a 

friendly hur̂ .an int-rrace which reavires a minimum operator 

intervention. A sairple output listing is also given to 

illustrate the function of the various blocks of the 

flowchart. ~h- r-mainder of the chapter discusses th_e 

details o_ the software under three mam headings. These 

readinos are fata acauisi+ior., h u ~ a n interface, and d a f a 

r.roc:-ssi?.a r-srectivelv. 'he software can be partitioned 
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ana distributed anion.] several processors in an integrated 

system as suggested in chapter six. 

""he sixth and final chapter is a critical evaluation of 

the system, followed by recommendations for improvements and 

future work. 

"he main contributions of this work, therefore, lie m 

the procedural improvements resulting in the advantages as 

stated previously, automation of the procedure through 

implementation in the software, the human interface, and the 

evaluation and suagestions for future work. The tangible 

r-sult is the software, much of which can be carried over 

into the implementation of the recommendations given in 

chapter six. 



Chapter II 

A PEVIEH OF THE LITFRATURF, 

In the first part of this chapter, a brief account of the 

history of time domain methods is reviewed. The second 

section contains a discussion of some aspects of existing 

TDS systems which are suitable for implementation using 

microprocessors. 

2.1 A PP.IFF HISTORY OF TDS 

The study of molecular behaviour in polar systems has 

been done by experimental means using dielectric 

spectroscopy since the turn of the century, according to 

[5]. Due to the wide range of frequencies being studied, 

for frequency domain measurements a number of different 

techniques are required, all of which operate in a point by 

point fashion. In other words, a new measurement is 

required for each frequency point of interest. The 

transient or time domain method seemed to represent a more 

attractive approach since basically only one measurement is 

required to acquire the response to a time domain signal. 

Some additional data processing is needed to transform both 

stimulus and response signals to the frequency domain, and 

" 7 -
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from that point on, the processing is similar to that 

required for the frequency domain method. 

In 1969, time domain reflectometry (TDR) techniques were 

beginning to be used for spectroscopic measurements at 

microwave frequencies. At first a time domain measurement 

involved Photographing the oscilloscope CRT display, and 

reading the points by eye based on the calibration of the 

vertical axis of the oscilloscope. The data then had to be 

transferred manually to paper tape or punched cards for 

processing by a central time shared computer. This kind of 

procedure was obviously time consuming and inaccurate. 

Since that time various work has been done to enhance 

this method and extend its capabilities. Newer systems use 

digital voltmeters (DVM's) to facilitate automatic 

acquisition of the digitized data, and a computer for signal 

averaging as well as for transforming time domain data. 

Subsequent systems employed computerized monitoring and 

correcting techniques to compensate for additive voltage 

drift and timing jitter. Efforts are still being made to 

improve measurement accuracy, investigate different sample 

holder configurations, introduce more automation, and to 

extend both upper and lower frequency bounds of the 

technique. 
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2. 2 SOKE ?J.PORZED T.DS SYSTEMS 

Each of the following subsections concerns an aspect of 

the TDS measurement which lends itself to automation using 

microprocessor techniques. Some of the systems discussed 

have already adopted automation of some or all of these 

particular characteristics, while others are relatively 

primitive. '"his is due in part to a relatively large time 

span between some O-F these contributions, and also the fact 

that most of the work done has been concerned with the 

electromagnetic part of the measurement. 

2.2.1 Data acquisition 

As has been mentioned in the last section, methods of 

data acquisition were quite laborious at first. Van Gemert 

[5] used a Hewlett Packard time domain reflectometer (TDF) 

system similar to the one described in chapter 4, together 

with an X-Y plotter from which data was sampled manually and 

punched on cards. Faner [2] describes in detail a device 

which he refers to as a "control unit" which was custom 

designed and built to interface the sampling oscilloscope to 

a scanning digital multi-meter (DM!*) for analog to digital 

(P/D) conversion. The same author cites the addition of a 

paper tape punch as a possible improvement to the system, 

since it would reduce the number of manual operations 

necessary to process the data using a digital computer. A 



similar technique using a DIM and a paper tape punch is 

described in -[6], and [7] mentioned using magnetic tape for 

data storage. Only Gans and Andrews [ 1 ] reported the use of 

a dedicated 14 bit A/D converter which interfaced directly 

with a minicomputer. 

2.2.2 Control 

Aside from some automated data acquisition, none of the 

systems described had automatic measurement procedure 

control with the exception of [1#7], Nicolson et al [7] 

used a programmable hardware sequencer which had lighted 

push buttons designating various breakpoints in the 

seguence. Such breakpoints signify when to install a new 

sample, or take a reference point, etc.. The system has a 

facility to automatically initialize itself at power on. 

The sequence is programmable and is stored in one half of 

the available core memory, the remaining 2048 bytes being 

reserved for data. Thus the system maintains the stored 

program even after the power has been turned off. The only 

circumstances under which the control sequence has to be 

restored are when sequence modifications are made, or in the 

event that the control area of the memory should become 

damaged or overwritten. 

"he system described in [ 1 ] uses a minicomputer for 

acquisition and storage of data, and also for measurement 



procedural control (human"interface). "his system provides 

another interesting feature which the others did not, and 

that is computer control of the time base. The advantages 

of this modification will be discussed in a later chapter 

under potential improvements for our system. 

2.2.3 Hata processing 

All of the TDS systems thus far discussed use a time 

shared central computer or a minicomputer. The common 

factor is that all of the systems use a high level 

programming language to do the data processing. Various 

transformation algorithms were used including the fast 

Fourier transform (FFT) , discrete Fourier transform (DFT) 

with continuous Fourier transform (FT) interpolation and 

smoothing [6], and Samulon's DFT. 

A summary of the various systems discussed is depicted in 

Table 1. 



TABLE 1 

A comparison of TDS systems 

Reference 

Data 
Acquisition 

Control 

Data 
Processing 

Frequency 
Range 

Measurement 
Time/Sample 

Number of 
Data Points 

Time 
Window 

Other dis­
tinguishing 
characteris­
tics 

[1] 

-A/D converter 
to mini-computer 
-automatic 

-entirely 
computer 
controlled 
(including 
time base) 

-BASIC/FORTRAN 
for processing, 
I/O control, & 
man-machine 
interface 
-assembler for 
control, data 
acquisition,and 
some math opera­
tions (eg. FFT, 
binary avera­
ging, etc.) 

d.c.-18GHz 

-2 min. 

usually 1024 

[2] 

-"controller'1 

to interface 
oscilloscope 
to DMM. 

-manual with 
exception of 
data acquisi­
tion. 
-reference 
points manual­
ly recorded. 

-FORTRAN on 
remote 
computer. 

-up to 2GHz 

500 

~ 2ns 

-lumped 
capacitive 
sample 
holder 

[5] 

-XY recorder, 
-data sampled 
manually and 
punched on 
cards. 

-manual 

-FORTRAN on 
remote 
computer. 

up to 2GHz 

300 

-time domain 
synchronization 
using maximum 
slope r :thod 
(manually). 

[6] 

-raw data 
digitized 
via DVM and 
punched on 
paper tape 

-IBM 360 or 
G.E. desk­
side time 
shared 
service. 

3.35GHz 
+500MHz 

3-10 min. 

1,000 

-uses FFT 
with 
continuous 
F.T. inter­
polation 

[7] 

-raw data 
digitized via 
DVM and stored 
on magnetic 
tape. 

-automatic via 
push button 
programmable 
sequencer, 
-auto-initiali­
zation at power 
on. 

-FORTRAN on 
remote computer, 
-preliminary 
scaling and 
normalization 
done on control­
ler. 
-A reference 
waveforms 
necessary. 

0.1 - 10GHz 

~ 10 min. 

256 or 1024 

2.5 or 10ns 

-sample holder 
temperature 
controlled up 
to 1,000°F 



Chapter III 

THEORETICAL BASIS FOR "IIF HEASMREHE\TT 

^his chapter discusses the physical nature of the 

measured and calculated quantities as well as their 

mathematical relationships. 

3. 1 E2I2ISIL SIEEIIICANCJ_ OF EPSIION 

Before getting involved in the mathematical relationships 

between the input data and the output parameters, first let 

us taJce a look at the physical significance of the 

measurement results. There are basically four distinct 

forms of dielectric polarization, each of which are apparent 

in a different frequency range [2], The polarization which 

is of concern in this work is dipole polarization, which for 

the maiority of substances of interest occurs at high 

frequency (radio and microwave region). 

It is well known that in the presence of an external 

electric field, electric dipoles align themselves in the 

direction of the field. If the field oscillates, the 

dipoles follow t̂ e field up to the point at which the 

frequency of the changing electric field becomes too high 

"13 " 



for the dipoles to remain in phase with it. As the 

frequency increases further, more and more dipoles tend to 

lag behind in phase, or relax, and energy is absorbed by the 

dielectric material as a consequence of this relaxation. 

DIELECTRIC 
CONSTANT 

6' 

fr 
FREQUENCY 

The curves shown represent characteristics typical of a pure substance. 
A mixture depending on its composition, could demonstrate two or more peaks for 
the loss factor, and the corresponding drops in the dielectric constant. 

The declining dielectric constant illustrates the increasing phase lag 
of the dipole oscillation with respect to the electric field, with increasing frequency. 

Figure 1: mypical complex permittivity characteristics 

The phase lag of the dipoles with respect to the electric 

field is illustrated by th° declining dielectric constant as 

shown in Fig. 1. The energy absorbed by the dielectric in 



the-vicinity of the frequency of relaxation is shown by the 

loss factor curve. 

This relaxation frequency may vary within a given sample 

as well as with time and temperature. It is this 

characteristic of the complex permittivity versus frequency 

which is the end product of the data processing in the 

system described herein. 

3.2 REFLECTION COEFFICIENT AMD CnfPLEX PERMITTIVITY 

The dielectric properties of a test substance are 

measured in this system by using a sample of the substance 

as a dielectric in a capacitive sample holder. From the 

reflection coefficient (gamma) of the sample holder, the 

dielectric constant and loss factor can be obtained using 

the relationships derived below. 

From the fundamental properties of transmission lines, it 

is known that: 

r = ZL " ZQ (3.1) 
ZL + Z0 

where r is the reflection coefficient, Z. is the 

termination impedance (in this case, it is the capacitive 

impedance of the sample holder), and Z Q is the 

characteristic impedance of the transmission line (50 fl in 

this cas°) . 
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Since the sample holder is a lumped capacitance, the load 

impedance can be expressed as follows: 

z = _1_ = __i (3.2) 

where CQ is the capacitance of the sample holder for a free 

space dielectric (close to air) and £ is the complex 

permittivity. 

Substitution of (3.2) in (3.1) yields: 

1 - JU)£*Ĉ Z. 
r = ^_0 (3.3) 
" 1 + >e*C0Z0 

Pecall that by definition: 

:* = e1 - je" 

Therefore: 

_ 1 - ju>(e'-je» )CQZ0 

r ~ 1 + juU'-je") CQZo 

Transposing yields: 

J- c oV-^" , - i iF i3'° 
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Recalling that T is* a complex quantity having both 

magnitude and phase: 

l- r "Vcr" + JwCoV.' = £j (cos 8-j sin 6) 
(cos 8-j sin 6) 

Separating the right hand side into real and imaginary 

parts: 

uC0Z0e",,+ jtoC0Z0c' = i - | r l 2 + j 2 l r | s i n 8 

| r | 2 + 2 ! r | c o s e + l 

'heref o r e : 

e 1 = 
2 | r1 s i n 6 

u c ^ z 0 ( | r I + 2 | r I cos e + l ) 

2 

'0 0 ' 

e" = l - r 
uc z0(jr| + 2 | r | cos e + i ) 

(3.5) 

(3.6) 

Hence if CQ and Z Q are known and both magnitude and phase 

of T can be measured, £ and £ can be found using 

equations (3.5) and (3.6) above. 

The uncertainty of the complex permittivity is dependent 

on the uncertainties of the quantities from which the permit­

tivity is calculated, (ie. in , 6, C0, Z Q). These uncertain­

ties have been extensively analysed, for the same HP TDR used 

in the system herein described, in[2j, [5], [13] and [16], 

From [16], it is Known that: 

Airl/ |r|* A0*O.OU , ACo/Co*0.01^ AZo/Zo*0.005 



IS 

3.3 Hr_*t?
<*t'nEMENT OF HAW A 

As has been mentioned above r is a complex quantity and 

can therefore be expressed as: 

r = Irl e" j e 

As the terra implies, T or reflection coefficient is a 

relationship between an incident stimulus and the reflected 

response to that stimulus. The relationship can be 

expressed as follows: 

|v (f) I 
|r|(f) = response , e.(f) = 8 (f) - 8 ^. . (f) 
l 1!^' T y T f T T r response stimulus 

1 stimulus ' 

The measurement of T therefore involves the measurement 

of two characteristics. mhis is where the similarity 

between frequency domain and time domain techniques ends. 

For frequency domain measurements, swept frequency 

generators provide the stimulus and a network analyser 

measures the response directly at a given frequency, thereby 

requiring many measurement points over a range of 

frequencies. 

The time domain measurement uses a fast-rising step 

voltage generator to stimulate the sample with a ranae of 

frequency components simultaneously. mhe sampling 

oscilloscope is used to first record the stimulus, and then 
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the response of the sample holder. Roth characteristics are 

transformed to the frequency domain using a modified r?" and 

then the above relations are used to compute garcma. Only 

one measurenent of each characteristic is required to 

calculate frequency components of T , which are licited 

primarily by the risetime of the step, nois<=>, and the 

sampling rate at which the input characteristics are 

acquired. 

.*>t this point, T having been computed, Z Q known, and C Q 

having been calculated and measured (see sections 4.2.1, 

4.2.2), the dielectric constant and loss factor can be 

computed using the relationships expressed in equations 

(3.5), and (3.6). A summary for the experimental procedure 

is civen in Eig. 2. 

The causes of uncertainty stem rrainly from the hardware 

but are also dependent on the data processing algoritnms. The 

uncertainty in \T\ are due to amplitude jitter in the TDR and 

the timebase instability is the source of the phase uncertain­

ty. 



Fourier 
transform 

v. . m 
incident11 ' 

calculate 

r<u) 

calculate 
€ ' ( u ) ' 
€*(w) 

measure 

reflected 

Fourier 
transform 

V (f) 
reflected11' 

The measurement and Fourier transformation of the stimulus and response 
characteristics are not performed concurrently as the diagram might seem to suggest. 
These two branches are rather executed independently, and the results from both 
are used in subsequent processing. 

Figure 2: A summary of the experimental procedure 



Chapter IV 

•""XPFPTISFNTAL APPARATUS AND PROCEDURE 

In this chapter the system hardware is described and the 

measurement procedure is explained. 

4.1 SYSTEM HARDWARE 

This section is concerned mainly with the hardware 

portions of the system. Before going into the details of 

each block, an overall block diagram puts each into 

perspective vith respect to the entire system. 

looking at Fig. 3, it can be seen that the front end 0f 

the system is basically a commercially available Hewlett 

Packard time domain reflectometer consisting of a HP 180D 

oscilloscope, a HP 1315B plug in sampler unit, a HP 1817A 

remote sampling head, and a HP 1106A tunnel diode step 

generator. 

The 18153 sampler and 180D oscilloscope effectively 

stretch an event in time by reoeating the event and sampling 

successive time points each iteration. Once the entire 

characteristic has been swept in this manner, the whole 

- 21 " 
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HP1106A 
TUNNEL DIODE STEP 

HP180D HP1815B GENERATOR 
OSCILLOSCOPE TDR SAMPLER 

SAMPLE 
HOLDER 

E L> 

NTELLEC 
MDS 
800 

(SBC 310) 

HP1817A \ 
REMOTE I 

SAMPLE HEAD 

*H 
<—> 

>. 

/r-^\ 
- - « : - * ; 

-̂  

) f 

CRT TERMINAL 

DUAL FLOPPY 
DISKETTE 

DRIVE 

LINE PRINTER 

This diagram shows a HP time domain reflectometer system interfaced to an 
Intel MDS 800 microcomputer via an A/D converter. Data is acquired by the MDS 800 
from the TDR through the A/D converter. All processing, output, and operator 
interface is performed by the microcomputer. 

Fiaure 3: TDS Hardware block diagram 

procedure s t a r t s over again to maintain a v is ib le display on 

the screen. ^ach time the sampler repeats the event, it 

does so by sending a signal to the 1817^ remote sampling 



head, which in turn triggers the HP 1106A tunnel diode step 

generator. The step propagates along the transmission line 

as shown in Fig. 4 and passes through the sample head. The 

step continues on along the transmission line toward the 

sample holder, where a small portion of the signal is 

absorbed. The rest of the signal is reflected back along 

the same line to where this reflected response again crosses 

the sampling diodes. In this manner, the sampler has access 

to both the stimulus and response portions of the 

characteristic. The secondary reflections caused by the 

sampling diodes and the output connector of the remote 

sampling head assembly are discussed in a later section. 

The sampled signals which appear on the screen are 

digitized by an A/D converter and are fed to the 

microcomputer as two 8-bit inputs (TN'l, and IN2) . 

Consideration of the data format and timing signal scheme is 

given in the next chapter. 

••"he microcomputer must use these signals to acquire the 

appropriate data, and then perform the rest of the functions 

necessary to complete the experimental procedure. The 

partitioning of these functions and their descriptions also 

appear in chapter 5. A line printer is the output facility 

for the processed data and a console (keyboard/CRT display) 

is used for the operator-system interface. A dual floppy 



SAMPLE HOLDER 

DIRECTION 
OF STEP 
TRAVEL 

This space-time representation of the signal propagation in the transmission 
line illustrates both the stimulus and the reflected response portions of the signal 
from the point of view of the sampler. 

Figure 4: Signal propagation in sampling assembly 

disk drive is used only to load the operating system program 

into the microcomputer memory. 

4.2 H?. RDVP"" MODIFICATIONS 

A second cursor is of course used together with the 

existing one to define the time window during which the 

measurement is to be taken. Since the original cursor 

shifts the display one way as it shifts the reference point 



in the other direction, * it should be used to define the 

leftmost point in the window only. The second (added) 

cursor can therefore be used to set the reference points and 

the right most point in the window without disturbing the 

characteristic. This modification was made using high input 

impedance components to minimize loading of the already 

delicately tuned system. 

The A/D converter used (Analog Devices ADC-12QM) has a 12 

bit BCD output (digits from 000 to 999) and is the 

successive approximation type. The maximum conversion time 

is 25 ns. 

The sample holder is more of an addition than a 

modification to the system, but it is a hardware component 

and therefore its description is best suited to the context 

of this section. The mechanical characteristics of the 

sample holder are as shown in Fig. 5. 

Recall from chapter 3 that two constants were reguired in 

(3.5), and (3.6). These are the characteristic impedance of 

the transmission line and sample holder, which is known to 

be 50 ohms, and the free space capacitance of the sample 

holder. From the dimensions given in Fig. 5, it is possible 

to calculate the capacitance CQ directly using a formula [9] 

which accounts for both the parallel plate capacitance and 



2a= 6.993*10 m 

2b= 3.043xl0~ 3 m 

d =0.269 10~3 m 

The sample holder is a coaxial transmission line with the center conductor 
recessed slightly from a closed end thus creating <i capacitance. 

Figure 5: Sample holder mechanical dimensions 

the fringing capacitance. This method, along with two other 

methods herein described, has been carried out and all were 

found to be in good agreement. 

4.2.1 Calculation ' of CT from nechnni cal li£°.nsions 

The calculation of the capacitance of the sample holder 

from its dimensions is a straight forward application of 

some formula? found in [9], The dimensions shown in Fig. 5 

were measured using a micrometer. 

From Marcuvitz [91: 



Since: 

and: 

jB = JUJCT and YQ 

wA = 2irfX = 2irv 

1-
Z0 60 ln(g) 

where v = 2.9979 x 108 m/s 

Substitution and simplification yields: 

r = _ £ _ [Jb + m a^b] = 0 > 3 4 7 p 
T 30irv 4d d 

This then is a theoretical value of the capacitance of 

the sample holder accounting for both parallel plate and 

fringing capacitance. 

4.2.2 H£ii2!lEfm2nt of CT usincr resonant cavity 

The resonant circuit technique [10] consists basically of 

measuring a resonant frequency (fQ) of a given resonator, 

then adding the capacitance of the sample holder at the end 

of the resonator and measuring a new resonant frequency 

(fc). With a few modifications to (4.2), the phase change 

(0) due to the additional capacitance of the sample holder 

can be ,computed. The phase change ( 0 ) , and the resonant 

frequency o* the resonator with the sample holder (f ) is 



substituted into (4.4) to calculate the capacitance of the 

sample holder. 

Before this technique can be applied however, it is 

necessary to account for different reference planes. If the 

sample holder could be accurately short circuited then the 

equations could be applied directly. This not being the 

case, it was decided to open circuit the sample holder by 

extending the outer conductor with a cut-off wavequide. The 

waveguide extension, however, shifts the open circuit 

reference plane away from the inner conductor and towards 

the open end of the wave guide by a distance d', as shown in 

Fiq. 6. 

From reference [8], the displacement d' can be found 

using: 

d» = R(Rb~
Ra) U-1 ) 

where RL is the inner radius of the outer conductor, and 

Ra is the outer radius of the inner conductor, and R is as 

defined in [8], From a table given in the same reference, R 

was obtained for a few values of ?b/x / where X is the 

wavelength corresponding to the resonant frequency of the 

system. It was found that over the frequency range of 

interest in this work, R is practically constant at a 

dimensionless value of 0.6034 for a 50 ohm line. 

Substituting in (4.1) yields a displacement of : 

d' = 1.193 x 10~3 m 
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The waveguide extensidn is used to minimize the fringing effect between 
the mn.-r conductor and the face of the outer conductor, thus creating an effective 
open circuit. 

Figure 6: Open circuited vave guide extension 

Since the sample holder is open circuited, it should 

resonate at odd integer multiples of A /4. That is to say 

that the electric field should be a maximum at the open 

circuit reference plane as shown in Fig. 6. 

substituting JL in: 

2uf 
4 = 2 I - (2n-l)ir 

(A.2) 



yields: 

f 4irf d 1 

<fr = - ( 2 n - l ) :r ( 1 - ^ ) 2 _ 
o 

(4.3) 

where f = open c i r c u i t resonant frequency 

and fc = empty sample holder resonant frequency 

C can be obtained from: 

C T ( ? F ) - TTTGiLZ) t a n Ifl 
(A.A) 

The results of measurements of fc and f for n=2,3,4 and 

calculation of 0 and CT appear in Table 2. 

TABLE' 2 

Results of open circuit resonance measurement 

n 

2 
3 
4 

fc (GHz) 

1 . 5 2 1 4 5 
2 . 5 4 1 7 7 
3 . 5 5 4 7 0 

fQ (GHz) 

1.56 081 
2 . 6 0 6 3 8 
3 . 6 4 3 3 6 

0 (<*ad) 

- . 3 1 3 8 
- . 5 1 6 5 
- . 7 1 2 9 

C T ( p F 

0 . 3 3 1 
0 . 3 3 1 
0 . 3 3 3 

As a check, it was decided to measure CT for the sample 

holder .short circuited (mercury sample) at the end of the 

sample cavity (Fig. 7). Note that this does not give 



coincident reference planes, nor is the short circuit 

completely trustworthy. This was merely intended as a check 

of the above measurements. 

h<'.-...'.-.,'.'/,>..-V,-.v M ••,','•'• . •• '-

A mercury sample was used to short circuit the sample holder. 

Figure n: Short circuit reference plane displacement 

-3 
d is known to be 0.269 x 10 m 

l+d = ~Y (short circuit) 

1 ~ IT ~ d 

subs t i tu t ion of X in (4.2) yeilds: 

f 4TTf d 
$ = - 2 n i r ( l - ^ ) + TT — 

f V o 

(A.5 ) 



Equation (4.4) can still be used to calculate C T from 0 . 

Note that only fc had to be remeasured since all of the 

values of fc should remain the same. 

'"he results for this are summarized in Table 3, and can 

be seen to agree guite well with the open circuit values for 

The capacitance due to fringing is known to be greater 

for an ideally sharp edge on the central conductor of the 

sample holder. One would therefore expect the measured 

values of capacitance to be less than the value calculated 

in section 4.2.1, simply because in practice the edges are 

slightly rounded off. Out of the two measured values for 

the capacitance, the open circuit results are more reliable. 

Therefore, for the frequency range of 25 MHz to 2 GHz, a 

value for the free space capacitance of the sample holder of 

0.331 pv has been used. 

TABLE 3 

Results of short circuit resonance measurement 

f0(GHz) 0(Rad) CT(pF) 

2 1 .52145 2 . 0 9 3 3 1 - . 3 0 « 5 0 .325 
3 2 . 5 4 1 7 7 3 .14564 - . 5 0 5 6 0 .324 

n fc (GHz) 



4.2.3 LlllfiJi phase iHGIl'SIQfillt £2QE2H53.iiQH 

When the stimulus measurenent is being taken, what is 

actually being recorded is the stimulus reflected from an 

open circuit, for reasons discussed in section 4.3. Recall 

that due to fringing capacitance effects, it is advisable to 

extend the outer conductor as a cut-off waveguide, thereby 

acheiving a better open circuit, and thus a more accurate 

representation of the stimulus characteristic. Recall also 

that this waveguide extension shifts the open circuit 

reference plane, thereby adding a time delay to the stimulus 

which results in an incremental phase error in the frequency 

domain stimulus characteristic. 

The relationship between a delayed time domain signal and 

its frequency domain characteristic can be expressed as : 

f (t-tQ) —-* e ° F(w) 

The corresponding incremental phase error is : 

A<f>. = u t = 2 i r A f . t y i o 1 o 

Therefore when evaluating the Fourier transform of the 

stimulus characteristic (sample holder with the open 

circuited waveguide) the time delay due to the shifted open 

circuit reference plane will have to be accounted for as 

follows : 

W f i } = W f i } - A*i 



where: 
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and: Af. = f.-f. . (discrete frequency inc rement) 
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waveguide extension 

The open circuit reference plane is shifted by the waveguide extension 
of the outer conductor towards the open end of the line. This causes an additional 
time delay for the response of an open circuit (reflected stimulus) which should 
be accounted for in the phase calculations. 

"Figure 8: Open circuit reference plane 

^he 2d in the numerator accounts for the time delay for 

the incident signal and the time delay tor the reflected 

signal. Figure R illustrates the relationship between 0A„A 

and 0 . From Fig. 8 it can easily be seen that the first 
B'B 

A0- will be proportional to the first fj since fj_1 =0. Each 

subsequent A0j will be proportional to the frequency 

increment A f: . 



So that the open circuit phase compensation algorithm 

will be compatible for any phase increment, it must remember 

the previous frequency point, and, knowing the present 

freguency point, compute Af . For the first frequency point 

in the characteristic, the previous frequency point must be 

zero so that Afj = f- for the first point. 

4.3 F_yPF?]IWFNTAL PROCEDURE 

Recall from the first chapter,that the objective of the 

measurement is to obtain -the dielectric permittivity from 

time domain measurements. In chapter 3, it was noted that 

at least two time domain characteristics are required, as 

well as Z Q which is known, and CQ which has been considered 

in this chapter. 

The ^irst set of data is the stimulus characteristic or 

incident step. Along with this data set, two reference 

points must be taken for normalization purposes as shown in 

Fig 9. The reference points are established by setting the 

second cursor described in chapter 4, and signalling to the 

system via the keyboard to record the location of that 

point. The number of low level points taken should be kept 

small so as to minimize the incremental phase offset due to 

the time delayed step. "his has nothing to do with the 

waveguide, it is a property of the Fourier transform. The 

number of low level points will vary depending on the time-



base setting. Best results are achieved for a time-base 

setting of 0.2 ns/div. and '1 = 3 or 4. 

reflected step 
(open circuit) 

ected response 
(sampledieiectric) 

The response to an open circuited sample holder is taken to be the 
stimulus. The response to a dielectric sample illustrates the capacitive nature 
of the sample holder, i.e. The response shows a temporarily low impedance followed 
by an exponential charging of the capacitance. The reference points are designated 
as: NO for the first point in the time window, H for the last low level point, 
Nl for the first high level point, and NP for the last point. 

Figure 9: Typical stimulus and response curves 

Note that since the stimulus portion of the waveform need 

not be taken so frequently, it is possible to use the 

response to an empty, open circuited sample holder as the 

stimulus. This is illustrated as the reflected step portion 

of the curve shown in Fig. 9. The only extra consideration 

involves compensation for the phase shift due to the 

wavequide as discussed in the previous section. Since 

precision APC-7 air coaxial lines are being used, 



attenuation of the stimulus is negligible. ^he advantages 

of using the reflected stimulus are : 

1. Mo additional reference points required for each 

response if the same time base is used and the 

cursors are not moved. 

2. Wo complicated start pointer finding algorithm is 

required for the Fourier transform [51. 

3. Minimal phase error in reflection coefficient 

since stimulus and responses are from the exact 

same time window. 

4. No redundant data is acquired. 

5. Simplification of the operators task. 

6. Any perturbations in the stimulus also show up in 

the response. 

The second data set is the response characteristic. The 

sample is placed in the holder and a keyboard signal 

initiates response data acquisition. No reference points 

are entered , the cursors are not moved. The response 

characteristic is normalized using information from the 

first data set (S,S1) and the Fourier transform for the same 

frequency points as for the stimulus is tabulated, plotted, 

and stored. 



The frequency domain representations of the normalized 

response and stimulus a-re then used to determine the 

reflection coefficient as a ^unction ot frequency. The 

dielectric constant and loss factor, also as functions of 

frequency, are tabulated and plotted and a plot of loss 

factor versus dielectric constant is also included. 

At this point, one sample or network has been as 

completely processed as this TDS has been programmed to do. 

Now a second measurement can be made, but this time, the 

overhead of taking reference points and the measurement of 

the stimulus are not necessary, if one can assume negligible 

change of these quantities within the time period in 

question. (ie. within the time required to process one 

stimulus and one response). The operator can now make this 

decision and, if it is decided not to repeat the entire 

procedure, only the response characteristics of subsequent 

measurements need be acquired. The same output as before 

will be given for each new response acguired. 

After some time, the operator may decide that a fresh set 

of reference points and stimulus are required, and may then 

go back and obtain that information and continue as 

described before. 



** • ** LI!limiC NS OF EXISTING HARDWARE 

The most salient limitations of the TDS hardware are the 

time and amplitude jitter. When used in the TDR mode (as 

opposed to the CR mode), the time jitter at the leading edge 

of the step should be less than 15 ps. (1815B operating and 

service manual, sect, 5-17). For a 1.8 ns time window with 

105 points, which is the minimum number of points possible 

for 9 divisions at 0.2 ns/div.,the 15 ps time jitter is less 

than the sampling period. (0.875 x sampling period). This 

jitter, combined with cursor instability, may cause the loss 

of one point at the beginning of the time window. These are 

compensated for during data acquisition with signal 

averaging and alignment, as is described in the next 

chapter. 

Another ^airly evident hardware problem is related to 

unwanted reflections caused by impedance mismatches in the 

remote sampling head, tunnel diode and sample holder 

subsystem. This effect st-ems partially from the connectors 

and also from the sampling diodes themselves. It is 

extremely difficult to eliminate or even minimize this 

undesirable characteristic, therefore the simplest solution 

seems to be to try and compensate for it. The effects of 

these perturbations are most noticeable when a time window 

is used for the response which is different from that used 

by the stimulus. In this case the perturbation may be 



shifted in time and cause'a phase error, or it might not be 

present at all in one of the data sets, thereby causing it 

to seem as though it were a characteristic of the sample. 

Even when maintaining exactly the same time window for the 

stimulus as for the response, the capacitive nature of the 

sample holder may still cause a slight time shift of the 

perturbations in the response data set. 

An analysis of the reflections present in this system is 

shown in Fig. 10. In this diagram, the space-time 

relationship of the reflections illustrates the sampling 

diodes and output connector of the remote sampling head as 

the principle causes of the aberrations. Even in some 

Hewlett Packard literature, photographs of the display 

showed the inevitable sampling diode reflection. In an 

attemDt to reduce the reflection at the connector, the 

element of the connector was replaced, but the reflection 

persists. 

Other weaknesses include trigger pulse teed through. A 

video coaxial cable from the sampling head to the back of 

the tunnel diode step generator (HP 1106A) sunplies a d.c. 

bias for the tunnel diode as well as a trigger pulse to 

initiate step generation. mhe problem occurs when the 

trigger pulse propagates through the tunnel diode network, 

thus distorting the generated step. A solution was 
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This diagram illustrates the perturbations in the time domain characteristics 
as being caused by multiple reflections between the sampling diodes and the output 
connector of the remote sampling head. These secondary reflections rapidly become 
complicated as they are damped out, thus only the first few reflections are useful 
for determining the locations of the discontinuities. 

Figure 10: Space-time ref lect ion analysis 

suggested by Andrews [11 ] , which involved t r igger ing of the 

tunnel diode assembly from its output port through a 

directional coupler. The output impedance ot the HP 1106A 



should be well enough matched so that any reflection would 

be considerably smaller than the fe°d through trigger pulse. 

The HP 1106A still had to be biased from the other port as 

before unless an external bias supply such as is described 

in [12 ] is used. 



C h a p t e r V 

TDS SOFTWARE 

As i n c h a p t e r 2 , t h e s o f t w a r e i s d i s c u s s e d i n t h i s 

c h a p t e r u n d e r t h r e e b a s i c h e a d i n g s . T h e s e a r e human 

i n t e r f a c e , d a t a a c q u i s i t i o n , and d a t a p r o c e s s i n g 

r e s p e c t i v e l y . A f o u r t h c a t e g o r y , d a t a o u t p u t , i s r e c o g n i z e d 

h e r e , a l t h o u g h t h e s o f t w a r e u s e d t o c a r r y o u t t h i s f u n c t i o n 

i s a l s o imbedded in t h e huraan i n t e r f a c e and d a t a p r o c e s s i n g 

b l o c k s . 

The main p u r p o s e o f t h i s c h a p t e r i s t o p r o v i d e an a i d f o r 

t h e c o n t i n u a t i o n o f t h i s work. For t h i s r e a s o n , t h e 

f l o w c h a r t s and program l i s t i n g s i n t h e a p p e n d i c e s w i l l no 

d o u b t h a v e t o be r e f e r r e d t o e x t e n s i v e l y i n o r d e r t o d e r i v e 

a c o m p l e t e u n d e r s t a n d i n g o f some of t h e d e t a i l s . 

As an a i d t c t h e u n d - r s + a n d i n g of t h e c o n t e n t s of t h i s 

c h a p t e r , a f l o w c h a r t i l l u s t r a t i n g t h e o v e r a l l s o f t w a r e 

s t r u c t u r e i s g i v e n in F i g . 11 . " h i s f i g u r e c l o s e l y 

p a r a l l e l s t h e d e s c r i p t i o n of t h - e x p e r i m e n t a l p r o c e d u r e 

c i v - n in s - c t i o n 4 . 3 . , - l s o sh^vn i n t h e f l o w c h a r t a r e t h e 

p c i n t s i r» * h e p r o c e d u r e a t which t h e s y s t e m e x p e c t s - ope ra t o r 

i n t e r a c t i o n . 7 v i s o p e r a t o r i n p u t to t h e s y s t e m f a l l s u n d e r 

two c a t e j o r i . - - s . The ^ : r a t c a t e g o r y c o n s i s t s of i n p u t s by 

t h - c n - r a t o r w - i c h a r e e x n - c t e l by t h - s y s t - m a t s p e c i n c 

p c i r . t s t h r o u g h o u t t h e p r o c e d u r e . Such i n p u t s i n c l u d e 

s e l e c t i o n ->f b r a n c h ( S T I f U i n s o r . -"SPC^SF) , r ^ f e r e r c - p o i r . t 
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The points at which the system expects operator interaction 
are illustrated as shown. Mechanical action includes such 
functions as setting the timebase, installing the sample, 
etc.. Keyboard signals select from options presented by th« 
system and comfirm completion of mecnanxcai actions. 

Figur« 11: Software implementation of the measurement 
procedure 



entry, time window input, name of material input, c t c . The 

second category of operator interaction is unexpected input. 

- s of this writing, the or.ly input under this classification 

is the interrupt driven abort command which is described in 

this chapter. 

Upon commencement of execution, the program described in 

Fig. 11 initializes interrupt handling routines and storage 

buffer pointers. The system then prompts the operator to 

opt for or skip the introductory instructions. The operator 

is then asked to select either the STIMULUS or RESPONSE 

branch of the procedure. Since some of the computations m 

the FESPONSF branch require results from the STIMULUS 

branch, the system will not allow the FESPC'iSI part of the 

procedure to be tahen until the STIMULUS branch has been 

successfully completed at least once. 

Cnce the STIMULUS branch has been selected, instructions 

appear on the console r-guesting the operator to install the 

open circuit waveguide, set up the time window and cursors 

to select the first reference point *!. This is followed Dy 

instructions for the acquisition of a second reference point 

K1, and then automatic acquisition of the entire time window 

containing the stimulus characteristic, The system then 

v r o r p t s the operator to enter the time window in f loatir.a 

point decimal. The normalization ana Fourier transform of 

the s*-i'iulus is then carried rmt and the results are output 

for each fr:-c,::-r!cy point of interest as it becomes availanle 

(see Fig. 12 : Fourier transform of the stimulus, as an 

e xamnle) . 



Control is then returned to Y.L^I'Z where the op-rator is 

again asked which branch should be executed next. It tor 

some reason th= stimulus is unsatisfactory (eg. cursor was 

moved during acguisition, etc.), it may be retaken. If all 

is well, then the FESPC'S" oranch nay be ex-cuted. £s 

before, instructions appear on the screen requesting the 

operator to insert the sample in the sample holder. "he 

response characteristic is *.v?s automatically acquired and 

t^e operator is ask=d *o input the name of the test material 

for later identification of the output. From this point on, 

the system automatically computes ana outputs the Fourier 

transfers of the response characteristic, the magnitude and 

phase of the reflection coefficient, t and £ as well as 

£ versus £ , all as functions cf frequency. Peter to 

Figs. 13,14,15, and 16 respectively for samples of these 

outputs. 

Control is again returned to ^rvUF and another response 

nay now be processed using the saic- stimulus data, as 

discussed in section 4.3. 

5.1 pD^i^r)? T *; ̂  ̂  ? ? ?_ C E 

"his block -nust instruct the human operator in a step b 

step fashion through the entire measurement procedure. i 

must also receive signals from the operator tilling th 

system that a certain external action has been performed, a 

well as which phase of the measurenent procedure is to b 
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The following five figures (Figs. 12 to 16 inclusive) 
represent a typical set of output listings for one complete 
measurement. They represent the Fourier transform ot the 
stimulus characteristic, the Fourier transform of the 
response characteristic, the reflection coefficient (gamma) , 
the complex permittivity (epsilon), and £" versus Z', 
respectively. 

In each of Figs. 12, 13, and 14, the three columns of 
data represent magnitude, phase, and frequency,respectively. 
The corresponding graphs are plots of the magnitude and 
phase (denoted as * and + t respectively) with respect to 
freguency in Hz. The frequency axis begins at the top left 
hand side of the graph at 25 MHz and increases from top to 
bottom in 25 KHz increments until it reaches 1 GHz, after 
which the increments are 50 MHz until the interval of 
interest terminates at 2 GHz. The magnitude {*) is scaled 
between 0 at the extreme left hand side of the graph 
(frequency axis), and the maximum value attained in that 
frequency interval at the extreme right hand side of the 
graph. ' Thus the actual magnitude at each frequency 
increment can be read from the magnitude column and the 
shape of the magnitude as a function of frequency, 
normalized to full scale over the frequency interval of 
interest, can be observed from the graph. The phase plot 
(+) is scaled between -180 degrees at the extreme left hand 
side of the graph, and +180 degrees at the extreme right 
hand side of the graph. As before, the actual phase (in 
degrees) at each frequency increment can be read from the 
phase column. 

In Fig. 15, the first two columns represent £ and £ 
denoted * and + respeectively on the graph. Both of these 
functions of frequency have been expanded to full scale on 
the graph. (ie. graph pt. = (£-£min)/(£max-£min)). 
The iLequency increments in the third column and the 
frequency axis are as in Figs. 12, 13, and 14. 

Figure 16 shows a graph of £ (scaled minimum to maximum 
from left to right) versus £ (scaled maximum to minimum 
from top to bottom). 
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per-formed next. The capability of manually entering 

numerical and alphabetical parameters would also be useful. 

In the event of some malfunction or procedural error, an 

abort facility should be provided which can place the system 

in a,known state with a minimal loss ot data. Due to the 

modularity of the procedure, only the data acquired or 

calculated during the aborted block need be lost. This data 

is useless anyway because it would only be a partial data 

set. 

Since the system upon which the software was developed 

has a CRm terminal as well as a line printer, the user 

instructions appear on the C?m only and the required output 

is sent to the line printer only. This is accomplished 

using certain built in monitor subroutines imbedded in a 

buffer loading routine. Therefore to output a given 

message, (eg. an instruction) , the address of the buffer 

which contains that message is first loaded into the 

designated register pair, (HL), and the appropriate buffer 

loadina and output routine is called. These routines are 

known as P?INT and XPPTNT, depending upon whether the 

message is to go to the CP1" or line printer, respectively. 

To enable the system to receive signals from the 

operator, an interrupt routine, K^YTN, which is sensitive to 

keyboard inputs, was devised. "Ms routine stores the 



received AFCII character "(minus the parity bit) in a single 

byte buffer called KEYSIG. The point in the main system 

program which is expecting such a signal simply scans 

repetitively the contents of KFY5TG until the required 

signal has . been received before proceeding with the 

appropriate activity. 

The same keyboard activated interrupt routine checks the 

input signal to see if it corresponds to the abort (CTRL A) 

command. If so, the stack pointer is reset to its initial 

value and control is returned to MENUE. 

From MENU*: the operator has the option of selecting 

either one of the two main branches of the procedure. These 

are S for stimulus characteristic input and processing, and 

R for response characteristic input and processing. The 

latter branch requires data from the former branch, and 

therefore the main program will not allow this path to be 

taken until the stimulus branch has been executed at least 

once. 

Alphabetical and numerical parameters can be input from 

the keyboard only when the program is expecting such an 

input. The operator is signalled with an appropriate 

instruction and a prompt character. The program therefore 

knows whether the information is floating point decimal 



(time window) or alphabetic (name of material) and transfers 

the.data to the appropriate buffer. The end of the keyboard 

entered character string is signalled by the operator with a 

carriage return, and the program appends the appropriate 

termination to the buffer (ETX or 03H for alphabetic and 00H 

for numerical parameters). mhe alphabetic parameter is 

saved until the headings for the response characteristic are 

printed, at which time the buffer contents are dumped out to 

the line printer along with the heading. The numerical 

parameter is converted immediately upon having been input to 

the 32 bit floating point format using the FDECBI routine. 

The time interval per sample point is then calculated and 

stored. The buffer containing the time window, being in 

ASCII form, is also printed on the output heading for both 

the stimulus and the response. 

5.2 P_1IA iCfiUTTTTION 

Although data acquisition, in the strict sense of the 

term, involves no more than reading and storage of raw data, 

the nature of the measurement makes it convenient to include 

a littl° preprocessing during acquisition. The extent of 

this preprocessing is limited to the point by point 

averaging of the characteristic in the time window 

(desiqnated by two cursors) over 100 sweeps. This is 

designed to reduce the effect of amplitude "jitter on the 

outcome of th<=> later processing. Also to be acguired are 



the reference points J» and NI, the subscripts of the last 

low level point and first high level point respectively. 

These points are used during the normalization procedure 

described in the next section. 

Actually, the acquisition portion of this block is the 

software part of the sampling scope-microcomputer interface, 

and must therefore be desianed around the hardware provided. 

From the microcomputers (and programmers) point of view, the 

A/D converter looks like the two input ports to which it is 

connected. Fach of the ports (INI and IN2) are 8 bits wide, 

and each are partitioned into two 4 bit fields. If these 

tvo bytes are concattnated as shown Fig. 11, they form, from 

left to right, a U bit timing fi<=>ld and three 4 bit BCD 

numbers. The timing field is the key to the acquisition 

process, and of the 4 bits in the field, only 3 are used. 

The first bit is a SWEFP STAR" indicator which strobes the 

start of a new sweep of the characteristic on the screen of 

the oscilloscope. The second bit indicates whether the 

point currently being sampled is or is not in the time 

window of interest. The tim° window is the set of points 

between and including the two cursors. The third bit simply 

signifies validity of the BCD data from the ?./D converter. 

A flow chart illustrating the usage of these signal lines 

appears in appendix B under the name TD?. 



IN 2 INI 

P/iSD LSD J 

3 Digit BCD 

— SWEEP START ? (1=YES) 
IN WINDOW? (0=YES) 

A /D READY? ( l^YES) 

UNUSED 

The format of the unidirectional interface shows 3 timing bits and a 
3 BCD digit data field. 

Figure 17 : A/D conv-erter interface format 

Acquisition of the reference points is achieved simply by 

setting the right hand cursor to the desired point and 

tapping the space bar. The reference point acquisition 

routine (PFFACQ) calls the TD? data acquisition routine, in 

which there is a counter which counts the number of points 

in the window. After one sweep, the contents of this 

counter is stored as the subscript of the reference point. 

The output of the sane counter is displayed on the screen of 

the terminal during data and reference point acquisition. 

^he preprocessing mentioned at the beginning of this 

section involves alignment of the contents of NEWVEC (the 

newly acquired sweep) with the contents of ACCVEC (the 



~5S 

accumulated point by point sum of sweeps), then a format 

conversion and summation of each point. Alignment is 

necessary because of the cursor jitter at high sampling 

densities, and is done with respect to the sweep start 

location. That is, the number of points before the window 

is counted for each sweep, but this number for the first 

sweep is stored as a reference (DFEF). Each subsequent 

sweep is then aligned with ACCVEC depending on the 

difference between the number of points before the window 

(DNEw) and DF.EF. As each new sweep is taken, the maximum 

DVFW (PMAX) and the minimum number of points in the window 

(HMIN) are checked and updated. After 100 sweeps have been 

acquired, aligned, converted to 32 bit floating point 

format, and summed, a certain number of points on each end 

of ACCVEC are truncated. This is due to the fact that they 

have not been summed 100 times because of the shifting 

during alignment. This is where PMAX and HNEW, the maximum 

first point subscript and minimum last point subscript 

respectively are used. The points between DMAX and HNEW 

inclusive are all valid averaged points, and the others are 

truncated. The number of truncated points usually varies 

from 0 to 2 points. 

"he format conversion is a two step process. The 

incoming data is in BCD and the reguired format for data 

processing is the 32 bit floating point binary format. The 



first step is to convert the BCD data to binary, and the 

second step converts the binary data to the 32 bit format 

using the SBC-310 FLTDS opcode. 

The question which arises is when is the best time to do 

the conversion? Fecall that the A/D has a 3 digit BCD 

output. ^his gives a maximum magnitude for any given point 

of 999 units. If 100 sweeps of a given characteristic are 

taken, the sum total of any given point could possibly reach 

99900. The fixed point to floating point conversion in the 

SBC-310 requires an unsigned 16 bit binary input. The 

maximum magnitude of such a number would have a decimal 

equivalent of 65,536, 'which is considerably short of the 

potential 99900. This leaves two alternatives. One is to 

cut the averaging down to 50 sweeps, and convert after 

summing, and the other is to convert the numbers before they 

get too large. Again, two possibilities emerge from the 

second alternative. The first one is to compound two 

iterative procedures by acquiring 50 sweeps, converting, 

then acquiring 50 more sweeps, converting again, and then 

summing the results. The second is to simply convert each 

sweep as it is acquired and sum it with ACCVEC. The latter 

option was selected for reasons of simpler programming, at 

the expense of execution time. 



Since each characteristic to be transformed is normalized 

between -1 and +1, it is unnecessary to divide each point 

magnitude by the number of sweeps taken. A simplified flow 

chart for the data acquisition and preprocessing, is shown in 

appendix B under the name DATACQ. 

5.3 DA"? P^OCFSSIffG 

This block can be partitioned into several functional 

sub-blocks, some of which have been discussed earlier as 

preprocessing in the data acquisition section. Some of 

these functional sub-blocks are composed of sub-sub-blocks 

which may be subroutines, others may be spread out over 

several levels of programming. The partitioning of the 

components of this section will conform as much as is 

possible to the actual software implementation, to 

facilitate future modification and improvements. 

These components include normalization, preprocessing for 

the F."". algorithm, and the Fourier transform itself. 

There are a few utility routines which service the SBC-310 

related operations and also some which sweep the frequency 

range op interest for the frequency domain conversion. Also 

used in the transformation routine are two trigonometric 

subroutines for computing sine, cosine, and arctangent, as 

well as two format conversion routines. 



5.3.1 "QEJSai-Agg.Jl.lSll 

The data normalization is a two stage process. The first 

part of the process (HITJOAV) is a calibration procedure. 

This involves scanning the entire stimulus data set, 

averaging all of the low level points (S1), averaging all of 

the high level points (S2), and taking the difference 

(S=S1-S2) as shown in Fig. 9. Only S and S1 are used in the 

second part of the process (NORM) which is the normalization 

itself. This routine is used for both stimulus and response 

normalization. Again the entire data set is scanned taking 

each point, subtracting it from S1, and dividing by S. 

| point! = S 1 - I PO^t I 

Note that S1>S2 due to the manner in -which the A/D was 

installed, but the above normalization process puts the 

characteristic in the correct perspective. Note also that 

it is possible to have some magnitudes greater than 1, due 

to the fact that S is the difference between averages, 

^here is a built in limiting facility which replaces 

magnitudes which are greater than 1 by the 32 bit floating 

point equivalent of 1. This introduces a slight clipping 

error which should be negligible considering the number of 

sweeps over which the'signal has been averaged. 



HILOAV makes use of'the reference points M (last low 

level'point) and NI (first high level point), but NORM 

sweeps over the entire characteristic. Flowcharts for these 

routines can be found in appendix B . 

5.3.2 Z•1 - processing 

The algorithm used to do the Fourier transform reguires, 

as input, the difference between consecutive normalized 

points, and the time span between samples. The latter 

quantity is calculated immediately upon input of the total 

time window from the keyboard. The former is an array of 

points ?(m), in which the normalized magnitudes have been 

replaced by the difference between itself and the point 

before. (ie. R (m) = F. (m) -P (m-1)) . This is another relatively 

simple routine which has been imbedded in the same loop as, 

and immediately following, the normalization mentioned 

above. 

The Fourier transform is done using Samulon's formula 

which is particularly useful for this application. It is 

well known that sampling in the time domain causes a 

periodicity of the spectrum in the frequency domain, and 

vice versa. Conventional DFT algorithms require a periodic 

repetition of the time window thereby causing a sampling 

effect in the frequency domain. In other words, the Fourier 

transform is valid only at those discrete intervals of 1/T 



Hz, where T is the time "window in seconds. This means that 

the resolution in the frequency domain is determined by the 

width of the time window. For example, a 25 MHz resolution 

in the frequency domain would require a 40 ns time window. 

If the event being measured has a 2 ns duration, it would 

have to be compressed into a prohibitively small sample 

space in ord.er to accommodate the entire 40 ns time window on 

the screen. In addition, the bulk of the data set would 

contain relatively little information since the event of 

interest is practically over in 2 ns. Samulon's formula 

enables the event to be stretched into a more convenient 

sample space, and since the functions being measured are 

well behaved, the remainder of these characteristics can be 

predicted. 

Take for example the stimulus function shown in Fig. 

12(a). Sampling this signal and taking the difference 

between consecutive samples is, roughly speaking, analogous 

to differentiation. This would yield a signal similar to 

that in Fig. 12 (b) . 

If it could be assumed that the step continues on to 

infinity, it could also be assumed that the signal in Fig. 

12 (b) continues to infinity in similar fashion,. That is to 

say, adding an infinite tail of zeros to the second signal 

would be a valid assumption and it would also serve to 

extend the time window to infinity. In practice-of course, 



a) stimulus 

bjpreprocessed 
stimulus 

The preprocessing of the stinulus consists of normalization followed by 
the replacement of each point by the dltfcroncc hccwccn that point and the preceding 
one. The resulting characteristic rrscnblcs the derivative of the stimulus, and it 
is this data which is processed by Sanulons F.T. algorithm. 

Figure lg: Stimulus normalization and preprocessing 

only the finite number of points in the time window would be 

acquired, but the artificial extension of the time window to 

infinity serves to give infinitessimal resolution in the 

frequency domain. Taking the difference between consecutive 

points enables the signal to be truncated with minimal loss 

of information content as soon as it reaches a steady state 

level. mhis applies to the response as well as the stimulus 

(see Fiq. 13) 



a)response 

b)preprocessed I 
response ' 

As for the stimulus, the response is first normalized and then replaced 
by the difference between consecutive points before being processed by Samulons F.T. 
algorithm. 

Figure 19: Response normalization and preprocessing 

5.3.3 "rinonometric and conversion routines 

The trigonometric functions were implemented us 

Taylor's series expansions and ar° fairly straight forwa 

The sin° function has be^n implemented using the ident 

sin (x) =cos (x-Tf/2) . In other words, th<=> araument is ph 

shifted and the cosine algorithm is used. 



The cosine algorithm, " in order to keep the terms in the 

series small, is only evaluated from 0 to TV . From TT to 

2 7T , the expression cos ( Tr * A x) =cos ( 7T - A x) is used. 

For x= 27T or greater, x is normalized to within the limits 

.0 to 27T . The cosine function is symmetric with respect to 

x=0, so all arguments are taken to be positive. 

The arctangent algorithm is a two part expression which 

uses a different series depending upon whether or not |x| < 

1. The function itself is inverse symmetrical about x=0. 

Thus only positive arguments were used and the sign of the 

input was passed on to the output. Truncation of the 

series leads to a slight perturbation around x=1. The more 

terms evaluated, the lesser is the perturbation. Too many 

iterations causes overflow for large values of x, since each 

consecutive term in the series has an odd power of x which 
c 

increases by 2. Since for x > 1, the function 

asymptotically approaches *• 7Y"/2, there can be a maximum 

value of x set so that for: • 

x > xmax , tan_1(x) = -

mhis introduces an error which is greatest at x=xmax and 

decreases with increasing x. 
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The arctangent algorithm suffers from an aberration around X=l due to 
truncation of the two series expression. A second irregularity around X=60 is due 
to a clipping error which was introduced to relieve an overflow problem for large 
values of X. 

Figure 20: Perturbations in the arctangent algorithm 

This error can be reduced with some linear extrapolation 

at x=xmax. This xmax limitation has been incorporated in 

SAPTTLO near the end of TRNSFM. This is the only place where 

ATAN is used in the entire system. If a linear 

extrapolation is to be implemented, then it should be done 

in the ATAN routine itself, and the xmax limitation could be 

moved there at the same time. 



FBIDEC is a routine which actually could be used for base 

conversion, but it is being used in this system to convert 

the 32 bit floating point binary to floating point decimal 

format. The mathematical basis is as follows: 

It is desired to convert a guantity from the form 
E - E 

FB x 2 toFD x 10 . It is well known that: 

log N = 
l o^b N (5.1) 

'a l o 9 b
a 

For a=2, b=10, (5.1) becomes: 

log10N 
log.N = ± U 

'2 iog102 

EB 
If »= 2 , then log2N = EB 

Therefore: 

EB 1 O^10 2 = 1O5l0N-

let log1()N = E^ where E^ = E Q + E Q F (5.2) 

where E Q is a decimal integer and Epp is a decimal 

fraction. (EnF should be > 0 for the following series to 

be valid, eg. for ED'= -4.3, E D ^ -5 and EDp = +0.7 ) 

From (5.2) 

2H- 10E° 

=* F B x 2 E B = FB x 10 E ° = F B x 1 0 E D F x 10 E ° (5.3) 



From (5.3 )and (5.2), the" decimal exponent E„ can be taken 

directly as the integer part of: Ei = E log1Q2 (5.4) 

EDF 
Fn can be found from : F x 10 

where: 

10 D F = (1+L.EDF(1+L.-|^(1+L.-^(...1+L.-^)))) 

where L = lnlO 

^his is evaluated in the loop designated as SESIES in 

FBIDEC. 

FDECBI takes an ASCII character string in memory 

representing a floating point decimal quantity in the 

general form: 

± d,d0...d .fnf0...f E ± e,e,...e 1 2 n l 2 • n 1 £• n 

and converts it to its 32 bit floating point binary 

equivalent. In practice, there is usually one digit to the 

left of the decimal point and only two digits in the 

exponent. "he principle of operation is as follows. 



The algorithm first suins up all of the significant digits 

keeping track of the number of digits to the right of the 

decimal point. This is accomplished by converting each 

digit from ASCII to binary, floating that value,.and summing 

it with a floating point accumulated value. Before each new 
t 

digit is hummed, the floating point accumulated value is 

multiplied by 10, thus resulting in an integer valued 

representation which is greater or lesser than the actual 

value by a factor which is a power of 10. This guantity is 

then successively multiplied or divided by 10, depending on 

the sign of the exponent, each time incrementing or 

decrementing the exponent, until it becomes zero. At this 

point, the result is the 32 bit floating point binary 

representation of the decimal quantity represented by the 

ASCII string in memory. 

The FDECBI routine is used to convert the numerical value 

for the time window, which is keyboard entered in floating 

point decimal, to the format required by the SBC-310. 

The routines for calculation of gamma magnitude and 

phase, as well as dielectric constant and loss factor are 

straight forward reguiring no special explanation other than 

the discussion of memory usage below. 



TT?LImY is a collection of routines associated with the 

use of the SPC-310. Such programs include WAIT, the various 

LOAD routines, and CLEAP and FILL 

The WAIT routine is used after an opcode has been sent to 

the SBC-310, to ensure that the operation has been completed 

before the result is sought, or the operands modified. 

After the operation is completed, WAIT checks for errors. 

If there is no error, WAI" simply returns. If there is an 

error, WAIT checks to see if the error is an underflow, and 

if so, the result of the operation is replaced by zero and 

WAIT returns. If the error is not an underflow, WAIT 

outputs the error code and the top three stack entries, and 

then stops th.p system. This of course should never happen 

during the normal operation of the system, but it is a 

useful diagnostic tool for tracing the source of bugs when 

modifications are being made. 

mhe LOAD routines are all based on LOADY, which simply 

takes the contents of (HI) and the subsequent four bytes, 

and moves it to the starting address specified by (DE) . 

LOADX calls wait before going into LCADY. L0P2 assigns 0?2 

as the destination address (DE) and then goes into LOADX. 

Finally, 0P210 assigns the address of a constant, 10, to the 

source address (HL) and goes into L0P2, thus pffectively 

movina 10 to 0P2. 



The CLFAP. and FILL routines require no explanation and 

listings are given in appendix C under UTLITY. 

5#ii fcrfopy USAGE 

This section is a summary of the use of the data buffers 

and an explanation of how one pair of buffers in particular 

(RES-1AG, and "FPHAS) is. used for different data sets 

throughout the response processing phase. 

From the memory map shown in Fig. 15, it can be seen that 

there are two large data buffers, and four smaller ones of 

equal length. "'he largest buffer (AOOOfl - A800H) consists 

of 800H bytes (2048 D) and is for storage of the accumulated 

sum of the data during signal averaging. The information in 

this buffer is in the 32 bit floating point format thus 

limiting the capacity to 512 points. 

The next larqest buffer is 400H bytes (1024 D) long and 

is for storage of NEWVEC, or the most recently acquired 

sweep of data. This data is in a 3 digit BCD format which 

requires 2 bytes per point thus also having a capacity of 

512 points. 

"he next four groups ar^ for frequency domain data, as 

opposed to the time domain data stored in NEWVEC, and 

ACCVEC. Sinc<= only 60 frequency points are called for (as 



the system is programmed "as of this writing) , only 240 bytes 

are required to store the data in 32 bit format. The space 

actually alotted for each group is 256 D bytes, for reasons 

of conveniently round hexadecimal addresses. 

'nes° four areas are grouped into two buffer pairs. The 

first pair (STIPAG,STPH?S) represents the magnitude and 

phase of the stimulus respectively, the second pair (PFSJ1AG, 

PFPHAS) being the magnitude and phase of the response 

respectively. 

The total area alotted for bulk data storage (ie. not 

including time windov, name of material, S, S1, etc.) is 

1000H, or in decimal 4096 bytes. 

NEWVEC and ACCVEC are used for each nex signal 

aquisition. STIMAG and STPflAS are altered only when a fresh 

stimulus characteristic is being processed, and must be 

preserved during the remainder of the course of the 

procedure. The contents of FESMAG and PFPHAS are altered 

during every phase of the response characteristic 

processing. 

Immediately upon receiving the name of the material from 

the keyboard, SPECIE II begins to compute the Fourier 

transform of the response in a point by point fashion, 



filling RESMAG and PFPHAS 'as it does so. After this portion 

of the response processing is concluded, SPECTRE II begins 

to compute the magnitude and phase of gamma, overwriting the 

corresponding locations of PESMAG and REPHAS with the 

results as it does so. This is permissible since the 

•response is only being stored for use in calculating gamma. 

This being done, SPECTRE II then goes on to the next step 

and overwrites (FESMAG) and (REPHAS) with £ and £ 

respectively, again in a point by point fashion. Each step 

of the procedure, as (RESMAG) and (REPHAS) are being 

overwritten, the same values are ' being printed on the line 

printer, and the data is never saved longer than it has to 

be available for the next computation. 

Two more small data buffers (EOSTO, and F2ST0) are 

maintained for plotting the Cole-Cole relationship. These 

areas occupy from BOOOH to B03CH and B040H to B070H 

respectively. These buffers store the sixty one-byte scaled 

plotting integer subscripts for (EO) and (E2) 

respectively, and range in value from 00H to 3CH. The 

routine for using these integers to form the Cole-Cole plot 

is called COLPLT and is described in appendices B and C. 
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This figure shows the various data buffers and their relative sizes and 

Figure 21: Data buffer memory map 



Chapter VI 

CONCLUSIONS 

This chapter is actually a conglomerate of three 

sections, each of which must be at the end of this writing, 

and none of which justifies a chapter on its own. The first 

section presents some experimental results and an overall 

performance evaluation. In the second section, some 

recommendations for future work are given, and the last 

section summarizes this work. 

6.1 FESnLTS AND S YST.F.K PERFORMANCE 

"'he experimental results available for polar liquids are 

primarily for normal alcohols, and vary considerably from 

author to author. Reference [13] quotes values for the 

relaxation frequency of propanol varyinq from 413 MHz to 722 

MHz. Some of these measurements have been made using 

frequency domain, and some using time domain technigues. 

""he range in the measured values of relaxation frequency can 

b<= attributed to many causes including temperature 

variation, purity of the chemical, measurement technique 

employed, etc. Van Geraert [5] made mention of having the 

chemicals dried in CaS04 for 24 hr and then distilled just 

prior to making the measurement. 
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A chemist colleague- suggested using spectro-grade 

chemicals for the measurement to ensure purity. Chemical 

purity grades are numerous and the percentage of purity for 

a given grade varies depending on the chemical. Some of 

these grades, in order of increasing purity, are practical, 

reagent, spectro, ultrex, and HPLC (high pressure liquid 

chromatograph). 

Results obtained with our TDS for a reagent grade 

propanol showed a relaxation frequency of 525 MHz. Other 

liquids for which results were given in the references were 

not readily available. Measurements were however made on 

various other chemicals which were available, including 

methanol, ethanol, and glycerol. In each case, with the 

exception of glycerol (which exhibits a relatively low 

relaxation frequency), a second peak was present which 

centered in the range of 900 ilHz to 1.25 GHz. The reasons 

for these additional peaks can only be speculated at this 

time, however they are worth mentioning at least for the 

sake of discussion. 

A first possibility is that the chemicals, being of 

inferior grade, contain contaminants which are responsible 

for the higher relaxation frequencies. The slight 

variations in the magnitude of this peak from sample to 

sample of the same chemical could easily be du<=» to a non-



homogenous mixture, temperature differences, and 

evapouration. These chemicals are generally supplied in 

bulk and are often stored in metal containers, thus 

increasina the likelihood of the presence of corrosion, 

sediment, oils etc.. 

The second potential problem is slightly more difficult 

to verify and solve. It involves time-base instability, 

which was also encountered by Cans and Andrews [14"). This 

instability manifests itself as high frequency distortion 

(above 1 GHz). 

Another possible source of error is the cleansing of the 

sample holder between measurements. The sample holder 

itself is made of brass and there is always the possibility 

of residue or oxide being present. A small teflon sleeve 

around the central conductor has been removed to facilitate 

cleaning, and reduce the amount of lint, etc. accumulated by 

the sample holder. The cleaning between samples involves 

simply drying the end of the central conductor, then rinsing 

it with the next sample to be used, drying again, and 

finally insertion of the next sample. Even the slightest 

contamination is significant considering the small sample 

size (anproximately 7.8 microliters). 



Sample outputs for a* normal alcohol, 3 dB and 10 d3 

attenuators appear in appendix D. The gamma curves for the 

two attenuators for a 0.9 ns time window are within 5% of 

nominal value up to approximately 1.3 GHz. When a 1.8 ns 

time window is used, gamma for the 3 dB pad begins to differ 

from the nominal value by 10% between the frequencies of 850 

MHz to 875 MHz, and gamma for the 10 dB pad is practically 

useless. Note that cutting the time window in half while 

keeping the same number of points between the cursors 

effectively doubles the sampling rate. The measurement was 

therefore repeated for the larger time window, but with 

double the number of data points, yielding the same results 

as with only half of the points in the same time window. 

The problem then, would seem to be more a function of the 

time window itself, and not the number of points in the 

window. mhis would suggest a high sensitivity to time base 

jitter. The smaller the time window is, the smaller is the 

relative timebase jitter. This would agree with previous 

experimental results using overly large time windows, where 

the distortion was too great for the measurement to be of 

any value. The higher distortion for the 10 dB pad would 

seem to indicate the amplitude jitter as another error 

contributing factor. Therefore for weak signals and large 

time windows (low relaxation frequencies), the system does 

not perform well. Potential solutions to these problems are 

Dresented in the next section. 
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Regarding system performance, there are two main sources 

of delay' in the procedure. The first occurs during data 

acquisition where the time required to input a 

characteristic is approximately 1 s for every 10 points in 

the characteristic. This is a result of the selection of 

acquisition procedure as discussed in section 5.2. The 

second delay appears during the Fourier transform portion of 

the data processing, and can be attributed to two causes. 

The first F.T. delay is again proportional to the number 

of points in the time window, since the entire time window 

is swept by the F.T. algorithm for each freguency domain 

point. The second cause is the iterative trigonometric 

algorithms used by the F.T.. The delay per frequency domain 

point is approximately 3s for just over 100 points, up to 

12s for about 500 points in the time window. A third factor, 

although it does not contribute to the delay per freguency 

point, is the number of frequency domain points calculated. 

This TDS can fully process one sample of a test substance 

in under 10 minutes for approximately 100 points in the time 

window, and each subsequent sample can be processed in less 

than 6 minutes, providing the first stimulus is maintained. 

Comparison with the systems summarized in Table 1 is 

favourable. A comparison of the results of one measurement 

of a given substance in which 105 points were in the time 
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window, with those of"a second measurement ot the same 

sample using 443 points, showed no significant difference, 

"̂ he sampling rates in both cases were well above that 

required by Nyquiste's sampling criterion, and the slight 

difference in results was similar to that experienced for 

two consecutive measurements of the same sample and sampling 

rate. This can b° attributed to temperature change and 

evaporation of the sample. The sample holder temperature „ 

was found to increase fairly steadily during the time the 

system was in use. 

6.2 RECQMM END ATIO NS FOR FTĴ tTRE WORK 

After having done the groundwork and built a foundation 

for the developement of a microprocessor based stand alone 

TDS, a number of ideas come to mind which could solve many 

of the problems still present in the existing system. Most 

of these improvements involve both hardware and software 

modifications, and as such, provide an interesting challenge 

to anyone interested in microprocessor applications to 

digital signal processing and instrumentation. These ideas 

are presented here in no particular order. 

Perhaps the most radical modification recommended is not 

a modification at all but a new design altogether. The 

suggestion involves distribution of the various tasks among 

two or even three' microprocessors to achieve better 



accuracy, reliability, * and shorter measurement time. A 

partition of duties would be to use one processor for human 

interface and data acquisition, and a second processor for 

data processing and output. In this manner, the stimulus 

data could be processed while the other processor is 

acquiring one or more response characteristics. This 

overlapping of the time consuming tasks should shorten the 

measurement time considerably. The reduction in time 

between stimulus and response acquisitions should minimize 

the effects of certain instabilities in the TDP hardware, 

thus improving the accuracy of the measurement. The 

improved reliability stems from the possibility of having 

firmware shared between the two processors, so that in the 

event of a processor failure, the remaining processor could 

perform both tasks. This would give a softly degrading 

system thus improving the reliability. 

Digital control of the sampler time-base via a D/A 

converter would improve the time-base stability, facilitate 

automatic calibration, and simplify signal av^raqing during 

acquisition. With this modification, it would be possible 

to sample the same point several times before proceeding to 

the next point. This would enable immediate rejection of 

spurious points. It also requires only one sweep of the 

time window thereby elimination the necessity to align 

consecutive sweeps before summing. 



The implementation of this modification would involve 

both hardware and software. A standard oscilloscope uses a 

ramp as a horizontal sweeper for the time-ba.se. The sampler 

in the sampling scope uses a staircase waveform and a ramp 

with a comparator to trigger the sample and hold (S/H) 

network when the ramp reaches the level of the staircase. 

The staircase is incremented, the event retriqgered, and the 

ramp reset so that there is a slightly longer time elapsed 

before the raac again reaches the level of the staircase, 

thus sampling the next time point of the characteristic (see 

[15], section 4-12 to 4-24). This staircase could be 

provided by a D/A converter driven from an output port of 

the microprocessor system. The software would involve the 

incrementing and outputting of the contents of a counter 

when the next time point is required. This would require 

major modification of the entire SYSPTN file, and in 

particular, the DATACQ routine. 

Also the number of times each point is averaged could be 

reduced to 50 thus postponing the necessary conversion to 

the 32 bit format until after the averaging. This would 

require only one format conversion per data point and it 

should speed up the data acquisition considerably. This 

modification could be' done as the system stands as of this 

writing, with a few modifications to the DATACQ -routine. 

This would involve a simple loop counter change and some 

modification to the summation routine in DATACQ. 

http://time-ba.se


There is another possibility for dealing with the time-

base instability. The idea is to compensate for the problem 

rather than to improve the stability and as such, it has a 

few drawbacks. One such disadvantage is the increased 

processing required for this compensation. Another is the 

necessity of an additional calibration phase in the 

procedure. Advantages of this method are that no additional 

hardware is reguired (with the exception of one 3 dB 

attenuator) and the modifications necessary could be made 

straight away. The suggestion is as follows. 

It was observed that the distortions due to time base 

instabilities were rather consistent for a given sample or 

component, and time window. The additional calibration 

phase in the procedure would then be to measure the 

reflection coefficient of a known component (eq. a 3 dB 

attenuator). Then subtract from each frequency point the 

known reflection coefficient for that component. For a 3 dB 

pad, 0.501 would be subtracted from each magnitude point 

thus leaving only, the contribution to the reflection 

coefficient of the systematic distortion. This 

characteristic could then be subtracted from the reflection 

coefficient of eac^ sample just prior to the computation of 

epsilon. Implementation of this suggestion would involve 

three main modifications to the existing system. First of 

all, an additional data buffer would have to be created for 



the storage of the magnitude of the reflection coefficient 

of the distortion. This is rather simple and involves no 

more than defining a storage space as is done for the other 

buffers (see DSEG section of SPECTR). 

Secondly, a third path would have to be built into SPECTR 

to allow for the input of this calibration data. As before, 

at least one stimulus acquisition and procsssing phase would 

have to be successfully completed before the calibration 

could be done. The new calibration path would have to 

instruct the operator to install a 3 dB pad and tap the 

space bar when ready. The system would have to acquire the 

data in the usual fashion, normalize, and Fourier transform 

the data, and then calculate gamma as in the response 

branch. ^he difference occurs at this point and involves 

calling a new routine which will subtract the constant 

expected reflection coefficient from the measured gamma, and 

store the result in the new buffer as described above. 

The third modification is simply the addition of a 

routine called from the response processing branch of SPECTR 

just after gamma has been calculated, but before it has been 

plotted. This routine would simply subtract point by point 

the contents of the new buffer from the magnitude of gamma 

for the response currently being processed. Then gamma could 

be plotted and the system could continue as before. 



Automatic vertical calibration of the system could be 

achieved with a computer controlled voltage source. The 

base line of the trace could be positioned and the time-base 

selected. A set of predetermined voltages could then be 

supplied to the remote sample head and compensation made for 

non linearities in the A/D converter. This would require a 

separate calibration branch in SPECTR which would averaqe 

the window to establish a value for the input voltage. Also 

the corresponding scaling of each new set of measurement 

data would have to be done before normalization. 

Another hardware improvement that could be made to the 

system would be to implement the auxiliary tunnel diode bias 

supply presented in [12]. This would result in better 

temperature stability due to the differential amplifier used 

in the supply. Also it would facilitate the triggering of 

the tunnel diode step generator from the output side as 

discussed in section 4.4 and in reference [11]. 

The delay during data processing could be considerably 

reduced by improvement of the trigonometric subroutines. 

Such improvements can be achieved by optimization of the 

existing algorithms, using other fast algorithms, or 

implementing a look-up table scheme with interpolation 

between ^he discrete points. An alternative to this would 

be to use a recently announced monolithic mathematical unit 



(Am ^511). This utfit already has the necessary 

trigonometric -functions (sine, cosine, arctangent) built in. 

It also uses the same 32 bit floating point binary format as 

the SBC-310 but the operand transfer routine (LO*iDY) will 

have to be modified to interface with the stack oriented 

operand storage used by the Am 9511. 

A facility for automatic sample holder temperature 

recording could prove useful for comparison with other 

experimental results. Other helpful solutions would include 

removal or reduction of the undesireable reflections, also 

discussed in section 4.4, as well as some other measurement 

capabilities such as the ability to measure transmission 

coefficient, etc.. 

6.3 SHMMAPY JVD C0NCLH5I0N5 

Time domain techniques for making spectroscopic 

measurements have been reviewed. Some existing systems have 

been investigated and compared. A measurement procedure 

which is suitable for microprocessor based implementation 

has been developed, and the realization of this procedure is 

described in terms of both hardware and software. 

"his design has been imnlemented and all of the software 

required to perform the human interface, data acquisition, 

data processing and output has been developed and 



documented. Some measurements and tests have been made and 

the results and system performance have been analysed. 

, Recommendations for future work based on these results 

and performance evaluations have been made. It has been 

verified that the microprocessor is indeed suitable for each 

of the tasks required of it as a TDS system element for a 

stand alone TDS. When one microprocessor is burdened with 

all of these tasks however, some weaknesses of a single 

processor system become apparent. These problems could be 

alleviated somewhat through distribution of the time 

consuming tasks among two or more microprocessors. This 

would also serve to reduce the effects of hardware 

instability. 

Certain difficulties which were encountered were also 

mentioned in some of the references, and are hardware 

oriented. Some of the solutions proposed by these 

references should be implemented in order to minimize these 

problems. An alternative software method of partially 

compensating for one of these hardware instabilities in 

particular (time-base jitter) has been presented. 

Sophisticated mathematical slave processors make complex 

processing practical in a microprocessor based environment. 

The SBC-310 has been extensively used throughout the entire 



software design. Howeve'r, a more powerful monolithic unit 

(Am 9511) would eliminate the trigonometric routines and 

improve the efficiency of the data processing. 

Now that the feasibility of a practical microprocessor 

based TDS has been demonstrated, implementation of the 

proposed recommendations could prove to yield better 

efficiency in terras of space, cost, speed, accuracy, and 

versitility than many of the systems published. The main 

features of such a system would include task distribution 

among at least two microprocessors, computer control of the 

sampler time-base, the above mentioned monolithic math unit, 

and the hardware modifications suggested in the previous 

section. 



Appendix A 

NOTES ON mHE USE OF THE SBC-310 

From a users point of view, the SBC-310 (once 

initialized) appears as special memory addresses and 

input/output (I/O) ports. The base address (IOBAS=40H) has 

been set via a DIP switch on the SBC-310 card. It is with 

respect to this base address that the unit is initialized 

and operated. 

Initialization consists of assigning a location for the 

two 4 byte (32 bit) operands. The low order byte of the 

operand address is sent to output port IOBAS+1 and the high 

order byte of the same address is sent to IOBAS+2. For 

SPECTRE II, this location has been chosen to be 0C100H since 

the MDS 800 only has memory up to OBFFFH. This operand base 

address should be reinitialized each time the RESET switch 

is pressed on the MDS 800 CPU. This routine is as shown in 

fig. 16 below. 

This puts the lowest order fraction byte of operand 1 at 

0C100H followed by the others in order of increasing 

significance, then the lowest order byte of operand 2, 

followed by the others in order of increasing significance. 

- "90-
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SO1?:) JEOO 
6002 0341 
£?:>! "ECI 
ti?Of D?42 

15 
lb 
1? 
IS 

HVI 
GOT 
HVI 
OUT 

fl. 9 ; LOU OF.DER EVTE OF 8C100H 
41H ;IOEflS+1 
fl.OClH :HI6H OFt-EP BYTE OF OCit'OH 
AS ; IOEriS+2 

Figure 22" SBC-310 operand initialization 

M M + 1 M + 2 M+3 M+4 M + 5 M + 6 M + 7 
j 

ID 
ClOO ClOl C102 C103 C104 C105 C106 C107 

Iv. 
OP1 OP2 

Figure 23: Operand location in memory 

The 32 bit floating point binary format is as shown in 

fig. 18. 

where: e7 e1 is the exponent, offset by 7FH to give 

powers of 2 from -127 to +127, and f23...f21 is the 23 bit 

fraction normalized so that the bit immediately left of the 

binary point is 1. s=0 for positive, and s=1 for negative 

operands. 
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I M + 3 | M+ 2 | M + 1 | M | 

ejf 23 M 

Figure 2'4 : The 32 bit floating point format 

The floating point argument is therefore: 

(OP l) = (-l)
s • 2 ( G - 7 F H ) • (l.f) [A.13 

Therefore the 32 bit floating point expression for 06H 

can be derived as follows: 

0000 0110 = 06H 

Normalize to the form in A.I: 

s = 0 

f = .100 

e = 7FH + 0211 = 81H 

therefore: 06H = (-1)° • 22 • 1.1 

or: 
M+3 

0100 0000 

4 0 

M+2 
1100 0000 

C 0 

M+l 
0000 0000 

0 0 

M 
0000 0000 
0 0 

Now putting this quantity into OP1 in ascending address order: 

ClOO 

00 

ClOl 

00 

C102 

CO 

C103 

40 



mhe SBC-310 has both single operand and double operand 

instructions (opcodes),, the results of which are placed in 

0P1 (M,M+1,M+2,M+3) for arithmetic operations, or in the 

status byte for FCMPP and FZTST. The only exception is EXCH 

which exchanges the contents of OPT and o?2. All single 

operand instructions consider 0P1 as the operand. 

To use the SBC-3 10 to perform an operation desianated by 

one of the opcodes, it is necessary to load the operand 

locations with the appropriate values and format, and then 

output the opcode to IOBAS. The MDS 800 is then free to do 

other tasks while the SBC-310 is executing the opcode. MDS 

may not however tamper with the operands or I0B\S until the 

SBC-310 has completed its execution of the current opcode. 

If the result is required immediately of if the next operand 

in a chain type calculation is ready to be loaded, MDS 800 

must first check to ensure that the previous operation has 

been successfully completed. This is accomplished via the 

flag byte, which is input from IOBAS+7 (see tables 3-1, 3-5 

and 3-6 in the SBC-310 reference manual). This waiting for 

completion of the previous operation is performed in WAIT. 

The loading of the operands is done by putting the 

address corresponding to byte M of the source guantity in 

HL, and the address corresponding to byte M of the 

destinafion quantity in DE, then calling LOADY. 

eg. 
21 • LXI Hn SIXTV I S I X T T ' IS THE hb:j- OF BVTE !1 OF SOURCE 

6003 l U v C i 24 LSI D-0P1 : 0 P 1 = & T 7 E H OF OFEFfW i COCiOOH* 
&0'? CC0?;-0 E 15 CALL L0-.DV 



If it is necessary to wait before proceeding with, the 

load, 'then routine LOADX, which calls WAIT before proceeding 

with LOADY, should be used, (see section 5.3) 

eg. 

EOrE EEO-
T'O.'P CCNO 
wll i lCvCl 
6015 HOC CO 
?0iS L A COO 

E 
E 

<3 
S4 
:s 
->0 

~-
* ~ i 

H'VI 
OL'T 
LAI 

L'sl 
ChLL 

: RESIDE OPEFfi'iDS PFELOrCEO 
Fl.FMiJL ,OPCODE FO* tUuTIFLICFiTIOM 
ICcnS .0FC00E SENT TO S5C-I10 
H.Ci?i RESULT WILL BE I»J 0P1 
D.ElFFEPiCESTIi-flTlO'i OF PE3.LT 
LGfi&X ,CHLL5 URiT. T̂ -'EU FEPFOFHS LOflDV 

For a listing of WAIT, LOADX, LOADY, and other SBC-310 

utility routines, see the file called UTLITY in appendix C. 



Appendix B 

FLOWCHARTS AND PROGRAM DESCRIPTIONS 

This section consists of the flowcharts of the various 

routines in the order in which they appear in the program 

listing section. Some routines may be too simple to to 

warrant a space consuming flowchart so a verbal description 

for these cases is given instead. Some of these flowcharts 

may appear to be unduly complicated, but bear in mind that 

many are shared routines which may have been compromised to 

facilitate direct application from multiple call points. 

There are basically five files composing SPECTRE II. 

These are, in sequence of linkage; SPECTR , SYSPTN, FRQDOM, 

SAMTLO, and SPEC.LIB. The last file is in turn composed of 

UTLITY, FBIDEC, FDECBI, SINCOS, ATAN, and PLOT. The 

flowcharts and verbal descriptions in this appendix follow 

this order for easy reference. 

The following symbol: 

* CALL SSSSS (CCCCC) 

95 
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denotes a call to a subroutine named SSSSS which is briefly 

explained by (CCCCC). 

The following symbol: 

*. To LLLLL 

denotes a jump to the location specified by LLLLL. 

Throughout the comments in the listings section and the 

boxes in the flowcharts, round brackets around a capitalized 

(upper case letters) parameter designates "contents of". 

For example (HL) means "the contents of register pair HL". 

This is to adhere to the convention used in the definition 

of the Intel 8080 instruction set. 

Hardware (HW) and software (SW) required reflect only 

that which is not normally supplied with the MDS 800 system. 



Name: 

Function: Main proqram 

Subroutine nesting level: 6 

".agisters modified: all 

Input parameters: as requested on CRT 

Output parameters: system output as describe 

HW required: entire ITS system 

SW required: all programs in app. B,C. 

SPEcTtV.' 

INITIALIZATION 
op*. IKTEWtU.fT'i 

FLf tC-® 
KEVSiG.-<B 

/PRINT ifcuMNC/ 
'••SPeoTixen-

/ O N U p . . i 
/ouTpuTCbutsy 
' TO CK.T 

/OUT P U T 

/lNTROtJUC.Tc.tVl'/ 

/iNSTRUCTiONi/ 

/TO CONSOLE 

K E N U E : 

RE<bGT ST*.K 
OLXTPUT M E N U E 
HVr"rO CONSOLE 

SET(K£TSU>^O 

YE4 TO STMULS 

T0 RESPMS 



Nam* SPECTR 

STMLUV 

SET "STIMULUS 
IN Pfl.tiC.KESS* 
BIT IN FLAG. 
WORD-

/OUTPUT 
STIMULUS 

/INSTRUCTION-) 
/TO CRT 

/OUTPUT 
/T IME 

WINDOW 
/RtauE^T 
/TO CRT 

/PRINT 
STIMULUS i 

/HERDING. +• 
TIME WINDOW/ 
ON L.P. 

_». [REFERENCE PolNTS\ 
_ CftLL STEPV+O^TA AcauiRto J 

ZlKPUT TEXT * M M ^ 
_aM-LTiME1NA 

_ ^ _ ( PRULttt T I M E 

CONSOLE ) 

) •JINDOW t>ATA 

MENUE 

1 

SET MAAUITUD! 
4 Pvuse 
STORA&.6 TO 
S T I M U L U S 

BUFFERS ' 

RKET "STIMULUS 
IN PROG.K.ESS* , 
SET 'STIMULUS 
TAKEN" IblTS IN 
FLAC» WOflJj. 

/OUTPUT "Do i 
/ N O T ADJUST 
CURSORS..?^*/ 

/WARNING. TO 
'CRT 

Z^CPILLHILO/W ( p l N»S,Sl ) 

^"CALL FRQCiOM 0=-T- oF c,TlMULUS^ 

http://Pfl.tiC.KESS*


Name: SPFC 

RHSPNV. 

V T I M U L U S V No 
sJAKCN- BIT 

SET 

P.CSPI-. 
'Yns 

/OUTPUT 
/STIMULUS 

/INSTRUCTIONS/ 
/TO CRT 

/OUTPUT 
/NAME OF 

/MATERIAL 
/REQUEST 

TO CRT. 

I 
/PRINT 

R E S P O N S E , 
/HEASINGx + 

W f f E M B l 
/NM- \E OU L P . , 

To MENUE 

/OUTPUT 
' S T I M U L U S N O T / 

/ T A H C N " 
/WAB.Ia>aa TO 

CRT 

^ CALL SPftBAR ( j * ™ ACauiREii| 

_v. _ . f INPUT T E * T \ 
_ C A L L H M E i N V^FROM CONSOLE J 

MEMUE 

SET MAGNITUDE 
+ PHASE • 
SToRACE TO 

RESPONSE 
BUFFERS 

/PP.IHT 

HEftDINGv 
/ON LP. 

ITCALL FRQDOM (F.T. OF RESPONSE) 

_ fcHLCULATt A D I S \ 
C A L L G A M M A ^ O U - M T G>SIM>AA j 

- » . . C « n r , i i /"CALCULATE \ 
_CALL EPSLON (_ E O . E 1 C e - i t " ) 

ZT.CALL EPLOT ( ScA'-E «• MOT 
) 

"'"CALL C O L P L T (_oov.a- tout PUOT) 
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?iaraei TTM?IN 

Function: storaqe of ASCII strinq input from console 

Subroutine nesting level: 2 

Peqisters modified: A,C,H,L 

Input parameters: storaqe buffer address 

Output parameters: prompt character to C?T 

HW required: none 

SW required: KFYIM 

TlMEIN : 

STORE TEXT 
DESTINATION 
BuFFtR 

ADORERS 

TIME 31 

TIMEI: 

INITIALIZE 
(KEYSIS^O 

TIWAIT: 

-^SS^^KEYSIC^ 

YES 

STORE INPUT 
CKEfStG) IN 
bES'TlNATlON 

BUFFER 

/DISPLAY 
/iNPuT (KETSIS)/ 

/ON CRT 



Name: TTMOOT 

Function: see below 

Subroutine nesting level: 4 

Peqisters modified: all 

Tnput parameters: time window buffer, NPSTO 

Output parameters: DIST, time window to CRT 

HW required: SBC-310 

SW required: FDFCBI, UTLImY 

This routine sets up the contents (ASCII) of the time 

window buffer for printout and conversion to 32 bit floating 

point binary format. The conversion routine FDECBI is 

called and the result is divided by the number of points in 

the window and stored as (DIST). 



Name: STFP 

Function: to acquire ref. pts. and data 

Subroutine nestinq level: U 

'?eqist«rs modified: all 

Input parameters: raw data (from A/D) 

Output parameters: stored data 

HW required: TDS system 

SW required: as shown 

STEP'. 1 
INITIALISE 
CKEYSKKV® 

STORE M 
ANb DREF 
FOR THE F1WT 
SWEEP 

. _ /TlEftHENCE ( M I N A 
_CALl-Rr-Fi\CQ ^ M ixaiLj.LB.cb J 

A

/OUTPUT 
/INSTRUCTIONS/ 
T0P1CQUIRE 
M l TO CRT, 

INITIALIZE 

(KEYS1G.V0 

STORE N t 

/OUTPUT 
/INSTRUCTIONS/ 

/Jo DTiFlNe 
/TTM€ WINDOW/ 

SPABAIV. 

/OUT PUT 
/RCFERENCE 

/POINT DISPLAY/ 
/HEAL I ING. 

TO CR.T 

/ O U T P U T 
CKNOWIXOse-

/HEtJT TO 

CRT 

~*CALL R E F A C C J ; \ N I ncnuiREb 
/'REFERF.NCE POVNA 

(ACQUIRE bFUA IN TiMtt 
W I N D O W V NLJ MtSCIX. OP 
Fo iN IS IN THE wiNUC'W 

NOTfc: 6NL.X THE NO. OF CTi . INTME WINDOW I S U « > 

* . . . . / W P L A Y NO. 1 T S . I N \ 
C A L L W I N D O W i.wiM6owou CRT ) 

/ ( .CQULRE Ir^SuMwfciV 
-> - r\r\-r-ai~ r. \ ^"tel- -"* OF darn m 
_ C A L L D f t T A C a V.TWE WINDOW 

http://ixaiLj.LB.cb


Name: JITTER 

Function: see below 

Subroutine nesting level: 2 

Registers mo'dified: A,C,H,L 

Input parameters: hollerith address 

Output parameters: hollerith string 

HW required: none 

SW required: PPTNT 

This routine prints the warning :nT00 FEW LOW LEVEL 

POINTS" and returns control to MENUE. 

Name: XPRINT 

or PPINT 

Function: see below 

Subroutine nesting level: 1 

Registers modified: A,C,H,L 

Input narameters: hollerith address 

Output parameters: hollerith string 

HW required: none 

SW required: LPT or CP.TOUT, respectively 

These two routines take the contents of the' buffer 

location specified in (HL) and compare it to the FTX (end of 



text 03H) character. If 'it is ETX, the routine returns. If 

not it outputs the character to the line printer if XPPINT 

was called, or to the CRT if PRINT was called. The buffer 

pointer (HL) is incremented and the'next character is 

compared to ETX, and so on until the end of the buffer, 

designated by ETX, is reached. 



Name: KFYIN 

Function: interrupt driven keyboard input 

Subroutine nesting level: 0 

Pegisters modified: none (except H,L during abort) 

Input parameters: keyboard status and signal 

Output parameters: interrupt housekeeping 

HW required: none 

SW required: SPECTB 

To MENU.E 

KEYIN: 

SAVE FLAG,S, 
ACCUMULATOR 
-STANDMvC" 
INTERRUPT 
liousEKttPlNO. 

KEYCHKI [ T 6 - 5 

RESET ILXVP.OARi 
INTERRUPT 

/INPUT 
/KEYBOARD 
5I6N0L ANi 

/STORE. IT IN 
KF-YSIG. 

RE.STORE FLAtkS, 
A.CCUMULATOR 
POPSTACKCFM.SE 
DJSTURN^ Hwi 

EMABLr: 
INTERRUPTS 

RESTORE FLA&S 
AND E M B L E 
INTERRUPTS 

http://PoPStackCfm.se


Name: DATACQ 

Function: data acquisition, alignment, and averaging 

Subroutine nesting level: 2 

Pegisters modified: all 

Input parameters: from A/D 

Output parameters: averaged data stored 

HW required: TDS system 

SW reguired: as shown 

DATACQ: 

AcLoOP: 

INITIALIT-C" 
(VCCVCC LOOLTlCU, 
SWE.L.P COUNTER, 
DMA*., HM1N. 
CLEAR ACiVCC, 

NEVIVgC 

X 

STORE HNEW 

t>NEW 

CHUEW<HMIN 

'YES 

NO 

HM1N «- HNEW 

ftCU: 

DMftX <- HNEW 

P I C L I : 

DlFF=bMEW 
- D R E F 

SHIFT ACCVEC 
POIMTERCACCPTR) 

BY DIFF 

ACL 5: 

CONVERT NEWvLC 
tBiD)TouoRTis t i 
ft«NT6lKARYP*ll) 
ADD TO ACCVEC 

/'AtO.ulRT: ONE 4 w t t p N 
- CPlLLT DR \ AW* VOW. IN KEVWfe: J 

- > . . . . . . . . , t D1«»L«Y W.UMBER.OT* \ 

_c(,LL WINDOW ^ f„HTs 1NWINDOW oucKiy 

IV! 
CONTC 

TRUNCfiTE 
ftCCVEC flT 
ti"-LA.->C ALoa HMlN 

YES 

AC.LIO: 

COMPENSATE 
M ,NI , N P 
FOR TRUMCITION 

-•-TO JITTER 
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Name: .TDP 

^Function: acquisition of one sweep 

Subroutine nesting level: 0 

Pegisters modified: A,C,D,E,H,L 

Input parameters: from A/D 

Output parameters: data points, no. pts. in/before window 

HW reguired: TDS system 

SW required: none 

TbR. | 
INITIALIZE 

COUNTERS 
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Name: HILOAV 

Function: feeds appropriate data to vrcSPM . 

Subroutine nesting level: 3 

Pegisters modified: all 

Input parameters: reference pts., averaged data 

Output parameters: SI, S 

HW required: none 

SW required: VFC^tH!, SUB""?, , CLEA^7, UTLITY 
HiLt><\v. 

(f iNO S I * (we ILKii: of Low\ 
LtVOL OOlNTi . ) 

CALCULATE. 
NUJ-AoPROF LOW 
AND. HIG.H LtVtL 
POINTS FROM 
M.Nl.NP 

1 
' 

1 
STORE SI . 
MOVE POINTER 
TO FiR-iT HICK 
LCVEL POINT 

1 
• < 

1 
s - i s i - s i 
S»SJ S.S1 

/FIN» * 1 « ft««At£ »F \ 
C A L L V E - C S U M ^M1CJIL.6VBV. PO.NT» ) 

Name: VECSUM 

Function: average data between ref. pts. 

Subroutine nesting level: 2 

Pegisters modified: all 

Input parameters: no. pts, on level 

Output parameters: average of pts. on level (S1 or S2) 

HW required: none 

SW required: UTLITY 

This routine sums all of the points on the qiven level 

(low or high) as designated by the reference points. The 

result is divided by the number of points on the level to 

give the average magnitude of the points on that level. 
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Name: BEFACQ 

Function: see below 

Subroutine nesting level: 2 

Pegisters modified: A,C,D,E,H,L 

Input parameters: no. pts. in window 

Output parameters: stored reference point 

HW required: TDS system 

SW required: TDR, WINDOW 

This routine displays the number of points between the 

cursors. After calling TDR, (HL) is the address of the 

point after the last point acquired in that sweep. WINDOW 

uses this information, together with the starting address of 

NEWVEC, to calculate the number of points in the window. 

This number of points in the window is stored as the 

reference point in REFPT and subsequently moved to its 

designated storage location. 

Name: SUBTR 

Function: see below 

Subroutine nesting level: 0 

Fegisters modified: A,H,L 

Input parameters: (HL),(DE) 

Output parameters: (HL) 

HW required: none 

SW required: none 
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This short routine subtracts the contents of DE from the 

contents of HL and puts the result in HL. ie. (HL)= (HL) - (DE) 

Name: BLANK 

Function: see below 

Subroutine nesting level: 0 

Fegisters modified: A,D,E,H,L 

Input parameters: bounds of area to be cleared 

Output parameters: none 

HW reguired: none 

SW required: none 

This routine clears memory locations from location (HL) 

to location (DE) 

Name: WTNDOW 

Function: see below 

Subroutine nesting level: 1 

Pegisters modified: A 

Input parameters: upper bound of NEWVEC 

Output parameters: no. pts. in window 

HW required: none 

SW required: ^THL 
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This routine subtracts from the.address of the last point 

in the window A800H (lower bound of NEWVEC area) and divides 

the result by 2 and adds 1 to get the number of points 

between the cursors inclusive. (There are' two bytes 

required to store each point, hence division of the 

difference in addresses by 2) . This result is stored in 

P.FFP"' and also converted to decimal and displayed on the 

CPT. 

Name: BCDBIN 

Function: see below 

Subroutine nesting level: 0 

Pegisters modified: all 

Input parameters: 3 digit BCD no. in HL 

Cutout parameters: binary equivalent of above 

HW required: none 

SW required: none 

This is a fast conversion routine from BCD to binary. It 

can take up to a 3 digit BCD number in HL and convert it to 

its binary value and put the result back in HL. mhe short 

listing is heavily documented thus making a flowchart 

superfluous. 
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Name: FRQDOM 

Function: see below 

Subroutine nesting level: 6 

registers modified: all 

Input parameters: averaqed data, S, SI, DIST 

Output parameters: FT of input data 

HW required: SBC-310 

SW required: as shown 

FRftboM;. | 

*CML NORMAL 

INITIALIZE. 
FLAG,): jFCOUNT, 

V P R . E F P . C L = <Z> 

"*"c/lLL SAMI (ssiKBiJiH FReauewcrt 
V. PwKT / 

_CALLTRNSFM K.RT F«K1IULU«IT. ) 

_CALL DATMAN ^ M I V . iF»«> 'J 

This routine supervises normalization and Fourier 

transformation of the contents of ACCVEC. 

OlPftRf*MtC W-TVrttNl 
t o n v r Cur ( vi Ve\Uf* \ 

TSTLOP: 



Name: DAmM 

Function: plot, output, and store FT of input data 

Subroutine nesting level: 3 

Pegisters modified: all 

Input parameters: storage buffer addresses, f!AG, P 

Output parameters: magnitude 5 phase of FT 

HW required: SBC-310 

SW required: NOPKAG, NOPPHS, FBIDEC, PLOT, UTLITY 

uATMAN: 

SfoHE 
MAGNITUDE HMD 
PHASE FROM 
F.T. (.TAUSfM) 

TlBLE 

CONVCRT PHftSE 
FROM RPiDIANS 

TO DECREES 

TABULATE 
hA&NlTUtiE, 
PHASE , F R £ 0 . . , 
UMNdf-n i t jEC 

W0RMALI2E 
KIACNITUDE 
AND PHASE FOR 
PLOTTING US1UC 
fJORfiA&'I.QRPHS 

/VL*7" MR'-NITW»£ U M A 

*"CALLPL0T 1 » » , « » ' 1 ' « ' « " M J 

Jc . PoP STACK AN6 TAETURN To 
THE ROUTINE WHICH cft^JIb 
TrtF. ROUTING wtUCI» CM-utp 
T«L4 ROL»r»Nfc . 
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Name: 

Function: see below 

Subroutine nesting level: 2 

Pegisters modified: A,D,E,H,L 

Input parameters: f!AG, FLAGX 

Output parameters: HAGX (scaled magnitude) 

HW required: SBC-310 

SW reauired: UTLITY 

NOPMAG 

NORMBQl 

<^FlR4r POINTS 

(SCALE)I FIAST 

mcniTuOTL PT. 

NMI: 

MA&X -

No 

' 

The first point is assumed to be the qreatest in 

magnitude. This assumption is valid for our purposes, but 

for general purpose spectrum analysis, it would have to be 

changed. By assuming the first point to be the greatest in 

magnitude, each subsequent point can be scaled and plotted 

as it is calculated. Since the frequency domain points are 

stored anyway, they could be scanned later and scaled with 



respect to the maximum. (nse 

would leave a pause of between 

800 begins to 

Function: see below 

Subroutin° nesting level: 2 

Pegisters modified: A,D,E,H,L 

Input parameters: PHASE 

Output parameters: PHASX 

HW required: SBC-310 

SW required: UTLITY 

PHASX= IFIX ( (PHASE+180)/6) 

The quantity PHASE from TRNSFP! should lie between -180 

degrees and 0 degrees. The scale of the plot routine is 

from 0 to 60 inclusive, and, for the phase plot, maps onto 

the range from -180 to +180 degrees. The 360 degree range 

in a 60 space scale yields 6 degrees per space, hence the 6 

in the denominator. The + 180 degrees in the numerator 

simply shifts the value of the phase (PHASE) so that it is a 

positive integer for the plot scale. 

EPSLOP and PLTMPM). This 

3 to 12 minutes before MDS 

output data. 

Name: NOPPHS 



Name: GA*M\ 

Funct ion: c a l c u l a t e r e f l e c t i o n c o e f f i c i e n t 

Subrout ine nest inq l e v e l : 4 

P e g i s t e r s modified: a l l 

Input parameters : s t imulus C response buffer a d d r s . 

Output parameters : magnitude & phase ot gamma 

HW requ i r ed : SBC-310 

SW r e q u i r e d : as shown, UTLITY 

GAMMA; I 

INITIALIZE 
COUNTER * © 

G&MLOP: 

CMAGSTO)-

STIMULUS H » & 

(PHfiSTO) i 
R B S P c U i S PHA-SF 

- STIMLLLILS PHASE 

INlTlftLllE 
(C) ^ W> T> 

POINT COUNTER 

CVCALE^ ' MAHIMLIH 

OF Ĉ PIMMA 

INITIAL! 2£ 
VLALW.L-INCT'FF 

F t o u N T ' o a 

REfLOP: ] 

(MAcVi«-CiM^yiA 
MMV. 

J PIWS 

^FlN\> MhVIMU 
CALL EPSUOP \Svwn nivi 

norN 

_CALLbRMI l^FRta. F T . - ) 

^ /TllluLATe ALJIJTTPTX 
C A L L T A & L E \ CXK"*K M(,C HUD 

\l>MliS6 V4 FREO.. / 

file:///Svwn


Name: EPS 

Function: calculate epsilon 

Subroutine nesting level: 3 

Pegisters modified: all 

Input parameters: gamma buffer addresses 

Output parameters: £ „ £ 

HW required: SBC-310 

SW required: as shown, UTLITY 

EPSLOU: 

INITIAU1E 
RbDREIS PolMTEOi 
FCOUNT ^ a> 
FLtAy.lCW'ket! 

HCAL*. 

I i CHVPlL'i-s 
(iri\.airic«e«i) 

* ITCCX. 

-*• c (e%w-.n\ 
CALlbAMI ^Ficu fr / 

6 i PHM6 OF P <.tV*yiK\^ 
lP\ - M*LVWITU8C OF T 



Name: AM3IG 

Function: sot O.LE.PHAS^.LE. 180 

Subroutine nesting level: 1 

Pegisters modified: all 

Input parameters: PHASE 

Output parameters: corrected PHASE 

HW required: SBC-310 

SW required: UTLITY 

P.1-V&1G; 

OPI«- PHAIE 

AMBIG.I; 

QuRDl 

X M 

LHERo: 

Ar-vtOaT: 

CoPl)=PK^SEtl8o" 

|0>w)iPHASE-!<?a" PHHSE*- CoPl) 
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Name: EPLOT 

Function: plot & print epsilon 

Subroutine nesting level: 3 

Feaisters modified: all 

Input parameters: epsilon buffer addresses 

Output parameters: epsilon 

HW required: SBC-310 

SW required: EPSLOP, UTLITY, PLTN?M, FBIDEC, SPACE9 

EPLOT: 

FIND MAVIMUM 
AND MINIMUM 
op 6 ' ( . to , toot) 

EaM&X*-Font\< 
- EOMIN 

ElMAtf* eiMA* 
ElfVN 

INITIALIZE: 
POINTER-b fOR 
EO,El 
•FCOUHT.LINCT 
• POINTERS FOR 
EOSTo,E1ST0 

_C ALL P LT N RM (WMWJIK E a) 

^CALL PLTNRM CMWWUIt SI) 
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Name: PLTNPM 

Function: see below 

Subroutine nesting level: 2 

Pegisters modified: A,D,E,H,L 

Input parameters: operand in 0P1 

Output parameters: normalized operand 

HW required: SBC-310 

SW required: UTLITY 

This is a routine which updates the given address pointer 

and saves it in (FUNCTY), then normalizes the magnitude of 

the given point with respect to the maximum and minimum 

values of its set. ie. point=IFIX((pt.-MIN)/(KAX-MIN)*60) 



121 
Name: EPSLO? 

Function: find maximum R minimum of data set 

Subroutine nesting l°vel: 2 

Pegisters modified: all 

Input parameters: data set address 

Output parameters: MAX, MIN 

HW required: SPC-310 

SW required: UTLITY, L0PC1P 

EPSLOP; 

MRV=MIN*F.RVr 
POINT 

EP5I-. 

<** » CULL 
LooCMP 

- ^ - ^ < 

_V CALL 
. LOBCMF 

MWPT; 

MAIS'*- P O I N T KIN * - POINT 



EPSLOP simply scans a 60 point buffer to locate the 

maximum and minimum points, which it stores in (TAX) and 

(MIN) respectively. ^his routine could have been much 

simpler had it not been for an annoying discrepancy in the 

hardware math unit (SBC-310). The problem is that although 

the FC M n p function works well for values of OP1 and OP2 

being (+,+),(+,-), or (-,+), it does not work for (-,-). 

That is to say, the FCMPR actually compares the absolute 

values of the two operands when both are negative. This 

gives rise to the relatively cumbersome routine necessary 

for finding the maximum and minimum of a set of points which 

can have both positive and negative elements, or all 

positive or all negative elements. 

i a 

Actually, Z and Z should never be negative 

theoretically speaking. However, the normalization being 

the way it is, (average low and high level points) it is 

possible for the response to be greater than the stimulus 

for some of the lower frequencies where the magnitudes are 

very close. This implies a "gain" and thus a negative loss 

factor. Therefore these irregularities beina a possibility, 

thp algorithm had to account for data sets with both 

positive and negative numbers. For data sets guaranteed to 

have both nositive and negative elements, the algorithm 

^P^LOP can be somewhat simplified. However, it was decided 

to imolement the given algorithm in the event that for some 



future requirement, such a routine would satisfy all of the 

possibilities. 

Name: COLPLT 

Function: see below 

Subroutine nesting level: 2 

Pegisters modified: all 

Input parameters: EOSTO, E2ST0 buffers 

Output parameters: Cole-Cole plot 

HW required: none 

SW required: COLE, F80FH ((C) to LP) 

This routine does not use the SBC-310 and is not a data 

processing algorithm. It is simply a character array 

plotting routine which does a job which is most easily done 

using a two dimensional array when using FORTRAN. Z is 
> * 

not necessarily a single valued function of Z nor is £ 

linear, thus ruling out the use of the function plotting 

routines (PLOT, or GRAPH). 

Since this algorithm tends to be very register oriented, 

a more detailed flowchart is given. 
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COLPLT'. 

Name: COLPLT 

INITIALIZE 
D O M A I N (,&")»» 

£RCH.O: 

PRINT LF,"!',CR 

T 
INITIALIZE. 
BUFP£RSwE6.PtR 
< C V ICH • fco t. 

SRCH: 

Yes 

INCREMENT 
BuFFEtL POINTED 
DECREMENT 
buFFtH. SwElPt-R 

^PLOT COMEISFONOINC i 
- * CALL COLE ^ tlCCoc-S) / 
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Name: COLE 

Function: plot one point ( £ , £ ) 

Subroutine nestinq level: 1 

Pegisters modified: A,D 

Input parameters: ( (DF)) 

Output parameters: plotted point 

HW required: none 

SW reguired: F80FH ((C) to LP) 

COLE: 

SAVE D O M A I N , 
E>UFFt\i.Sw6tl».;lL 
INCREMENT 
COWUSPONblNO, 

SPALOP: 

E 1 * - E 1 - I 

Ye.<i 

STAR". 

PfcWT 'SPACt' 
OuvtJK CHAA-) 

PfUNT ' V ,C l \ 
RESTORE. NJMAIN, 

QuPFBHSwEEPtR 
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Name: SPACE9 

or SPACE 

Function: output space to LP 

Subroutine nesting level: 1 

Pegisters modified: B,C 

Input parameters: none 

Output parameters: space character (20H) to LP 

HW required: none 

SW required: F80FH ((C) to LP) 

ACEV. 

S E T SPACE 
CoUNTY-EXed-l 

. 

TtfftClV. 

SPAT.: 

N 

LOAb OLJ.TFUT 
RawsTeiV C 
W\TM '•SPncJ=' 

SPAI-. 

PP-.tJT C O 
bE-CR.EM.ENT 
SPHC6 COUWTViS. 

< COUV 
L l \ 
<TfeR > 

SET -SPSJi 
C O U M T E 2 C ^ - - 3 

http://bE-CR.EM.ENT


127 

Name: NORMAL 

F u n c t i o n : s e e be low 

S u b r o u t i n e n e s t i n g l e v e l : 3 

P e c r i s t e r s m o d i f i e d : a l l 

I n p u t p a r a m e t e r s : S , s i , b u f f e r a d d r e s s 

O u t p u t p a r a m e t e r s : n o r m a l i z e d d a t a 

HW r e q u i r e d : SBC-310 

SW r e q u i r e d : NOP^N, UTLITY 

NORMAL: 

ICAU. HOP.MN (K»»MIIUZ6FIM.TK>IMT) 

^CALL NORMN (f«RM(iLijt NISXl hM-l) 

This routine takes the contents of ACCVEC and normalizes 

it point by point, beginning with the last point, using the 
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routine NOPMN and quantities S and SI from HILOAV. As each 

new point is normalized, the difference between normalized 

consecutive points is substituted for °ach normalized point 

in the fashion: P (m)=? (m)-p (m-1). This will cause the very 

first point in the buffer to be lost since there is no 

consecutive point to subtract from it. The resulting data 

is ready for the 

Function: normalize one point 

Subroutine nesting levpl: 2 

Pegisters modified: A,D,E,H,L 

Input parameters: S, S1, raw data 

Output parameters: normalized data 

HW required: SBC-310 

SW required: UTLITY 

F.T. algorithm. 

Name: NOPMN 

NORMN". 

(0Pi>t>l-fr)/s 

(o»y-i 

OPl «-l 

NORM): 

fXt— OPl 
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Name: -SAM1 

Function: see below 

Subroutine nesting level: 2 

Pegisters modified: A,B,D,E,FI,L 

Input parameters: FCOUNT 

Output parameters: FP.FO 

HW required: SBC-310 

SW required: UTLITY 

SRMU 

IMCREMENT 
FCOUNT 

FR60 . •= 

( F C O U N T - 1 ! * ) ^ . 

* r » i o t i n * ' 

KO S \ YES 
TCOUMT<Mr 

FR£a» 4 
F«UyT*5-5-ie 

"'his routine establishes the frequency points at which 

the F-T. algorithm will be evaluated. It is also used 
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simply to sweep the frequency ranqe used, to provide a 

frequency scale for other parameters (eg. gamma, epsilon). 

The sixty point frequency scale is non linear. That is to 

say, the incremental frequency is 25 *Hz from 25 MHz to 1.0 

GHz, and 50 MHz from 1.0 GHz to 2.0 GHz. 



Name: 

Function: F" of data set for on<=» froq. pt. 

Subroutine nesting level: U 

Pegisters modified: all 

Input parameters: FPEQ, DIST, data set 

Output parametprs: FT magnitude and phase 

HW required: SBC-3 10 

SW required: UTLITY, SINCOS, A^AN 

T R M S F M 

T F M I : 

TRN5FM: 

IROP FIRST FT. 
IN ACCVEC 

INITIALIZE 
I l » P J » S l c e ) 
FSTA^D.gtL\<)» 

TFMI; 

fU.RiiRCU)*. 
CoS(utOi) 

SIN(SET^ 

11.--U +1 

TFMOUT: 

SET SX 
NEGATWE 

YE4 

(L-- TlMEUrtNOOw/^p^ , N WWO0VjJ-

(» FRtOlUENCY T*OH\SKHI. 

ROiV AccvricCu') 
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Name: TPNSFM 

TFM1: 

toPl-jr - a / 

NO^ 

CPP?)?TAN'C-^,) 

ARCTI: 

s^YfcS 

(0PlV- V- % 
tF0nC"%V a 

A $ . FAEO.C.0 
-FILEO,Ci-l> 
CfRfcff.a) 

0,6»2.lL'v5lit 
pHASE--PKAiE-»e 
PREFRQ- FREO. 

W A V I ; 

RJ-. (UVAH'M 

M»a*_£i_ 
aisn N^Fsa-j 

A t ' T IME HELAY Ous TO 
OPfcN CIRCUIT v y A v £ L V M D E 
E x T t N S L O M . 
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Name: FBIDEC 

Function: format conversion 

Subroutine nesting level: 2 

Pegisters modified: all 

Input parameters: address of 32 bit binary number 

Output parameters: floating point decimal equivalent to LP 

HW required: SBC-310 

SW required: UTLITY 

^he only "trick" in this program is in the use of the 

SBC-310 FIXSD operation. The manual is very poor so far as 

proper description of the operations is concerned, thus it 

neglects to mention a very useful feature of this particular 

operation. When a mixed number, consisting of an integer 

component and a fraction, are expressed in the 32 bit 

floating point format and then converted using the FIXSD 

opcode, the integer portion of the quantity is found in 0P1, 

but the remaining fraction is in 0P2. ^he resulting format 

is as shown in Fig. 19. This important feature is used in 

FBIDEC between C0NT4 and C0NT6. 

eg. Setting (OPl) =2.75 CD) and executing FIXSD 
yeilds : 

0P1-3 OPW 0PU1 OPT OP2 + 3 OP2 + 2 0P2+1 0P2 

00 00 00 02 . CO 00 00 00 

The equivalent binary fraction is 0010.1100 

Fiqure25: FIX^D opcode result format 
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FBIOE.C 

'PMNT Sl̂ -M °F NO. 
SUBTRACT QI^S 
(7F)FROM E 6 
E t > p = e a « L o c i X 

ED"- I F I \ C 6 b P j 
E O P - e o P - E b 
E.DP.-EDF1ILNO0J 
INITIAL! 1 6 : 

COLLNTER (.<-) 
TK-.ViTO •= 1 

4EA16S-. 

( O P l V F W T E b 
COUNTER 

tTMFSTOlill = 
I + E W - L N I B * 

(THPSTOO-IJ) 
w 

DECREMENT , . 
COUNTER CO 

N0RM1L126 
EXPONENT OF 
OPitalMFiL NUKSE.li 
TO O TO &IVE-.FB 

(op iyFB*lo*6QF 

„ To JERO 

^TO INVLD (UTLITY") 

*.TO INVU> (uTL\TY) 

pi?t] 

http://NUKSE.li
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Name: FBIDEC 

YE* 

FD--FL)-»o.cceos' 

FIY^D Fb l̂ Nb 
OUTPUT FASt) 
USiMC-i POUT 

OUTPUT ' . ' 
S.TJ.T t>\&iT -
CftUVjTER - t 

fiANT: 

MuLTFCi SY '0 

CoNTV. 
O U T P U T MisvT 
DIClT 
UECRtHtWY 

tl&iT couNTfcR 

OUTPUT -iKiH OF 
EXPONENT 
OUTFLlT iF'l'C^t,; 

:M«.t) OF ED 

OUTPUT C O P L V 9 

-RfcU.'MMliTS. oF 
(Xt>t\0) =L<,t IFTJj 



Name: FDECBI 

Function: format conversion 

Subroutine nesting level: 3 

Pegisters modified: all 

Input parameters: address of ASCII data buffer 

Output parameters: 32 bit floating pt. binary equivalent 

HW required: SBC-3 10 

SW required: UTLITY 

FOEC&i: 

CLEAR COPI) I 

b p - J ^ o u Y F u T 

BUFF6R , o p y 

ce.1 .Cc, 

/ INPUT 
/FIRST Pistil 
CHAIViCT&R 

/ F R O M I N P U T 
r B U F F E R . 

Yss 

MINUS; 

Q66>C.»0-i CO*-CO* I 

PLUS: 

/INFUT «MblNT£RPiLeT> 
_ CALL LOAD \ne*T »•*." CH«W"«A J 

_„ . . /fttiiaHu.i.MeTiiisbi(.ir\ 
CALL FLOAT I VM rL«,TlH(V M I K T ) 

LILCtU.NWL.MOa. / 

http://LILCtU.NWL.MOa
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Name: FDECBI 

LOAD: 

C D O = ( . D F , * \ 

<?> <-CO>e>j 
(HEXTOiaWCTta) 

f̂\H RSC l1 > ^ • To 1NVLD 

.NunaEB 



Vame: FDECBI 

FPAC" continues buildinq up the decimal mantissa value 

using the siqnificant digits given by successive calls to 

FLOAT. (-uses LOAD? since only one "." can exist) 

FLOA"* simply takes each digit and accumulates a base 10 

sum in 32 bit floating point format. ie. The previous sum 

is multiplied by 10 before the next digit is added. 

FRACT: 

POP HL 
(FALSE RETURN) 

FRACTi: 

(DCI=(DEJ<-1 

CNE*T OlftRACTtlO 

T 

C B J - O O • 
OEC1K1HL COUNTER) 

rCALLL0RD6 GSSKS"™" ) 

_ ^ -. ZfLlXuvLliLlLTt T^!«.»l«T\ 
CALL FLOAT \ m FioMmt POINT ) 

~~" Vl̂ OLl-LwLlLTllJL / 

FLOAT: 

M.ULT1PLY. 
FLOATINC T>OINT 
ACCUMULATOR 
CoPij B.Y I * . 

•> CPTR') 

FLOAT HEW &.cb 
tJIC,VT. C o n ^ 

(ppOvtppij+CPTR) 



Name: FDECBI 139 

EXPO simply sums the exponent digits each time 

multiplying the current sum by 10 before adding the next 

significant digit. It is similar in principle to FLOAT, 

except the magnitude in this case is at most a two digit 

integer, thus not requiring the SBC-310. 

EXPO: 

Pop HL 
(FAL^fc RETU.AM) 
(6t> = Ct>fcVl 
CAl <-«.&&•» 
(NF.ttTO'qgHCTER'l 



HO 
Name: FDECBI 

OUm1 checks the sign of the exponent (2's compliment if 

negative), shifts the decimal exponent by successive 

multiplications or divisions until the decimal exponent is 

z^ro, and checks the sign of the. original number and sets 

the sign of the result accordingly. 

OUYU 

UoF ML 
RFALSE. MlufcLl) 

/ feXPONTiNTN. 
\ N t b A T l v 6 > 

(.tOV 1 ' * COM». 
OF tXPOKENT 

POSEX: 

SHIFT fcXPOKENT 
BYNO.OFaiciTsTa 
RlCHT OF DECIMAL 
FtrnVT -> CO 

MO 

IHCRtKlEUT 
EYPONENT 

(opi) = C° p 0/ i a 

V6S ^F.xPOMEVtTVNO ^ 

ENOi: 

OECREMSWT 
EXPONENT 

CoPi>=(.OS>0*l«> 

t^M0'0 

•-sior 
'OF oRnvMivCxYe-; 

KUMiJtR 

SET "il-U BIT 
NECJHTWE 

file:///NtbATlv6
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Name: SINCOS 

Function: sine, cosine of (0P1) 

Subroutine nesting level: 2 

Pegisters modified: all 

Input parameters: (0P1) in radians 

Output parameters: (OPl)=sine or cosine of (OPl) 

HW reguired: SBC-310 

SW required: UTLITY 

SINE: 

COP^*-COP0-7I 

COSINE: 

C 

HO 

S1G,N«-FAM> 

NO 

SET THETACofO 
POSITIVE AMD 
NORMALIZE SO 
THRT: 
©STHnTAfilN 

<™tnA<iTN2 

^f^JO 

THETA- iT*R 
C©n-R«lO 
*.*cos(iT*h)= cos(V»$ 
=»THETR«-Tt-R 

GoNI: 

INITIALIZE XBCCj 
TACC.TJENOM-I 
XS&R6*-THZTAMl 
LOOF COUMT-E R(C) , a 
SIGN IB}.+(?*»} 

LOOP: 

W-C^KACC »XS0R3 
DEN0M = 6EV|oi-1 

Qi(iN(e)-Fi\Diy>_ 

iTosc-ki: 

1 
(B) — SIGN 

1 
TACc=TA<-ciH££_ 

, * DENOK 
SiwCaW 

<JOUMTT:RCO^> 
\ - • » la / 

CoPl) —TftCC 

res 

CHSQN: [ 

S1GN*-FSUB 



Name: ATAN 

Function: arctangent of (0"1) 

Subroutine nesting level: 3 

Peaisters modified: all 

Input parameters: (0P1) 

Output parameters: (0P1)= arctan(0?1) (in radians) 

HW required: SBC-310 

SW required: UTLITY 

ftTAN: 

Cv) — topi> 
(xsaR^-^WW 
C C O E F } * - 1 
LOOP COUNTER 
C O - « 
( w w i ) ^ e » i i 

YCS 

RESET SICN 
B I T = O 

S6T(WEG*>0Fni 

xczeRo: 

CXTKM)-»-U) 

YES 

GTOME: 

( S C I N ) _ FSUB 

(ATANXW^A 

AKXGI: 

(OPlMcoEF) 
IVOCTAN) 

(OPIJ-I 

"""CALL CoMMOtJ 

*"CALL COMMON 
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Name: ATAN 

COMMON: 

(SC,N)=FH»& 

SToSGN: 

CfiTAM*^ -

COPXI 

CcV-Cc^i l 

Yes 

FALSE RETURN 

YES 

CHG,SCN: 

( S G N ) ' FSuB 

I 
(COEF^LCOEFJFI 

C>ciAH,]L()LsaWi 

YES 

SET SIGN OF 
PiTRNto TO 
KEGRTIVE 
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Name: PLOT 

Function: plot 2 functions on same axes 

Subroutine nesting lev<=l: 1 

Pegisters modified: all 

Input parameters: (HL) , (Dr) contain buffer addresses 

Output parameters: a 2 function plot on LP 

HW required: none 

SW required: F80FH ((C) to LP) 

PLOT: [ 

CCj —CPHAbO 
(PTCTR}*-0 
CBEnuQ — e 

SET BE&U.C 

SRI7: 

|Cl'NC"fl-CUNCTj"-l 

(LINCT)-3LiH-fel 
(SP«CT)*-<2>FFH 

GRM: 

|(BHB>I f^KcVl 

(CSPYMO.VLV*' 

CUV. I 
CcSAv;=Ca")= %** 

C O - - ' * ' 

PRINT CO 
Cc>C"f tv) 
Q-lNCT)r(LINa^-| 

Y « 

CHL) « OILVI Cot) • (c>i 



Name: PLOT 

YES 

PRINT CO 

G.M&: 

Q^f-Xl: 

|0<0-W.i ox»> 

0=V- ' • ' 
GRlo: 

PRINT CC j 
CO-. C « A Y j 



Append ix C 

PBOGPAfl LISTINGS 
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•J 
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IrlS-!! c '" , : ' : J : 5 i W n RSSEI1ELEP, V2 9 riOC-ULE F*GE 2 

LOG C5J 

C'OIE c r ' t i o i 
001E " r 

ooi c zzoioo 
00Z2 ZZO'Oo 
0025 IF*_" i"' 
F02S -FJF 
051° "-""""' 
l!\!~~.' F E?. ; 

Os"ZF Gi l?" '} 

oozz 213007 

:EO SOURCE STATEMENT 

GOT: 210 ' " ' j 
f i i T " - • -z,-|C 

OOZE C i ' 1 0 1 

E?41 310000 
00-5 ZPO"'0O 

00JR r-~~G'0 
f i j j ' i FE~1 

Cjyc r i J TOO 

55 5TH 
56 STR 
57 EEG1N LDf, 
56 CPI 
55* JZ 
60 CPI 

JN2 
LV I 

CPLL PRINT 
/'Fft ft 

n 

FLAG •INITIALIZE FLRG 

rEV5IG .INITInLIZE r-E'r'SIG 
f'EVSIu 
'N' ,IJ IT N '' <"ErT' 
MEN'JE . VES GO TO MEIr.'E 
' T " .If. IT V • '5rH' 

EEGIN . NO. GO TO EE2IN 

M. INfTP , r'Ef, IT If '-' 
EG C H L L FFINT ,F=iNT INfTFUCTKNS 0'! CONSOLE 

6: EEN'.E L'l SD.SPCr' .CLEnN UP STfiC. F0-' E^CH FHRf 

ii LXI P. i Ef-E'.f 

67 CRLL PFINT . KEENijE LIST 
6f ,'FP P 
6? STR KEYEIQ -CLE^F 1'E-SIG E'UFFEP 
T 0 ME'li LOR ,'EYSIG 
71 CPI ' S ' . S T I H i U S "' 
72 IZ STI.ULS . -ES. GO TO STHULS 
71 KEN2 CPI ' F " ;RESPONSE "' 
74 JNZ f'lENl • NO. GO ' 0 I'iEUi 
75 Jr'P PESFN6 • VES. GO TO PESPflS 
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005=: Z?0100 
005: c-ro-' 
OOP Z< 20110 
0050 216~01 
0060 C00102 
OOSZ' i"['--"'\i 

0r<6? Ci Z'Jll 
006C 210000 
iVi--C f r . - r .v 

i i 

0075 liOZOS 
007S CI r5'"' l 
O07B ZJ.OCOJ 
007E •:•:-: 01 
OOSi 215106 
00":-! !I'":"_ 
0'":" ZiCi'.'S 
0 : : - C O r n 
'I'll'1 l-.l1'. 
OOfO Z 20610 
ft." j ~ " ' " ~Z r . 

00?6 ZZ1'̂  00 
''.'llr? i"''"" 00 
I"I"I;J" r", "i i 

00 '-' lz:'-l~' 
O.'^Z E6rE-
"'0-^ -- oz 
00-6 ZZO.'1""' 
j i f ia? ' - 1 - U - i ; 

fi."cr r^'iioz 

l ' i 

7 0 

7? 
60 

5TM ULS LC-rf 
QPI 
STFi 
LXI 

• SET 'SUM If! F='OG-Eff BIT 

S'7 

S3 
SO 
51 

C .-'4 
r? j 

100 
ioi 
101 
101 
104 
105 
106 
107 

FLRG 
4 
FLRG 
H- STEUF1 

CRLL FFINT . PFINT STIMULUS t-ESSPJE 
CPLL STEP . F u U I P E FEF POINTS FNO'€!•!• EC 
LAI H. STBL'C5. TIME 1-iINOOW FE'-LEST ON CONSOLE 
CRLL FFINT 
LXI H-TIfHIf ioFECIFV EU^E* FOP TU'-EIN 
CRLL TIMEIN .INFUT TE!T FFC'1 CONSOLE 
CRLL TP'iOUT . T I P E i-iP'OOd ORTR FFOCEfSEE' 
LMI H.STELfC 
CRLL XFRIWT 
Ll'II H.TI^ ' IN.TIHE yPOTJ FF'INTEi' ON FLOT 
CRLL ', F'F'IfJT 
L'i l H.FT'-E^P 
CRLL XFFINT 
LXi H TEFM . TEFt'iINPTION (f TE'T LIN'E - p LP 
CRLL XFFINT 

H. STr'RG. 
HFGSTO . SET fiR'j .? Fn,;,fE STOOGE IN 
H.ST"r-S STP'VUJf GC£R 
Fh;fTl"i , 

L,:I 
SHLD 
LIU 
fh'LO 
CPLL HILLP'- ' 
CRLL F^'iiv'.i 
LOR F L H J 

RM OFE , .=E5ET ETUI I I I F='CZ-=EJ5 B I r 

0C'I 2 -SET 'STI'ivLUS TR lEN FLF.'J 
STR FLRG 
LM H.ii^Ni 
CRLL FFINT • 00 NOT riOh:T WPWV6 



I S I S - I I : " V : ' i : : f-'RCFG fiSEEr=L.EF. V2 flOvLLE FRCE Z< 
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LOC OBJ SEO 

iVwF r'-r-dQ r 

00E2 ZFT'iOO 
00E5 E6'"'Z 
0"'37 C1CZ10 
OOER Z P i O ? 
p;<=r, f , p \ - -

l'~.~.D C 32:10 

OOCZ ll'fFiV" 

07">" " ' 1 0 1 

0013 21ZE15 

OOG C C""l"'l 
:.-,^= -r .-:-i i 

OOL-I 21Z100 

001E iC'Zc01 

00. E Z603 

00E0 2116T 

OOEZ l l r 5" ' i 

00E6 110!""' 

OOES C[ ' "0 i 

0~EC I15IZ-

OCS" C ^ t ' l 

00-1 Z11CO0 

00c5 CCC:01 

00 r3 Z'101"'6 

C~,::E C i f 511 

oo-E Z_::-E 

0101 ZZOÊ O 
l"'10" 1 1 " ' " 

0107 2Z0-I" 
."'x-jci ci O.'"0 
."<i_'~lri " ' ^ "C" .Q 

0111 C2-:ll 
0113 Z15Z>" 
01l6 !I ":•"'! 
Oil? I'.llli 
Oil! CZ-5-Z'l 
iVtr r v v . 

103 
13? 
110 FEfF 
111 
112 
IIS 570 
114 

115 
lie" 
117 
11:' 
11? 
1Z0 
121 

• ' . ' 

114 
125 
126 
127 
123 
123 
1Z0 
1Z1 
1Z2 
1ZZ 

SOUcCE STATEMENT 

JMP FENUE 

FL^G 

SF1 

. - ( - -
fil-1 

."' 1" i. 

Oil" 

't' v u 

~ 1 "• r 

OiJ0 
01 J l 
01-6 
l"MJ" 

r ~ ' 

I ' " " 

r r "•""•> 

* Zt't'i 

_ _ L ' _ _ ' J 
• * r r • -

•y "i 
"•£1 "i ' "ij" 

2117 

~ ^ ~ " i " "i 

1Z3 
. ~ z> 

140 
141 
141 
14] 
144 

1-5 
1-6 

1"? 
150 
151 
152 
1:1 
15J 

1^5 
156 

i : 

1 6 1 T I ' 

is: 

L[fl 

RN! 

JNZ 

L;:I 
CRLL 
Jf'F 
L ' l 

CPU. 
LXI 
C-LL 
iPLL 
L r l 
CR'_L 

L : ' I 

CRLL 
H'-'I 

LXI 

CRLL 
LX1 
CRLL 
LXI 

CRLL 
L>I 

CRLL 
LX! 
CRLL 
VI 

L'l 
S- 'L I 1 

CRLL. 

LX.I 
CPLL 
LXI 

CRLL 
LXI 

CRLL 
CPLL 
CRLL 
L;<I 
CPLL 
CfcJ. 
L;'I 
CRLL 

I P L . L 
l^'r 

IN E-'-V 
i T 

i p j . 
LW.0 

: FA 

2 ,ST I i , ? IT S E T " ' 
FESFi .VES CONTINUE 
H.L-FHZ . STIM NOT TRf EN 
FFINT .FFINT isRFNING 
flENUE 
H.FEE'.'FI FFINT INSTFUCTICNS 
F=:NT 

ri. c EE' . r ' HIT S=RCE E " TO INITTRTF 
POT)jT 

'i-rl~-z .['RTR RIOLI-EO 

H LFELL • N-PE 0- ' - -TE-PL FEZ'JEST ON CONSOLE 
FF IV 
H-LREEUF SFECIFV I'-JFri^ Fijc' Tli-EIN 
TINEIN • INF'JT TEXT F n ' i CONSOLE 
M, ET:" , PRINT ROUTINES TEFMIN^ICN PFr'UI'E^ENT 
H. FEEoFZ 
XF'F'INT .FESFONSE HERIP'G 
H.TP'-'IN.TirE UINEOW FFIN'TED ON PLOT 
;<FF'INT 
H. FTHEPD 
XPRINT 

H. LFEELf i^NE OF f',TEE,IRL TO LP 

/F=TNT 
H.TEP'" .TEFI1INRTI0N OF TEXT LINE FOR LP 
XF^iNT 

H PES''iRG. 
rtRGEfJ SET f'^G ' P ^ f E fTClpPGE IN 
H. ' E F T - E F E f ' - j i ' E R'ER 

FHRSP • 
FFX'O'i • T—NSFC^ ! *N0 OL>T=." 

M, G ^ E L ' F . C ^ F I F'E-f'I'i'j 
" F C I N T 

H. FT'hE-D 
! ^ ' I N T 

H.TEFi: .LINE TEFFiNPTICN FOP LP 
XFPIfiT 
GFfi."Fi .CFLCUL^TE ' FLOT C- '̂-'W 
EFfLON .EPSILON 'Z^LL ' "-""EC* 'EO.EZ'1 

H.EFSELF 
XPPINT 

EFLOT .EFSILON f l -LEO •< FL07TE0 
H-CClPE-'CCLE-CClE C L O T PEKING 
'•'FF'Ill? 

COLFL 7 CCLE-COLE FLOT 

c.jcz.j: 

H -z\T> 
F'INT 
EU'Eif 
P 
\ EVSM 

i lFE fFEC'E' E.F IN E"F"EF F O . N T E P 

1 MRP ,=SF EC [• ELcr-Ec E EG INNING 

• t " r i i j = l J 



ISIS—11 :C:'1"':0?5 NR1C0 RffE'"ELER. '"'2 0 MODULE FRGE 4 

LOC OP J SE'' SOURCE STRTEf'ENT 

014F. 3 C 1 " ' ] 0 163 Tli iRiT LDR r EVSIG -CHECK tEVSIG^O "> 
Pur , pc--. ^-4 CPI 6 •. EV'SIQ LOF'EEE' EV PITEF^J-T 
91JF C—Oi C 165 JZ TIiJRIT 
9i5ZcE,r' 166 CFI K'H ;CF*FIRGE CETL':N '' 
0154 ,': 1.7 pZ .YES, FETL-'i 
0155 CE05 163 CPI _" ;CTF1 E '' 
0157 CFZOOi 0 16? JZ TTJ.;E2 , 'TES STP.PT OVE* fINPUT ECFGF'> 
015R 7 " r g riQV H. R 
015S & 171 HC".. C R 
0150 C r i Z - 0 172 CRLL CF'TOUT .TO DISFLRV pJF'jT | EV CN CFT 
015F 21 i " l I NX H /STOFE RSCII C ^ IN' ' ,1RP 
0160 C3J6I ' l C 1^4 J f iD T!f' 'Ei 
0163 -- 175 TI'XGoT ,>.=(, R .CP TINE HP.'ECM IS ENTE-EE' 
016 J 7 " 176 NOV H.fl .STOP CFITEFION FC* FDECBI 
0i- '5 Zl 177 IN'X ri 
6166 EE 178 XCH6 
0167 21::07 f 17? LXI H. SECOND 
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nor. 5 

OP? 
OOEG1 

C'C'E'F 

00E2 
OOPS 

ft "77 

GOES' 
Oi'EE 
ft ".71 

OOP" 

OOF1: 

OOF: 
COP 
OOFT 

Oift ' 

010-i 
C'iCC 
010R 
Old? 
til Of 

010F 
0110 
0112 
OiiJ 
0115 
Oil" 
Oiifi 
O u r 

011E 
0121 
0124 
012" 
012? 
012E 
011E 
07 ~< 

0114 
012" 
013 P 

G13D 
0 1 3 c 

0141 
0 ' J i 

OIP 
OiP 
OIP: 

.OiP 
0131 
0153 
0133 
Oi""" 
013: 
OPE 
C'15C 

r'.."r"Oftl 

;7-,-i 

ft'Eftj 

2nroo 
IP*'"! 
I" ,' lOn 

1110" '"! 
i iOPi 
P'"3 33 
"". ~ 
' " 4 0 

"'Iflft'-l 

ILLOCO 
~ " - ft, - ft 
r ' , — i 

rr'ft-'ftci 
GP'P 1 
CPP3 
—7i 

" r 

3"2iifti 

-,,-

220P1 
-if 

PF 

rrjft 

C'_ .'• " 3 
- 7 - , : 

Vftft 

lii-" : ' 
ii'2'Ci 
CE'002'3 
- 7 - -

D2Pi 
r i ft,"'-1 

ill" P 
,""-'0"'ftft| 

1'iiC'"'"' 
IiOPi 
C"'1"'-30 3 
* - ft" 

DEP 
CDPCO 
-p,ft-

E CP' 

511' ' 3"' 
110471 
nvi'ftoo 

-7-,p 

EEP 
~ z 
r~Z ' ' 
~ l_ " *•" 

- 7 - 7 - _ 

-r, 

C 2 6 C 0 1 

E 

D 

E 
0 

7 

[i 
3" 

E 

E 

E 

i1 

7 

E' 
E 
D 

E 

E 

[' 

E 

c 

c 

i05 
10? 
110 
l l i 
112 
11s 
114 
115 
116 
117 
115 
11? 
110 
i2i 
122 
112 
124 
125 
115 
i l 7 

12'3 
12? 
120 
131 
122 
123 
134 
135 
136 
137 
13? 
I" 3 

140 
141 
Uft 

143 
144 
145 
I P 
147 
I P 
14? 

150 
151 
152 
152 
1:4 
155 
l-,4 

1 c—• 

13E 
13? 
If-' 
161 
• ^ z 

1 0 0 " 

r-1,,'1 c.fl , INITPLI7E LOCiF COL"iTEF=o 
ff ' I E'PPC'D , INITIALIZE SIGN=+ 
LXI H.PPD 
LXI ['• OFi 
CRLL LPE'V 

LXI "R."PC 

LXI CGF2 

CPLL LG-E'V 

HP 

OUT 
LP 
LXI 

CRLL 
H07 
INR 
STP 
IN? 
STR 
MOV 
XFR 
OUT 
CRLL 
l-JI 
GUT 
LVI 
LVI 

MP 
OUT 
I'O',' 

CP 
12 

E'CF 
It? 

P Ff'l.'L 

IGEPf. 

H- 0 " i 

D "RGC 

CPLL LORE'': 
LXI H OFi 
CPLL CLE'p-
LXI R. 0P2 

<'RCC=PCP'fi"|-D 

CLERF 
P/C 
R 
OPl 

R 
OF'2 
C R 
R 
IOERS 
HS17 
R FLTDS 
IGEPS 
H. ESPN 
0, OF" 

• CPl=C+i 'XI"ED F'T 2 B'TTE' 

.0P2-CP 'FI'PD PT 2 E'VTE' 
J HVI R.M'JL 'FIXED PT -

• O P I ^ C T I ' K C O 

CPLL L3PEX • 0 F I - 0 E 7 P t f 7 . 0 F ' i = ' i 3 + i ' * P P ' PLCRT 
WI R.Fi'UL 
OUT IOEP 
LXI H 0-1 
L/I D DENGH 
CRLL LOPE'X .DElliEii'K'EilGt'H'C+iP'C+2'' 
LXI H :.PC 
LXI D. 0F2 
CRLL LCRE'T' 

[WI R E: CH 
OUT IOERS 
CRLL HRIT 
MVI R. FOIV 
OUT IGEPS 
LXI H. TPCC .Oc l= RCC'DENGH 

L'-'I D.OF 2 

CPLL LOP[' 

R E CH • 

IOEP C'Pi-TpCC. OP^PC'DENO'i 

R E • R=SIGN OF P P ' + 0" - • 

FP'D .S ICN=T" 

CHGEG" .VES ',<z TO C"-N'3E SIGN 

R ..NO, DECP ET P-P = FPv 

ST03GN 
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LOG OP J :po SGL'FCE STPTEtENT 

0163 P 4 0 
0167 2100C1 

0 i c r 3G 162 CHGSGN INF 
016'"' 47 iE4 STOSGN HO1' 
0161 CDOOOO E 155 CPU 
0151 P 166 

It 7 
16? 

015R HIP'" ' D 155 
016E' COOP'1"! E 170 
OIP PP 171 
ft <7-< 7 7 f t j | - -

0177 C2EP3 C 173 
0i"5 113 P i i"J 
Oi"? PiP'O D i"5 
Oi"C CEOOOO E 176 

rov 
OUT 

L ' l 

R • CHP'IGE FPDD TO FSUE 

E.fl PTGFE SIGN 
HP IT 
fl.B 
IOERS 

H- OPl 

D, "PGC 

C P L L LORDX PR3C NE]I'=TPCCPLE" +- '- XPCC.'DENOH 

017F 2? 

0000 
0001 
0002 
0-302 
COO'1 

0035 
UPt. 

COO? 
ft ft'"' 3 

ft "' -• 3 

000? 
lu / 4 

"'C0J 

OOO-i 

pftft • 

0ft04 

f-^i 

OF 
c? 
7'F 
"fl 
•Jf 

4? 
FR 
0" 
4? 
40 

177 
178 
17? 
130 DSEG 

131 PIBV2 

MO'.' 

CFI 
J.'JZ 
L,'l 
LXI 
CRLL 

PET 

fl.C , 

OPI .CHEC7 LOOP P i T E = 

CLOGP J IF DENO'i - 1 0 ' . ETC-

D. OF'i 

H. TPCC 

LGRDV 

DB 6FflhPiFH OC?H. 2FH 

132 TUOFI DE' OFRh.OFH.OCSH.WH 

133 PI E'3 

1:4 TrtiR DS 
135 Vi ['S 
136 TPC DS 
137 DENOH DS 
153 XSOFD DS 
IE? 
1?0 ENE' 

OFPH.OFH.4?w.40H 

4 .PNGULFP C^EF'P'ID ' IN PFDIPN3' 

4 . NUPFRTOF' PiECI.i'.L-T'P 

4 PEFIE'S R2CL'"."-Ppp 
d .DENOH11 J P C P rCCLiULPTCP 

4 . X + P 

FUELIC SVFSOLS 
rfi'-'F r i"""'ifti r oooci 

C L f P E 0000 L E P ' i E 0000 LORDV E 0000 WRIT E 0000 

i j r r r 7;.'M7.ri 7 

P'GSC* 
74T, 

P'EUE' 
7 ' 

! 'PTT 

1 C 013P 
R C03J 

P 0C05 
r, ft--: 

E 0030 

r i 77.7. 

FCP-' 
77-71-

r " - - " 
1 -22 

7 

R 
3; 

' t 

•j 

0-300 
OOC'R 
ft', . '3 

03 30 
0010 

3L03P C OOL'F COM C 0055 CC'SIP C 0010 CEPH D OOIE 

FDI1' R 0P3 FI 2b R 0> .'? PTD5 R OP'S F'i'JL P 0003 

IOEPS fl OOO LOPE'X E P ' v LCP'T E YY G'F'i R C1P 

SI'S C 0000 STOSGN C 0160 PCC D OP'1 "HETR D ft03C 

'S'PD D GuiC 

EXCH R C'OOF 

FS"F' R 0036 

CFJ R 31C4 

T'P-'I [1 C P 

zr:-> :i '.' rr 'c 
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I S I f - I I P :"< E3E5 MRCFO PEE PEP, V2 0 MODULE FRGE 1 

"ft 0='i '•fi EOL'FGE STPTEHENT 

'"002 
ft " l i ­

ft-.fu 

3305 
0""'"" 
03CR 
ftft-,7 

C103 
I" < 04 

0020 SiCOCi 
iVift- 11 ft--,,;< r» 

0006 C'P'CO E 
OO"1? 3E05 
OGOE DCP 
030D 2100"1 
0013 110-30 D 
ftfti" rr,ftft- ft 7 

001- 111-" 3 D 
OOi? 111202' D 
301C CEP'CO E 
0-21F PF 
0020 "" 
O P i 120 '20 D 
002^ 2P03-20 E' 
OP'7 1" 
0023 D223O0 C 
0023 2F 
002C lc 

i232'"! 22'3C""' D 
tftift-fti "777 

0032 2 2 P 3 2 D 
ftft-c -M_ - - - , r, 

CtOP i i ' - " i ' ' 1 

0033 i"3 " 3 0 E 
033E 5105C3 D 
0041 ii'""""31 

rr* J 4 C'""ftO E 

Oft to 112" "' [' 

OOP' "2 ft""" E 

•3 "ft"1 ZZ~'C 

,-,-,-7 r,2. -

00 ir4 C3"'"."" E 

C P " 3 E P 

1 . N - P RTP»I 

2 . P I S FC»'JTI''E CPLCL'LRTES RFCTRNGENT 

2 OF TrE CCNTE'iTf Y OFI AND FUTS THE 

i PEE'.'LT IN GP1 

5 F I 'VL ECU 2 

6 FDIV 
- FP'" 0 
: 771 7 

? FS'"p 
10 PGoFP 
11 E Y 
12 3.P 
13 OP' 
14 IOERS 

ECU 
E"U 
Ei'U 
EOU 
EOU 
ECU 
EC'U 
FC1J 
EOiJ 

2? 
4 
e-

E 
OPR 
CPH 
•J POOH 
OFi+4 
40H • .HEM ERSE RDE*' 

15 CSEG 

16 F'.'E-LIC RTRN 

17 E, P N W I T . LO-DV. LOREP CLERP. LOP 

1? PTPN L P H OPi 

D. X 

LOPE'V , SRVE OPEPPNE' 

P FS'"F 

IOE'RS 

H.OFl 
['•X50FD 

CRLL LOPE"' • XS'3P'D='H*2 

H ONE 

D COEF 
CR_L LOPV .INITIALISE CCEF 1 
P'fl R 

CR .INITIALIZE LOP' COUNTE 
NEG/, J INITIALIZE NEGX P P 

1 7 

10 
ft'i 
_,. 
£^ 

24 
25 
ftv" 

LXI 
CRLL 

HVI 
OUT 
LXI 
LP 
CRLL 
L"I 

LXI 

:o 
i 
iU_ 
* 
4 
;5 
5 
t 

.; 
3 

NOV 
STR 
LDR 
FRL 
JP 
CMC 
FR"' 
STR 
HVI 
STR 

40 ' 33EP '_P 
Jl LP 
43 

42 

44 
J5 
-it" 

4" 
a 3 

. X. GT 0 "' 
XG2EP0 PES. GO TO "G2EP0 

l'P .NO FESET SIGN 5IT 
fl,OFrH 
(EG'- PET NEGPI'E FL°G 
H. ONE 
ri re • 

CPLL 
I'd 
LP 
CRLL 
'_ I 

L'. "'.'-' 

H X 
['. OP 
LGPC'T' 

H. OF! 

Z.J 
Si 

LXI D, PPN ,PRN=P 
PLL '-up'-' 
i i " i n . i r 

0." IrE-S 
CPLL PIT 
IN P H STRTijf 
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LO" OPJ SEO SUOPE STATEMENT 

OP? E6G0 
P 7 E i"3"E00 

RNI OCOH .YGECME'? 
GTONE . 

C'"'P6 EiOEOG 

P'51 U "''p-i 
0"E4 "Eft.i 

OC'63 .< L'.'iUU 

ft"'--- "M-f t f t l 

0050 L l O P i 

005F CD0000 

0072 3p-"'ft 

0075 C35300 

007 c "PO17, 

ftft-41 - - ft' -.ft 

ft ft-:. "I 'Pfto 

flft7ift 1 I'ft7ft,-| 

0032 C3 33P 

OC'P 211100 

003? i i r , J ' " i 

00 : ' '" rrOftft'O 

OOE'F 3532 

03°i D3pi 
Ot'1'3- "M4-00 

OOP4 roftofto 

YY2 "EOF 

00?? ['OP1 

Ofti?[. ."['OCOO 
ftft"ft i"i74ftft 

Ml-V_ 1. _ - - ' . . ' 

•" 'P -E.E 
P P ECPC 
ft-|7u; " 1 ft7.ftfl 

t '_'-h 1 fti ,11 

ft -17 ft. " 7 " 7 

ftftC" r.-4"i 

0""- rpOPi 
00?" 2P,12-"' 
l l l_ ' ;L- u _4'_l 

02E" " " ' P i 
"'":- UP"3 
0'"'r--' iTft'OO 
. . . . . . l ' ' " 
r'"'C5 y 
ft--- 77-7 

ift.ft- 3 - 7 • c - ' 

3C3C C P ' P O 
ftO'7 7734 

OOE'i C P - ' ? 

0.P-1 22 
H 11 - - , ' 

c-"P 2C 

L'l' •-• . . ' l ' l 

O'P 2* 13'"'3 
OftfiC Hft 21 

[' 
E 

0 

r. 

n 

c 
C-

r, 

r. 

[1 

E 
f, 

E 

L' 

p 

E 
r 

i. 

I.* 
r 

z. 

[' 

f i 

1 -

f 
r, 

c 
f 

[' 
fti 

ft-i 

-*-
c -

73-
5? P E ' S ' l l 

cO 

c l 
h ^ 

i f ' 

T"4 

*: J GT I -E 

ft" 
•-7 

•7; 2? 

sw^ 

TO PSS' .Gi 

71 
"•"• 

"*"? 

"U 

J 

76 
*—• 

7 7 

— > z 

;ft! 

Ei 

32 CCPON 

V 
-_ j 

S3. 
: -

3d 
: 3 

jift 

?i 
31 
52 
?4 
JW 

f t 
r ^ 

_p 
J 3 

iOO 
iO l 

i1.1^ 
1 ft" 

l>.-> 3r.5GN 

i'.'2 STOSG'i 

105 
10" 

LXI 
CPL 
H'/I 

STR 
L>!I 

L.I 
CRLL 

CpL 

JNF 

1 • ! 

STR 
LXI 
LXI 
C R L L 

LXI 
LXI 
CP'LL 

MP 
OUT 
L ' l 
CPL 
HP 
OUT 
CALL 

CPLL 

JXP 

HP 
O'JT 

LXI 
C R L L 

f̂ l v" I 

OUT 
C q LL 

LDR 
OUT 

L' l 
L"I 
C P L L 

IK'P 

HO'' 

CFI 
JZ 
Lt'P 

CFI 
J2 
[CP 
:,,3 

I P 
: T f l 

L i l 
L i l 

H RTRNX 

CLE-F 

R FRx'D 

SGN 
H. COEF 

['•OF 2 

LOPE'V 

COHNCN 

PS' L i 

R FSUE 

SEN 
H.PIEV2 

D RTRNX 

LOPE'V 

H. CCEF 

D.CF'2 

LC'PC'V 

R CM!JL 

IOEPS 

H. ONE 

L0P2 

P E: GH 

IOERS 

WRIT 

coinON 
RSSXGi 

P FE'IV 

ICEPS 

H.PTPNX 
1 .",7." 

PJE, CH 

IOERS 

!'«IT 

SGN 
IOEPS 

H 0=1 

D'RTA1.'," 

LOPE' <! 

f 

A C 

OP 
OUTPN 

SGN 
77-7 

CHGSGN1 

H 

il'-'Z-N 

R 
SGN 
r. COEF 
0,031 

• PES"^ LT 1 

JRTPN =0 INITPLLV 

•INITIALIZE SIGN GF TE&H 

• C'Fi=XTRN 

• INITIALIZE SIGN OF TR1 

• RTRNX=FI/2 IN IT IPLLT ' 

.CPl-"ThN 

• GF2P0EF 

OFi-COEP+.PRN 

.OF i - i 

. 0P2=CCEFtXTfl;, 

• OP-OFIXOPI 

.Oc'i=RTPNX 

.RTRNX=ATRN' '+ ->NEi.' P P 

• 
• UP'RTE AND CHECK COOPER 

. 

C-AN3E SIGN 

• CC EFPGEF+2 



LOG OE 7 SEO SGUPCE STRTE' ENT 

; '3E2 P."ft'ft"1 £ 
C P C 2iJP"'" ' D 
OC'EE I i O P i 
OGEE CP3CO E 
OGEE 3E"'7 
OC'FO D24-3 
OOF2 213>"iri 

00-5 liiiC'Ci D 
P ' P CE 3"'0"i E 
OOP 21 " ° P ' D 117 LVI H.,\~al • XTRN=XTRh.'rP.C'PD 
07.cc Hft ft " i 
n i 0 1 CEO 3*0 E 
0104 2i3""C0 [' 
0107 ii"<J"i 

OiG'P C " " ' " ' F 

OiOD CEP 
OiOF D2P> 
O i i l 2100'.'i 
OiiJ ii'pC'O [' 

O i l " CEOOOO E 
OiiP C5 

Oi l? Ei 130 OLTPN FOP H :FALSE 'FETUCN 
Oii'2 3 PR 30 D 
OIP P" 
0120 GE 
O i l ! GPOCi 
iil'i PPEO 135 DPI F'OH . ATRN'-v^-RTONP' 
OPS 3203C1 
Oil? C? 

0001 
L" v i 
003'P 
0004 
OOOJ 

OOO'1 

ftftO^ 

O.'it 
OPT 
0013 
001? 
OPA 
OOIE 
OC'iC 
P'iE' 
OPE 
iVl jC 

0020 
pM -, 1 

V-J 

P 
r ~* 

- r-

•X\ 
p~i 

00 
4ft 

!"i3 

",7 

29 
- 7 

103 
10? 
iiO 
i l l 
l i l 
112 
114 
115 
115 
117 
11? 
1 1 , ; 

110 
121 
122 
112 
124 
115 
i l6 
127 
11? 
12? 
110 
121 
132 
137 
134 
135 
136 
137 
133 
133 

140 
141 

142 
144 
IP' 
146 
147 

OLTPN 

f j -FTi 

N-" . 

56' ' 
1 

. 1 i k - j 

TAN 
RP'., 
CCEF 
ONE 

CPU 
LXI 
LXI 
CALL 
t;'',-I 
GUT 
LXI 
LXI 
C A L L 

L'l 
LXI 
C P L L 

LXI 
LXI 
CRLL 
HVI 
OUT 
LXI 
Ul 
CRLL 
PET 

FOP 
LDR 
RNR 
PZ 
LDR 
DPI 
STR 
FET 

DS 
['S 
DS 
DS 
['5 
DS 
DS 
DB 

LOADY 
H. T:IO 
D. OF 2 
LGFE'V 
Rj FRC-j 
IOERS 
H. CFI 
D CCEF 
LORE"; 
H.XP'N 
D.OFi 
LC'RDY 
h ' S'"'FE' 
D.GP2 
LOP'Y 
P. FHUL 
IOERS 
H. OPl 
D.XTAN 
LOADX 

H 
NEGX 
R 

O P I T S 

F'OH 
C'F'i+3 

i 
1 
4 
4 
4 
4 
4 
0 . 0 . 'EOH 

.NEGPJr..'E PEPRNE' FLAG 
• RLTEFNRTING SIGN I'i SEFIES 
• SR'vE G P ^ ' - D 
P ' S C F D = ; , T O 

J F O I E F S OF X Hi SEP'IES 
.FCCU'^JLATCP OF T E - P C'P 5 E C ' P S 
.FiCCIJi'lULRTOP OF COEFFICIENTS 

IP- ' TIG DB 0. 0.0 PH 

14? F IEP DB OC'flh.OFH.ft"PHPFH 

i j - j 

151 E P 

DIIP] T" 

http://07.cc
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-TCN C 00 "'0 

C"7r7),7l 7."7ftl_7 

CLE-0 E 0300 LCADX E CC'OO LOPV E 0000 L0P2 E 0000 WRIT E 0000 

rC'W'T'fl r fft, 

771iP 

P S ' L i C C-35? RTRN C i'Y^ RTFNX D -300E P'GSGN C OOC'3' 
E CH A ..o.j3 p7r,(, 4, 0004 FCHPF A ooop FnIV A 0003 
GT'NE C 0075 IOERS A CO-O LGRDX E 0000 LO-E*' E O'ftO 

O P E' GUIS OFi 
T , !0 E' COP UAH 

i.ii.'U Ur2 A C104 OUTAN' C OiiP 
[i OOOft XG2EF0 C 0025 

-'IE-2 D OOIE 
XSCFD [' 0006 

CLER"' E 0000 
FHuL R 0332 
L0F2 E 0300 
SGN 0 0301 
XTPN D OOOR 

CCEF U 0012 
F5P R 0006 
NEGX D 0000 
STOSGN C 00D5 

in zr"..": 
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I S I S - I I ?0p! P P ivAi-30 ASSEHELE5 / '"'2 6 HODULE PAGE 1 

LOC OE' SET S3P3E STATE!ENT 

1 > SO&POiJTINE FLOT 

F'UE'LIC PLOLLINCTPFRCT 

F E r ' " 
ftft-ft 4s 

ft'l 74 

ftftft; 47 

'< " Z" I 

""-14 4,7 

-,--- "2030" D 
000: 35POO D 
OPE P 
OOP E3 
OOOD C11330 C 
0 0 1 0 3E~F 
0 0 1 2 2 1 0 3 0 0 D 

0-315 3 PC ft " 0 D 
0 0 1 : 3C 
0015 35P"'" ' D 
001C C35300 C 
001" 3 S3 3' 
0351 35-33 "0 D 

0035 35'"' i"C' D 

0023 CE' 
00 2A >25 
032E' "33 :0". C 
002E 2?0200 b 
0331 V 
0032 C233CO C 
0033 C36300 C 

033? 73 

003'? RT 

003R r P E ' i " C 

002D 2-0100 D 
13040 2C 

0"'P 22PC0 D 

"<"i4j 357"C'Ci C 
f l i f t l " - 7 

00"? EEE40? D 
"ftftjc ftSJl 

CiCMD C3P">"! C 

ft"'-2 3 r : " ' 

'""35 33"'- 0 D 

0 P 5 33 33 

fft-'v o-"P« 

a 
s 
6 CO 

3 

10 
1 1 
1 -

11 
14 
15 

It 
17 
IE 
i? 
20 GP7 
2 1 

<L<! 

_ - i 

40 

ii 

j -

44 

45 

P" 

4 : 

43 1 1-

PEG 
P i I 

F.-OT liCi1"' 
. f r i l j 

HO'' 
XCP 
P A 
STR 
STR 
MOV 
CUP 
JN2 
HVI 
STR 

LOA 
I h c 

STR 
JNZ 
HVI 
STA 
N'-'I 
STR 

['CF' 
['CP 
TP 

LE'R 
RNR 
TNI 

JHP 

37 G F i : HOV 
35 RNR 

LE'R 
Ufi 

STA 

TNZ 
HO'.'1 

STA 
[;','! 

JHP 

1,1 I 
STR 
" ' I 
HP 

OPC'FH 
E'. H • LOPE' NRG INTO B 

CH 

R 

LPD FL'PSE INP1 C 

,CLEP -•'• 

EEr"Y. , INITIALIZE EE'"1.! F L P J 
FTCTP •INITIALIZE PTCTp FLrG 
fi.B 
C P=C 1 
C-F'17 .NO - JUP ' 
P OFFH .VES - SET EEGUC 
E'E'"UC STGFE EEOOC 

LIN'CT LOPE' LINE COUNTEP 
R FIFST POINT '• 
LINCT 
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Appendix D 

SAMPLE PES'TLTS 

This appendix contains a typical output for a completely 

processed normal alcohol, as well as the results of 

reflection coefficient measurements for 10 dB and 3 dB 

attenuators. 

""he first set of listings is a complete output. The 

remaining listings are only partial since only the 

reflection coefficients as functions of frequency are of 

interest here. The second set is for both attenuators for a 

1.8 nsec time window and uses the same stimulus for both 

responses. The third and fourth sets are for a 0.9 nsec 

time window for 10 dB and 3 dB pads respectively, and each 

has its own stimulus measurement. 

A discussion of these rcsults appears in section 6.1. 
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