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ABSTRACT T 

A microprocessor-based system designed for use in 

audiological experiments has been built and employed for 

clinical trials and further investigations into the 

character of evoked EEG potentials. 

If the phase spectra of a number of responses to 

consecutive suprathreshold stimuli are taken, and certain 

harmonics are examined, aggregation of the phases may be 

observed. It was proposed to investigate whether this 

effect could be explained on an additive hypothesis, 

or whether a different hypothesis involving some 

synchronization of neural activity in the cortex should 

be postulated. 

The microprocessor system could be used both to 

generate auditory stimuli, and also to collect, store, 

and analyze responses from the patient. Stimuli could 

be produced with a variety of waveforms, and with 

accurately controlled amplitude, frequency and phase. 

Clinical trials on normal hearing subjects gave 

results which were comparable with results obtained by 

the visually-scored ensemble average method in common 

use. Further analysis of the results from two subjects 

led to the conclusion that the additive hypothesis is 

unlikely to be true. 
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CHAP''ER 1 
INTRODUCTION 

1.1 Background. 

The work described in this thesis concerns 

. audiological testing by methods of electric response 

audiometry. Apparatus was required that utilized 

modern technological developments for implementing 

an objective test of auditory threshold. Some basic 

neurophysiological aspects of the mechanisms implied 

were to be further examined. 

Thus, an instrument was required that would 

produce the various acoustic stimuli used in these 

tests. A further requirement was for a device that 

would implement the phase spectral analysis algorithm 

of Sayers, Beagley and Henshall (1974) and Ross (1978) 

which will be described later. It was found to be 

convenient to include both these functions in the 

same piece of equipment. The phase spectral approach 

implies either of two models for the generation of 

EEG responses and a choice between these is required. 

The methods of audiometry for which the 

system was intended will be described briefly. 

Particular reference will then be made to the types 

of stimuli required for each test. It will be seen 

that the problem of generating stimuli is fairly 

complex, and a reasonably large amount of electronic 

circuitry is necessary. For this reason, the system 

was designed around a microprocessor. 
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1.2 	Evoked cortical response audiometry 

In this method of audiometry, auditory 

stimuli are presented to a subject, and the ensemble 

of post-stimulus EEG is examined. The method is 

widely used and has been described by several authors 

(Beagley, 1972: Davis, 1976: Goff, 1974: Hood, 1975: 
Roberts and Watson, 1974). No anaesthesia or sedation 

is required, and a complete threshold audiogram can 

be obtained by testing at any required frequency 

in the audiometric range, i.e. 0.25 to 8 kHz. 

It tests the integrity of the entire pathway from 

the ear to the cortex. 

In this test one electrode ("active") 

is placed on the vertex, and another ("reference") 

is placed over the mastoid bone or ear lobe. 

An alternating electrical potential, the electro- 

encephalogram or EEG, is developed between these 

two electrodes. A third electrode, usually located 

on the forehead, is used as an earth electrode. 

The EEG normally has an amplitude in the order 

of 10-5  volts and appears superficially to be 

random, although in fact definite spectral components 

may be identified. In audiological testing, the 

changes in the EEG in response to acoustic stimuli, 

known as the auditory evoked cortical potentials, 

are examined. 



The responses are usually below the level of 

the ongoing EEG, so it is necessary to use a number 

of stimuli and to perform some signal analysis such 

as coherent averaging on the ensemble of post-

stimulus records in order to-obtain reliable results. 

The normal response as seen in the ensemble post-

stimulus mean EEG is characterized by: a vertex-

positive peak 50  mS after the onset of the stimulus, 

a negative peak at 90-110 mS, a positive peak at 

180mS, and a negative peak at 250mS. This may be 

abbreviated as P50-N90-P180-N250  (Davis, 1976), 

although the designation P1,N1,P2,N2  is also used. 

The type of stimulus most commonly used 

in this test is the sinusoidal tone burst, 

modulated by an envelope in order to reduce 

transients at the beginning and end of the burst 

(e.g. a trapezium). A wide range of frequencies 

must be covered. The tone burst is typically 

50-100 mS long, with 10 mS rise and fall times. 

The stimulus repetition rate must not be too 

short, or else previous responses will not have 

decayed when a stimulus begins. On the other 

hand, a very long inter-stimulus interval would 

prolong the test unnecessarily. A repetition 

rate in the order of 0.8 Hz is used in practice. 

A typical trial would consist of 61i stimuli.. 



Brain stem electric response audiometry (BSER) 

These responses are recorded with a similar 

set of electrodes to those for cortical responses, 

but occur on a much shorter time scale (1 to 12 mS 

after the start of the stimulus). They are also 

lower in voltage, so that the summing of 1000 or 

2000 responses is required. The subject is often 

sedated. The responses are thought to originate 

in the brain stem, and so contain information, 

about the integrity of the cochlea and cochlear 

nerve and the auditory tracts of the brainstem. 

The major response is a vertex-positive peak at 6mS. 

1.3 

A very short stimulus is needed for this 

test. Short tone pips and rectangular pulses have 

been used. There is a compromise between precision 

in time and precision in frequency, as these two 

are related by a reciprocal law similar to Heisenberg's 

uncertainty principle. The best theoretical solution 

is the elementary signal or 'logon' described by 

Gabor (1946,1947). 

The inter-stimulus interval may be much 

shorter than that used for the cortical response, 

because the BSER soon decays. Davis (1976) suggests 

that 30mSis the minimum. This allows a large number 

of responses to be collected in a reasonable time. 
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1.4 	Electrocochleography (ECochG) 

In this technique a response is derived 

directly from the cochlea and the auditory nerve. 

It is strictly monaural, so that the opposite ear 

does not need to be masked, and the stimuli may 

be produced by a loudspeaker. It is an invasive 

procedure, requiring hospital conditions and the 

participation of an otologist (Beagley, 1973: 

Davis, 1976: Simmons and Glattke, 1 975 , Portriann, 1977) 

A fine needle electrode is used, 

insulated with varnish except at the tip. It 

pierces the tympanic membrane and rests on the 

promontory in front of the round window of the 

vestibule. A local anaesthetic is given for 

adults, but a general anaesthetic is necessary 

for children. 

The electrocochleogram may be 

characterized by three main components: the 

cochlear microphonic (CM), an a.c. response 

which closely follows the stimulus; the summating 

potential (SP) which is a shift in the d. c . level 

during the course of the stimulus; and the 

compound action potential (AP) which is a 

transient, phenomenon produced by the conduction 
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mechanism of the axons of the auditory nerve. 

The CM and SP are thought to be generated in the 

organ of Corti, in the basal turn of the cochlea. 

The reliability of ECochG is very high, 

and it provides direct information about the 

cochlea. It is often used in combination with 

BSER to provide information about the eighth 

cranial nerve and the entire brain stem. 

The electrocochleogram is an even 

earlier response than the BSER (0-5 mS), so a 

stimulus-such as a short tone burst, click, or 

logon is used. It is often desirable, in clinical 

practice, to remove the CM from the response. 

This can be done quite simply, as the CM is inverted 

when the stimulus is, inverted, while the SP and 

AP are always the same polarity. If the stimulus 

is alternated in polarity at each presentation, 

and the coherent average of the responses is 

taken, then the CM will average to zero. 

This, then, is a further necessary feature of 

a stimulus generator. 

The CM can however be separated non-

destructively from the AP by passing the electrical 

responses to stimuli of one polarity into one half 

of a split memory (memory A) and those in response 

to stimuli of the opposite polarity into memory B. 
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By adding(A+B)the AP is displayed, and by subtracting 

(A-B) the CM can be inspected, and neither potential 

is destroyed. 

1.5 	Description of equipment 

The apparatus at the Department of 

Electrophysiology at the Royal National Throat, 

Nose and Ear Hospital for performing these tests 

included a signal averaging computer (Medelec) and an 

FM tape recorder (Store-4, Racal) for recording data for 

later off-line analysis. The signal averager 

performs coherent averaging of the physiological 

signals, displaying the result on a c.r.t. and 

also providing a hard copy by means of a u.v. 

recorder. It also provides an amplified EEG signal 

at a convenient level for the analogue input of 

the microprocessor system. Acoustic stimuli are 

produced. either by headphones or by a loudspeaker 

driven by a 50W amplifier, placed 50cm from the 

ear to be tested. 

The electrodes used for cortical and 

brain-stem measurements are of the silver/ silver 

chloride type (Binnie, 1974: Kapp, 1970).  Before 

use, the electrodes are checked with an EEG 

impedance ,meter at a frequency of 16Hz to ensure 

that the contact impedance is sufficiently low. 
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CHAPTER "2  

THEORETICAL BACKGROUND  

Methods of processing EEG signals 

In this section various methods of processing 

evoked potentials will be reviewed. It will be noted 

that, although a technique may be justified by the 

results obtained by its use, it will generally embody 

certain underlying assumptions about the nature of 

the signal being analysed. These assumptions will 

also be embodied in models that may be proposed to 

explain the generation of the evoked potentials 

against a background of ongoing, or unstimulated, 

EEG. As the nature of the ongoing EEG has a bearing 

on the possible hypotheses, some techniques for 

analysing this signal will also be discussed. 

2.2 	Evoked potentials 

The stimuli used in evoked cortical response 

work have, in the main, been tone bursts of various 

frequencies, or short transients such as unfiltered 

clicks. However, spoken words have also been used. 

Lowy (1966) presented spoken words at 3 to 4. second 

intervals to a subject, at 45dB above the subject's 

threshold. Although there was some variability 

across subjects and tests, there were implications 

that responses to different words could show 

reproducible qualitative differences; the results 

2.1 
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were, however, not constant. Sharrard ( 1969 ) used 

evoked cortical responses to examine patients with 

language disorders. He presented spoken words from 

a tape -recorder to the patient. The patient was also 

tested with the tape played backwards, so that the 

frequency components of the stimulus were the same, 

but the intelligibility was lost. 

The early history of the analysis of electro-

physiological signals has been described by Davis 

(1976). Many of the early experiments were performed 

with galvanometers, but later amplifiers and oscillo-

scopes were developed, so that signals could be 

recorded with much less distortion. The amount of 

signal analysis that could be done was very limited. 

An attempt was made to improve the signal-to-noise 

ratio by superimposing oscilloscope traces for 

repeated phenomena. Another approach was to use the 

signal analyzing capabilities of the human ear. 

Wever (1949) and Bray detected the output from a 

cat's auditory nerve using a telephone receiver. 

Words spoken into the cat's ear were heard through 

the receiver. In this way the cochlear microphonic 

was first noted. 

Dar•xson (1951) described a device for the 

coherent averaging of signals. This featured a 

rotating multi-contact switch which selected 100 



capacitors in turn. The time for a complete sweep of' 

the capacitors was 100 mS. The switch was rotated in 

synchronism with a device which electrically 

stimulated a nerve. The cortical response was 

coherently averaged by adding charge to the 

capacitors. 

Techniques for analysing evoked potentials 

became more sophisticated as computers developed. 

Coherent averaging is widely used, and programmes 

have been written with such refinements as automatic 

detection and' measurement of the peaks of the 

responses. 

Mendel and Windman (1 973) describe a set of-

three programmes for a PDP-12. One programme controls 

a stimulus generator and stores individual responses. 

Another programme performs an amplitude and latency 

analysis on the various peaks within preselected 

time windows. The third programme summarizes the 

results and calculates their- mean and standard 

deviation. 

Black et al. (1976) describe a similar system 

using a PDP-11 running either under DOS or- under a 

real-time sharing executive (RSX11D). Patient 

stimulation is controlled by a hardware pseudo--random 

timer, in an attempt to minimise habituation effects. 
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In the method of Aunon (107g~) , the data is ire-rroces sed 

by digital filtering. The peaks are then identified automatically, 

and a latency histogram of the peaks is constructed. Peals which 

are found clustered together are corrected to the mean latency 

of the cluster, and a latency corrected average version of the 

evoked potential is constructed. 

Nielsen et al. (1971) used an IBM 1800 time sharing 

system for coherent averaging. The EEG signal was pre-processed 

by an adaptive digital filter. Their system generated on-line 

displays, as well as hard cony documentation of all data 

collected in a session. 

Horvath (1971 ) describes a set of LING programmes for 

calculating statistics of evoked potential waveforms. The 

ensemble mean and variance for a run of 128 evoked potentials, 

each sampled at 0.5 mS for a length of 256 samples, are computed. 

The initial positive peak of each member of the ensemble is 

identified. From this, statistics such as the mean latency may 

be derived. The maximum number of responses that could be 

analysed by this system was about 900. 

Willey and Kellner (1973) describe another PPP-12 

programme. Their approach was to try to fit responses to a 

domed sinusoid of the form: 

v(t) = vo sin (wt + e ) e-"t 

E.r estimating ca, 0, il, the complex waveform is 



reduced to a few parameters. Advantages claimed over 

visual waveform analysis are greater convenience and 

the provision of numeric output. 

The results of evoked response testing using 

coherent averaging methods may be seen in the surveys 

of Taylor (1968), Beagley and Kellogg (1970), and 

Salmivalli (1977). Taylor investigated four groups-

of children. The first group consisted of 16 children 

whose response to sounds were consistent and whose 

speech discrimination capacity correlated with their 

measurable threshold' of detection. The second group 

of 14 had congenital auditory agnosia or imperception. 

The third group of 23 were classified as mentally 

subnormal, while the fourth group consisted of 16 

cerebral palsied children. Beagley and Kellogg's 

survey covered 56 normally hearing schoolchildren 

of4-11 years old. Salmivalli studied a sample of 

112' Scandinavian children with various degrees of 

hearing ability, aged between 2 months and 5 years 

(average age 1.5  years). They were first tested with 

ERA, and then some years later their hearing 

thresholds were measured with a pure-tone audiometer. 

The sample was classified into four groups on the 

result of the pure-tone test, and the classes were 

correlated with the ERA results. Results from ERA 

agreed well in 70% of cases, but poorly in 10% of 

cases, 
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2.3 	Unstimulated BEG 

Methods of analysing ongoing or unstimulated 

EEG have been reviewed by Saltzberg et al. (1968). 

These include: correlation, power spectral density, 

coherence, convolution, and period analysis. The 

autocorrelation and power spectral density were 

compared for unprocessed EEG and for infinitely clipped 

EEG (or 'sgnt function of the EEG) (op, cit.), It was 

concluded that the sgn function was satisfactory in 

many applications, such as sleep staging, and led to a 

large saving in computer time. 

A similar approach was adopted by Barr et al. 

(1978).. They detected peaks in the EEG waveform and 

measured the amplitude and time interval between 

successive maxima and minima. In this way the complex 

waveform was reduced to a smaller set of data. 

Hbwever, it has been more usual to sample the 

EEG data at equally spaced intervals of time. Smith 

and*Schade (1970) discuss; the best choice of sampling 

rate. Their 7094-IBM programme determines the frequency, 

amplitude and phase of ongoing EEG. 

Cohen (1976) describes a period analysis 

method which runs on a DEC LINC-8 computer with 4K of 

memory. It is claimed to be an efficient method of 



obtaining spectral information without the cost or 

complexity of conventional power spectrum techniques. 

The average rates of zero crossings for the EEG 

signal and for its first and second derivatives are 

measured. These zero crossing rates are related to 

the power spectral density. 

Kleiner et al. (1970) describe a set of 

procedures written in ALGOL, for the spectral analysis-

of up to fourteen simultaneously recorded EEG. channels. 

The data is smoothed by a digital low-pass filter 

and demultiplexed. The fast-Fourier transform (FFT) 

is then performed. Finally, a variety of spectral 

and cross-spectral functions are computed for 

preselected channel combinations. The procedures 

are designed to run in a medium to large size computer. 

Kingma et al. (1976) have attempted to reduce 

the data contained in the EEG power spectrum still 

further, by considering the spectrum as the sum of 

a number of Gaussian functions, each. of which 

correspond to a peak in the spectrum. In this way, 

spectra with a limited number of peaks can be 

described by a few parameters. 
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2.4 	Models of EEG generation. 

A number of models have been proposed to 

account for features of the electroencephalogram, 

in the unstimulated state (waking and sleeping), 

and - with sensory stimuli. 

Wiener (1961) obtained the power spectrum 

of a sample of EEG by autocorrelation, using an 

FM tape recorder with two heads which were a 

variable distance apart, followed by Fourier 

transformation ( thus making use of the Wiener-

Kinchine theorem). He noted the alpha rhythm at 

a frequency of 9Hz, and drew attention to a sharp 

drop in power at 9,O5Hz. His results also show a 

smaller fall in power at 8.97Hz. Wiener postulated 

that the brain contains a number of oscillators 

which are loosely coupled, and that they tend to 

pull each other together in frequency. 

In support of this hypothesis, Wiener 

pointed out that the alpha rhythm could be driven 

by a flickering light or by an alternating electric 

field. If a light is flickered at a frequency 

close to the a.lj:ha rhythm, the alpha rhythm may 

be modified so that it is locked to the frequency 

of the visual stimulus. 



8.9 9.0 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.0 
Frequency in cycles per second 

C LY 4, 

Figure 2.1  

EEG spectrum. From Wiener, N. 'Cybernetics: 

or control and communication in the animal 

and the machine. 2nd edition 1961, p191. 

Reproduced by permission of MIT Press. 



Niener concluded that the proposed oscillators 

must be non-linear mechanisms, and that their natural 

free-running frequencies are on average somewhat 

higher than the alpha rhythm, so explaining the much 

larger drop in the power spectrum above the alpha 

rhythm peak than below it. He made a comparison with 

the diurnal rhythm of 231 hours observed in many 

species, which is pulled into a 24 hour rhythm by 

the. environment. 

Kingma et al. (1976) suggest two models for'  

EEG. generation. In the first model, white noise is 

generated in the.deeper regions of the brain tissue. 

This white noise electrical activity passes through 

tissue layers which act as tuned filters (modelled by a 

2nd order autoregressive process) to the measuring 

electrodes. The second model is similar to Wiener's, 

but it is suggested that the coupling causes a 

Gaussian spread about a particular frequency, 

This model provides,  .a rationale for their data 

reduction method outlined above. 

Elul (1 968) also held that the outputs of 

a large number of generators were summed to give 

the gross BEG, and postulated that these generators 

were of cellular dimensions. He considered three 

alternative signals that could be summed in this way: 
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the action potentials of neurons: their slower 

dendritic spikes: and intracellular wave activity. 

The action-potential spikes are much shorter 

in duration than EEG waves (1-3 mS rather than 

30-300 mS)3  but the number of neurons in the brain 

is in the order of 1010, which is quite adequate 

to 'smooth' the waveform. 

The dendritic spikes are slower and closer 

in form to the gross EEG. Davis (1976) supports 

the dendritic potential hypothesis: however, Elul 

has stated that under certain experimental 

conditions, such as anoxia, the dendritic spikes 

may be abolished without affecting the EEG waves. 

In order to study the intracellular 

potentials of nerve and glial cells in the 

cerebral cortex of the cat, Elul made use of 

micropipettes filled with electrolyte (3M 

potassium chloride or 2M potassium citrate), with 

tip diameters of less than 0.5 micron. 

In over 100 cortical neurons impaled in this 

study, undulations of the resting potential were 

observed, with ,:nplitudes of 2 to 20 mY. These 

undulations resembled in their time course the 

gross EEG, although they were dissimilar in detail. 

Changes in frequency in the EEG were accompanied by 
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corresponding changes in the intracellular activity (for example, 

changes in the EEG when awake and asleep)'. 

Other cells were im 
	

d which did not exhibit oscillations 

of this type. They were characterized by an absence of spikes, 

and were tentatively classified as glial cells. Spinal cord 

neurons do not exhibit oscillations in the same frequency range. 

Elul concluded that this intracellular wave activity may be 

endogenous to nerve cells in the cerebral cortex, and possibly 

in other cerebral structures. 

Extracellular waves similar in form and amplitude to 

the gross EEG were also recorded. These were less than 1% of 

the amplitude of the intracellular recordings. This led to the 

conclusion that the extracellular field was most likely to arise 

from activity in the neurons, rather than vice versa. 

Amplitude probability distributions were computed 

both for the gross EEG and for the intracellular waves. 

The gross E was found almost invariably to approximate 

closely to a normal distribution, but the intracellular waves 

had an asymmetrical distribution which deviated from the normal 

curve. So it is possible that the EEG could be accounted for 

by invoking the central limit theorem. This theorem states that 

the sum of a large number of individual random variables 

always tends to assume a normal distribution, provided only that 

the component distributions are independent, or at least not 

linearly related (Locve, 1963), and possess finite means and 

Stan erd deviations. 
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Figure 2.2  

Amplitude probability distributions of cortical EEG (A) and of neuronal 
%%aye activity (B) over the same period in same preparation. Histograms were 
computed'' for a 16-sec epoch at 400 sample sec. Normal distributions with 
corresponding standard deviations arc superimposed as a solid line. Note the 
striking similarity to the experimental plot of the EEG. The distribution of the 
neuronal waves (B), on the other hand, is clearly asymmetrical and deviates from 

the normal probability curve. 

From Elnl,R. 'Brain waves: intracellular recording and 

statistical analysis help clarify their physiological 

:;ig if csncC' , in Enslc n,K. (ed.) 'Data acquisition  and 

prace: ̂in in iolor,~- and medicine' vol. 	p93, 1968. 

Re_;roiuced b rrormicsicn of Ferra»on Press. 



The independence condition seems to be the most difficult 

one to satisfy. There appeared to be practically no linear 

interaction between waves in two extracellular sites only 30u 

apart. The EEG and neuronal waves were tested for coherence, 

but for the most part the coherence did not exceed that expected 

by chance. 

Fernrick et al. (1971) developed the model of random noise 

applied to an autoregressive filter to explain the generation of 

EEG. They took samples of EEG of various lengths and fitted 

autoregressive series of the form 

Xt  = aiXt-1  + a2Xt-2  + .... + apXt-p  + Yt  

to them ( where Xt  , Xt-1  , Xt-2  ... were the samples 
• 

at times t, t-1, t-2 ..., the a's were constants and Yt  was a 

random error component.) 	They started with a. second order 

model, and if this did not give a significantly good fit, they 

increased the order of the model. 

For 5, 104. or 20 second epochs the autoregressive 

models were very similar to each other, suggesting that the 

'EEG generators' changed very little over that period. 

For 40 second epochs a new and complex model was required to 

represent the signal. It was not possible to fit a simple 

model to a 60 second epoch. This suggested that the statistical 

properties of the ED; were slowly changing and that the optimum 

length of an epoch for analysis was 20 - 30 seconds. 



The impulse response of the autorngressive model could 

be calculated. When it was compared to the average of two evoked 

responses to click stimuli, it was found to be very similar in 

shape. This observatfon- suggests that the ongoing EEG generators • 

and the generators of evoked potentials have some features in 

common. However, as only two responses were averaged, the result 

was contaminated by a large amount of noise. The stimuli were 

10 seconds apart, and only two stimuli were used because of the 

need for a short epoch for stationarity. 

The problem of non-stationarity has also been considered 

by Jansen and Hasman (Jansen and Hasman, 1978: and Hasman et al., 

1978). They segmented the ongoing EEG into segments of 1.28 s, 

overlapping each other by 0.64 s, took the power spectrum of. 

each segment and compared them to discover trends. Brazier (1967) 

studied the non-stationarity of the visual evoked response of 

the cat. She noted that the amplitude of the response decreased 

with habituation, in a set of 240 consecutive stimuli arranged 

in four blocks of sixty. 

Models for auditory evoked response generation fall into 

two main categories. There is the 'additive hypothesis', where a 

response is simply added to the ongoing EEG. Fenwick's autoregressive 

filter model would fall into this category, as the filter would be 

linear and so obey the superposition principle, Alternatively, if 

the EEG is generated by the weak coupling of a large number of 

oscillators, as in Wiener's model, the evoked responses may be 

caused by a temporary increase in synchronization between the 
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oscillators. This may be referred to as the 

'synchronization hypothesis'. It is the purpose of 

this thesis to compare and test these two hypotheses. 

This follows on from similar work by Sayers et al. 

(1974 a,b; 1979), Ross (1978), Beagley et al.(1979). 

' Sayers et al. (1974a) examined the possibility 

of developing a method of analysing evoked responses 

that would be completely objective. This would avoid 

the need for the visual scoring of records by a 

skilled operator, a process which is prone to 

subjective bias. They questioned whether a linear 

filter method •such as averaging could not be 

improved upon. Averaging is effective if identical 

responses are evoked by all stimuli and if the 

response waveform is uncorrelated with the 

spontaneous activity.. These requirements did not 

seem to be fully met in evoked response audiometry: 

the tacit assumption that the ERA response consists 

of an additive contribution to the spontaneous 

activity needed further examination. 

ERA tests were carried out on three adults 

and three children. The subjects were tested at 

various stimulus levels, trials at each level 

consisting of s_ty stimuli such as 1kHz tone. 

bursts, of 60mS duration with 10mS rise and fall 

times. The interstimulus interval was 1.25 seconds 

and the responses were sampled at 10 mS intervals 

for a length of 0,94 S. starting 50 iS post-stimulus. 
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Rec,-1t- frcrl  these tr.:;ts s;i= ^ -ted that for moderate 

3-. -.'1Th ._, levels, 	r:ot 	the post-sti:nulus  

avcraFsed s iFim l is nct si ntficantly C ifferent ,i.rem that in 

a l  Cn_ ,h of si rnai a ver  ed from the D e-st'.i l:!_ 	period, 

where no response occurs. It followed that the ERA 

response could be formed either by a redistribution 

of the total signal power amongst the spectral 

components: or by a modification ion of the relative 

phases of the spectral components present in the 

spontaneous activity. Amplitude and phase spectra 

were evaluated, and it was fcund that phase spectra 

values showed a marked difference in distribution 

between signals according to stimulus level, 

particularly for the first ten harmonics. It thus 

appeared that the ERA responses were formed by a 

phase constraint mechanism. 

This hypothesis was further tested by 

imposing the average phase spectral properties of 

responses to a high stimulus level upon the averaged 

signal from sub-threshold stimuli. This procedure 

transformed the signal into an acceptable version 

of the high stimulus level response; that is, the 

two waveforms were similar and highly correlated. 

Imposing the average amplitude spectrum of responses 

from high level stimuli on the averaged signal from 

sub-threshold stimuli did not have this effect. 



The next step was to develop a practical 

audiometric test, making use of these observations. 

In further experiments (Sayers and Beagley, 1974b) 

phase values were calculated for each of the first 

ten Fourier components and classified into four 

equal-size groups of 900  each. A X,2  test with 

three degrees of freedom was used to test the null 

hypothesis of uniform phase distribution with 

15 out of 60 sweeps in each class, for each 

harmonic separately. It was found that the 5% 

significance level occurred near the subjective 

threshold. 

Different lengths of post-stimulus record 

(between 0.32 S and 0.94 S) were analysed. It was 

observed that after about 0.75 S post-stimulus 

the phase constraint effect diminished. 

A refined, X  2  procedure is described by 

Sayers et al. (1979). The EEG records used were 

sampled at 100/S and were 640 mS in length, 

starting 150 mS pre-stimulus. Each set of 64 

samples was fast-Fourier transformed and the 

phases of the first 20 harmonic components were 

computed. Phase histograms for the ensemble of 

60 records were constructed for each harmonic 

H1 -- H5. The histograms consisted of 24 bins of 

15°  width. The rotational X, procedure was then 
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applied to the results. The two 180°  bins used in 

this test are formed from two sets of twelve 

contiguous 15°  bins. The test is repeated for 

each of the 12 possible rotations of these bins, 

and the largest value of 
	

found by this 

procedure is accepted. 

The reasoning behind the rotational 

procedure is as follows. In the presence of a 

stimulus, the phases, although constrained to 

some extent, still exhibit variation over a wide 

angle. In order to detect this constraint, the 

minimum number of bins of equal size (two) would 

in theory lead to the most sensitive test. 

However, if two fixed bins are used, the boundary 

between them is arbitrary and may lie near the 

mean of the phase angles being tested. In this 

case, the test would be relatively insensitive 

to phase constraint phenomena. This effect is 

much reduced by using the rotational procedure. 

The arbitrary placement of the bin boundaries 

is now restricted to a range of 15°  instead of 

180°. 



This paper also describes a method of 

similarity analysis of individual post-stimulus 

records. The product-moment correlation coefficients 

between individual records of 0.64 s length post-

stimulus, and an averaged response pattern (AVP) 

were computed. The AVP was determined by coherent 

averaging of the post-stimulus EEG potentials in one 

or more trials of 60 suprathreshold stimuli. 

The correlation coefficients obtained by 

this method typically exhibited a wide variation, 

making comparisons between trials of different 

stimulus levels difficult. However, by rank-

ordering the correlation coefficients, a much 

clearer display was achieved. This technique 

assumes independence in the order of the correlation 

values. Trials with no stimulus, and with stimuli 

at 20 dB and 40 dB above the subject's threshold, 

were compared in this way. Increasing stimulus 

level resulted in a marked increase in correlation. 

Ross (1978) compared a number of possible 

methods for the objective detection of auditory 

evoked potentials. These fell into three categories: 

power measures, phase distributional analysis, and 

template matching by cross-correlation. 



In_ the power test, a simple a. c. power 

comparison was made between averaged pre-stimulus 

and post-stimulus waveforms, using a Fisher F-test. 

88 trials of 54 sweeps each were used in the analysis. 

The subjects were five normally hearing adults. 

Of the methods examined by Ross, this test gave 

the poorest agreement with the results of subjective 

tests (pure tone audiogram (SL) and visually scored 

average response). The reasons for this were 

investigated by simulating ERA data using a super-

position model, and comparing this data with actual 

ERA data. The simulation was done by taking• normally 

distributed noise, with an amplitude spectrum 

filtered to conform to that of spontaneous EEG, 

and adding a typical average response at various 

signal-to-noise (S/N) ratios. S/N ratios of 0.1 

and 0.25 led to coherent averages which were 

comparable to real data. However, this simulation 

did not model the non-stationary character of the 

real data. 

The possibility of using the amplitude 

spectrum was also examined. Synthesized data at 

S/N ratios which were typical of real data were 

used. There was often some slight increase in the 

amplitude of harmonics 1 and- 2 when the signal was 

added to the noise, but this was not significant 

at the 5% level. 
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Phase distributional analysis led to more 

promising results. The x'  test with four fixed 

•bins ( 3 ) , and the rotatio:_ l 	 2  test with 18  

bins of 100  each (2(_ r  ) , were studied. Both these 

tests gave good agreement with subjective results. 

These procedures depend on dividing the 

phase distribution into arbitrary discrete bins. 

A procedure which does not have this feature is 

the 'phase vector' method. In this method, the 

phase values are viewed as vectors of unit magnitude. 

The mean phase of an ensemble of vectors is found by 

vector addition. The angle of deviation between 

each member of the ensemble and the mean, and thence 

the phase standard deviation,. may then be computed. 

The expected value of the variance of uniformly 

distributed phases is 

2 	 1  +180 2 E(CS ) - 360 	x dx 
-180 

and hence the standard deviation is 

E(G7) = 1040. Phase constraint phenomena lead to a 

decrease in the phase standard deviation. 



An important feature of the phase vector approach 

is its freedom from wrap-around effects. If the phase 

mean and standard deviation were calculated by 

treating a sample of phase values as a set of scalars 

over the range -180°  to +1800, say, then misleading 

results could occur. A sample of phase values 

aggregated around _180°  would be split into two sets, 

one near +1800  and the other near -180°, giving a 

misplaced mean and an incorrectly large standard 

deviation. 

In order to interpret the results of the phase 

vector test, the sampling statistics of phase standard 

deviation ( sd)//1 ) have to be known. Ross derived a 

total of 680 estimates of mean phase vector, magnitude, 

and standard deviation, from unstimulated EEG records. 

From these she constructed an ogival cumulative 

frequency distribution curve, from which confidence 

limits may be read. The standard deviation was a 

biased estimator, depending on the sample size. 

This bias was investigated further (Ross et al. 

1979). It can be explained by considering a small sample 

from the uniformly distributed variable. There is a 

finite probability that all the random values will 

aggregate, by chance, in one half of the 360°  range, 

in which case the mean will be centred in this part 

of the range, and the standard deviation will be much 
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smaller than 104°. :Co take the extreme case, with two 

samples, the standard deviation can never be greater 

than 900. The effect becomes less important with 

increasing sample size.. 

Ross also examined the cross-correlation method. 

An exploratory study was made using recōrds from 

17 normal hearing adults. The averaged' response to 

an 80dB HL tone burst was used as the reference 

waveform. Each subject was tested at two different 

tone burst frequencies, at levels ranging from -10dB 

to 80dB HL. As before, there were 54  stimuli in a 

trial. This procedure usually detected the presence 

of the AEI,  to within +15dB of subjective threshold. 

Following this study, an on-line investigation 

was undertaken, the analysis being performed by a 

Hewlett-Packard 2100 computer. Fifteen normal 

hearing subjects aged from 18 to 31 were chosen 

for this on-line study. 

The results from these various techniques were 

compared with results from the pure-tone audiogram 

(SL) and the visually-scored coherent average. A 

table was drawn to show the percentage agreement, 

false positives, and false negatives, between tests. 



Test SL 	Coherent Average 

A FP FN A FP FN 

Power 	r 58% io% 32% 64% 11% 25% 

Phase 	3 , ~ 
z 83% 5 ō 12% 12;~ 88% 5% 7% 

II 	
:K r 83 % 3% 14% 90% 3% 7% 

u 	sd 84% 5% 11% 88% 5% 7% 

Template 
ro 815 3%~ 16% 84% 4% 12%  

Matching 

Table 2.2 Comparison of subjective and objective 

procedures for estimating auditory threshold. 

A= % agreement, FN = false negatives, FP = false 

positives. Reproduced with permission from 'Ross (1978). 

It can be seen from this table that the 

phase vector method agrees well with the two 

subjective methods, with the advantage of objectivity. 

It is a simpler and faster algorithm than the 

rotational•'X~ 2 procedure - Ross states that the 

computing time is reduced by at least a factor of 

three. She suggested that a special purpose mini-

computer or microprocessor system could be developed 

to perform the analyses required for extensive on-

line trials of the technique, and this led to the 

present programme of research. 



CHAPTER ; 

THE STIIIUT.US GENERATOR  

3.1 
A review vion'  rue';  gns for auditory 

  

stimulus generators. 

A number of circuits have been proposed for 

generating tone burst stimuli of the type required 

for audiological work, using mostly analogue techniques. 

This contrasts with the present design, irhich is 

essentially digital, apart from the output circuits. 

These designs have invariably consisted of: 

a sine-wave source, a circuit for generating an 

envelope waveform such as a trapezoid, and a modulator 

for multiplying the two signals together. A general 

requirement of stimulus generators is that there 

should be a minimal amount of sound produced in the 

periods between successive stimuli, and this appears 

to have been the greatest problem in the design of 

suitable modulators. 

Glaser {1964) described a circuit which used 

a Hall effect device as a modulator. When a magnetic 

field and an electric current are passed through 

perpendicular planes of a semiconductor crystal, an 

e.m.f. is produced which is proportional to their 

product, along the direction perpendicular to both 

the magnetic field and the-current. An on-off ratio 

of 60 d13 was achieved'with this modulator. A choice 

of triangular, trapezoidal and Gaussian envelopes 
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was provided, The -:,:1a21f=,le waveform was generated 

by integrating a rectangular pulse. The trapezoidal 

waveform was generated by limiting the amplitude of 

the triangle, and the Gaussian envelope was produced 

by passing the triangle signal through a diode- 

shaping network. A further type of envelope that 

could be produced was one with a flat central 

section but with Gaussian rise and fall. A synchronizing 

circuit was provided, so that successive stimuli 

were in phase with each other. 

Olson and Ludwig (1965) described an improvement 

to this idea. A transistor switch was added, in the 

path of the sine-wave signal, before it was applied 

to the Iīall multiplier. This increased the on-off 

ratio from '60 dB to 80 dB. No synchronization was 

provided between the sine-wave signal and the envelope 

generator, so that successive stimuli were not 

necessarily in phase with each other. 

Disadvantages of'the Hall multiplier were 

its limited frequency response and dynamic range. 

Arlington (1969) designed a modulator using four, 

field-effect transistors in a balanced series-shunt 

configuration. An on-off ratio of 90 dB' was attained 

with this circuit. The envelope was approximately 

trapezoidal. A particular feature of Arlington's 

stimulator was that the inter-stimulus period could 

be of fixed duration or of random duration. This ' 
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latter mode was itri ;,tided to reduce anticipatory effects 

in experiments. Successive stimuli were not 

synchronized in phase with each other. 

Ludwig (1 970) described a stimulus generator 

using an integrated circuit analogue multiplier 

(Motorola MC1595L) as a modulator. The on-off ratio 

of this modulator was only about 6o dB, so again 

it was found necessary to include an additional 

fast switch for switching the sine-wave sinal before 

applying it to the modulator. 'This increased the 

on-off ratio to 90 d13 at 20 kHz and 80 dB at 50 kHz. 

A trapezoidal envelope generator, with phase 

synchronization, was used with this modulator. 

Modulators using bipolar transistors in an 

emitter-coupled configuration have been described 

by Klig et al.(1970) and Roberts and Watson (19711 ). 

In the former design, problems of transistor 

matching were minimised by using two transistors on 

the same integrated circuit (RCA CA3006) in the 

emitter-coupled configuration. A trapezoidal envelope 

generator which could be triggered externally was 

used, but triggering circuits were not de-scribed. 

Roberts and Watson used discrete 2N2926 transistors 

in their stimulator. The envelope generator was 

triggered by a special-purpose computer which was 

used for EEG processing. Consequently, successive 

stimuli were not necessarily in phase. 



A design for a stimulus generator using digital 

techniques was proposed, as a number of advantages 

over previous analogue designs were apparent: 

1) Stimuli could be reproduced accurately and 

would always start in the correct phase relationship 

with previous stimuli. 

2) A wide variety of waveforms could be 

produced simply by re--programmir.g. This flexibility 

is not readily available with analogue circuitry. 

3) An accurate modulatōr would not be needed. 

Noise between stimuli would consist mainly of 

internally generated noise from the power amplifier, 

and this could be kept at a very low level. 

4) A microprocessor-based system, capable of 

producing such stimuli, would also have the power 

to perform other tasks such as signal analysis. 

5) Microprocessors had become sufficiently 

low in price for the microprocessor-based stimulus 

generator to be a reasonable proposition from the 

cost point of view. 
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3.2  Iritiz~_ desiEn of  the stimulus •enerator 

A specification of the proposed stimulus generator 

drawn up in September. 1977 called for the following 

features: 

1) Wide band 'clicks' or rectangular pulses of 

for example 100uS width. Any number of pulses from 

1 to 2048 in a train of PRF 2,1,2....32/second. 

2) Tone bursts of variable frequency; 250 Hz, 500 Hz, 

1,2,4,8 kHz. Controlled rise and fall with a half-cosine 

envelope. The rise and fall times to be specified either 

in terms of milliseconds or in terms of a number of 

cycles of the tone burst. 

It was found during development of the software 

that there was little to be gained by limiting the 

frequency to a few discrete steps, and so the tone-burst 

frequency was made variable from 10-9999 Hz. 

3) Narrow band filtered clicks or 'logons'- a sine 

wave multiplied by a Gaussian envelope. 

4) Polarity of the stimuli to be positive, negative 

or alternately positive and negative. 

5) Trigger pulses for triggering other pieces of 

equipment to he generated. When the software was 

originally written one such trigger pulse with variable 



pre-stimulus time was provided, but later it became 

clear that four such trigger outputs would be needed. 

6) The audio output sampling rate to be 200kHz, 

with a resolution of eight bits.. 

Widely available microprocessors suc'' as the 

6800 or. 8080 would not have been capable of reading 

samples from memory and outputting them to a D/A 

converter at such a high rate. The first suggested 

designs used various forms of direct memory access 

(DMA) to overcome this problem. The waveform would be 

stored in a block of memory, the address lines of 

which could be connected either to the microprocessor 

or to a 200 kHz counter. The major problem was how to 

generate the envelope of a tone burst, and three 

solutions were proposed: 

1) Compute the entire tone burst (rise, plateau 

and fall sections) and store it as one array of data 

in memory. Then an 8k byte memory would be able to 

store a tone burst not longer than 40mS. 

2) Store one cycle of the tone burst and read it 

out repeatedly. The generation of the envelope would 

then be a separate function, performed by a digitally 

controlled attenuator using CMOS transmission gates. 

This system would be capable of producing tone bursts 

of unlimited length. 



3) store the tcne--burst in three sections in memory; 

the rise section, the fall section, and one cycle of the 

plateau section, which would be repeated as many times 

as required. The rise and fall times would be limited 

by the memory capacity. 

Preliminary tests with an IBM 1 800 computer 

indicated that a lower sampling rate would in fact be 

adequate. Sampled, quantised and low-pass filtered 

versions of a sine-•rave were computed, along with their 

power spectra. A sampling rate of 8 samples per cycle 

(i.e. four times the Myquist rate) was found to give 

reasonably good results, with little power in harmonics 

7 and 9, and less in the other unwanted harmonics. As 

the highest specified frequency of the stimulus 

generator was 8 kHz, this corresponded to a sampling rate 

of 64 

At this time the Motorola MEK6800D1 evaluation kit 

was being used in order to gain experience with the 

6800 microprocessor. A number of subroutines were 

written in machine language, such as multiplication, 

division, and decimal-to-hexadecimal conversion, which 

were later to be used in the stimulus generator 

programme. It was noted that a short routine could be 

written which would output a sequence of data at a rate 

of one sample every 14 microprocessor clock cycles. 

kHz. 
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The required sampling rate of 61- kHz. minimum would 

now be within the capabilities of the microprocessor, 

without using DMA techniques. The frequency of tone-

burst stimuli would be related to the microprocessor 

clock frequency, which would be crystal-controlled 

and hence very stable. 
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3.3 	Introduction to the 68CO.nvicronrocessor.. 

As digital integrated circuits became more and 

more complex, the microprocessor was introduced out of 

economic necessity. The problem was that the variety 

of possible integrated circuits seemed endless, while 

in order to manufacture them cheaply it .was necessary 

to sell millions of the same type. It was realized, 

through the work of Turing and Post (Minsky, 1967), 

that a relatively simple finite-state machine could 

perform all the computational functions of a much more 

complex machine (though possibly at a lower speed), 

as long as it was connected to a sufficiently large 

memory, in which data and programmes could be stored 

and read. The microprocessor is such a device, 

consisting of one integrated circuit (or sometimes a 

small number of ICs.). It can execute a limited set 

of simple instructions, though it is fair to say that 

microprocessors are now rivalling the more basic 

minicomputers in their capabilities. The versatility 

of the device makes it possible to market the very 

large numbers required for the economic viability 

of large-scale integration. 



Microprocessors are connected to memory via 

a data bus and an address bus, and they are 

classified by the width of the data bus. In 1977,  

widely used devices included the four-bit Texas 

TMS1000, mainly intended for simpler applications 

such as calculators and point-of-sale terminals; 

eight-bit devices such as the Motorola 6800, 

Intel 8080, Zilog Z80 and Signetics 2650; and 

the more expensive sixteen-bit devices such as 

the Texas TMS 9900. The Motorola 6800 was chosen 

for this project for several reasons, apart from 

its low price and availability from a number of 

sources; 

i) The 6800 had been designed with the 

problem of interfacing very much in mind. The 

6800 family includes interface IC's which simplify 

this problem to a great extent, allowing the 

programmer to treat peripherals as if they were 

locations in memory. This was considered an 

important advantage, as the system would have a 

number of inputs and outputs, both digital and 

analogue. 

ii) Software support in the form of a cross-

assembler for the 6800 was provided by Imperial 

College Computer Centre. This speeded up the 

process of assembling and editing programmes. 

(Cross-assemblers were also available for the 8080 

and 2650)0 



±±±)•1^ the analcr7uc ou;r , t  from  the system was 

to be to 8-bit accuracy, the 8-bit structure of the 

6800 'vas ideal for the application. 

iv) The instruction set for the 6800 includes 

binary and decimal arithmetic operations and a wide 

range of logical operations. Eight-bit and sixteen-

bit arithmetic operations were to be performed by 

the system: the sixteen-bit operations could be 

done by using two eight-bit bytes with little 

difficulty. 

v) An important feature of the 6800 is the 

stack, which is used for handling subroutines and 

interrupts. It was realized that the stack control 

instructions could also be used for reading out 

a block of data at a high rate. This technique 

was used in the stimulus generator programme. 

.l 	6800 Instructions. 

The complete instruction set is described 

in the M6800 Microprocessor Applications Manual 

(Motorola, 1975).  The following is intended as a 

brief guide to the types of instructions that are 

available. 



The 6800 contains six registers that are 

directly under programme control. They are two 

8-bit accumulators (A and B) ; three 1 6-bit 

registers, called the index register, the programme 

counter, and the stack pointer; and a six-bit 

condition codes register. 

The accumulators are used in most arithmetic 

and logical operations. The index register is 

mainly intended for use in indexed addressing, 

which will be described shortly. The programme 

counter points to the location in memory of the 

next instruction to be executed. It is modified 

by branch and jump instructions, and by interrupts. 

The stack pointer points to the next free location 

of a block of memory arranged as a last-in first-out 

(LIFO) stack. When a subroutine occurs, the address 

of the next instruction after the subroutine is 

stored on the stack. (When an interrupt occurs, the 

contents of the accumulators, index register and 

condition codes register are also stored on the 

stack). As the depth of the stack is only limited 

by the memory available, subroutines may be nested 

very deeply. 
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The condition codes register consists of 

six flags (labelled H,I,N Z,V,C) which are set or 

reset as a result of arithmetic or logical operations. 

For ,xample, if the effect of an instruction is to 

clear an accumulator, the Z bit is set. The flags 

may be used to control the flow of a programme 

through conditional branch instructions. 

Nany instructions involve only the internal 

registers of the microprocessor. The accumulators 

may be cleared, complemented, negated, shifted, 

rotated, incremented or decremented, and added to 

or subtracted from each other. The contents of one 

accumulator may be transferred to the other one. 

The index -register and the stack pointer may be 

incremented or decremented and transfers can be 

made between them. The contents of the condition 

code register can be transferred to accumulator A 

and vice versa. 

In order to use data stored in the memory, 

the microprocessor must be able to address each 

location as required. The addressing modes of the 

6800 are; 

i) Immediate 
	iv) Indexed 

ii) Direct 
	v) Relative 

iii) Extended 



Not •ali modes are a.va:_lable for every instruction. 

With immediate addressing, one operand of the 

instruction is contained in the instruction itself. 

With direct and extended addressing, this operand is 

in a location pointed to by the instruction. The 

difference be tv.een_ the two is that direct addressing 

instructions consist of two eight-bit bytes and can 

only address the first 256 bytes of memory, while 

extended addressing instructions are three bytes 

long but are not limited in this way. 

In indexed addressing, the address of one 

operand is found by adding a byte in the instruction 

as an unsigned integer to the index register. This 

addressing mode can save programme bytes, acid makes 

programme relocation easier. Relative addressing is 

used only in branch instructions. A byte of the 

instruction is added as a two's complement number 

to the programme counter, causing a branch over a 

limited distance forwards or backwards in the 

programme. 

The one-operand instructions mentioned above 

for-the accumulators can also be done in memory, 

although they take a longer times. Two-operand 

instructions, which use one .aper. and from memory 

and one from an accumulator, and place the result 

in the accumulator, exist for many common arithmetic 
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and logical operations (add and subtract with or 

without carry, AND, OR, exclusive-OR) , There are 

'compare' instructions which do not alter the 

contents of the accumulators or memory, but which 

set the condition codes register in preparation 

for a conditional branch. Data may be transferred 

between accumulators and memory by 'store' and 

'load' instructions. 

Other instructions that should be 

mentioned are: the 'jump', which, although 

unconditional, does not have the distance 

limitation of the 'branch'; the 'push' and 'pull' 

instructions, which allow the contents of the 

accumulators to be stored in the LIFO stack; 

and the 'decimal adjust' instruction which is designed 

to simplify programmes which use BCD arithmetic. 
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3.4 	Ūe cri rtion of microprocessor s..r3te: 

The microprocessor was a 6800 type with 8-bit 

architecture. Although it was capable of operating at a 

1 MHz clock rate, a 921.6 kHz crystal was used, as this 

frequency could. be divided by simple ratios to give 

standard band rates. 

A monitor programme (Motorola MINIBUG) was used 

to control the operation of the system. It was contained 

in a read-only memory, NC6830L7. This had associated with 

it a scratch RAM of 128 bytes, MC6810. The main random 

access memory consisted of 4 k byte RAM boards. At first, 

two such boards were used, but as the programme became 

more complex it was found that another board was required. 

These boards were buffered by means of 8T97 tri--state 

buffers in the address lines, and 8T26 bi-directional 

tri-state buffers in the data lines. Bi-directional buffers 

are necessary if the memory is to be both read from and 

written into. The intention was that one RAM board would 

be replaced by rrogramable read-only memory (PROM) when 

the prom a alae was in a completed form. 

Communication with an RS232 standard data -terminal 

was done by means of an Asynchronous Communication Interface 

Adapter (ACI_t type MC68_ 	performs the 	s ) , ,, 	,0 This perio. w.s ,,__e necessary 

conversions between parallel data, as used by the microprocessor, 

and asynehronou:J serial data, as transmitted and received by . 
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the ter...inil . The clock 1'0_ thin IC ,aas oratedb * dividing 

the microprocessor clock waveform by 3 x 2n  , where n is 

selectable such as to give standard baud rates from 75 to 9600. 

This division was done by a C:':0S IC, I;C14040. The ACIA handles 

data at Til levels, while the RS232 standard uses voltage levels 

of +6V and -6V. The necessary level shifting was done by an 

8T15 line driver and 8Ti6 line receiver. 

A Peripheral Interface Adapter. (PIA), IC6820, 

was used to interface the microprocessor with a dim tal-to- 

ana?orae converter for the generation of audio signals. 

The eight-bit D/A converter was a Ferranti ZN425E integrated 

circuit, which had a voltage output with a range of OV to +2.5V. 

This was buffered and amplified by a 741 operational amplifier 

which was arranged to give a voltage output from --2.5V tc --2.5V 

(i.e. symmetrical about zero).  

Restart and interrupt vectors were generated by 

8T96 and 8T98 tri-state buffers, which were taken out of 

their normal. high impedance state when a restart or interrupt 

condition was detected by the microprocessor. 
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The 4K random access memory boards were 

assembled from kits supplied by Newbear Micro-

computer Systems Ltd. They contained thirty-two 

1K bit RAM integrated circuits type 2102-1, and 

were double Eurocard size (160mm x 234+mm). 

The remaining components of the stimulus generator 

were mounted on printed cir_cLit boards of the 

same size. 64 way indirect edge connectors were 

used for connecting the boards together. 

Power supplies of +5V, +12V and -12V 

were used. These simply consisted of a transformer, 

full-wave rectifier, reservoir capacitor and a 

suitable integrated circuit regulator. 

The entire unit was housd in a card frame 

about 7" high for mounting in a standard. 19" rack. 
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3.5 	Safety device. 

It was felt that, while short tone bursts of high 

amplitude would not damage the ear of the listener, longer 

tone bursts tight do so. Tone bursts of excessive amplitude 

could be generated by incorrect . setting of attenuators, 

for exaci le. An automatic device was therefore constructed 

which had the following functions; 

1) Tone bursts of less than 16mS duration and of 

any amplitude would be unaffected. 

2) Tone bursts of greater- than 16mS duration would 

not be affected if their amplitude did not exceed a preset 

critical value. 

3) A tone burst with amplitude greater than the 

critical value would not be affected for the first 16mS. 

After that a gate would be operated which would greatly 

reduce the output until the end of the programmed sequence. 

A fraction of the output voltage is full-wave 

rectified by a circuit using one 741 operational amplifier. 

The si ;anal is then cor_ared with a threshold voltage of 3V 

by a 710 comparator. Whenever the threshold is exceeded, the 

.first of a pair of 74121 monostables is fired. After 16mS this 

fires the second monostable. If the threshold is exceeded 

G7 



at an-7 time while the second monostable is firing, a latch 

is set. An LED lights up to indicate that the safety device 

has operated, and a C::DS gate is turned on, reducing the 

stimu1 us generator out out to a low level. The latch is 

reset by the 'Trigger' signal, which is low before a 

programmed sequence is generated. 
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3.6 	Problems r.w _..-i};t; 	=1c testing the 

microprocessor hoard. 

1) There were delivery problems with the micro-

processor clock (MC6871) and the remainder of the 

board was wired rp long before this clock was 

expected to arrive. In order to test the board, 

a clock circuit was built on a small piece of-

Veroboard as a temporary measure. This used a 

74123 dual monostable, and two discrete transistor 

buffer circuits. This was based on a Motorola 

design, 	but 2N2905 pnp transistors and 2N3053 

npn transistors were used instead of the suggested 

four-transistor package MPQ6842, as they were 

immediately available. The circuit depends on 

delays through the monostables to generate two 

clock phases with the required non-overlapping 

properties. 

The clock circuit worked completely satisfactorily 

until it was replaced by the MC6871, although as it 

was not crystal controlled, it could not be expected 

to have the frequency stability of the M06871. 



2) 	The ' IU:NTBUC=' 	IOM pro-fked correctly 

when used with a Texas 'Silent 700' printer and 

keyboard. However, a problem occurred when trying 

to load programs that had been reeordod on data 

cassettes. Lines of less than about 32 characters 

could be loaded, but if a line was longer than this, 

one in every ten or eleven characters would not be 

read. This would result in the line having the 

wrong length and wrong checksuw7, and the monitor 

would escape from the 'load' routine. 

This was thought to be due to a timing problem 

in the ACIA (asynchronous communications interface 

adapter) which handles data communication between 

the microprocessor and the teleprinter, converting 

parallel to serial data and vice versa. Firstly the 

ACIA clock was checked to ensure that it  was running 

at the same frequency as the clock in the teleprinter. . 

This was within 1% of the correct frequency (the 74123 

clock was in use at this time). The two clocks were 

then locked together in frequency, but even this did 

not cure the fault. 

Some of the ACIA functions are under software 

control, and are selected by the monitor programme 

in the 'NINIBUG' ROM. The problem was found to be 

caused by the fact that 'MINIBUG' set up the ACIA to 

receive serial data with two stop bits per character, 

but that the teleprinter, when running at 150 or 300 

baud, only transmitted one stop bit per character. 
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The system worked correctly at 1 1 0 baud (when two stop 

bits aretransmitted) 7 however, operation tior  af. this 

speed would have meant that loading programmes would 

be very time-consuminge 

Changing the software to set the ACIA for one 

stop bit was not straightforward. The ACIA control 

register is reset at various points in 'MINIBUG' . 

For this reason it could not be changed by a simple 

'Memory Change' operation. Also ' MINIBUG' itself 

could not be changed as it resided in read-only 

memory. 

The solution was to insert a line at the top 

of the file to be loaded, which would set the ACIA 

to the required format. This had to have the correct 

line length and checksum bytes in order for it to be 

accepted by 'MINIBUG'. Being only a short line, no 

-difficulty was encountered in loading it. Succeeding 

lines could then be of any length up to 256 characters. 

The extra .line can be inserted (by editing) into 

files produced by the cross-assembler on the College 

CDC computer. It is; 

Si o4rcFL+B556 
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3.7  Software Descriijtion 

The operating system of the machine is the 

Motorola NINIBUC, which resides in ROM at location 

FEFO to FEFF (all addresses in hexadecimal). This 

has associated with it a small RAN of 128 bytes at 

FF00 to r r 7F . 

The first version of the stimulus generator orocramme to be 

:written (called STIB) , used the microprocessor board and 8K of 

random-access memory - two 4K RAM boards located at 2000 - 

and 3000 - 3r1+'. Later, an i.rinroved version of the programme was 

written (STING) ; this entailed the use of a further l!K RAM board 

located at 4000 - 4FFF and also used some extra timing hardware on 

a fifth board. The stimulus generator programme consisted of three 

major sections: 

(i) INFORM. This is an interactive programme 

which collects all the information required from the 

operator. This information is stored in a convenient 

format in a specially reserved area. 

(ii) CO?MIL. When a tone burst or logon is 

to-be generated, this section uses the data collected 

in INFORM to compute the required digitised waveform 

and stores it in the waveform storage area. 

(iii) EXEC. This is the section which actually 

generates the stimulus. 



3. (.1 EXT_;C routine 

On entering this part of the programme the PIA 

(Peripheral Interface Adapter) is initialised, with 

all I/O ports being set up as outputs. The TTY prints 

'READY' and awaits a response from the operator. On 

responding, a trigger pulse is generated which may 

be used to start other equipment, then, after a 

trigger delay time, the first stimulus is generated, 

as follcws . 

A 'mode word' stored at a fixed location is 

examined to determine whether the stimulus is a 

tone burst, pulse or logon. Valid mode words arc: 

01 Pos. pulse 	02 Neg. pulse 	81 (hex) Alternating pulse 

O4 Pos. logon 	08 Nog. l omen 	84 	11 	Alternating logon 

10 Tone starting with positive half. cycle 

20 Tone starting with negative half cycle 90 Alternating tone 

If a positive pulse is called for, the byte FF 

is sent to the D/A converter, giving maximum positive 

output. If a negative pulse is requested, the byte 01 

is sent to the D/A. After a delay equivalent to the 

pulse width, the D/A output is set to zero volts. 

If a tone burst or a logon'is indicated, it is generated 

by reading out a list of data which is kept in a stack. There 

are two routines for reading out the stack; one reads the data 

out directly, and the other inverts the data. The routine to be 

used is determined by the mode word. If alternate positive and 



negative signals are required, the mode word is changed each time 

to select the two routines alternately. The stack, begins at a 

starting address SO which depends on the length of the stimulus, 

and always ends at a location which contains the word 00, which. 

is not regarded as a valid input to. the D/A converter, and is an 

indication to the machine to stop reading the stacl:. 

A count is maintained of the number of 

stimuli that have been generated. If there are more 

stimuli to be generated, an '.inter-stimulus delay' 

time elapses before the programme branches back to 

generate the next stimulus. 

In tone or logon mode, the samples are read 

out at a rate of 65.829 kHz. This is derived from 

the system clock frequency of 921.6 kHz, which was 

chosen so that standard terminal baud rates could 

be generated by simple division. Thus a sample is 

read out once every fourteen microprocessor clock 

cycles. The frequency of 65.829 kHz (which is 

approximately 257 x 256  Hz with 0.05% error) means 

that more than eight samples per cycle are provided 

at the highest stimulus frequency of 8 kHz. 
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This routine is skipped in the pulse mode, 

but in the logon mode or the tone burst mode it sets 

up the stack described in the EXEC routine. 

COMPIL uses data stored by the INFORM 

routine. The nature of thl;G data will become clear 

during the description of COMPIL. 

COMPIL uses special registers in reserved 

locations for various functions. Two consecutive 

locations contain the current address CA (a two byte 

word) of the data point which is currently being 

computed. CA will point to a location somewhere 

between the starting address SO, and the end address 

ENDHL, incrementing as the compilation proceeds. 

The other special registers used by COMPIL have 

different functions depending on whether a tone 

burst or a logon is being 'computed. 

In the logon mode, two consecutive locations 

are used as a logon register LR. This is incremented 

for each data point by an amount L (also a two byte 

word) which is stored during INFORM and depends on 

the logon time constant. The most significant byte 

of LR is used in the calculation of the logon, 

although both bytes are in general incremented at 

each new data point. This is done in order to reduce 

the possibility of cumulative errors in timing which 

could occur if a logon register of only one byte 

was used. 
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The logon function  of LN. .i i i'Vund .f .i oiii a lookup 

table of 54 bytes. If the mode word is 8, the logon 

is negated. After each data point has been calculated, 

the current address is incremented and tested. If then 

CA = ENDHL, a 00 byte is stored at this location and 

the programme branches to EXEC; otherwise the next data 

point is calculated. 

In the tone mode, three consecutive locations are 

used as a cycle register CR, All three bytes are, in 

general, incremented at each new data point, although 

only the most significant two bytes are used in the 

computation of the sine function. This allows for 

better frequency resolution than would be obtained if 

a cycle register of only two bytes was used. The cycle 

register is initially cleared. 

The sine function is computed and stored at a 

reserved location. The current address CA is tested 

to determine whether it is in the rise section at the 

beginning of the tone burst, the fall section at the 

end, or the plateau between these sections. If CA is 

in the plateau section, nothing more remains to be 

done except to store the sine at the address pointed 

to by CA. In the rise and fall sections, the envelope 

or weight function has to be computed. This is done 

by using a three byte rise/fall register in a similar 

way to the cycle register. The weight function is 

computed and stored. The weight function and the sine 



function are multiplied together to give the required 

result. This is stored at the address pointed to by 

CA. CA is incremented and the process is repeated 

until CA - ENDHL. This byte is then cleared and the 

programme branches to EXEC. This is indicated by a 

message 'READY' typed by the system. 

The cycle register is incremented by a two-byte 

word N between data points. During the rise section, 

the rise register is incremented by a two-byte word R, 

and during the fall section it is incremented by a 

two-byte word F. 



3.7.3 	I?,?FOR?•1 rou t;i_ne  

This is an interactive routine which collects 

the data required from the operator in order to define 

a train of stimuli. After initialising the system s 

INFORM asks the first question, 

NO. OF STIMULI 

The operator-responds with an integer in the 

range ; to 9999. If more than one stimulus is requested, 
the next message will be 

PRF HZ 

The operator may respond with an integer, 

an 'X' character or an '=' sign. If he responds with 

an 'X', an alternative question is asked; 

REPT PERIOD MS 

to which the same choice of responses apply. 

During a second or subsequent run. of INFORM, an '=' 

sign has the effect of maintaining the values that 

were loaded in previous runs. 

Regardless of whether the Pit' or the repetition 

period were loaded, this information is stored as a 

word P which is proportional- to the period. (P was a 

two-byte word in units of 14 microprocessor clock cycles, 

corresponding to the.output sample rate, in the original 

programme ~+I"^, but 	later changed to a one-byte word ST I1413, uu V was u 
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in units of 10 =rS in ST i i:iC to  o.`} i.oj t extra t4mi ng V 

hardware that had been added to the system). 

The programme then requests the timing of the 

four trigger outputs. These are positive pulses 1OmS 

long, and the trigger time is measured from the 

positive going edge of the trigger pulse to the 

onset of the stimulus. The four outputs may all have 

• different timings , and the timing resolution is 10 mS. 

The next decision to be made is 

is 

PULSE, TONE, LOGON: 

The operator responds P,T or L. The next message 

POLARITY: 

and the response is P, N, or A. A corresponds 

to alternating positive and negative pulses, the 

first pulse in the train being •positive. The mode word 

is set according to the last two responses. The course 

of the programme from this point depends upon which 

mode has been. chosen. 

In the tone burst mode, the message 

TONE FREQ HZ: 

is printed. This may be responded to by an integer, 

equals sign or 'X' character, the 'X' giving the 

alternative message 
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The amount by which the cycle register is 

incremented at each new data poi.n-i;, N, is then 

calculated. The next message is 

BURST ITIU TFi MS: 

or, alternatively, 	NO. OF CYCLES: 

The numerical response is used in calculating the 

total number of samples (which is tested to ensure 

that there is sufficient memory available in which 

to story the samples). The starting address SO is then 

computed. The burst width is also tested to ensure that 

it is not greater than the repetition period. 

The responses to the next two messages, 

RISE TIME MS: 	(or NO. OF CYCLES: ) 

and FALL TIME MS: 	(or NO. OF CYCLES: ) 

are used in calculating the•number of samples 

in the rise and fall sections of the tone burst. The 

sum of the rise and fall times is tested to ensure 

that it is not greater than the total time for the 

tone burst. Si (the starting address of the plateau 

section), S2 (the starting address of the fall section), 

R and F (the increments of the R F register during rise 

and fall respectively), are all computed and stored in 

special registers. The programme then branches to COMPIL. 



If the pulse mode is selected. the next message after 

' POL• ' RiTY : ' will be 'PULSE ' i)Tl; MS:' , while if the 

logon mode is selected, the message will be 'LOGON TC US:'. 

The time constant of the logon, in microseconds, is then 

typed in. This determines the increment L of the logon 

register. The programme then branches to COMPIL as before. 

Most of the questions may be responded to by typing 

an '=' sign, _which means that the quantity used in the 

most recent run is retained. Typing an 'X' in response 

to the first question 'NO. OF STIMULI' causes a jump 

past many of the earlier questions. This is useful when 

• only one parameter is to be changed, for example the 

frequency of a tone burst. 

3.7.4 Subroutines 

OUTSTR prints a string of characters. The location of 

the first character is pointed•to by the index register, 

and from there consecutive bytes are printed out. Return 

from this subroutine occurs when a carriage return 

character has just been output. 

INDEC gets between 0 and 4 decimal digits from the 

TTY and stores then in X,X+1. The digits are justified 

so that the least significant digit is always in the 

rightmost four bits of X+l. Exit from INDEC may be by a 

number of routes. If a decimal point is typed, the programme 

- 1 branches to the decimal/he:: conversion routine If an  1.  If 	- 

sign or an 'X' character is typed, it is considered a valid 

response, but flags are set accordingly. Invalid responses 
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gencr~~.te a carriage return and line feed which allow 

re-typing of the correct response. 

DHEX converts the two-byte BCD number stored in 

X,X+l by INDEC into hexadecimal. X+2 is used as scratch. 

DPD is a double-precision division routine. It 

calculates 

= DSS x 

	

where DD is in 	X,X+l 

DS is in X+2,X+3 

	

is in 	1-1-1+,X+5 

S is in X-6 

DD,DS and S are lost in execution. 

MULT is a multiply routine which multiplies together 

the contents of ACCA and ACCB. The product is a two-byte 

word in ACCA,ACCB. Locations rr00 - 2 are used as scratch. 
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3.7.5 zinc 	ou ci ne 

  

The range of the sine function is set by the D/A converter 

which handles eight bits. It the zero level is represented by 80 

hex, then maximum positive will be FF hex and maximum negative 

will be 01 he::. The representation of the domain of the function 

is chosen so that all possible levels of the range may be sei:.cted by 

selecting  different values in the domain. This is equivalent to 

the criterion 	 - 

1 5Y  
-4 1 

  

~there by is the increment in the sine function brought 

about by an increment bx along its domain. This condition may be 

met by making  100hex (256 dec) equivalent to 90°. A complete 

cycle then requires 10 bits for its representation. 

It is sufficient to be able to calculate sines from 0 to 90°, 

as a very short subroutine (FQS) will extend this to four quadrants. 

The sine function may be computed in two different ways; by means 

of a look-up table or by means of a subroutine which - generates a 

polynomial approximation. A look-up table would be the fastest 

method but would require a fair amount of memory (256 bytes). 

The polynomial aprroximation method was therefore considered. 

The sine series 

e3 	e5 	e7  
sin 0= 0- 	120 - 5040 

converges rapidly and in an oscillatory manner. If it is 

truncated after the fifth order terM, then the error between 

0 = 0 to 90° w11 be small, and may be estimated and 



to =ome .._. ('`. CO._'nc 	° tin trl=tion error 'an ec from 

e-o at 00 to a ; a:•:inum of U.00r at 90°. 

The angle 0 is in radians and may be represented as an 

• s-bit byte with the binary point a Lc—r the most significant 

bit; then 0 - 80 hex . 1 radian. However, the operand is scaled 

so that x -- 100 hex p 900 so a conversion factor is required: 

6 = 	, 	= 0.785 decimal. 

Note that the multiplication routine will produce a 

result with the binary point after the two most sig nificant 
• 

bits ?If  two numbers with the format or 0 are multiplied 

together. Thus, if all numbers involved have an assumed binary 

point after the most significant bit, then each use of this 

routine implies an extra division by 2. 

The result of evaluating the polynomial must be scaled 

to give 80 hex for x = 0° and FF hex for x = 90°. This is done 

by multiplying the result by ¶ = 0.994 x 127/12.8 and adding 

80 hex. The factor 0.994 is a correction for the truncation 

error while 127/128 scales from 80 hex to 7F hex. Hence, 

	

Z 	! 
sin x = 7%x - (z'\x) 3. ~ + ('r x) ~. f2 . } 2 

6T 	6T 	20ti 

where the factors of 4 are for the purpose of locating 

the binary point in the correct place after a multiplication. 

Now T% = C6 hex; 2/3T2 - BO hex; 1/5T2 = 34 hex, are all 

constants and so sin x can be evaluated by a small number of 

multiplication orerations. 
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This sine subroutine i as used in the original 

stimulus generator programme (STIMB) , and it worked 

correctly; however, because of the very large number 

of calls of the subroutine during COMPIL, the 

programme required some 30 seconds to compute a long 

tone burse with large rise and fall times. When the 

programme was updated, more memory was then available, 

and so the subroutine was replaced by a lookup table. 

This drastically reduced the computation tithe. 

The lookup table Was computed by the College CDC 

computer. 
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3.7.6  

Loon Gcnc_ at cn 

A 1_oz,o_7 is an cle enta ry s . nal which can be used for the 

,er,.. e._..-,ntamai. 	th•tan;- 	?i- - "a`7 	I 	described by  Gabor  

(1946,191:7)t They arc of the form 

s( 1i) 	e;•n _a  ( 1. - li ) • eli-o 2T1 lr 
0 	0 

Tu _3 aū  ts an infinite  _ar  =e  ty   of r1Gs_ ble wave shapes. s. 

The sti .u!.us ,:enerater nroduces a sp .- etr ical 'Cos type siGnal 

7 

f= ein-?-. cost. 2 

with suitable scalinG factors. 

One half of this symmetrical sinal is stored in a lookup 

table of 64 bytes, in which TO is equivalent to 40 bytes. The 

other half is obtained by ne,;ation of the value to be looked up. 



3.8 
interrupt Handlinc 

The restart address generator has been configured to respond 

to a reset with the address FED6, which is in the i4IIdIBUG ROM. 

An interrupt request (IRQ) or software interrupt (SWI) will 

generate the address FF57, which is in RAM. This allows for a 

flexible response in handling interrupts. 

IRQ is derived from a clock via a PIA. It maybe masked at the _. 

microprocessor or at the PIA. The PIA can be programmed to respond 

to either positive or negative going clock edges. The interrupt 

routine beginning at FF57 can be arranged to read the clock and 

compare it with stored values, for example. 

SWI is an instruction (5F) which can be placed anywhere in a 

programme. It is particularly useful in programme development. 

If the following interrupt routine is stored; 

FF57 	7E 	JMP FECB 

FF58 	FE 

FF59 	CB 

then, on encountering a SWI in the user program7►e, the 

contents of all registers will be printed out and control will 

return to MINI3UG. 

U Li 
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3.9, i m men. r 	— crr: 2.1 4. 

Four independently programmable trigger signals 

were required. These were to be digital outputs from 

the PTA (peripheral interface adapter) on the 

microprocessor board. 

A routine in 'INFORM' requests the four pre-

stimulus trigger times, and stores them in four 

reserved locations, in units of lOmS. This gives a 

maximum time of 2.55 seconds. 

The trigger pulses are derived from a 100Hz 

clock. This 100Hz frequency was originally generated 

by a software delay subroutine (in STfl4B), but later 

more hardware was added, which made the .generation 

of trigger pulses more accurate and less wasteful of 

microprocessor time. 

The 100Hz clock also controls the sampling of 

analogue signals from the patient. It is derived from 

the crystal-controlled microprocessor clock by division. 

The eight bits of the clock may be read by the micro-

processor at any time, via another PIA. The clock 

may also be reset under software control. 

Every 10mS the clock produces an interrupt 

request (IRQ). This may be masked, or gated out, either 

at the PIA or at the microprocessor. During a stimulus, 

a mask is set so that interrupts are ignored. When, the 



11,_s ended, '-?,a m:<<;'-  is cleared. Each time 

an IRQ occurs during the following inter-stimulus 

period, the programme branches to an interrupt 

routine, This reads the clock s  and checks whether 

any trigger outputs are to be set. Outputs which 

are not set are cleared, 1Then the clock reading is 

equal to the requested repetition period, the clock 

is reset, the interrupt mask is set and the next 

stimulus  i.s generated. The interrupt routine takes 

only a small fraction of 1OinS to execute, and so 

the microprocessor is available for other uses. 
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5.10 	 nt- 

The stimulus generator, which at the time consisted 

of t7,2e ..;icro`:occ cor bo-,,rd and 8K of RAA, vas delivered to 

the Department of lectrorhysio1ogy at the R.T?0 i0 N.E.H 

on 25th July 1973. A number of imDro'w'cments to the programme 

were suggested, and these ''ere included in on updated programme 

(called STIt;C) . Among these improvements were the following: 

1) Timing of trigger signals and initiation of 

stimuli was to be derived from extra timing hardware, making 

use of the interrupt system of the microprocessor. This 

allowed for more accurate timing, and made the microprocessor 

available for other tasks during inter-stimulus intervals. 

2) Use was made of some memory locations on an extra 

I}ii memory board. In particular this meant that the maximum tone 

burst width, which had previously been 96mS, could be extended 

to the 100mS of the original specification. 

3) It was arranged that the train of stimuli could 

be stopped by pressing a key at the terminal, and that the train 

could be started again from the beginning, without having to 

re-type the parameters. This allowed the operator to check the 

stimulus parameters quickly before beginning a trial. 

4) The new programme- was written in such a way that 

it could be relocated easily by the CDC cross-assembler, in 

preparation for implementation in PR0'i (programmable read-only 

memory) . 



5) The Neel, 	ctvera6er, which Glas 

to be used in conjunction with the stimulator, 

sometimes rejected responses if they caused it to 

saturate. It was required that, if the stimulus 

generator was working in th' alternate mode, it 

would stay in the same polarity, positive or 

negative;  until the signal averager stopped rejecting. 

The count down of stimuli would also be stopped 

during a reject. The reason for this was that the 

signal averager loaded accepted responses into two 

buffers, one for responses to positive stimuli-, 

the other for responses to negative stimuli. 

The stimulus generator had to provide the correct 

number of positive and negative stimuli with 

acceptable responses. 



3.11 	Interfac-i.nL  the stimulus generator with the  

si  na.l avcrar-er. 

The 'reject' signal from the signal averager 

was at TTL level. It was connected to the microprocessor 

system via one input of a PIA. (peripheral interface 

adapter) . This signal was normally low, but could 

go high at any time during the 'analysis timet of the 

averager, that is, during and immediately after a 

stimulus. If it did go high, it was latched high until 

the start of the next analysis time. 

Correct operation of the reject system depended 

upon the microprocessor testing the reject signal at 

the right time. This had to be done after the averager 

analysis time, otherwise some late rejects could have 

been missed; but before the next stimulus, when the 

reject signal would have been reset. 

The routine EXEC was arranged such that the 

reject signal would be tested just before triggering 

the averager for the next response. 

The reject system was tested by intentionally 

causing rejects, and was found to work correctly. 



CHAPTER 4 

THE PHASE SPECTRUM ANALYZER  

4.1 	Phaco ^t 'C4'` 	ria l'•~ 	1,r; r the micrONwOcea or 

The phase -lector method for the analysis of cortical 

EEG responses has been described in an earlier chanter. 

It was suggested that this algor.':%!m could be implemented 

using a minieomruter or microprocessor. 

After completing preliminary work on the stimulus 

generator, the implementation of the phase vector method was 

examined. This could have been done by building another 

microcomputer, similar to the stimulus generator but with 

different input and output facilities. However, it was considered 

better to use the same microprocessor with a larger programme 

and extended peripheral facilities. This would enable much of 

the same hardware to be used. By using the same clock for 

stimulus generation, triggering, and data sampling, problems 

- concerned with synchronizing two different units are avoided. 

• 
The phase spectral procedure used an analogue-to- 

digital converter for the input of amplified EEG signals. 

This circuitry was mounted on an extra board, the data 

acquisition and display board. 



1; .2 	Data acouisiti  on and cii snlZ-Ar  board  

This board was designed to perform a number 

of functions in the microprocessor system while 

using only a small number of components. It could 

provide data collection facilities for phase spectral 

analysis, and was also used by the stimulus programme. 

The following features were included; 

1) Data collection (up to 128 points) at the 

rate of 100Hz could continue while the microprocessor 

was fully occupied, for example with generating an 

auditory stimulus. 

2) Trigger and timing signals could be 

generated very conveniently with short routines. 

3) Graphics output was provided very cheaply 

by two 8-bit digital-to-analogue converters which 

were connected to the X and Y inputs of an ordinary 

oscilloscope. This could be used for producing 

cluster diagrams, etc. 

In a typical EEG experiment samples are taken 

at a rate of 100 per second. 64 samples constitute 

a 'sweep' and there is one sweep per second. There 

is therefore a gap of 360mS between sweeps. A Fast 

Fourier Transform (FFT) programme for 64 points was 

written during the initial period of becoming familiar 



with the 6800 micro urccesser system. its execution time 

was about 250mS, though it possibly could have been 

made faster. So a. fair amount of pre-processing could 

be done between sweeps. However, as the system stood, 

the stimulus generator programme could not be run 

concurrently with data collection, as the microprocessor 

was fully occupied during the period of .the stimulus. 

Some intermediate storage was required for 

data collection, therefore. A small random-access 

memory of 128 bytes was used, with data and address 

lines routed by data selectors, which were themselves 

controlled by software. This R.AM could be connected 

to the microprocessor so that it operated in exactly 

the same way as any other memory in the system„ 

Alternatively, the data lines could be connected to 

the digitised input data, while the address lines 

were connected to a 100Hz clock. The clock also 

controlled the sample/hold analogue circuit so that 

successive samples were stored in successive locations 

in the 128 byte RAM. The microprocessor was free for 

other functions while this was happening. 

The 100Hz clock was a simple counter of the 

same design as the baud rate generator on the 

microprocessor board. The baud rate generator already 

produced a 600I-iz signal of crystal-controlled accuracy,_ 

and this was simply divided by six to provide the 

sample rate of 100Hz. The clock provided an 8-bit 



count in increments or i Oros, which could be read by the 

microprocessor. Thus the time for the clock to go through 

a complete counting cycle was 2.56 seconds. The clock 

could be reset at any time by software control, allowing 

flexibility in the length of count. 

Control of the clock was facilitated by the 

microprocessor interrupt system. Every 1OmS the clock 

generated an interrupt request, which the microprocessor 

could be programmed to ignore if it was busy. An 

accepted interrupt caused a jump to a service routine 

which began at the memory location FF57. On completion, 

the system was restored to the point before the interrupt. 

Previously, the provision of trigger signals had 

entailed the use of rather long subroutines. The stimulus 

period and the inter-stimulus interval had to be taken 

account of, and variable delays had to be calculated, 

in order that the various signals would be generated at 

the correct time. However, with the hardware clock, 

timing functions became much less of a problem to 

programme. Accuracy was improved as timing errors could 

not accumulate. 
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Fir-ure 4.1 	Data acquisition and display board. 



The A/D converter accepts an anilogue signal from the 

patient .sir an isolation amplifier and converts it to 8-bit 

digital form. The input should be in the range .-2.5V to +2.5V, 

and it is sampled once every 10 m,S, 

The A/D converter uses 'a Zu 25E integrated circuit, 

which contains an 8-bit D/A ladder network, a voltage reference, 

and an 8..bit counter. The counter may be used to switch the 

D/A network, so that if it is clocked by a square wave, a 

staircase is produced at the analoge; output. This is compared 

with a d.c. input voltage by a 710 comparator, which is arranged 

to switch when the staircase equals or just =coeds this voltage. 

This stops the clock and holds the counter at the value it has 

reached. The counter reading is then stored in a data buffer. 

Timing signals are derived by division from the 

microprocessor clock. The sample/hold function is performed by 

one LF398 integrated circuit. This is clocked by a 100 Hz 

square wave, so that the output follows the input for 5mS, and 

is then held for 5mS, during the period of A/D conversion. 

The output from the sample/hold circuit is taken via 

a resistor to the + input of the comparator. This comparator 

input is also connected to the +2.5V voltage reference of the 

21425E by another resistor of the same value. In this way, the 

input vcltage to the sample/hold circuit, which is in the range 

-.2.5V to +2.5V. is scaled down to a range of OV to +2.5V at the 
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comparator input, 	is the reu re of the analogue output of 

the ZN425E. The resisters had to he selected to balance the 

relatively high output impedance of the ZN425E. 

To test the L/D converter, a short routine was written 

which printed the digital output in hexadecimal form at the 

data terminal about once every second. 

4000 OF 
86 
FF 

SEI 
LDAA ?FF 

Initialise system 

97 STAA 00 
4004 00 

86 LDAA ?8o 
8o 
97 STAA 02 

4008 02 
86 LDAA ?DB 	- 
DB 
97 STAA 01 

4000 01 
97 STAR 03 
03 

LP1 86 LDAA ?FD Reset clock 
4010 FD 

97 STAA 02 
02 
7C INC 02' Connect data buffer to 

4014 00 
02 A/I) converter. 

LP2 08 INX 
01 NOP 

4018 26 BNE LP2 Delay, approx. 700mS. 
FC 
86 LDAA ?7F 
7F 

4010 97 STAR 02 
02 
CE LDX ?0101 
01 

4020 01 
BD JSR OUT2HS In monitor ROM 
FE 
C5 

4024 20 BRA' LP1 
E9 

(All figures in hexadecimal. ? indicates immediate addressing.) 
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The analogue-to-digital converter was calibrated by 

comparison with a Solartron 7040 digital voltmeter. Test 

voltages were provided by a Weir variable 0_30V power supply, 

with its output divided approximately by ten, using a 212 and 

an 18K resistor in series, to give finer control of the 

enplied voltages 



Figure 4.2 

Analogue to digital convertor. 
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A graphic display is provided by connecting the X and Y 

inputs of an oscilloscope to t'?o analogue outputs from the system. 

• The oscilloscope is also used for checking the waveform of stimuli, 

and it can be switched between the two functions. 

The X and Y coordinates of a point to be displayed are 

written into a peripheral interface adapter. The two input/output 

ports of the PIA are each connected to D/A converters. The outputs 

from these are scaled up from a range of 0 to +2.5V to a range of 

-2.5V to +2.5V by operational amplifiers, in the sane way as the 

audio output. However, the operational amplifiers are faster types, 

so that the trace is hardly visible when moving between points to 

be displayed. 

When using this display technique it is necessary to 

ensure that all the points to be displayed are refreshed at a 

sufficient rate to avoid flicker. Also, when using the facilities 

provided by the data acquisition and display board, it should be 

noted that the 8T26 bidirectional buffers, used for buffering 

data lines, invert the data. This makes no difference when using 

the random access memory boards, or the analogue-to--digital 

converter, as in these cases the data undergoes two inversions. 

However, when using the two PIA's on the data acquisition and 

display board, all data must be inverted by software. This includes 

the PIA control words, the reading from the 10 mS clock, and data 

to the X and Y  outputs. 
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Figure 4.5  

Form of visual display, showing 

axes, heading, and mean and standard deviation 

markers. The markers flash on and off for easier 

identification ar-ainst a cluster of points. 



1+  . 5 	ANALYS routine. 

This routine analyses the evoked EEG responses 

from o patent in response to stimuli produced by the 

micreproces-.or. Analysis of sixty responses per trial 

was requested, but it was convenient to make 64 the 

ma::imum number per trial, er to use the last 64 

responses of a longer trial. 

ANALYS consists of two parts; 

i) a subroutine TRANS which computes and 

stores the first six harmonics of the discrete Fourier 

transform of the response to each stimulus, 

ii) a programme STATS which computes statistics 

of the transformed data, namely the amplitude mean, 

phase mean and phase standard deviation of each 

harmonic. 

4+.5.1 	L_inka e with stimulus unerator proLIammT . 

Although ANALYS is run in conjunction with 

STINC, it is also possible to run STINC by itself 

without the analysis programme. This is useful when 

the stimulus generator is to be used for BSER or 

electrocochleography, as the stimulus repetition 

rates used in these techniques are normally higher 

IL 3 {  
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than those used for cortical responses. The discrete 

Fourier transform in ANALYS lihl is the repetition 

period to about one second. When STIIC is used by 

itself, two dummy subroutines. EXEC2O and E)OE C3OS 

take the place of ANALYS. 

In the version written for programmable 

read-only memory implementation, a short routine 

which performs the necessary linking when required 

vas added. This prints a message which asks the 

operator whether the analysis programme is to be 

used, as the first question in a run. 

4.5°2 	Stora e of transformed data. 

A discrete Fourier transform (DFT) which 

computed six harmonics was used.. A fast Fourier 

transform (FFT) algorithm was not used as there 

would have been no advantage in speed, as only a 

few harmonics were needed. Two bytes (one real, 

one imaginary) are required to store each point 

of the result. Thus 128 bytes are stored for each 

harmonic, or 763 bytes in total. 



Figure 4.6 	How control passes between stimulus generation, trigger generation, 
and data acquisition functions. 
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The discrete Fourier transform subroutine TRANS takes 

the DFT of the response to rrcvious stimuli. It is executed 

during inter-stimulus intervals, when the microprocessor is 

not being used by the stimulus generating programme. This 

saves both time and memory capacity, as the transformed data 

takes much less space in memory as would the data as first 

collected. This is best explained by reference to a timing 

diagram and flow chart (see figure 4.6) . 

At the end of each stimulus, a JSR instruction 

causes a jump to TRANS. When TRANS has been executed, control 

returns to the stimulus generation programme. Interrupts 

occur every 10 mS of inter-stimulus time, and these cause 

the microprocessor to leave the programme briefly and to 

set up any trigger outputs that have been requested. 

A data buffer collects data from the output of an 

analogue-to-digital (A/D) converter every 10 mS starting at 

the beginning of the stimulus. TRANS first ensures that the 

data buffer is full by waiting until 640 mS after the 

beginning of the previous stimulus. This means that the DFT 

will be applied to 64 points. The data buffer is then dis-- 

conuectcd from the A/D converter and connected to the 

microprocessor (by software). The DFT is calculated for six 

harmonics and the result is stored in memory. 

It may be that an inter-stimulus time has been 

selected which is too short for the execution of TRANS. If 

this is the case then a warning is given. 



"TATS is a programme which evaluates certain statistical 

parameters from the data collected ad Fourier transformed by the 

T,i,?S s_ubroutin::. It may be entered, if desired, upon completion 

of a train of stimuli Ly the stimulus generator programme. Output 

of data from STATE may take two forms, 

1) a tabular listing from.a data terminal. 

2) a i  'auhic plot of the transformed data points on an 

oscilloscope, using the X-Y inputs. 

The ra.rameters calculated by  STATS, for each harmonic iic 

number, are as follows; 

1) Mean amplitude. 

2) Mean phase. 

3) Standard deviation of phase.. 

The transformed data from the execution of TRANS is stored 

in an area labelled HARBUF. During execution of STATS a new 

buffer, PHABUF, is built up. Points in PHABUF correspond to points 

in HA= but contain no amplitude information, that is, they have 

all been reduced to unit amplitude vectors. This is done by taking 

a (complex) point in HHRBUF, calculating its amplitude, and 

dividing both real and imaginary parts by the amplitude. This is 

equivalent to taking the cosine and sine of the chase angle, or 

'projection  onto the unit circle'. 
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At the h: g,anLug of ==._,_, the n..moer of responses, N, 

transformed  -. T')" N~ 	' 	If there were less than 6~+ stimuli ~l ai_St Cr".iC;~ :i ~ 1'_.ri;~.~ is found. 	I 

in the trial, then I; will be the number of stimuli; otherwise 

N will be 64. 	The rroeess of reducing the data to vectors of 

unit amplitude is performed next. As this involves finding the 

amplitude of each point, the C?ean amplitude for each harmonic 

number is calculated at the same time. 

The mean and standard deviation of the phases of the 

transformed responses, for each harmonic number, are co lrutea 

using an algorithm equivalent to that of Cheung (1977). The 

unit amplitude vectors are all added together to give a 

resultant vector. The phase angle of this new vector is the 

mean of the _chase angles of the original points. 

The routine for calculating standard deviations 

exploits the eight-bit representation of numbers in the 

microprocessor. Phase angles are scaled such that 100hex a 360°. 

Then if two angles are regarded as unsigned integers and one is 

subtracted from the other, disregarding overflow, the result 

Will be a two's complement number with a modulus representing 

an angle of 130° or less. When squared, using a two's complement 

subroutine, the sign vanishes, so that it is always the smaller 

angle between two -chases that is selected. 



4.5.5  !;PLT and SART soutines  

AflPLI computes the amplitude of a complex number whose real 

and imaginary parts are in twos complement form in ACCB and ACCA. 

These two quantities are squared and added, and the prograrame 

continues with the SQ1T routine. 

SGPT computes the square root of the taro-byte unsigned 

integer (ACCs ,ACCB) and places the result in ACCB. It uses the 

Newton-Ravnson iterative method, where if a is the number to 

be square-rooted and x
n 	J is an estimate of 	u then a better 

estimate is 

a  
xr.+l2 ( xn a- 	) 

n  

Iteration continues until two consecutive estimates are 

equal or differ by one least-significant bit. 

As the operands of AMPLI arb in twos complement form and 

cannot have an absolute value greater.than 80 hex, the (unsigned) 

result cannot be greater than B5 hex. 



4.5,.6 ARC subroutine - 

This subroutine finds the angle whose sine is in 

''Cn' 	 ACC B. and c:hes~ cosine is in .C~B. 	unit radius is equivalent  

0 
to 40 hex and 360 is equivalent to l0Ohex. The absolute 

value of sin and cos is taken and they are compared. The 

smaller value is selected, so that the an le to be looked un 

will never be rrreater than 43°. 	The same lookup table is used 

as for the s: ne function in gT=C. After this amie has been 

found_, it is added to or subtracted fror:i 0°,90°,180°, or 270° 

depending on the octant. 

Advantages of this routine are; accuracy, as the 

function (sin or cos) of maximum slope is chosen for 

comparison with the lookup table; and reasonable speed, 

as no more than 32 points of the table have to he searched. 

The tangent function is not used and so large values which 

might cause arithmetic overflow are avoided. 

n 
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4Fc5. ( 	n!)t-c,ut Tot incn . 

The results are listed in tabular form at a data 

terminal. As they are required in decimal form, a binary 

to decimal conversion routine is needed (labelled HDEC). 

This converts a 9 bit binary number to a 3 digit decimal 

number. Printer control routines from the stimulus 

generator programme are used in the production of the 

listing. 

After printing the results, a graphic display of 

the transformed responses may be obtained. The X and Y 

inputs of an oscilloscope are driven from D/A converters 

with buffer amplifiers. For each harmonic number, a 

cluster diagram is provided, with mar}ers showing phase 

mean and standard deviation, X and Y axes, and a heading 

giving the harmonic number. 

The asynchronous communications interface (ALTA) 

is interrogated frequently during the display to determine 

whether a key has been pressed on the data terminal. The 

display routine starts with transformed responses of 

harmonic number 1. Typing a number from 1 to 6 changes 

the harmonic number. Typing a letter 'X' returns the 

system to the stimulus generator programme.-  Other 

characters are ignored. 
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4.5.8 	ticalin  of rrinted results. 

When the phase moan and standard deviation angles are 

evaluated, 560" is represented by 100 hexadecimal_. Therefore, when 

these angles are printed out in degrees, they must be multiplied_ by 

360/256. This is done before binary-to-decimal conversion. 

The amplitude mean is also multiplied by a scaling 

factor before printing it out, to give the result in volts/Hz at 

the input of the A/D converter, but this scaling factor corrects 

for a number of explicit and implicit multiplications that the 

signal has undergone, namely; 

1) Scaling by the A/D converter. By reference to the 

slope of the A/D calibration curve, it is seen that one volt is 

represented by 252/5 (decimal). 

2) The subroutine TRANS divides by 16 in order to 

obtain a one-byte result. However, in order to save time, it 

does not multiply by the sampling period (0.01 seconds), which 

should be done in order to obtain the correct DFT. 

3) After conversion to docjmal, a three-digit result 

is obtained. Results were expected sometimes to exceed 0.1 V/Hz 

but never to exceed 1V/Hz: therefore the decimal point was placed 

before the three decimal digits. This :implied a further division 

by 1000. 



Putting these factors together, the necessary scaling 

correction is: 

5 x. 16 x 0.01 x 1000 - 
800

- 
QO 	202 

• approx. 
~52 	 "' 252 	64 

The multiplication by 203 is done by the MULT subroutine 

and the division by 64 is done by shifting. 

The practice of Chirlian (1973) was followed in computing 

the discrete Fourier transform. He includes the sampling rate 

explicitly in the formula for the DFT, so that the units are 

V/Hz rather than volts, as given by other writers. This is 

because he derives the Fourier series for periodic functions 

as a special case of the Fourier transform for non-periodic 

functions. The spectral lines thus obtained may be regarded 

informally as having infinite amplitude but finite area. 



120 

4.6 	r _ 	 r __ 	i 	i• _EC; .,_.r. of c.._...S•a .. t•_ . ~. ~;1 .. e 	e. ano orm c,,.b'cuBie . 

When the discrete Fourier transform subroutine TRANS 

was first tested, it. failed to run. Not only did it either get 

stuck in a loop or else print out a string of meaningless 

charact~-n, but it often also corrupted the programme so that it 

had to be reloaded. The cause of this particular problem took 

some time tc find, and was fairly subtle. 

In order to locate more accurately where the programme 

was failing, a series of small changes to the subroutine were 

tried. It was found that if the call in TRANS to the sine 

subroutine FQS was removed, then TRANS would run. However, FQS 

had worked in the stimulus generator programme and so there was 

no obvious reason why it should stop-TRANS working. The execution 

timing would be altered, though, by leaving out FQS, and this 

would affect the positions of interrupts in the running,of the 

subroutine TRANS. These occurred every 10 mS. • 

Investigation of the interrupt system failed to reveal 

any obvious faults. It was possible that the interrupt request 

signal to the microprocessor was racing with the microprocessor 

clock. This possibility was ruled out by adding an inverter to 

shift the transitions of IRQ by a quarter of a cycle with 

respect to the microprocessor clock. The effect of this was a 

small improvement, but not a complete cure. 

As the fault seemed to be associated with interrupts 

and subroutine calls, the area of memory in which the stack was 

stored was examined after each attempt to run TRANS. The stack 

contains data enabling the microprocessor to return to the 

correct address after an interrupt or subroutine call. Thus, 
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programme could be obtained. It was noted that sometimes the stack 

contained data which did not correspond to an address within the 

programme, as it should have done. It was suspected that data on 

the stud- was somehow being corrupted during the execution of TRANS. 

The fault was finally traced to the fact that the area of 

memory in which the stack was stored was pattern sensitive, 

Although the memory had appeared to work correctly when it was 

first tested, particular sequences of reads and writes caused 

corruptions. For example, location 4rk'6 was loaded with FF. 

Location 4172 was then changed from 00 to F%' and back to 00. 

On reading 4FF6 again, it was found to have changed to FB. 

This type of fault is extremely difficult to test for, even with 

high speed automatic test equipment, because of the immense variety 

of possible sequences. 

This problem did not seem to be due to a fault in one 

particular memory IC, as sometimes more than one bit was affected. 

It depended on the +5V supply to the memory board, which. at that 

time was rather low in voltage (+4.8V). Pulling out one of the 

other boards, thus reducing the load on the +5V regulator, 

corrected the fault. This regulator was a 3A type, and it was 

running close to its maximum rating. It was changed for a 5A type, 

and extra decoupling capacitors were added to the memory board. 

When the programmable read-only memory board was added ( to be 

described later ), the RAM beard concerned was no longer needed, 

so circumventing the problem. 
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When the discrete Fourier transform subroutine 

TRANS was first written, it took 1010 mS to run, 

including a 'wait time' of 640 mS while the input 

data was sampled and stored. As the maximum run time 

was intended to be one second, some improvement was 

needed in the speed of execution. This was done by 

identifying areas of the subroutine which took a large 

number of machine cycles to run, and rewriting them to 

save machine cycles, although possibly using more bytes 

of memory for programme storage. Several changes were 

made, each of which contributed si ificantly to an 

overall improvement in speed, reducing the run time 

for TRANS from 1010 mS to less than 990 mS. This 

brought it well within the design requirements. These 

changes were as follows: 

1) instructions which use indexed addressing 

generally take one cycle longer to execute than 

corresponding instructions with extended addressing. 

However, extended addressing instructions are three 

bytes long while indexed addressing instructions are 

only two bytes long. So indexed addressing instructions 

wore used in parts of TRANS which were to be executed 

only once or only a few times, while extended 

addressing was used fdr instructions which were to be 

executed many hundreds of times, during a run of TRANS. 
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2) The branch--to-subroutine (BSR) instruction 

takes 8 machine cycles, and the more general jump-to-

subroutine (JSR) instruction takes 9 machine cycles• to 

execute. At the end of each subroutine there is a 

return-from-subroutine (RTS) instruction which takes 

a further 5  machine cycles. Therefore, the use of 

subroutine: was avoided when the concomitant saving in 

memory would not have been large . 

3) Improvements in speed were made to subroutines-

in the stimulus generator programme which were called 

by TRANS. The multiplication subroutine was changed so 

that temporary results would be stored in reserved 

locations rather than in relocatable locations This 

meant that extended addressing could be used instead of 

indexed addressing. Some of the instructions involved 

were within loops, so this made a considerable 

improvement in the speed of multiplication. 
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Testi_n^ the s: stem with a  io:-"ue test c _enals. 

The system was program::ted to produce 64 stimuli with a 

repetition period of 1.28 seconds. (Thee stimuli were positive pulses 

but the audio output was not used in these experiments.) 	Various 

test signals were applied to the A/D input. In each test, a train 

of 64 stimuli was generated, and then the STATS programme was run 

(by typing 'A' in response to the question 'itEXT(S,G,A?) ' ) 

In the first tests, a d.c. level was applied to the A/D 

converter. Three voltages were tried, OV(short circuit), -2V and 

¢2V. The expected mean amplitudes were zero for harmonics 1 to 6, 

with undefined phases. However, it was found initially that the 

mean amplitudes were small but non-zero, and that the phase means 

were all close to 225°  for all harmonics. This was found to be due 

to the DFT subroutine and not to the subsequent statistical programme. 

The DFT subroutine contained a truncation after multiplication, but 

before summation, and this gave a systematic error to the result. 

This was corrected by introducing steps in the programme to round 

off the results of multiplication. After this change, the correct 

zero result was obtained for each harmonic at each of the three d.c. 

voltages. 

The system was then tested with sine waves, square waves 

and triangular waves applied to the A/D input. Sine waves with the 

fundamental frequency of f = 1000/640 Hz and frequencies of 2f, 3f, 

and 4f were used. The amplitudes were approximately 1V peak. 

Square and triangle waves of the fundamental frequency were also tried, 

to see whether the Fourier analysis obtained agreed with theory: 
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Test signals were provided by a variable 

frequency signal generator. The microprocessor and 

the signal generator were not synchronized electrically, 

but the frequency of the signal generator was 

adjusted by hand to maintain synchronism. For this 

reason., the tphase standard deviationst in the results 

were non-zero. 

The 'sine wave' output of the signal generator 

was not precisely sinusoidal but was an approximation 

with five straight line segments representing each 

quadrant. The analysis by the system indicated that 

the power in the fundamental was very much greater than 

that in any of the harmonics, as expected. The results 

are given below. 

Analysis of square and triangle waves by the system 

gave results which were in agreement with their 

theoretical harmonic contents, i.e. no even harmonics, 

and odd harmonics with amplitudes which are fixed 

fractions of the fundamental. These are is and 1/5 for 

the third and fifth harmonics of the square wave, and 

1/9 and 1/25 for the corresponding harmonics of the 

triangle wave. 



• 0.288 
0 

0 

0 

0 

0 

2 

3 

4 

5 

6 

0.288 

0.006 

0.002 
0.000 

0.002 

0.000 

Harmonic 

Number 

Amplitude mean computed 

by microprocessor (V/Hz) 

Expected relative 

harmonic content 

1Zt 

Table 4.1  - Tests with known analogue signals. 

Sine wave, approx. 2V 2.-)e-to-peak, frequency 1/0.64 Hz 

(Harmonic 1 frequenc-:) . 

Sine wave, same amplitude, frequency 2/0.64 Hz (harmonic 2) 

Harmonic 

Number 

Amplitude mean computed 

by microprocessor (V/Hz) 

Expected relative 

harmonic content 

1 0.000 0 

2 0.288 • 0.288 

3 0.000 0 

4 0.002 	• 0 

5 0.000 . 0 

6̂  0.002 0 

Sine wave, same amplitude, frequency 3/0.64 Hz (harmonic 3) 

Harmonic 

Number 

Amplitude mean computed 

by microprocessor (V/Hz) 

Expected relative 

harmonic content 

1 0.000 0 

2 0.000 0 

3 0.288 0.288 

1F  0.002 0 

5 0.000 0 

6 0.002 0 
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Sine ware, same amrl.i` :E de (2V!  r' _?.) , frequency -/0.6!4 Hz 

(harmonic 4) . 

Harmonic 

Number 

Amplitude mean computed 

by microprocessor (V/Hz) 

Expected relative 

harmonic content 

1 0.000 0 

2 0.000 • 0 

3 0.002 0 

4 0.288 0.288 
5 0.002 . 0 

6 0.000 0 

Triangle wave, amplitude 2V pk -p_c, frequency 1/0.64 Hz 

Harmonic 

Number 

Amplitude mean computed 

by microprocessor (V,'Hz) 

Expected relative 

-harmonic content 

1 0.278 0.278 

2 0.002 0 

3 0.028 0.031 

4 0.000 0 

5 0.008 0.011 
6 0.000 • 0 

Square wave, amplitude 2V pk-pk, frequency 1/0.64 Hz 

Harmonic 

Number 

Amplitude mean computed 

by microprocessor (V/z) 

Expected relative 

. 	harmonic content 

1 0.382 0.382 

2 0.008 0 

3 0.126 0.127 

4 o.008 0 

5 0.072 0.076 

6 0.008 0 



11. 9 	
Ann_1vsis  cf .^..nalfArue .:"L¢,iia 	recorded  

on  magnet  .c tane .  

Although the system was intended to be 

operated 'on line', it was decided that it would be 

desirable to include a facility whereby ERE. signals 

which had been recorded on magnetic tape co•ild be 

analyzed by the system at a later time. This facility 

would enable signal analysis programmes to be 

developed and tested without requiring the presence 

of subjects except for the initial recording. 

The recording was carried out using an f.m. 

tape recorder ('Store 4', Racal). The ERA signal was 

recorded on one track, and a trigger signal, 

synchronized with the original stimulus, was recorded 

on another track. A voice track was used to record 

comments identifying different trials. 

The main problem in analyzing such records 

lay in triggering the microprocessor system from the 

tape recorder. Normally, the stimulus generator 

programme would send trigger signals out from the system, 

but in this case trigger signals were to be fed into 

the system to control its operation. Fortunately, 

this did not involve any modification to the hardware, 

as the FIA (peripheral interface adapter) connected to 

the four trigger sockets was a bi-directional device 

and could be programmed to act as an input instead of 

an output. However, some programme modification was 

necessary. 
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As the trigger pulses were normally generated 

during interrupt service, it seemed that the best way 

to modify the programme would be to write an alternative 

interrupt routine. This had the advantage that no 

modification to the main body of the programme would 

be needed. 

The new interrupt routine first set up a PIA 

bi-directional port as an input, then waited for a 

trigger input. After this a fixed delay elapsed 

before the next stimulus was initiated. Although in 

this mode it was not strictly necessary to produce 

auditory stimuli, they provided an indication to the 

operator that the system was being triggered by the 

tape recorder. 

There were initially problems in writing an 

interrupt routine which would perform as intended. 

These were found to be due to the following points: 

If. the IRQ (interrupt request) line to the micro-

processor is not cleared before returning from the 

interrupt, then the system will be interrupted again 

immediately after the return. This clearing is done 

by reading the output register of the PIA. originating 

the interrupt request. The IRQ line is set once every 

10 mS, so that if the interrupt service routine takes 

longer than this, it should be reset just before the 

return. 



The magnetic tape reading routine was as follows; 

4FC7 	Bi 	NAGTP2 	CII•iP A 	FF1 i 
FP 
11 

•-{ FCA 
 

26 	BNB 	RET 
OE 

4FCC 	7F 	ITE ST 	CLR 	SCR+15 	Here to start 
3A 	 new stimulus 
4F 
C6 	LD.AB 	?FD 

4FDO FD 
D7 	STAB 	PIAD 	Reset clock 
02 
5C 	INCB 

4rB4 5C 	INCB 
D7 	STAB PIAD 
02 

RETFL 	STAB 	FF 1 0 
4FD8 FF 

10 
3B 	RET 	RTI 	Return to 
B7 MAGTP4 STAA FF11 main 

4FDC FF 	 programme 
11 
5F 	CLRB 
96 	LDAA 	PL&B 	Test fbr 

ltFI;O 	82 	 trigger 
44 	LSRA 
25 	ECS 	RETFL 
F3 

4FE4 3B 	RTI 
01 	NOP . 
01 	NOP 
5F 	MAGTP 	CLRB 	Here on 

4FE8 D7 	 interrupt 
83 	STAB PIACRB 
5A 	DECB 
F7 	STAB 	SCR•t-15 

4FEC 3A 
4F 
5A 	DECB 
D7 	STAB'. 	PIAB. 	Set Trig 1 

4FF0 	82 	 as input 
86 	LDAA ?24 
24 
97 	STAA PIACRB 

4FE4 83 
96 	LDAA PIAC 
00 
7D 	TST 	FF10 

4FF8 PF 
10 
27 	BECZ 	I•iAGTP2 
CB 

4PFC 	80 	SUBA 	'•`a 	-^ " Insert 
a: r. 	 here delay in. 
20 	BRA 	MAGTP4 	units of 10mS 

kFFF DB 
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T:L1 S circuit  initiated t  i - operation of the system after 

a reset or an interrupt. 

On a cyste:+: reset, the microprocessor addressed locations 

FFE an then FFF . These locations contained the high and low 

bytes of the programme starting address. On an interrupt, the 

microprecesoor addressed locations F FA and FFFB, which contained 

the starting address of the interrupt routine. 

These functions could have been Performed by a standard 

semiconductor ROM, but as only four locations were involved, 

the restart generator was built from a few simple gates. The 

Motorola monitor ROM prosramme started at FEDG,-and so the 

restart circuit was originally designed to generate this address 

on a reset, and address FF57 on an interrupt. The interrupt 

routine was then in a small area of random-access memory between 

FF40 and FF57. 

Later, when considering the changes that would be needed 

when incorporating programmable read-only memory (PROM) into 

the system, it was realized that some modification to the restart 

generator was called for. Ideally, the system should be ready to 

run as soon as it is switched on Therefore, the restart generator 

should address locations in the PROM rather than in the monitor 

ROM or in volatile RAM. The circuit was modified by adding a 

switch which would enable the user to select either the original 

restart and interrupt locations or locations in PROM. These were: 

 

I-IIITIBUG  Monitor  

FED6 

PROM 

Restart 4E66 

Interrupt 	FF57 	4FE7 
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The ^ Li nu.ulu ` gen  rca t o -i and phase analysis programmes 

require a total of 31; ii of memory for programme storage and 

just over Bis of memory for temporary data storage. At first, 

the , ro: ^mores were loaded into random access memory from 

digital cassettes each time the microprocessor was used. 

When the programmes had been further developed, it was decided 

that the programmes should be stored on UV erasable and 

electrically rerrogra::mable PRONG, to avoid i;he loading process. 

Some thought was given to ways of reducing the amount 

of memory taken by the programmes. In particular, the possibility 

of having a small (128 byte) random-access memory in the area 

OCOO-CC7r or 0080-0O was examined. This would have allowed 

direct addressing to be used. This mode of addressing uses two 

bytes instead of three bytes for some instructions. However, by 

experimenting with the CDC assembler, it was found that the 

total reduction in programme length possible would only be 128 

bytes. This idea was rejected'because the programme would still 

need more than 3K bytes of PROM, so no savings in the number of 

PROM integrated circuits could be made. Also, the PIA address 

decoding circuitry would have required modification; and the 

possible increase in execution speed was not siiificant. 

It was decided that the EFRO,S should be mounted on 

a board Olich would be interchangeable with the 14000-4F FF 

random-access memory board. The 2000 .iF  and 3000-3Z1eF boards 

would remain to  form a contigr?ous 8K block. of RAil. This would 

facilitate the development of programmes by replacing the original 
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ranlo:; ucccr._ 2:1e::,ory b-.;,-,rd. The =on board included one 128 byte 

RAM IC, as 3K of RAn would not have been quite sufficient. It also 

included four 11i by 8 bit E RO: s, type 2703. The total 4K byte 

caPacity was not needed, so the decoding logic was arranged so 

that only 3 -K bytes were addressed. The 123 byte RAM was placed 

at locations 4000_407F, and the -i&R01is were placed at 4200_41TT. 

The .z' ?OES were urol 'ammed by means of a PR011 programmer 

(Data I/O S` tem 19) , loade :: from the College CDC computer. 

The PRO:: rirogra~ e,— not onlr generated the signals ?als regquir ed to 

7.roTi7,712.rme the EPROM devices, but also verified their operation. 

The stimulus generator and phase analysis programmes were 

divided into four parts, to fit the addressng range of each of 

the EPROM S, The format of these programmes differed frog.. that 

required by the PROI1 programmer. The necessary reformatting was 

done by a CDC proc'amme written by 14. Erookes.. 

The EPROMS required three power supplies: +12V, +5V, 

and -5V. The +121 and +5V supplies were already included in the 

system. The -5V supply was derived from the -12V supply by means 

of a Zeller diode and emitter follower, which wore mounted on 

the EPROM board. 
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The programme used in the PRO ;i implementation contains a 

routine for initialising the system. It starts at location 466, 

which is the address generated by the restart generator in the 

FROM mode. The asynchronous conniunicAions interface (ACIA) is 

initialised, and the header 

* MICROPROCESSOR SYST I * 

is printed, followed by the question 

STIMULUS GEVERATOR 4• PHASE ANALYSIS (A) 

OR STIiULUS GENERATOR ONLY (G) ? 

By typing G, the stimulus generator programme is selected. 

This mode would normally be used for ECochG or BSER tests, where 

a high stimulus repetition rate is required. By typing A, the phase 

analysis programme is linked to the stimulus generator programme. 

This mode is used when phase analysis of cortical responses is to 

be carried out. Note that in this mode,R the stimulus repetition 

rate is limited to 1 Hz or below, because of the time taken for 

data collection and Fourier transformation. 

Typing any character other than G or. A returns the system 

to MINIBTJG control. This facility may be used for loading other 

programmes. 



i5 
CHAPTER 5  

EXPERIMENTAL STUDIES  

5.1 	Experimental procedure. 

In order to demonstrate the complete system, a sample 

of 20 subjects were tested, usually only in one ear, at three 

different frequencies and at a variety of stimulus levels. 

The subjects were drawn mainly from the hospital staff, and 

none had any serious hearing defect. One subject was tested 

'on line' (IG) ; that is, the phase analysis was done at the 

time of testing. However, it was considered better for the 

purposes of this research to keep EEG records on analogue 

magnetic tape, as previously described, and to run the phase 

analysis programme at a later time. 

Tone burst stimuli were used, with a repetition 

period of 1.25 seconds, a total length of 100 mS, and 10 mS 

rise and fall times. The number of stimuli in a trial was 

slightly more than 64. This ensured that 64 post-stimulus 

records would be available when the analogue tape was played 

back. An announcement was recorded on a voice track before each 

trial, and trigger pulses were recorded on another track. 

The ensemble averages were computed and recorded at the time 

of testing, using the 'Medelec' signal averager. 

The procedure for playing back the tapes was as follows. 

The stimulus generator programme, phase analysis programme, and 

magnetic tape reading routine were loaded into the microprocessor. 
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A trial length of 64 stimuli was selected, and the microprocessor 

was prepared so that a trial would commence on typing 'S'. 

The tape was started and the relevant announcement was located. 

The trigger pulses recorded on the tape could be observed both 

on an oscilloscope and by watching a peak meter on the tape 

recorder. The trial was started after the first of these 

trigger pulses to follow the announcement. This procedure 

ensured that the same set of 64 records would be selected if 

the analysis was repeated. 

The results from these tests are presented in the 

tables which follow. The ensemble averages are included for 

comparison. These were visually scored using a five-point scale, 

from ++ for a definite response, through +, 0, - down to -- for a 

complete lack of response. An equivocal trace scored 0. Also 

included in the results is the approximate subjective threshold. 

This was determined at the time of testing, by asking the 

subject whether the trains of stimuli could be heard or not. 

If the subject heard all the stimuli at one amplitude level 

and none of the stimuli at the next lower level, then the mean 

of the two levels was taken as the subjective threshold. If the 

subject heard all the stimuli at one level, some of the stimuli 

at the next lower level, and none of the stimuli at the next 

lower level after that, then the subjective threshold was taken 

as the second of these three levels. 

When the visual scoring was carried out, the scorer was 

shown the complete set of ensemble averages for all stimulus levels 

at one frequency. The scorer was not told the names of the subjects, 

who were identified by numbers. 
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The following points should be noted when interpreting 

the results from the phase analysis method. It will be seen by 

interpolation from the results of. Ross, quoted above, that the 

5% confidence limit for the phase standard deviation, with a 

sample of 64 points, is approximately 90.5°  . Thus figures of 

900  or less may be taken as significant, while figures of 910  

or more are not significant. 

However, for each trial there are not one but six 

values of phase standard deviation, one for each harmonic number. 

Thus, random white noise would be expected to give significance 

in one particular harmonic in 5% of trials, by chance, while 

significance would be expected in any one of six harmonics in 

a larger proportion of trials. 

For m independent random variables, the probability 

of any n being significant follows a binomial distribution. 

If m = 6, and each variable is significant in 5% of trials, 

then the probability of the event 

n = 0 
	

is 0.956  = 0.735 
• 

n = 1 
	

is 6 x 0.05 x 0.955 = 0.232 

n = 2 or more is 0.033 

These figures indicate that if only one harmonic has 

a phase standard deviation of 900  or less, then this is not 

highly significant: it would be expected to occur by chance 
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in over 25% of tests on random white noise. If any two 

harmonics have phase standard deviations of this magnitude, 

then this is significant at 3i%. 

By analogy with the scale for visually scoring 

the ensemble averages, the results have been summarised by 

scoring + for any one harmonic significant, ++ for two or 

more harmonics significant, and - for no significance in 

any harmonic. 

The microprocessor prints out the amplitude mean of 

each harmonic in V/Hz at the A/D converter input. The gain of 

the amplifiers prior to this stage is noted in the results. 

This is such that the voltage at the A/D converter input is 

not too large, thus overloading the A/D converter, or too 

small, causing excessive errors of quantization. With a 

reasonable signal level at the A/D converter input, the first 

harmonic has a mean amplitude of from 0.02 to 0.1 V/Hz. 

The total gain prior to the A/D converter was 25000 

in most tests. However, in some trials it was found that the 

level of the signal recorded on tape was somewhat low, so the 

gain on playback was increased by a factor of 2.5-. This is 

noted in the results as (x 62500) , above the printout for 

the relevant trials. 
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5.1 

Left FP-a' 	500 Hz  

AMcK 	F, 20 yrs. 

LIN 

IX 25000 

S.D. 
0 

SCOr...1 

.80 6B 	Scct-c 
1 	. 6_1. 	303 	094 
2 ._ 	. 0:34 	202 	033P 
3 	. 024 	007 	- ,.035 
4 	.014 	302 	C131 

	

. o 14 	1119 	075 

	

. 003 	105 	091  

6o ::,,3 	 Score 	++ 
-- 1 - ' 	. 046 	.Z.--2 ,1---  -- ----07:14 

2 	. 030 	104. 	028 

-:: 	• . crt:o 	007 	097 
4 	. 014 	012 	037 
5 	. 014 	078 	027 , 
I, 

	

0118 	 	11.1 __.....  	. .088 

20 

  

1....4P c1B______ __ .__. ____ _Score __ . ++1++ 
044 - 236  

i'--  

	

--:, 	.0:34 	035 	101 

	

,.._ 	. 022 	0:=;9 	094 

	

..„ 	. 014 	015 	033 

	

5 	. 012 	007 	':84 
094 

20 dE 	 Score 	- + 

ii.:'------.---.-050-- 7---  2A2 I . --7—T.1•91-,  

	

2 	.0:38 	071 	('99 

	

i3 	. 024 	- 030 	095 

	

4 	.013 	036 	•  099 

	

. 012 	104 	099 

	

A::.00R -_z_ _ _ .L  250 	1.01. 
 

10 (3B 	 Score 	++ 4- ..., 

	

1 	. .10') 	295 	090 

	

2 	. 076 	1-29 	034, 
i3 

 

	

.062 	281 	0851 

	

4 	. 040 	035 	028 

	

5 	.028 	262 	099 

	

6 	. 022 	352 	097 

	Score 	+ + 
27 	02.; 
196 	092, 
05:3. 	105 
156 	093 
22 0'95 
:315 	095 

0 dB 
1 	I 00 

. 058 

.052 
4 	• 020 
5 	. 030 

018  

T 20 
itlf 

—10 dB Score 	— _ 
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▪ 033 	015 	093 
. 02A 	156 	0•=,'2, 
.022 	130 	033 

ILV 

    

Sub je c 	7-7cold = -5dB 

 

L 
-2CC 	 injj S TIY,F 	600 

ms 

    



}~ 

60 Gr 	 E.npzc 	++ 
'1 	.052 	-- 	

132 	0.ci 4 
2 	, 	.o?4 	261 	104 
3 	.030 	313 	088 
4 	.018 	338 	038 
5 	'014 	077 	085 
6-~^ 	 00P. 	123 	_ 	0~~ _ 

40 47. _____ ._ ___ _ _~~~~~____++| 
/i 	.V40 	208 	098 
2 	• 	~030 	057 	101 

.024 	247 	097 
14 	.014 	007' 	031 

.012 	036 	092 
105 	080 

i
----------^-~-^~~~=—' 
2O dB 	 Score 	+ 

2A5 	092 

l° 	dB 	 Score 	+ 
1 	. 04 0 	227 	090 
2 	.030 	2O8, 	095 
3 	' 	.024 	327 	092 
4 	.014 	302 	105 
5 	.n14 	350 	095 
6 	.003 	111 	091 

' 	~ ~ 	d9 	 Score 	+ 

	

1 	
' 	

.044 	224 	094 

	

2. 024 	244 	032 

	

'3 	- 	. 024 	264 	097 

	

;4 	. 013 	138 	092 

	

15 	.012 	000 	095 / 

	

:6 	.006 	:307 	094 
-10 dB 	 Score 	+ 
1 	. 04A 	323 	0'99 
;2 	• 	'034 	112 	104 
|3 	.024 	0A4 	032 
A 	.013 	021 	092 
5 	.014115 	099 
6 	.o03 	

' 	
098 	1o3| 

` 

Subjective 1-z,collzlb = -5do 

++ 

) 

-2C0 	0 	POS7~S7I>MUS TIME 	600 

++ 

-t- 
120 

~L
| 11V 

O ~ ~ 

++ 

1~ 

0 

T0 

'------- -- 	--- ------ '-- ---- . :c~~o~ ncsqlto • InxocbIo AvcrafLe 
8U |i~~t:"...t.-..:d., 	

' 
~~~r. 
VAlz, 

x 25000 • 	/ 
i 

~hscc 
Nban I 

u 	/ 
~~~u 
S.D. 

u 
Score 

1- . 084 	• 164 097 
2 	.0A0 243 092 
3 	. 05i; 247 092 20 
4 	'038 0o5 022 l~ 
5 	.030 061 081 
6 	, 018 115 073 



085 
098 
087 
078 
095 
084 

++ 40 as Score ++ 

}~ 

110 l~~V  

Tab 5^3 

	

Left Ear 	2 KHz 

	

- 	| 3icro~~~~vz~~r .~c~^Itc 	 | 	 

- 

Ensemble Average 

Mean 
VA.; 

|74 25000 
n ! v 

Gccre 
J_- 

80 ~r. 	 soore 	
+ ++ 

1 	.o34 	o43 	091| 
2 	^ .V3U 	156 	~ 

3 	'V24 • 	241 	0.?,51  
4 	.014 	2_ 6 	0:74 
5 	'V12 	049 	09 ' 
,~- 	.008 _ 053 _ 	~94| — --- 
.- ~» dB ~- Score --- 

'1 .040 241 
2 .030 118 
3 .028 260 
4 .013 313 
5 '012 054 
.A .008 105 	__ 

-, 
/ ++!++ 

.046 

.030 --.024 
4 	.014 

.O12 

283 	094 
303 	087 
057 
077 	074 

178 	092 
149 	094 

1 
 --. 

20 
!  ~V l~ 

20 dD 
1–' ~ — 

2 	. 
3 
4 
5 

~~ 

.040 

.O30 

.023 

.014 

.014 

.008 

Score 

001 
3̀31 
000 
263 
115 

'___084 
.. 	I0 dB 

 ,_o2
- 	'

• q .046 
2 .038 208 

.D28 352 
4 .018 181 

15 . 014 :317 
.008 341 

Q dB Score  

(1 , V40 192 
!2 '030 357 
3 .024 316 
4 .014 243 
5 .012 355 

:6 	_ .h03 098 

dB 	 Score 

20 
l0 

- ++ 
102 
098 
092 
101 
094 
101 

090 
101 
088 
0'95 
099 
_090. 

097 
099 
094 
098 
094 
1/01 



193 	099 
230 	094 
291 	074 
30~ 	084 
007 	087 
084 	091 

±± 
184 	'-090 
232 	087 
270 	084 
309 	080 
005 	070 

I~O 

++ ++ 

Table 	5^4 Subject 

Left Ear 	 500 Hz 

	

nicrop:olor 'Roc 
----   ' 

ul t3.  	 { 	 
1 Pmzc 

I!exz' G.D. 
o I n 

Score 

8o 6B 	 J:,r, 	++ 
144 	090 
212 	075 
262 	071 
:312 	070 
014 	081 
091 	080 

*+ 

~
- 

.03v 
2 .o38 
3 '024 
4 .018 
5 .018 
6 .008 

60 c1s 
1 .056 
2 . 040 
3 .024 
4 .01a 
5 .014 
:, .012 

4o a5 
1 '056 
2 .V44 
3 '030 
4 .018 
5 _ .012 
A .008 

20 ~:d  
~
------

.044 	161 	090 
~~ 	.040 	222 	090 
3 	.024 	'316 	090 
4 	'018 	009 	- 037 
5 	.014 	043 	038 
6. 	 0̀12 	146. 	082 

10 dB 

 

20 
+ 

score 	++ ++ 

++ ++ 
-095 
032 
n34 
»99 
094 
104 
++ --~ 
087 
102 
095 
035 
091 
102 

^ Score 
1 ' 	.030 	127 
2 	.028 	284 
3 	. ,018 	043 
4 	.012 	125 
5 	^014 	129 
6 __ 	

00111;34 

	

08 		094  
;_o_aB  (x 62500) Score 

.104 

.078 
146 
298 

13 .052 281 
4 '046 299 

15 .04A 234 
'o28 357 

-10 d3 Score 

1 .050 007 
2 .O38 347 
3 'V22 225 
4 .V18 227 
5 .018 01A 

-- 

|
10 

097 
097 
091 
104 
099(  
94 

.. 
 600 C 	paum-uzrsuLy~TI~~  



Score -10613 - ~- 

1?4 
151 
233 
273 
340 
018 

. 040 

.030 

.022 

.O14 

.V12 

.002 

	

:1 	.084 	178 

	

, 2 	. 094 	331 

	

3 	.052 	275 

	

4 	.04V 	223 

	

5 	.038 	247 

	

:6 	. .024 	_022 

073 
078 
088 
090 
102 
099 

~~ 

110 l~ 

! 	  
-200 0 	 ~I~~ 600 

l.V 

++ 

0
  C

/1
 	

C
O

 R
i 1-

+
 094 

095 
092 
092 
092 
092 

19 dB 
  .030 

2 	.040 
3 	.022 
4 	.018 
.5 	.012 
' 	 '. 	..0.02 
| 0. 	(x 6250O) 

Score ++ 
073 097 
250 099 
354 088 
070 031 
099 091 
143 890 

Score ++ 

~ ,c 9 
ciE ~ 

Table 5~5 

Left Ear 	1 KHz 

Subject LL 

' 
. 	z 25000 

UN 

2.csults 

Amplitude Phase 1 Phase 
Mean Men I S.D. 
\AIz o I o 

Score 

++ 80_69 	Score 	++ 

i1 	.038 	084 	091 
2 	'034 	216 	075 
~ 	,o24 	26o 	085 
~ 	.014 	326 	077 
{5 • 	'0/2 	029 	067 

' 60 cl5 	
Score 

.1 	.O34 	191 	097 `2 | 	 h28 	201 	084 ^ 
~ 3 	,024 	279 	071 
`4 	. 014 	316 	074 
's 	'o12 	022. 	075 
;6_ 	^008 	129 	090 

20 

i y 

++ ++ 

	

4o E.5    Score 	++ ++ 
1. 	.040 	095 	094 
12 	.030 	201 	084 
3 	.024 	262 	085 
4 	.018 	:345 	092 
3 	.008 	046 	080 

| 20 dB 	 Score 	++ ++ 

	

!1 '-°` .024 	174 `  ' 	098  
' '- 

	

m,~ 	241 	—891 
 

	

_ 	- 
3 	.018 	008 	091 	 ~~~-- 

iv .008 . 118 	081 
16-- 	-.006 	187 	 090 



~~uIc 5°6 
Left Ear 

j_:rcnro:::cscr Results 

Subject LL 

• FnscmuIc Average 

Phase 
Mean 

n 
Score 

1 
2 

4 

Soorr! 	++ 
• 038 	123 	097 
▪ 02A 	225 	094 
' 028 	270 	0A2 
.014 	:319 	074 
' 012 	032 	082 
.003 	122 	080 

60 d'2, Score 
_ ~ ~~~ 

  

80 d T3 ++ . 

^ 	• 	."~- 
2 	.03o 
~ 	.022 
4 	. 014 
5 	.008 
/~ 	.VV8 

^.~ 
241 
270 
336 
047 
064 

- - -  
097 
087 
080 
066 
0-91 

40 dr2. Score ++ 
1. 	.038 144 ' 	i 099 
2 	.034 174 087 
A. 	~024 312 077 
4, 	.014 009 074 
5 	.012 059 088 
i6 	.008 164__.. 0~y 
/ 2D dB Score ++ 
1 	, 034 026 102 
L._ 	-028 194 091 
3 	. 024 • -:.4•.:.i 090 
4 	.012 019 077 
5 	.008 302 101 
6 	.006 154 095 

1-0 dB Score + 
/~~ 	.046 101 094 
2 	.0 33 182 091 
3 	.024 009 085 
4 	.014 022 091 
5 	.014 043 094 

t:6 .__ 	.008 097 101 
1 	8 -0 (x 6250V) ucoro ++ 
I 	.0S4 139 078 
2 	.068 338 094 
:-4 	o52 o~•:: 1o2 

T 20 
.) ItV 

+ 

120  ~~ ~~ 

++ 

- 	-~- 
~~ I
~V 

++ 

110 
 l~ 

- -- _ 
~~ 4 

5 
E. 	_ 

. 038 

.V24 
022 
316 
046 

Score 
'
1
' 

.046 279 
2 . 034 262 
3 .024 267 
4 .012 309 
5 .014 25A 

094 
091 
087 

101 
094 
097 
09A 
098 ' 

	

} / 	 ------/ 

	

-2oJ 0 	 TInE 600 
ms Gubj~c~ ir, Threshold = -5dB 	 ~°^~-^~^'^~~~ 



Ensemble Avera6e Microrrocc=cr Rcr7c.Its 

LL Subject Table 5.7 

++ ++ 80  dB 	Score 

	

1 ` .030 	077 	094 

	

.024 	178 	080 
~ 

	

.V24 	261 	073 
4 	.V14 	 064 
5 	.014 	350 	0i;8 
.6 _ 	.0U8 	06A 	075 

| 60 d8 (x 62500) 	ccorc 	++ ++ 

0971  
0G(1 
0:32) 
074 

120 
 

n~ 

dD Score 

T ,v 
20 

Right Ear 	500 Hz 

':IN 	L:17,litudc  
Moan 

'' 

12: 25000 

Pno:: i Phase'  
M:sm S.D. 

n 	v 
Score 

++ 
.040 226 
.034 220 
.024 292 
.018 334 
.022 049 
.012 161 

++ 

+ + Score  
.050 	077 	091 
.034 	251 	097 
.022 	262 	088 
.014 	15:3 	094 
.018 	265 	11 ,9~~ 
.012 	279 	102, 

Score 
129 	087 
255 	078 
022 	097 
199 	097 
312 	102 
217 	097 

'1. 	.050 	143 	097 
2 	,038 	172 	091 
3 	.024 	234 	099 
4 	.018 	270 	093 
3 	.018 	303 	095 
6 	. 014 	109 	102 

| / ~ 
-200 0 FO3T-S7I:OLVS TIME 603 

20 
+ 

T 1 °   

jl O 

l~ 

1'' 
2 

.028 

.028 

.018 

.012 

.024 

.012 

0981 
081 
034 
088 
084 
088 

++ 

40 dB 

1 1 
.046 
.034 

:3 	.024 
.018 

o5 	- 
.012 

`c 	.003 

i2 0 dB 

Score 
167 	09d 
203 	087 
279 	101 
:347 	071 
011 	085 
118 	088 

Score ++ 

E1 	• .066 170 
2 .n78 213 
3 .050 253 
.4 .046 :324 
5 .050 028 

120 ~~ l~ 



07. 
094 
080 
088 
092 
09 

--^ 120 

++ 

Right Ear 

niCronrocccsor Results Ensemble Average 

Mcec 

X 25000 Score 

Phase 

++ 

++ 

80 dB 	Score 	++ 

	

'
1 	' 	.052 	14:3 	.097 

	

2 	.040 	216 	08R 

	

3 	.028 	274 	084 

	

4 	.0l8 	352 	075 

	

'5 	.O1R 	016 	074 

	

6 	.008 	092 	081 ~ 
dD 	 Score / 6o 	 ++ 

	

1 	.033 	151 	0S4 

	

2 	'0R0 	219 	084 

	

o 	.02.4 	272 	063 

	

4 	.O1S 	319 	068 

	

5 	,012 	350 	030 

	

6 	'008 	120 	_ 027 

120 

	

/1-0 uD Score 	++ ++ 
.034 	178 	09' 
.028 	187 	088 
.022 	248 	081 
.014 	310 	080 
.014 	005 	078 
.o06 __-064- 	0R4 

	

Score 	++ ++ 

r1 
2 
3 ^ 
4 
5 
. -- _ 
20 dB 

120 

	

11 	
—~-~ .- 040 	185 

	

.2 	.030 	240 

	

i'3 	.022 	336 

	

4 	'018 	015 

	

' \5 ' 014 	081 

I / 10'dD  
.038 

2 	.034 
3 	.022 

1 4 	.014 
y5 	.012 

Score ++ 
147 O85 
300 081 
330 092 
270 097 
174 091 
277 101 

0 dB 	Score 

	

'1 	.05o 	136 

	

'2 	. 038 	024 1 

	

3 	. 024 	187 ~  

	

4 	.013 	279 
.014 	019 

	

6 	.008 	341 
dB 	Score 

091 
V9.,=; 
092 
101 
102 
097 

5dB -200 	0 	POST-STIMULUS TIME 	600 



20 

= oqn 

10 

~ 

Tab, e 	5^ 9 	 5xhj~ot 	LL 

Right Ear 	 2KHz 

Mean 
I/41z 

~ 2 5000 

Phase I Ibzsr 
Mean A S.D. 
o I o 

diN 

Score 

80G3 
1 
2 	.04o 
3: 	.024 

.018 
~ 	.V14 

.O12 

Score ++ 
<37 092 
223 u87 
299 064 
313 070 
005 117 
098 092 
Zccre 

++ 

rl 	.o34 
2 	'028 

.022. 
'4 	.018 
'5 	.012 

.O0G 

06G V9R: 
199 092' 

/ 
241 092 
319 078 
052 088 
102 084 

4o _—_--_ 

2 	'834 
3 	.024 

.014 

.014 

e"", o ' ++ *+ 
094 

0R7 

11.V 

285 
212 
279 
340 
064 

091' 
092 5 

--- _-_ 1 	- 044 

I 20 l:11 

~ '-- -_ ''' 
20 dB Score + 

.1 .034 167 092 
2 

' 
.034 182 087 

r3 .024 '323 094 
4 .014  097 092 

i 5 .012 082 091 |6 .008 164 094 
| 
10 dB Score ++ 
1 .030 156 090 

. 028 357 098 
~3 / . 018 229 090 
,4 . 014 225 091 
'5 .018 300 098 
i6 .,012  226 098 

0  ~.13 	 Score ++ 

11 0 
~0 

+ 

1 .044 296 

'2 038 203 090 
3 • 024 099 
.4 .018 274 097 
*%5 .018 087 
~ 160 101 

d B 	 Score 

| 	| 	 t• 

	

-200 0 		6Do 

~~ 

6o6:3  



Score 

Score ++ 

210 
284 
074 
212 
354 
096 

Score 	~ 

0871 
087 
095 
088 
099 
097 

'008 

20 dB 

. 044- 
~ 	.034 

13 .~ 024 
. \4 	:014 

'5 ^ 012  
16_ 	. 008 
| 	' 

 

10 dB 	 
1 	'046 
2 	.030 
3 	.024 
4 	.014 

.012 
6 	008 .  

' 0 dB  
r 1 	'056 

.034 
~3 	'022 
4 	'014 
5 	.014 

~ 6 	.008 

203 	091 
005 	095 
201 	095 
331 	091 
050 	098 
279 	 06  

Score 	+  - 
160 	0911 
140 	092  
012 _ 	0 
099 	V92' 
035 	098 
045 	1O1 

4O dD 	 Snore 	++ ++ 

	

11 	.044 	090 ' 099 

	

2 	. 024 	227 	085 
3. 	.022 	258 	092. 

	

/4 	. 014 	046 	080
1 09 	0R9 

 
' - 	

106 	099 

	

- 	_ 

+ 

120 

120 
~~  
l~ 

~O 

0 

120 n~  }~ 

120 

10 
120 

v.V 
120 

zbul; 	5,1O oxh1~rt 	DA-K • 	 37yra . 

Left Ear 	 500 Hz 

:.fiornr,rcocczar Rcoolt:3 

Amplitude 

x 25000 • 

80 a~ 	 Sunr: 	++ ++' 
•1 	'030 	187 	092 
2 	.028 	234 	068 
3 	.022 	295 	063 
4 	.014 	000 	0A1 
5 	.012 	068 	074 
6 	,0V6 	133 	073 

60 dB Score. 	++ ++ 

   

.1 	'034 	279 	098 
2 	.028 	232 	075 
'3 	.024 	312 	066 
4 	. 014 	005 	064 
5 	.012 	070 	082 

`6 	.008 	137 	084 

 

 

-10 dB Score 	- - - 

.02R 	216 	093 

.023 	009 	105 

	

022 	3~1 	094 ^ 	 | .014 	04A 	095' ` 
.012 	7,0A 	097 
.V0R 	334 	097 

-200 	0 	POST-STI DJ  IT' IRE 	600 
ELS 

• 
0}

  r
Jl  

A
  W

  f
J
 ,.•

 



Taole 	5"11 	 Subject DA-K 

 

  

Left Ear 	 

   

   

aisembIc Average 

 

Score 

! 25 ' 	~D _-- 

' 
` 

■1 
~__ 	-̀ 
:,3 
-f 
:5 
6 

.034 

.028 
'022 
.o14 
.008 
.008 

087 
233 
331 
104 
099 
118 ---' 

[  dB 8c~rn 

.05n 345 
12 . .030 268 

. 022 347 

.014 043 

.012 • 030 

5 dB Score 
.046 146- 

2 .038 264 
3 .024 099 
4 .018 149 

.008 157 
ks .008 047 

Score 

	

(1 	, 046  

	

2 	'0.34 
.O24 

0 

	

4 	^18  

	

5 	.012 

	

6 	` 	' .012 

046 
:327 
275 
251 
102 
302 

dB 	 Score 

~ ^------  
-200 0 	 ~~ l~3~-~~LUs 	6C0 

:.1.11 	|Am:::I~ta~o 
' 	 ~ Moan.Gr ~ 	. 

\ 	ly~o 
|X 25000 

Phee 
i,:cou 	S.D. 

65 I-1 

v  
45- dB 	 ~rore 

 
.1' 	,034 	291 	09/ 
2 	.023 	234 	07F 
3 	.022 	296 	073 
4 	.014 	:354 	066 
5 	.012 	073 	0P0 
- 	008 	142 	7 ^"`~ 	' - 	07  

3 	. 

• 

!1 	.046 	265 	092 
`s..03~ 	239 	084 - 	

022 	322 	073( 
4. 	018 	064 	082 
5 	^008 	116 	025! 
.6, 	'~ 	.008 	23/ 	09 

++ 

++ 

++ ~ 
oey 
087 
092 
097  
091 
1021 - 

- ++ 

20 
-- 

097 
095 
092 
102 
095 

++. 
090 
081 
094 
095 
098 

. 099 

106 
v9u 
094 
101 
099 
101 

20 



~V 
.120 

120 ~V  
~~ 

l.V 
120 

O 	~~ : 	I~~~-~~LUS TIME 	600 
~ S 

JL
~ C~ 

~ 

5.12 
Left Ear 

Sub,-..!r:± DA-K 

Ensemble Ave cage 
Phase 

Mean ' 
V/1;s 

z 25000 Score 

65 0.9  
1 	.040 
2 	. 03V 
3 	'024 
4 	.014 
5 	.012 

.003 
45 ~ 

.024 
2 	.022 
3 	.018 
4 	.014 

' ooa 
6 	.006 

++ ++ Score 
187 	084 
216 	084 
295 	067 
009  
035 	091 
122 	081  

Score 	/ 
++  j++ 

237 	097 
247 	081 
295 	067 
021 	V68 
063 	073 
139 	V81 

120 
L 

1720 

4 ! = 

.Score 	++|++ 
~~ ;030164 	V.. 

.028 	234 	070 

.022 	:317 	070' 
'014 	030 	075 	 -~~~° 
.008 	075 	091 
.008 	123 	090 

1 25 dB  
`1 	.028 	149 	084 
£ 	.024 	246 	087 
3 	~ 018 	315 	080 
4 	.012 	016 	091 
5 	.008 	105 	087 

`6 	.006 	185 	091  
-i 15 dB 	Score 	+ ++ 
1 	.044 	087 	091 

!2 	.030 	247 	092 
/3 	.024 	326 	088 
4 	.014 	126 	095 

.012 	077 	099 
`6 	.008 	129 	091 . 

Score 

20 

	

~ 	Score _ + i 	dB  
1 	.028 	196 	Ver 

	

2 	'022 	296 	101 

	

.3 	' 013 	142 	o9* 

	

4 	.012 	212 	098 

	

'5 	,008 	239 	099/ 
. 

	

`6 	006 	351 	099  ~  

	

dB 	 ~---- 

	

~~ oo 	 ."`~= 	- - 

	

'1 	.024 	042 	09R
.1 

	

2 	.022 	158 	099 

	

3 	'018 	230 	0914 	~~ 
2!--•:i--. 09~. - 	-~ 

	

4 	'012 	2  

	

5 	.008 	334 	098 

	

6 	.00A 	195 	095 

120  ~y 

   

   

   

0 dB 

 



20 

120 
13.11 

2 
\ 

O
~y 

~~ 

0 

\..=..  ," ~~,~~~~' ~~~ I v.V 

j20 

2O 

++ 

f 

/ ~~ < 
~ ~ JL 

Table 

Right Ear 
:ic:.-rnr:occcor Rcsvltc 

Sub-:cct 

500 Hz 

RM 

Ensemble Average 

F, 30 yrs. 

HN | 	 T- 
| Mcan 

	
Y:cen 

\/1z 	o 
x 25000 Score 

~-- 	++ ++' Score  80 
`1 	.052 
2 	'034 
3 	.024 
'4 	.018 
~5 	.o12 

003  

040 	105 
151 	039 
229 	091 
004 	090 
111 	035 
139 	088 

60 dB (x 62500)  Score ▪ ++ 

r.1-  .068 	143 	094 
2 	'C62 	202 	084 
'3 	'V46 	261 	081 
4 	.030 	:352 	082 
'5 	. 024 	030 	084 

40 AB (x 62500) 

	

1 	.068 	209 	085 

	

.2 	.060 	137 	084 
•~ 	044 	275 	085 

	

/ 	. 

	

) 	^ 

	

4 	034 	358 	091 

	

,5 	.024 	172 	092 

	

1 6 	.018 	258 	094 

i 

	

;'1 	.078 	126 	085 
.076 	241 	• 094 

	

i3 	.052 	035 	091 

	

'4 	• .033 	084 	092 

	

y5 	.028 	060 	098  
~ ,,1~ 	156 	098 _ 
; 10 

	

\1 	.062 

	

|2 	.050 

	

3 	.040 
.4 ^ 030 
i 	~ 

	

5 	• .024 

	

6 	'022  

•	 0 0~ (x 62500) 	Score ++ 
' 	, 

	

1 	094 	237 	037 

	

 
12 	.034 	0A7 	094 

	

3 	.05V 	344 	092 

	

'4 	.032 	255 	099 

	

.5 	.022 	071 	095 

	

~6 	 .018 	014 	083 ~~ 
-10 dB 	 Score 	- 

'1 	.034 	233 	10A 
2 	.028 	040 	1 04 
3 	'022 	306 	101 
4 	. 012 	350 	097 
5 	..V12 	021 	091 
6 	,00S 	060 	101 

dE (x 62500) 	Score 	+ 

Score 
005 
	

099 
270 
	098 

007 
	

097 
025 
	

092 
291 • 
	097 

184 
	

095 

	

1i__ 	|  

	

Dobjn:tIrc zrIr,rh:Id = -5 dB 11 -200 	0 	FO;T-STI:LU3 TIME 	600 

I 
I 



++ 

/ 

~~ 

T 20 
| ,.n 

20 

5.14 Subject Rm 

ni.cr:rc%cor;33r 

Bight 

r-

/ 

Ear 

f.n 

HN I lizrolitu.de 
Roan 

| 	lyDo 

l'i,7,oc 
::ern 

o 

ybcco 
S.D. 

80 aB 	Lx 62500) ^~.-= -H- 
.1 .110 068 
2 '066 250 
3 .046 272 
4 .040 347 
5 '030 032 
6 . 022 132 
6o dB Score 

1 '033 344 
2 .030 195 
•3 .018 272 
4 .012 037 
.5 '012 026 
;6 .006 133 

/+0 	dB Score 
/ 1 	^ 
| ^ 030 208 
'2 ,024 134 '
3 | ^  018 :344 
i4 ^ 012 007 
/5 .008 047 
~ .008 025 
20 dB Score 

097 
094 
073 
020 
024 
087 

101 
084 
090 
094 
087 
088 

++ 
094 
091 
090 
022 
084 
0'32 

Score 

++ 

1 KHz 
Ensemble 

- 205 094 
12 
3 1 3  
'4 
5 
{6 

.024 
^ 014 
.014 
.006 
.006 

264 
253 
046 
099 
244 

097 
101 
097 
097 
101 

/ 
| zo • dB Score + 

11 
. 03 0 
.022 

135 
180 

091 
094 

,014 047 087 
4 - .012 160 099 

.008 272 ' 095 
,~ .006 358 092 

0 dB Score - 
1 .o30 151 101 
2 .024 237 092 
3 .018 015 099 
4 .012 235 102 

.5 .008 016 091 
:6 ~ .006 045 104 

Score e 

, 

Subjective Thrcchnld = 5 dB 
. 

' 	| 	_-----~ 
-200 	0 	POST-STIMUIJTS2IV,173 	600 



Score x 25000 

++ ++ 
09A' 
095 
077 
087 
091, 
085| 

-~~-  -
~ 
20  

J_ 

Table 	5.15 	 S"bicet 	P.M 

Ensemble Average 

Ill 1 Amrlitude P1u so 	PlInso 
Mean 
V/H2.; 

Mean 
n 

S.D. 

80 	• 
~B n:.rrc 

1 
2 
3 
4 
5- 
6 

.044 

.030 

.022 

. 014 

.002 

.003 

135 
21:3 
305 
015 
036 
087 .- 

66 a .:ore 

1 .034 1:32 
2 .028 205 
3 .018 295 
4 .012 334 
5 .008 071 
6 .008 053 

40 d8 
1 .034 161 
2 . 022 203 
:3 .014 2~3 
4 .012 007 

.008 066 
uuA 161 

20 dB Score + 

	

1 	
- 	

.034 

	

2 	.024 

	

3 	.014 

	

4 	.O12 

	

:5 	.008 

	

~ 	~ 	.006 

174 	. 
347 
327 
037 
106 
229 

098 
101 
099 
085 
095 
095  

10 dB Score + 

'1 	
-
.028 

i2' 	.018 
i3 	.014 
4 	012 `  
| 	^ 
15 	.008 
6 	. 	.006 

15:1 
262 	_ 
293 
082 
033 
192 

094 
087 
099 
097 
095 
094 

0 dn Score + 

+ 

p. V 
20 

+ 	~ , 
1 

I 
5 
~ 

1 
2 
:3 
4 
5 
6 

'022 201 025 
""" ."^° 

. 012 
~~~ =', 
31'6 

""^  ,,` 
 092 

003 115 
.008 126 104 
.006 306 092 

-10 dB Score 
.030 227 094 
.022 282 092 
.018 129 091 
.O0A 139 094 
.00A 282 102 
.00A 023 092 

Subjective Threzh:lid . -5 dB 

095 

120 

-200 PO3T-STIMULUS TINS 	600 
mS • 

IL 

20 
| 

2u 2u 

++ 

101 
099 
073 
092. 
V68 
092. 



]0 

110 

~~ 

110  ~V 
 

10 
|  

1
| 

Io |  
1~9V 

mS 

154    

Table 	5.16 
	 Subject JSN 	M,36 yrs. 

Right Ear 	 5,00 Hz 
ra ' 	Rccultrs  • Ensemble Ave -rage 

:Ha '~z:0l1t~c.: il~asv Phase  
Mean 	I :,az ~ S.D. 
Y/iiz. 	1 	o 	o 

z 25000 	| 
70 an   Goo-.-c 	++ ++ 

z 	.072 	160 	094 
2 	. 04 6 	194 	092 
3 	.034 	309 	084 
4 	. 024 	337 	087 
5 	.018 	083 	037 
6 	.013 	0?5 	 087 

Score 

-11-10 

ior 

1 	.O62 	105 	088 
2 	.04« 	27o 	092 
3 	.03V 	352 	092 
4 	. 02P 	019 	091 
5 	.018 	095 	022 

30 r3. B Snoro 	++ --- --  
153 	084 

2 	. 04 0 	201 	099 
3 	.034 	040 	094 
4 	.028 	074 	091 

.018 	104 	034 
.- 022 	237 	092 VD 	^  

20 dB 	 Score 	++ 

0
 1.11

 -.
  C
O

 115
 

d 	.060 	130 	085 
2 	. 04 0 	300 	037 
'3 	.034 	'059 	037 
4 	.024 	:354 	097 
5 	. 022 	129 	098 
a 	.022 	098 	088 i 

+ 10 dB 	 ~nnre 	+ ] ` 
'i 	.066 	237 
'2 	.044 	293 	V90 . 	 *~ 3. 	.030 	071 	1.= 
4 	.024 	004 	095 
5 	.018 	133 	095 
6 	.014 	030 	092 , 	 

-'- 

dB  
'1 	,0;3 
2 	.046 
3 	.V38 
4 	.024 

'024 
6 	.030 

-10 dB 

.066 

. 05 0 . 030 

.028 

.V22 

.022 

004 

Score 
1 
251 
267 
195 
273 
087  

Score 

216 
164 
033 
056 
.312 
3o2 

095 
V97 
097 
095 
097 
101 

* 

++ 

Subject-3 ve 	-5 dB 



Table 	5.17 

Left FPr ------ 

Subject jsN 

500 Hz 
Fan.ernble Average 

Ampl:Itodc 
Mean 
V/Ho 

x. 25000 

faa;e 	Phb.:- 
Mean 1 J.D. 
0 I 0 

Score 

+ 
~ 1 

/~ -- 
.068 	33-~~~ 	10i' 

2 	.046 	158 	099 
3 	.O3V 	322 	087 
4 	.024 	092 	095 
5 	.022 	02;=-: 	099 
6 	.012 	147 	097 

++ 

J20   ' `'^ , 

50 6o 	 Score 	++ ++ 
1 	.044 
2 	.V40 
3 	. 023 
4 	'024 
5 	.018 
6 	'014 

066 095 
264 077 
334 090 
097 092 
170 090 
151 037 

Score 
. 046 

2 	.o46 
.3 	.o30 
.4 	.024 

.018 
~6 	. 018 

: 30 dB 
11 - 
	

.050 	205 
2 	.038 	292 
3 	.030 	061 

	

.013 	032 
 ,013 . 295 

~ 	.014 	357 

Score 

O32 
203 
052 
046 
140 
278  

Score +1-f 
090 
102 
099 
099 
095 
097 

102 
091 
095 
1 01 , 
091 
101. ~ 

v,V 

.050 

.040 149 

.024 153 
4 .022 354 

~5 |.  .018 ".~ o~s 

095 

Y0 
35

091i 
 

0951  
09 
10~ 

9 
~~ ", 

09 

110 

. ' - - _ 

"B 	Score 

~ 
. 	

' 

dB 	 Score 

. 

Subjective TbrczbnId = 
25 dB 

| 	| 	 | 
-200 	0 	POST-STIMULUS TZI-1E 	600 

zIS 

_- - -__ 



1 
2 
'3 
4 

!! 
.6 

40 dB 

2 
!3 
4 

30dB 
;1 

15  

2 -P dB 

* 

0 

J 
~~~ -200 	0 	PC3T-uT~,'uL"" 	600  

LIS 

l 110 

Table 	5.18 
Left Ear 

Ensemble Average 

~d f.mplitv.do Phase Phase 

Mean Mean 
o 

S.D. 

Score 

10 

80 dB ' 
	

Score* 

1 	.O50 	073 	090 
2 	'04o 	202 	091 
3 	.030 	299 	0A1 
4 	'02A 	021 	095 
5 	.o18 	338 	'092 
6 	.018 	126 	082 

~S 
 

* 

Zcore 	+ ++ 

Svbjcot. J8N 

.050 	133 	o 

.040 	226 	o9 /| 

.030 	001 	09[ 

.024 	028 	095 
'u18 	097 	095 
.013 	090 	101  

.066 
Score 

327 091 

.J50 268 093 

.038 324 094 

.028 068 091 

022 119 091 

.022 253 092. 

Score 

.066 136 	095 

.046 348 	097 

.034 106 	099 

.0£4 194 	1O1 

.018 191 	101 

.014 337 	099 

10 

+ 
097 

Score 
12o IA m ^ 

2 
3 
4 
5 
-A 

'' 
.044 
.030 
.028 
.013 
.014 

140 
021 
101 
063 
074 

35 0 un 
095 
095 
097 

' 	092 

10 dR Score - 

1 .060 223 102 
2 .050 074 091 
3 .030 054 09-9 
4 .024 163 09'9 
5 .022 277 099 
6 .01A 302 102 

• dB Score 

. 

. ~ 

' 

Subjective Threshold = 20 dB 



5.19 Table Subject: 

Ensemble P-.vera.ge 

Subjective TIlreshold = -5d51 1 200 	0 	POST-STIYULDS TIME 	600 
~- 

~~ 
1. 3 «'1 

Le f t Ear 	 500 Hz 

• Amplitude 
Mean 

 25000 / 

~bzc~ Phase 
~csu 	S.D. 

o 	v 
Score 

Score 
1 .060 022 
2 .046 23~ 
3 .VS4 277 
4 '022 323 
5 .014 082 
6 .V12 164 0~ 

50 dB Score ++1 

1 
2 
3 
4 
5 
6 

.0,;2 

.050 

.030 

.022 

.014 

.012 

298 
22:3 
295 
046 
045 
142 

095 
080 
030 
081 
095 
094 

30 	AB Score + 
'4__-',_a62' ._ '2'33__'-_&92 
2 	.040 279 104 
3 .028 274 102 
'4 .018 046 088 
5 .012 341 092 
^6 '008 217 102 

20 Score noro - 

11 .072 270 099 
:2 .05A 275 101 
3 .038 182 091 
|4 .022 097 102 

' .014 053 098 
.012 313 098 

! 10 d8 Score • + 

1 - .032 303 099 
2 .O56 281 087 
3 .038 129 098 
4 .030 347 094 
5 .034 232 094 

16 .024 172 099 

: 	Q~B  Score  +  

++++ . 
095 
(88 
074 
087 
085 

120 

120   

-120 

.068 C~~ 

.046 219 097 
'030 032 098~ 
,022 195 1o4' 
.018 005 091 
.012 158 

Score | 

'072 111 098 
.045 035 099 
.03V 288 091,  
.022 
.014 

250 
22, 

1041 
0991 

.012 1197 097 

.1 
2 
3 
4 
5 
6 

6
)
  n
)  

l~ 120 
 

-10 dB 

1.1.11 
120 

~0 ~0 

+ 

' 

* 

f 



++. 

++ 

~0 

20 

+ 

++ 

++ 

+ 

120 
 |~ 

120   
T0 

20 
| 

/ 

20 

| 	/ 	 ------/ 

	

-200 0 	 TIME 600 

Table 5 .20 

Left Ear 

HN Amplitude itz.1:c 1.11poe 
Mean Mean I S.D. 
v/ur n 

X 25000 
70 dD Srnr: ++ 
1 '0A8 320 091 
2 . 056 203 081 
3 .02,4 275 073 
4 .022 351 03V 
5 .0l8 0A  _091 
6 .012 170 091 

u 5Dn  =-- -' ~-~ ~ ++ 
1 .060 299 097 
2 .040 OA 
3 .030 284 085 
4 '022 007 088 
5 .012 :3:34 095 
6 VVA: 146 1V1 

Subject 	la- 

1 KHz 

Score 

3°dD Sccro + 
1 '072 223 098 
2 ,052 227 087 
'3 .030 059 102 
'4 .022 023 098 
5 .014 037 102 
6 .V12 075 099 

: 	2 0 dB Score + 
1 .060 205 092 
2 .046 257 091 
|3 .024 323 088 
4 .018 047 099 

~ 5` . 014 337 098 
/6 .008 092 091 
.. 	1 0 dB  Score + 

1 .063 226 
|2 .056 216 

~ ~ . 030 :324 
.022 050 

(5 
>6 

.014 

.012 
187 
:329 

Score 
.l .060 226 
2 .044 232 
3 . 028 2.2' 
4 .330 :313 

• 5 .030 327 

-10 dB Score 
1 .068 140 
2 '050 153 

++ 
088 
094 
0?9 
09 
0871 

+ 
099 
094 

-3-----703n------1 4-0------095 
4 	.024 	02:4 	094 
5 	.024 	239 	097 
6 	.024 	329 	035 

Subjective Thr:~'nn:1-1 
Below ~10 dB 



5.21 

Le f t Ear 

Euljrct 	MF' 

2 KHz 

* _ 
037 
05~ 
0,=17 
092 
024 
082 

ii .1 	.068 	011 	101 
2 	.050 	.240 	088 

13 	.028 	 094133 	0~ 
4' 	'022 	135 	097 
5 	.018 	087 	099 
6 	.012 	274 	101 

^ 

1' .068 032• 
2 .046 232 
3 .034 302 
4 .028 132 
.5 .034 234 
~6 .024 354 

Score 
1 081 
2 .046 302 

28 344 
4 262 

. (17-: 0 154 
6 .o28 27:3 

dB 	 Sccre 

Svbjootire ~~ce~knId 

Below -10dD 

' 1 	 
-200 	POST-STZMUS TInE 	Goo 

20 
ltV 

097 -- 
101 
097 
094 
097 
.094- —'— 

20 084 
0;7,1 
090 
:392 
105 

^ 

093 
095 
092 
085 
095 
032 

+ • 

101 
099 
092 
092 
094 

. 102 
+ 

~ v/E 	a 
z 

:lcmz 	I ' 

25000  
70 dt: 

2 	.050 	248 
3 	'o3o 	225 
4 	'024 	323 

,02u 	057 

~~ 	 so~r~ 50 
1 	'088 	271 
2 	,060 	250 
3 	.038 	316 
4 	.022 	313 
5 	'018 	023 
6 	.014 	137 
3Od„ Sccre 

'1' 	.094 	313 
2 	.060 	264 
3 	.040 	277  
'4. 024 uo~~ 	337 
5 	.0~8 	258 

`6 	.1)12 	032 
10 dB 	 Scere 

Score 

-1++ 



5^22 },, 21 yrs. ::,:bjt•tct 	BE 

Left Dar 	 1 KHz 
Ensemble Average 

~~ 

++ 

20 dB Score 	++ ++ 

l!i.1 Annlitude 
Moan 
VA: rz, 

x 25000 

Phase 
Ecan 

o 

Phase 
S.D. 
0 

.  
70u3 	 Score 	++ 

1 	.078 	250 	08V 
2 	'oaa 	212 	091 
3 	'V40 	295 	032~ 
4 	.038 	326 	090 
5 	.034 	04:3 	084 
6 	.023 	201 	097 
50 dB 	 Score 	

++\ 
1 	.o84. 

	
26o 	094' 

2 	.06o 	203 	092 

4 	'028 	004 	0~5 
.5 	.028 	049 	085 
6 	. 022 	022 	099 

Score 	+ 
1 	.076 	246 	091 
2 	.050 	241 	095 
/3 	.033 	285 	091 
4 	.030 	064 	088 
|  ^ ~5 	028 	315 	099 
6. 	. 022 	227 	095 

Score 

++ 

- - 
10 

~ 	_ 	/ \~ 	~ 	 | iiii 

	

A 
	

.072 	261 	022 

	

2 	.050 	244 	085 

	

.034 	313 	078 

	

.023 	255 	102 

	

.028 	022 	097 

++ 
085 
078 
094 
094 
095 
097 '- 

O dB 	 Score - 
.1 	.V73 	2~0 097/ 
2 	.050 	:315 095 
3 	. 04 0 	136 093 
4 	'034 	334 098 

•5 	.038 	220 102 
'6' 	.022 	291 091 

-10 dB 	 Score - 
1 	.1V5 	103 101 
2 	.066 	324 0'92 
3 	'046 	:317 024 
4 	.040 	225 102 
5 	 . 040 	0;1 102 
6 	,034 	. 	o94 094 

. 

: 
Subjec Live Threshold = 0 

| / dB 2(10 	0 	POST-STIMULI'S TI1.1f. 	600 
mS 

0 

++ i0 dB 
1 
2 

1 3 4 
)~ 

.068 

.052 

.034 

.023 

.044 

. 028 

	 Score 
248 
251 
028 
229 
032 
109 

++ 

v.V 
110 

1 0 



om oohj,rt Tab ]r 	5.23 

-10 dB Score 	+ 

Left Ear 	 2 8alo 

20 
v.V 

Hh  
Mean 

x 25000 

Phace 
Mean 

o 
S.D. 

v 
Score 

70 dB Score 1 +~~+' 
1 ' '038 306 097 
2 -030 241 092 
3 .o22 302 031 
4 .013 334 020 
5 .013 323 087 
/6 .014 C85 092 

odB 8~orc 	++ ++ 

'1 .044 254 091 
2 .030 275 087. 
3 '022 235 085 
4 .013 298 094 
5 .018 042 090 
A .n1e :•;52 1 	O 

30dB Score 	+41++ 

'1 .044 25:3 	091 
2 .028 216 	095 
3 .018 2.44 	085 
4 .014 :317 	088 
5 .012 354 	088 

`6 .012 074 	098 

! 20 dB Score 	++++ 

. 1 .038 288 097 
2 .028 282 038 
3 .013 015 084 
/4 .014 238 094 

.014 187 101 
~6 .012 187 097 

•10 dB Score 	+ + 
.040 :315 025 
.024 279 092 

43 .014 279 094 
:4 .014 233 097 
15 .014 105 092 
,6 .012 288 101 

0 dB Score 	+ 
1 .050 160 097 
2 . 030 309 102 
3 .V24 134 ij97 
4 .013 004 095 
5 .018 049 097 
6 -014 198 090 

20 
1117 

120 ~~ 
 
~~ 

l0 

l~ 120 

.044 0912 

.034 213 0-:30 

.024 092 

.018 329 102 

.013 201 097 

.014 241 1199 

Subjective Threchol 	5 dB 

0+
'i
l
4
:
 W
 P)
..
 

 

l~ 

1 	 / 
-2C0 	0 	POST-STIMULUS TIME 	6[o 

mG 



Ensemble A,vrui;e :ioroTroxr 3.cnoIts 

BE 5^214 

~~ ~ ~ 
~~ ~ ~ 

~nrlit2dc 

\y-lz 

z 25000 

	

ll:ase 	Phase 

	

[can 	S.D. 
o o 

Score 

1 
2 
3 
4 
5 

.0*0 
,028 
.018 
.018 
.014 

Score 
22:3 
229 
279 
316 
053 

o ^`^^ 

50 d~ score ++ 

1 . 046 2~3 098 

2 .034 208 092 

3 .022 316 022 

4 .014 357 095 

5 . 014 074 087 
6 .o12 143 091 

++ + 
D dB Score 

,1 .040 302 097 

:2 .028 177 095 

'3 .014 326 038 

4 .014 331 097 

5 .014 082 078 

;6 .012 223 099 

dB 
/ 20 

Score  ++ 4 

/1
- 

.034 277 078 

2 .022 056 099 

L3 .018 337 092 

4 .018 233 099 

/ .6 
.013 
.014. 

126 	- 
134 

090 
088 

| tP dB Score ++ ' 

~ 1 .044 299 095 

2 .028 320 090 
.018 227 101 

4 '818 334 090 

5 '022 090 098 

|6 .014 -358 099 

0 	0B Score 14 

1 .05A 175 o99 
2 .V40 037 097 
3 .024 097 030 

4 .022 337 102 

.5 .018 339 095 

6 .01* 12o 037 

dB Score 

' 

. 

Subjective Threshold = 10 dB 

++ ++ 

V94 
08;2: 
025 
0r:i5 
087 
0x8 

+ 

+ 

120 

20 

1- 
l~ 

`- — 
20 

( uV 

111V  
T~O ~` 

i--- 	/ 	_J 

-200 	~ 	POST-STI~DLU8 TIME 	600 
oS 



Ensemble Average Mier   F.esults 

Subject D'. 	F, i9. vrs. Table 5.25 

Left Ear 

T- 
EN IFkplitude I Phase 

Mean I !`.ee-n 

I

Vii,..; 	I 	o 
x 25000 I  

Phase 
S.D. 
0 

Score 

70 dB 

50 dL Score ++ + 

1 .0400 239 094 
2 . 0?0 .D.7.--. 095 
.3 . 013 3 cr 094 
4 . 012 056 081 
5 , 008 1 iI1 il; 7 .p .008 143 084 i 
30 d3 Score ++ i 

1 . 040 237 094 
2 . 024 046 1 01 

. 013 :315 090 
4 .012 016 097 
5 , 008 071 091 
:. .00A 040 083 

20 dB Score ++ 
.034 234 091 

'2 . 024 22 0 092 
3 . 01R 036 091 
'4 .012 074 090 
.5 .00;3 103 02j 
A . 006 087 099 

10 ' dB Score ++ 
1 . 03 0 229 087 

a2 .024 201 099 
. 018 R27 0 RR 

4 . 012 047 092 
,5 .008 264 102 

. 006 021 095 

0 	dB Score + 	' 
ii , 032 244 090 
2 . 023 111,4 091 

.014 220 09R 
4 . 012 :313 092 
5 . 00: 216 093 
6 .0i06 181 094 

-10 dB Score - 

1 
2 

. 040 •_:ilii 094 
- .023 267 097 
r, 1- . 0 	3 02C8 11:! 
4 
5 

. 012 
012012 

ĪI00 
.:~.2 272 

n94 
11 93 -  

6 . 002: 005 1:94 

Subjective Tnresh,D1:: = -10dB 

• 

20 

1.0.7 

T 20 
1,.V 

110 

Score ++ 
f'34 
094  
077 
092 
I_I2:7 
0.zi' 

++ 

1 
2 

4 
c 

.044 

. 024 

. 01 
.012 

00R 

234 
177 

000 
i i 	2 
11~ 

120 

1 20 
1:V 

101 

I10 
1r,V 

V.V 

l 	1  

-200 	0 	POST-STIMUIUS TIME 	600 
mS 

1 

1LV 

1 KHz 



5.26 

Left Ear 

Ensemble Average 

20 

600 pnsT  'ril.fm.USMTME 

" ...- . 

00 Score ++ + 

1 .040 270 091 
2 .024 175 080 
3 .018 298 094 
4 '012 046 0aG 
5 .VV8 111 07.~ 
6. .006 087 097 

30 dB Score + 	i 

1 .046 248 097 

.2 .023 302 092 
3 .018 254 094 
4 .014 329 091 
5 .003 083 091 
)6 .0V6 ___i26 	: 088 

dB 20  
Score t 	' 

I .040 277 090 

2 .030 236 099 

3 .014 .315 095 

4 .012 040 092 

5 | 
,6 

. 008 

.006 
057 
324 

094 
099 

i '
{y8B Score ++ 	' 

;- '038 
~ 

275 
060 

.084 
035 - 

3 ' ^ 018 345 090 

14 .012 279 106 

~5 .012 146 037 

|6 .006 261 109 
- 

Q dB Score 

'1 '044 313 094 

:2 .023 354 101 

3 . 014 174 094 

:4 .012 209 099 

-5 .V08 170 095 
.6 .0O6 060 092 

dB Score  

. 

Subjective Threshold =~5 dB 

+ 

+ 

0 

T20 

20 

l~ 120 
 

 

120 n~ ~~ 

120 

HN 	} 
Mean 

z
25oOO 

1.-hase 
Mcan S.D. 

Score 

70 dB 	Score 	++++ 
1 	.038 	2S7 	090 
2 	'024 	154 	082 

3 	'013 	33~^ 	022 

4 	'012 	037 
5 	.008 	081 	092 

	

-^~ 	oar 	V9[ 



ft. r•-• 
l ~ ~~~ 

Table 5^s7 
Left Ear 

ni:rrrrvccz.-,zor%cnoI:~ 

Subjrc~ 
3 KHz 

~~~l1~pdc 
|.:c3azi 
V/Hz 

x 25000 Score 

70 d. B 
1 	.034 
2 	'024 

.O14 
4 	. 008 
5 	.008 
6 	'006 

Score 	++ ++ 
251 	025 
216 	V90 
336 	022 
1.143 	091 
070 	098 
174 	038 

o4p~ 09.3 

120   ~~~V 

20 

~ 	| - 
	0 	POST-S"L'IlaILJS TILE 	600 

_ 

50 dB Score. 
1 
2 '
3 3 
4 4 
~ ~ 
~ 

.033 

.024 

.018 

. 008 

.ona 
' o o~ _  

206 
002 
289 
083 
113 

30 d3 
__ 

Score - 	- 

11 .044 212 094 
~~ .028 255 098 
3 .013 310 099 
4 .012 094 102 
5 .OV2 099 091 
~6 .006 070 099 

/20 dB Score + 	• 
.1 	

-- 
.056 277 092 

.2 .040 203 094 
I3 .024 ' 037 091 
4 .012 030 1390 

C5 .012 090 091 ^ .V08 029 094 
. ++ . 10 	dB Score 

1 . 052 267 099 
2 .034 300 090 
3 .022 344 090 

14 4 012 206 094 

++ 

. 
0 

' - -_ 	_ 
dB 	 Score ~ 

1 .040 	229 094 
2 .V23 	285 094 
3 . 022 	009 092 
4 .012 	094 104 
3 .003 	130 092 
6 .006 	053 102 

-10dB 	 Score + 

1 .05V 	217 094 
2 .034 	350 092 
3 .V18 	291 09r9 
4 ,012 	29:3 090 
5 .oV8 	• 	2~5 10~ 
' ~ . 004 	:312 098 

Subjective Threshold = 0 dB 

+ ++ 
084 
095 
098 
099 
0e5 
092 

12 0 
101 

120 ~~ 



Left Ear~ 	
1 Do 	'-_--._l~-_'------- 	It-Hz------ 

xioropro7.:c=r  

5.28 Table 

Ehsc,nlble Average 

Phase 

Mean 	lean. S.D. 

v/lz 	o 	o 
25000 

EN 

Zeore 

* 	 S:nrc 	 

.CA4 	240 	092 
'372 	201 	082 
'052 	295 	V~1 
.V34 	025 	088 
.034 	046 	090 
	.o22 	091 	023 

70 dB ++ 

(.1  )
  v
i
 A
 CO

  1'
0  
r
  

120 
1.1V 

--- 

}~ 

120 

}~ 120 ~~ 

l~ 110 

~~
~y~~ 

~ 6 

50 dB 

	

1 	.056 	284 	081 

	

2 	.040 	213 	087 

	

3 	'03V 	277 	088 

	

4 	. 022 	000 	033 

	

5 	.022 	074 	095 

	

.6 	.012 	151 	0.R1 
~]++ . 

	

30 ~~ 	 n,"-, 	' 	' 

	

dB 	Score 	4 

	

!1 	.050 	313 	0944 

	

2 	.033 	133 	091 

	

.3 	.022 	011 	088 

	

'4 	.V13 	0R 0 	09 

	

5 	.018 	095 	097 

' 	d~ 	 Score 	i, 20 	 ~-I 

	

1 	.052 	267 	092 

	

2 	.040 	101 	104i 

	

/3 	.023 	305 	094 

	

1 4 	.014 	178 	102 

	

3 	.014 	073 	094 / 

	

/6 	.008 	163 	097 

	

 

10 dB 	 Score 	++ + 

	

.046 	260 	094 

	

13 	
. 04 0 	320 	037 

	

.022 	064 	032 
4 	_ .018 	-'090 • - - 	027 

	

.014 	092 	092 

	

|6 	.012 	219 	085  

	

0 dB 	 Score 	+ + 

	

/ 1 	. 04; 	049 	098 

	

.2 	.030 	212 	097 

	

;:3 	. 024 	081 	088 

	

4 	.014 	130 	091 
• 5 	.012 	272 	105 

	

'6 	.30:=1 	:331 	094 

	

-10 dB 	 Score 

1 	.046 	33R 	097 
2 	.034 	330 	099 
3 	,022 	122 	094 
4 	.V14 	043 	098 
5 	,014 	059 	097 
6. 	.012 	025 	099 

Subjective Threshold = -5 dB 	-200 0 	POST-STIVULUS TEE 	600 
ms 

   

    



20 

D 2 

+ 

120 
 

O 

/ } / 
-200 0 TEE 600 

EIS 

5.29 j~rt 	8D 	 ~ 

++ 
024 
074 
090 
087 
091 '\-/
081 

Score 

• 

14 1 ++ 
087, 
092 
090 
091; 
0 BA 

++ |++ 
 or~ --~ 
0971 

_087, 
034 
097, 

086 
094, 
091| `~^ 

Left Far 
ncroprocescor  

t,splitcd» 

\Aix 
25000 

Phazo 
Mean \ 

o 	/ 

70 dB Score 
1 
2 
3 
~ 4 
3 
6 

.044 

. 034 

. 022 
o~~ ' -'- 

.014 

.012 

223 
216 
:329 
344 
o' '~~ 
133 

Score 50 dB. 

1 .040 262 
2 .V34 216 
3 .02G 303 
4 .ol;3 ozi; 
/s '012 105 
~ .v,~ .0~~ 160 ^~" 

30 dB Score 
1 .038 239 
2 .034 212 
3 .022 341 
'4 .014 056 
5 .014 040 

20 dB Score 
'-- 

Y1 .040 025 
£ .038 ' 226 ` - 022 •• 354 
|4 013 035 
5` 
,6 

.014 

.003 
~ 070 

189 

Ensemble Averatse 

~~120 
 

20 

+ 

l~ 

. 	'' 10 dB Score + 
11` .046 282 zoz 
~2 .038 21:3 084 
'3 .024 261 099 
4 .014 264 106 
5 .012 316 0'99 
6 .008 302 098 

0 dB Score - 

1 1 .O4V 281 095 
2 .O33 237 092 
3 . 024 :313 092 
'4 .018 203 097 
5 .012 203 093 
6 '008 237 095 

dB Score 

' 

Subjective Thrn,bnld 
*Below -10 dB 



T 20 | 

120 ~V 

120 
 

20 

'RV 

~~ 

110 

+ 

1 	 _J 
-2C'J 	O 	POST-37IYaILI|G TINE 	600 

mS 

Table 5.30 Subject 

Left Ear 3 KHz 
Recul Ensemble Average 

HN i 4mp1iv.ide 
Mean 
^AIz 

z 25000 

Phase 

0 

Phase 

0 
Score 

JO C.3 Score 	++ ++ 

1 . .044 14:3 0~9 
2 .034 216 087 

082. 3 .024 277 
4 '022 007 078 
5 . 014 063 09  
6 'O08 074 082. 

:1 .040 )127 095 
2 .«34 198 091 

:3 .028 :315 030 
4 .013 002 074 

! '5 '012 0~2 092 
098 

30 ~~ ~~ ~~ Sc[rA ++ 
11 .046 279 
i2 .033 230 
3 .024 000  092  

`4 .018 305 oa ' 
} 3 
|6 

~ 014 
.008 178 

165  091 
 0•:+7 

20 	dB Score - 	. 

1  
2 
3 
4 
5 
6 

.046 

.034 

.028 

.013 

.014 

.008 

238 
251 
279 
172 
056 
217 

095 
097 
091 
097 
095 
095 

' 
10 do Score + . 

1 .034 001 098 
2 .038 216 090 
3 .024 004 098 
4 .018 175 095 
5 .014 267 099 
6 .003 226 095 

0 _--_-~Dl oro Score - 

1 .044 035 104 
2 .034 002 099 
• 3 .028 136 102 
4 .012 001 095 
5 .013 029 091 

^00:=; 154 092 
' -lO dB Score + 

1 .04V 097 098 
2 .040 001 035 
3 '024 :319 091 
4 .022 2.33 095 
3 '014 309 101,1 
6 ,0o3 257 101 



163 

Tab16. 	5.31 	SI:bject 	SW 	M, 31 yrs. 

Left Far 

:IN 
Mean 
VAlz 

x 25000 

f I:o ~~ 
' 

o 

70 
1 ,od2 291 
2 .018 239 
3 .014 222 
4 .012 ~~0 
5 .00? I- i97 
6 .006 136 

50 ~~ Score 

.1 ,024 254 
2 .014 213 
'3 .012 274 
4 .003 073 
.3 '006 140 
6 .006 172 

30 dia Score 
■ 1 	.022 232 
>2 	.018 :354 
.:3 	.014 028 
4 	.012 081 
:5 	.006 123 ' 	.006 092' 
;2~ 8D Score 

.024 264 

.014 -  - ' - 
3 ,018 136 

~4 .012 227 
.003 087 

»»~ 

1 KHz 

03o 
087 
080, 
084 
0.34 
02: 
++ (++ 

083 
091 
090 
099 
082 
081 
++|++ 

032 
095 
095 
087 
037 
102,  

|+ / 

20 

|  ~~ l~ 

0A7 
104  
099, 
102 
095 
113 .- 	'''-  

I0 dD Score - ' 

	

1 	.022 	232 	097 

	

1 2 	' 	.018 	057 	095 

	

'014 	216 	094 

	

'4 	.014 	305 	095 
-~- -̂~~808 ------306---`/--0-9~ 

	

~ 6 	' .006 	170 	099 

dB Score 

' 

dB Score 

. 

Subjective Threshold = 15 dB 
L- 	\ 	 [ 

-200 	0 	POST-STIMULUS TIME 	600 
mS 

Ensemble Ar,raD: 

Score 



50 di, Score ++ 

120 
 

120 
 

1t V 

20 dB 
.062 

	

2 	. 060 

	

1 	.040 

	

4 	1) 4 

	

'5. 	. . 022 

	

,o 	 . 014 
l0 dB 

120 
 

j1V 

. 022 

. 014 

.013 

. 014 

.008 
l►►lri 

1 
2 

1 	.062 	257 	092 
2 	.044 	131 	('90 

3 	. 044 	271 	0:;::: 
4 	. 13:3R 	005 	0? 4 

.022 	015 	098 _ 
;6 	. 012 	109 	027 

30 dp 	 Score 	+ ++ 
1 	, 0_,2 	25.E 	091j 
2 	. 050 	254 	0' :. 

:3 	.044 	_ 8 	09 
4 	. 03 0 	299 	0.32 

.022 	07~5 	02R 

.012 	135 	092 
Score 	- I++ 

244 	104, 
:102 	101i 
054 	092 
080 	093 
154 	098  
3010 	098 

Score 
129 
0-30 
:348 

036 
061 

095 
0=+r 
1 02 
0'93 
092 

J- 

10 

~ ~ t 

_2C0 0 F^ST-S_IMULPS TIME 600 
. unS 

Table 	5.32 
	

SW 

Left Ear 	 2 KHz 
Ensemble Average .licro- •ce sor 

::f'1 nl plit:l~: 	Pcasc 	i 	Phaoe 
Mean i'can S.D. 
V/hz 0 0 

x 62500 Score 

` 70 dB 
1 	. 052 

. 046 
3 	.01 0 
4 	.0 0 
5 	.022 

. 012  

Score 	++ ++ 
230  
264 	0;=:4 
275 	1) 31 
C14:3 	101' 
071 	022  
14 	084 

++ 

Score 
• 

• dB 	 Score 

• 

Subjective Tilrcz old = 15 dB 

I IN 



~ rY ~ JL ~ ~ 

. 	Table 
5.33 	

S,`bJent 	SW 

LoIt Ear 	 3  KHz 
ni:ror.roccor 3f.:s,Its 	 Ensemble Average 

~N 
S.D. 

Score 

1 
2 
2 
4 
5 
6 

.06V 244 084 

.V46 241 033 
'033 262 084 

.03..:: 021 035 

.022 136 099 

.014 15:3 '092 

Score i 

-- 
.076 227 091 

.056 252 085 

.044 278 087 

.033 338 090 

'022 102 084 
. 014 182 027 

_~ 
Score 

.060 295 0991 

.O52 257 093' 

.040 331 09n 

.02G 355 101\ 

. 018 146 091' 

. 014 ~/ 241 v~, 09~ 
Score ~|* 

.056 .056 316 097  

.052 .052 246 094, 

.044 322 094' 

034  092 

50 do 

~. 

2 
3 
4 
5 
6 

30 dB 
'1 
~2 
'3 '
4 
5 ~ ~~ 

~V l0 120 

IO 

+ . 

IO 

|'' 

1 6 
^"=L. 

.014 
""' 

284 
^`^ 

1  

| DJ 	dB Score ++ |  

1 	
' 

-. 022 009 094 
2 .013' 302 099 

;3 .014 045 090 
H4 .014 009 098 
5 .006 189 082 
:6 	• .006 002 092 

0 Score - 
1 .03;1 09=1 102 
2 .024 296 102 

:3 .018 018 092 
4 '014 0;=:7 1O1 
5 .002 262 101 

6 .O06 002 095 

~10 dB Score + 

1 .022 20? 025 
2 .018 057 097 

3 .014 022 097 
4 .O12 17o 093 

5 .008 	. 143 092 

6 .V06 0A 1 101 

_ Subjective Threshold = 	5 63 
L_ 	 

P3ST-STETLU3 "."InE 	600 
 m~ 



6li 
i 

~ 

	

~:plitsdc 	̀  
1.1,r:u 	I 
17/:u 	I 

dE 
1 	• 
2 
3 
4 
5 
6 

.038 

.o34 

.022 

.014 

.00;3 
'006 

50 dB 

1 .040 
2 ,C34 
3 .o24 
4 .014 
3 .008 

: ~ .006 

30 	d.11d.11 . .050 
.034 

:3 .022 `
4 .018 

.008 
i6 006 

20 dB 
tI .J56 

13 .024 
.014 
.003 

i 6 .O06 

lA • dB 
1 .052 
2 
3 . 024 

1 4 /, 	• .014 
.008 --- 

* ++ ' Score 

120  l~ 

~~ 

-~ 
Score 	++ 

012 	o*41 
226 	073! 
3:31 	081. 
040 	084 
083 	098 ` 
053 	090 

- 
095- 
092  
0941 
097 
102 
094 

Score 
231 
223 
309 
257 
007 

:21:o::>c 
!-:c~1 

o 

I 
1 
1 

I 

Phocc 
S.D. 

u 
Score 

Score 
174 	098 
251 	094 
338 	091 
047 	092 
115 	099 
151 	091 

V6 

 052 	088 
:347 	095 
030 	088 
018 	091 

11,11 
120 

}.V 120 

061 0971  
237 082 
30~ 078' 
326 1 02 
331 092 
071 • 091 

o 

/  
-203 	0 	1.=03~-uueulAIS z.= 	o`° 

~~ 110  

~~* 
^ ry ~ 
V  

~zb~z 

 

Left Ear 	1 KHz 

 

  

       

       

Sior:opro;c-o::,cr P.c:;ulta RasumxIc Average 

O' 
.--_ 

dB 	 Score ++ 

1 .050 	2o5 099 
2 '033 	118 104 
:3 .022 	144 088 
4 .013 	133 092 
5 .V08 	057 102 
4 ^006 	126, 090 

-10 dB 	 Score + 

1 .074 	175 099 
2 .046 	019 099 
:3 .034 	254 0'95 
4 .o22 	248 091 
5 .014 	:341 090 
6 .003 	3:37 095 

I

I 

Subjo:tivo Thrcchold = 0 dB 



20 

1O 

-10 dB Score + 

1 .068 191 098 
2 '044 270 084 
3 .02:-; 212 099 
4 .V13 192 V94 
5 .00:D. 	. 020 101 
-7- _ ,Voa 30r  02:5 

Subjective Threshold = _5 d8 

}~ 

~~ 
~,~~ 
~ ~  

Tab) e. 	5.35 
Left Ear 

:311112: ec 	HW 

2 KHz 

    

    

 

• rlitud: 	ov 	Phase 
M-au 	ar_ 	S.D. 
11/H z. 	~ 	o 

z 25000 Score 

 

    

    

    

70 dB 	 Score 
	++ 

	

1, 	'040 	258 	104 

	

2 	'o34 	222 	090 

	

::: 	.V24 	323 	087 

	

4 	'014 	002 	022 

	

5 	.O0?, 	CiA3 	097 

	

A 	.006 	057 	090 

++ 

 

50 dB 	 Score 	++|++ 
.z 	.034 	205 	099 
/2 	.024 	185 	097 
'3 	.018 	330 	090 
'4 	.012 	016 	090 
5 	.O03 	056 	091 

~6 	.0o6 	105 	090 

30 ~9 	 Score 	+ ++ 

	

1 	'038 	345 	092 

	

2 	.030 	077 	098 

	

3 	.V24 	062 	099.
4 	.014 	025 	094 

	

15 	.V08 	0R1 	094 

	

;6 	.006 	126 	090 __ 	  
20 dB 	 Score ~ ++ 

[1 ', ~ .044 ` 	116 	097 
2 	.033 	275 	101 
3 	.022 . 016 	09a, 
4 	.01+ 	32r; 	094 

15 	.00::::. ` 	003 	092 
16 ` 	.006 	085 	095 

/ 	  
i 1P dD 

A. 	.050 
F. 	.038 
3 	.024 
4 	.V18 

.012 
jA 	.006  

~ o 0 

Score + 
295 	' 105 
310 091 
260 099 
052 104 
13o 094 
136 038 

Score ++ 

'0s0 	14:3 	091 . 
.040 	068 	090 
.o29 	105 	097 
.O14 	033 	102 
.00..=; 	043 	082 
.006 	0.7:9. 	081 0

 U
l .  

r  6
  ri

u  

_1 	  
-Z0.0 0 POST-SLIM;LVS 	&S.T. 

m3 



x 2 500 Score 

Hlf Table 	5.36 

Left Ear 	 3 KHz 
Ensemble Averace 

1LN t-mplitsdc .Phase 	I 2:nosc 
ncau Vean S.D. 
Vp:z w » 

1 	^ 
2 
2 
4 
5 
6 

0 d 
1 
2 
3 
4 
5 
~6 ' 

3OdB 
'1 
2 
3 
4 

:5 
.6 

2OdD 
|1 

3 	.013 	054 
4 	.014 	028 
5 	.008 	105 
6̀  	.006 	158 

101 
094 
102 
094 

Score ~~ dB 	 oro ++ 	-1  
1 	,062 	235 088 
2 	.044 	310 095 
3 	.028 	001 090 
4 	.022 	185 092 
5 	. 	.012 	185 092 
6 ` 	.008 	177 091 

0 dB 	 Score ++ 	' 

1 	.062 	163 0-:10 
2 	'033 	2=~ 083 
3 	.024 	094 031 
4 	.014 	226 101 
5 	.008 	137 097 
,6 	.V06 	352 099 

' 
-10 dB 	 Score + 

1 	.06.2 	246 099 
2 	.033 	023 095 
3 	.022 	032 102 
4 	.012 	03A 092 
5 	.008 	104 094 
6 	.006 	030 037 

Subjective 7.T-rcchcId . 
Below -10 dB 

70 dB 	 Sco:e 

+ 

.038 163 101 
'030 271 09:Ei 
.022 233 080 
.012 046 0:28~ 
.008 025 087 
.006 068 .083 

Score  
.052 309 09 
.o34 254 08 
,024 317 087: 
.014 326 092: 
.oV2 270 102 
.06A 20A 102 --- 

| 
Score 

.056 350 095 

.038 272 09~ 
'024 :341 09 
.014 177 101 
.002 323 092; 
.008 177 092i 

Score 
. 04 0 :312 098 
.030 267 091 

++ 

120 

Tbo 
„v 

110 
p.V 

. 	~ - 

v.V 

0 

~~ 

-200 0 POST-STIlaiLUZ; Tin 	6c0 

++ 



Table Subject BR 	 F, 31yro. 

20 

Left Ear 	 1KHz 

MicrcprococL,ar Results 	Ensemble Average 

EN Amulituuv 
Mean 
Vbiz 

3= 25000 

Phase 
|:oao' 

0 

Phase 
S.D. 

v 

70 dB Score 

1 
2 
3 
4 
, 
6 

.~,:, 
.044 
.030 
.022 
.014 
.V03 

2c.8 
193 
303 
014 	. 
077 • 
12? 

098 
084 
092 
085 
09C 
090 

1 
2 
3 
4 
3 
6 

.068 

.032 
'028 
. 022 
.014 
'012 

187 
172 
295 
026 
056 
105 

095 
021 
099 
V88 
075 
091 

• 30 dB Score 	+ 
'1 

2 
3 
4 
5 
6 ` 

.056 

.034 

.024 
'022 
.014 
.012 

030 
227 
309 
032 
064 
133 

097 
092 
031 
094 
097 
098 

' 	~8 .2O Score 	+ 

,1 
~2 ~• 
`3 |4 

~ ~ 
!6 

.072 
.  040 
.028 
.022 
. 014 
'012 

134 
284 
334 
323 
202 
295 

098 
095 
083 
101 
099 
105 

_ f tp • dB Score 	+ 

:2 
.056 
.03~ 

077 
168 

101 
087 

| » 4 
/~ 
.6 

^ oc~ 	J.0,4J.0,4 
.022 	009 
.012 	• 	326 
,008 	074 

v7/ 
094 
094- 
101 

0 dB 	 Score + 

• 1 .046 	254 090 
2 .030 	317 102 
3 '022 	082 092 
4 .014 	279 099 
5 .O12 	142 097 
.6 .c0;=: 	105 099 

dB 	Score 

. 

Subjective Tizenhold = 15 dB 

• 

Score 

tar 

++ 

++ 

•  

+~ 

~~ ~~ 120 

/ 	-----~ 
-200 	0 	POST-STIMULUS TIME 	600 

mS 



T b'_o. 	5.38 

Left Ear 
Mier'  

liN lr.r11 vlw 4 l: Ph P. 	cs.  Phase 
S.D. 

zl/.z o 	u 
X 25000 

80 dE Score 	++ 
1 . 0.30 334 03 
2 . i i:_ = 2115 091 

. '122 : 00 064 
4 .01 	; f,:Iil 192 
5 . 002 081 091 
_ . 00A 120 091 
60 dB Score 	++ 

1 .044 319 075 
2 . 324 198 095 
3 . 024 227 ('35 
4 . 012 032 02.2. 
5 .01 2 03 022 
6 . 012 147 091 

4 o d!3 Score 	++ 
1 . 056 317 	082 
2 .044 251 	083 
:3 . 0311 :317 	020 
4 . 012 016 	'335 
5 . 014 322 	1199 

. 014 237 	1 04 
30 dD Score  e 	+ 

1 .0411 298 0•98 ,2 .024 
327 f187 

3 ,018 020 i.13 
'.4 . 012 :3.54 .095 

. 012 192 099 
6 0138 241 1 05 

20 co Score 	- 
1 050 026 097 
2 024 242 094 

. 022 :344 092 

. IJ 1;—: 	e.-4 . 
5 	. 012 	2A0 
A 	. 008 	106 

1 III  
1 04 
097 

,______dB 	 Score 

r 
dB 	 Score 

Subjective Thr€'chold = 	5 dB 

++-  

+A- 

Score 

~ 	 c 

_200 	0 	POST-STIi:uTLTIS TIME 	6cO 
r,;S 

2 KHz 
Fnoe:able Average 

RR 

■ 

120 
10.7 

LIV 

p,V 

uv 
120 

20 
 ?> V 



RR 

3 KHz 

Subject Table 5.39 

Le f t Ear 

~-- 	~ 

120 
1 .0~0 350 
2 ,044 146 094 

.0?0 293 021 
4 .V22 os3 022 

5 .014 068 022 

Score z250OO 

, Ensemble Average 

HN Pbasc rhaoo 
u:co !lean 

o 
S.D. 

o 

80 
'
1.7) 

6 .012 071 o:41 

b0 dB 
Score 

+ 

1 , 0s2 293 0.-49 
2 .038 223 091 
3 .022 323 090 
4 '014 073 095 
5 .o12 112 091 
6 .008 320 101 

4o d3 Score + 

1 .04i; 303 101 

2 .030 247 094 
3 .024 :31:3 090 
4 
5 

 014 ' 
.012 

007 
037 

092 
104 

|6 .008 244 	, 097 

/~~ 
Score uoro ++ 

.052 

.O40 

.024 ... * 
3 

j6 
'2o. 

.vIC, 

.014 

.012 

^~~ 
189 

 239 

"~~ 
091 
088 

dB Score - 

g .106 064 095 

2 .063 341 102 
p .038 035 092 

4 .023 097 098 

'5 .01a 127 098 

6 .012 122 098 

10 s3B Score - 
1 .022 061 101 
2 .O52 261 097 
3' .038 194 (97 
4 .V22 340 o98 
5 .018 215 101 

6 .012 104, 094 

dB Score 

. 

. 

. 

Subjective Threshold = 15 dB 

110 

~~ 

+ 

110 ~V }0 

097 
088 
078 

161 
255 
324 

+ 

++ 



20 
/\,...„‘ — 

++ 

++ 

120 ~~ ~~ 

110  

 

0 

I10 
 v.V . 

++ 

10 
v.V 

120 l~ 

173 ~ ~ ~~ 

Table 	5,4o 

Left Ear 

a,uj,ct: 	JT • F, 35 yrs. 

11urcmtlo Average 

Ar:pzitodc 
Mean 
»Alx 

x 25000 

Phase 
Mean 

o 
S.D. 

u 

70 	(IL' 
++ Score 

1 126 084 
2 270 02s 

.024 354 087 
4 . 01:3 001 090 
5 
6 

.012 

. 003 
061 
165 03;=;. 

d 50 D  
Score 	++ 

1 .034 030 101| 
. 030 260 081 

022 :319 084 
4 .018 35V 084 
5 . 008 057 095 
'6 .003 130 0G75 

30 cr Sccre ++ 

    

Score 

'1 
2 
3 
4 
5 

 20 dB 
1

~ 
2 
'4 
5 

 10. dB 

2 
~4 .
5 

0 dB 
'
1 
2 ' 3 

:4 
5 
6 

1 	' '034 
2 	. 03 0 
3 	. O22 
4 	'013 
5 	.008 

0 Oa 

223 084 
253 082' 
:341 091 
337 104 
118 094 
195 084 

Score 

074 092 
350 090 
045 088 
033 095 
132 090 
164 095 

Score 
172 092 
298 099 
036 099 
071 099 
075 • 098 
319 097 

Score ++ 

043 094 
062 097 
V39 101 
016 099 
338 088 
104 090 

Sc'or  : 
160 092 
306. 097 
136 097 
025 102 
070 085 
086 091 

, 046 
, 034 
.024 
'018 
.012 
.0V6 

.040 

.030 

.024 
'018 
.008 
.003 

.044 

.038 

.024 

.014 

.012 

.066 

.o44 

.022 

.018 
'012 
.008 

-10 dB 

/  \ -200 	0 	 TIRE 	600 
m8 5 dB 



1.01 120 

i~ ~ ~ 
~ r~ ~ 

JT 

Minrn?rn7cs5vr ResoIt3 	 . Ensemble Ar"raC* 

Hri i.mraitu~c 
Moan 
1,Ttriz 

X 25000 

Phaco I Phase 
Mean I S.D. 

» I ~ 
Score 

++ ++ 

094 
091' 
085 
08R 
09 ' 
890 

70 dB ' 	 Score 
1 	.062 	201 
2 	'032 	272 
3 	. 030 	323 
4 	.022 	337 
5 	.014 	057 
6 	,008 	095 

_50  
1 	'052 	227 	095 
2 	'034 	284 	0~1 
3 	.024 	001 	0::::4 
4 	'014 	071 	097 	~^ ~ 
5 	'012 	153 	092 
_6 	.008 	285 	1 04  

. 30 ‘3.17.____ 	Score 	--1 ++ ~+ 
1 	.038 	109 	094 
2 	.028 	354 	1V2 
3 	.024 	329 	099 
4 	.012 	182 	095 
5 	.012 	226 	102 
6 	.008 	278 	101 

20 d3 	 Score 	_ 	 {|++ 
!1 • .050 	244 	098 

. 040 	666 	091= 
320 	095 

-2 0 	0 	~~2T-sTI%TLUs 	600 

[ 4 
! 5 
6 

'- 
.014 
.012 
.0O8 

026 
299 
108 

097 
095 
101 

10 dB Score ++ __ 
1 .056 091 087 
2 .034 319 091 
3 .O30 054 092 
4 .018 11:3 095 
5 .012 073 102 
6 .008 081 090 

Score ++ 
1 'o40 239 092 
2 .030 227 094 
:3 .024 022 092 
4 .V1;:-: 226 027 
5 .o12 340 087 
6 .00;3 251 104 

-10d8 Score ++ 
1 .046 061 083 
2 .034 073 099 
3 .028 V18 031 
4 . 022 216 094 
5 .012 122 094 
A '00::: 323 095 

Subjective Threshold = 5 dB 

110 



l~ 

1 20 

++ . 

++. 

110 

10 
| ~V . ~ ~V 

Table 
' ~ 

5^~2 	 &'bjert 	JT 

• DriserrihIc Aver-as= 

~8 ~znplitodc Pbzsn Phase ' 	~t:un 
v^iz  

:,an . ~.D. 
u 

Score 

70 ~~ 
1 	. 7J 
2 	.0+6 

'022 
4 	.018 
5 	.012 ~ 	oo~ 

• + Score  
206 	0~ 
291 	o~ 
020 	V~ 
323 	0~ 
1O1 	1/ , / 

++ 
098 
~85/ 
094 
087 
101 ~ op 

2 

~ ..̀ ~ -._ -~ — | ~o 50 Score 

1 .044 143 09:3 
2 .03o 153 095 
3 '024 073 092 
4 . 012 045 099 
3 .012 193 094 

:A .0O8 223 1 05 

]O dB Score 
1 ,052 355 090 
'2 .034 274 092 '3 '028 042 094 
4 .018 1;32 094 
3 .012 309 102 
.6 .008 06;•3 098 

/ ' 20 dB Score _ 
i1 .044 309 095 
'u . . 034 251 102 
: 	• .024 '182 097 
4 .022 090 034 
5 .012 036 093 

.008 122 092 
10 dB Score - 

1 .044 172 101 
2 .034 001 098 
3 . 03 0 :341 093 
4 .018 322 091 
5 .014 320 095 
6 .00E/ 007 094 

dB Score 
` 

dB 
, 

Score 

. 

. 

| 
| 

Subjective Threshold = 15 dB. 
	 ( • 

-200 	0 	POST-STIMULUS TDM 	600 
mS 



130 	099 
:347 	091 
348 	088 
092 	097 
161 	087 
146 	092 

120 
 

  

Sr‘b~,~t 

Left Ear 	 1 KHz 

ML - 	F, 22 yro . 

    

    

nicrep::0,::eozor rie_aulto 	 Ensemble Average 

8h pli , 	Pbasn 
Mean 	Zc/~ 
V/:7, 	0 

x 25000 Score 
~ 

70 as 	 Sco-e 	++ ++  
1 	.04o 	223 	099 
2 	.x3o 	216 	034. 
n 	.022 	288 	067 
4 	.014 	343 	031 
5 	.V12 	021 	3;--:1 4 - 
6 	.008 	045 	0 
50 dE 	 Score 	+ 

1 	.050 	174 	oa/ 
2 	.038 	135 	098 
3 	.024 	315 	078 
'4 	.01u 	011 	082~ 
~ . -_~_,~ 12--_ 	 ._!l7~ 
_6 	~0O6 	1 O2 	094 

20 

120 ~V  

120 l0 

Score 

10 

~ 
o=o 

0 
Score 

	

1 	'046 
	073 

139 

	

3 	.013 
	030 

	

'4 	.014 
	167 

	

~5 	.012 
	16:3 

	

6 	.006 
	306, 

dB 	 Score 

TDIE 	GOO 
mS 

-200 

▪ 

POST-STI:TIUS 

30 11_? 	 Score  ±±. ++ 

	

.1 	.056 	230 	102 

	

2 	.034 	250 	085 

	

|3 	.022 	354 	095 

	

!4 	.018 	061 	104 

	

3 	.012 	132 	087 

	

6 	.008 	24:3 	101 
Score 20 dEl  

/1 	.033 
'2 	028 . 
`3 	.022 
4 	.012 

:5 	.012 
.006  

10 6D 	 
 . 04 0 

/ 2 	.034 
.018 

!4 	.012 
.012 
.008 

D 	0B 

313 
147 
012 
146 
199 

099 
094 
098 
091 
103 
104 

097,  
101 
092 
0315 
095 
o9:={ 



++ 

++ 

+ 

110  1~ 

011 
	

097 
154 
	

097 
338 	092 
135 
	

037 
037 	098 

092 

.2 

4 
5 

' 052 
, ,,_ 
.022 
.014 
.012 

302 
343 
336 
073 
084 

85 
093 
082 
092 
085 

101 
120 

  

	-J 
-200 0 

 

-' 1) ~ ~ o ~~ 

Table 	5,44 	 S'h1not 

Left Ear 2 KHz 

I|i:r. npcc.^..~ 9.00ults 

'riQ 	Amp.Lit;d, I Phase. ' l'liDcc 
1:can 1 Vean S.D. 
v/liz 
~ 	

o 	o 
~~~~~ 	~ -~5oou / 

70 dB 

. Ensemble Average 

Score 

	Score 	++ ++ 
138 	092 1 

3 
4 
3 

.040 
'034 
.022 
.014 
.012 
.008 

50 UB Score ++ 
1 .V44 . 

	
146 098 

2 .028 240 090 
3 .024 323 082 
4 .014 032 083 
5 .008 075 098 
6 .002 120 091 
30 	,c3.  ++ 

1 .060 279 083 
2 .034 236 097 
3 .024 331 084 
4 .014 054 097 
5 .012 106 094 
6 '008 129 095 

dB Score + 

l .056 267 099 
2 .040 358 101 
3 .028 323 095 
`4 .014 039 088 
.5 .012 306 097 
6 .003 286 106 

fo dB Score + 

~ m   0 dB 	 Score 	+1 
'1 	.050 	071 	104 
2 	.030 	331 	099 
3 	. 018 	090 	1o1~ 
4 	.014 	043 	09m 
5 	.V12 	358 	091 

.6 	.008 	094 	092 

-10 dB Score 	+ 

4.
  r
j  

ii:'
 

- .050 	033 	1o\ 
.030 	350 	099 
.024 	331 	090 
.o14 	277 	094 
.O12 	265 	091 
.012 	215 	094 

Subjective Threshold r: 0 dB 

~~ 



~l9 / 
~ d ~~ 

Table 5^ 45 

20 
111r 

~ 

f 
099 
0931 

093. 
094| 
097' 

101 
091 
099 
095 
095 ~ 
101 

080' 
098 
098 
102 
087. 
098 

120 u ~ ~ 

Left Ear 
%icrcr.ro:c~::;or Results 

}IN 1.:731;1:: tud, 
Mean 
1Viiz 

x 25000 

Phase 	Phase 
lean 1 S.D. 

o 	p 
Score 

70 dB Score 
1 .040 074 
2 .V30 17'4 
3 ,018 303 
4 .014 350 
5 .012 022 
6, .00A 244 

613 Score  
'1 .05o 106 
2 ,038 279 
3 .022 306 
4 .012 326 
5 .012 091 
6 .008 115 

++ ++ 

099: 
0881 
028 ~ 
1.134 
037 
102 

+ ++ 
101 
091 
037 
099 
092 
094 

30,1? 	 ++ ++ '--'-----------'----'----------- 

	

1 .066 	226 	094 

	

~~-' - .V40 ~ ~~ 298 	094 

	

.024 	:316 	087 
/4 	.012 	026 	090 - 	
,.~ 	.O08 	133 	085 
~. 	.006 	_  021 	094 

20dD 	 Score ++ f+ 
1 .044 239 
2 .030 253 
3 .018 '039 
4' .012 241 
5 .008 113 
6 .006 :3:34 

>~-1QdB Score 
11 .044 292 
/~ .038 265 
13 .018 355 
14. .014 298 
I5 .003 348 
1.6 .006 208 
` 	0 dB Score 
1 1 .072 277 
.2 ,04O 011 
3 .o24 002 
4 '014 :329 
5 .012 07  

. 6 .008 291 
Score 

120  ~~ 

Subjective Thri:Lhold 	dB 
| 	|  	_-_-]' 

-203 	0 	P}3r.;:-STI~~~11S TIME 	600 
oG 



pV 120 

t~ 

110 l~ 

Table 	5,46 
| 

Sub jcrt 	CM 	 F, 18 yrs. 	| 

8iorop:occcror Res'llts 	 ascmbIe &vtrnge 
HN ismnlitnc, 

Mccz 
VA~z 

x 2500 

Phase 

o 
Score 

700 	-core 	++ ++ 
1 	. 034 	246 	092 
2 	. 024 	202 	093 
3 	.o18 	295 	092 
4 	.n12 	341 	

074 .......v 
.....-
N 

5 	. 008 	020 	0R 0 
6. 00,E. 	113 	075 --- 	

Score 	++~|++ ' 5O ~~ 	 oore 	| 
1 	,030 	293 	087. 
2 	.024 	097 	098 
3 	.022 	319 	093 
4 	.014 	323 	097 
5 	'012 	037 	087 ~ - - 

:6 	.0o3 	105 	037 

]Oao 	Score 
/ 1 	.034 	270 
.~ 	.022 	122 
3 	.014 	277 
4 	.012 	028 - 	5, 	.008 	080 
6 	.006 	130 

20 dB 	 Score 

	

1 	.'034 	217 

	

, 2 	.023 	130 

	

3 	.022 	295 
~ '4 	.014 	063 

	

3 
	

.008 	094 

10 dB 	 Score 

	

ci 	.030 	260 

	

2 	.024 	241 

	

;3 	.014 	:347 

	

4 	.012 	135 

	

5 	.003 	111 

	

6 	.006 	0:32 
' 	++ 

0 13.13 	 Score  
`I 	.046 	226 	092 
2 	.030 	:344 	093. 
3 	.024 	138 	092 
4 	,014 	111 	097 
5 	.012 	050 	0221  
.6 	.006 	012 	090 ` 	 

Snore 	+ |~- 
.030 	172 	099; 
'024 	202 	094 
.018 	285 	09s 
.012 	313 	V99 
.003 	095 	092 ' 
.006 	043 	088 

l~ 

| 	I 	I 
-200 	0 	POST-STIMULI1S TI~11.; 	600 



Table 	5.47 Subject CM 

1~ 

l~ 

Left Ear 

I~samblo Average 

Fit; AmnIitodc 
Mean 

7: 25000 

Phase 
Mean 

o 

Phase 
S.D. 

70 dB • arozo 	++ 
1 	' 
2 
3 

,030 
.024 
'013 

230 	091 
198 	098 
257 	031 

~ ^ oo~ ."`" o~r 	o~~ .~ 	--- 
6 '0V6 115 	052 

a  5o Ceore 

:1 .V28 230 	02, 
2 'x22 172 ocn `^ 
3 .014 272 	097 
4 
5 

.014 

.012 
312 	101 .' 
004 	101 

:15 .006 

Lao 63 Score 	+ 
2 .030 237 	104 
? .028 - 220 

-----
094 

3 .018 057 	104 
4 . 012 305 	098 
/5 , , .012 043 	084 

Score 

028 064 	099 
.024 025 	n97 

iu_ .018 277 	101 
|4 .012 343 	0'91 
5 p .  012 279 	104 
Jo ' .006 193 	099 
| / 	10 dB Score 	++ 

.030 194 	091 
2 .022 061 	084 

.013 331 	075 
.014 043 	095 

5 .008 057 	099 
.0O3 037 	091 

Q dB Score 
.034 223 	087 

2 'V24 244 	093 
3• '022 140 	095 
4 '012 239 	»99 
5 .008 022. 	091 
6 .006 

'-10 	dB 
^ 

Snnrc 	~ 

.1 .030 101 	093 
2 'O24 331 	106 
3 '013 095 	101 
4 .014 291 	094 
5 .008 216 	099 
6 .008 158 	097 

- 

Score 

Subjective Threshold = -5dD 

	

L_---_-L 	 	I 
-2nO 	0 	POST-STIMULUS ~1147-; 	600 

LIS 

+' 
• 

ltV 

~~ 

0 

110  



Inocoblc Average {licrotr:ccor. Rc5.71lts 

Subject 	CM 
3 r-lz 

5 ,148 Table 

++ 

091 
099 
097 
105 
095 
102 

' 30~B 	Score  
1 	.038 	270 
2 	.028 	045 
.3 	.018 	254 
`4 	.012 	261 
'~ 	.003 	091 
! 6 	.006 	009  

•riti 	Ampli tudc  
Moan 

x 25000 

Phase 
Mean . 

o 
Score 

70 hs 	Score 	++  
1 	'[::.3 	

/ 139 	092 
2 	.028 	336 	096 
3 	.018 	247 	090 
4 	.014 	004 	085 
3 	.008 	080 	034 
E. 	.006 	111 	088 

' 
	~ 50D  

* 

Score 

1 	.040 
2 	.030 
3 	 012 
4 	.014 
3 	.012 
~ 	.008 

241 
255 	095 
02.0 	035 
018 	095 
049 	0.90 
128 	099 " 

09;Ei 

l~ 

' 20dB 
-- .

038 
2 . 024 
`3 	.018 [ 	.012 
-5 	.008 ;o 	.006 

2 
' 3 
4
ii 
a 

.030 

.018 

. 012 

.008 
'006 

299 
001 
340 
104 
028 

0 dB - 	~- onnro ~~ 
' 	1 
2 

. 0~4 

.02S 
124 
018 

3 ,0l4 :357 
4 .012 0;z:0 
5 
6 

.003 

.006 
108 
161 

10 dB 3n' 
	

n 

1 . 044 222 
2 .028 2 A 7 
3 .V18 279 
4 .014 000 
5 . 012 292 
6 '00A P95 

Subjective Threshold 
.Be low -10 dB 

246 	091 
084 	102- 
070 	099 
142 	097 
090 	082. . 
142 	092 

Score ^^-/ 
~ ' ~OdB 	800rn  ++<++ 

!1---`-~~040'-- --'35-''---094 
102.  

097' 
• 090| 

099 

091 
V85 
090 
102 
098 

++ 
092-- 
0;;;; 
099~ 
09? 
09» 
095 

_-  | 	|'
0 	POST-STIMULUS TIME 	600 

 

-200 
my 

~~ 

Score 	+ ++ 

110 
 
T~ 

20 1 TN 



213 	V25/ 
281 	094 
295 	V7~ 
022 	077 
08;1-: 	035 
123 	094 

Score 

0%
 01

 -4
 C
O

 10
 0
-•

 

.050 

. 04 0 

. 030 
,o22 
.o1G 
.012 

20 

zo 

1Od8 Score 
002 
7% I 

 

097 
r 

2 0 dB 	 Score 

• r. -1 	.V66 ' 
	

115 	104 
2 	'040 	279 	095 
;3 	.V30 	054 	095 
:4 	.030 	070 	093 
5 _ 	.014 	137 	898 
:6 	.012 	053 	094 

3 
4 
15 
6 

.030 

.024 

.V12 

.012 

237 
285 
015 
154 

099 
097 
091 
090 

0 .a 
' 

Score + 

1 .062 157 	` 090 
2 .038 233 1 02 
3 ,030 241 098 
4 .V24 323 091 
5 .o14 046 08;E: 
.6 .008 10;:: 094 

-10 dB m Score 

1 .056 	' 129 
 ~

-0~4'
/ 

.... .044 1 75 091 
3 .033 04:'[: 097 
4 .028 32i.::. 027 
5 '018. 264 101 
6 .S12 004 101 

Subjective Trz:sbold = 5 dB 

Table 	5.49 	 LM 	F, 34 yrs. 

Left Ear 	1 ~~z 

AmrIitua» 
Mean 
V/H2, 

x 25000 
v 

B~o 
S.D. 

Score 

70 ++ Scni•e ++ 

30 a 	 Score- ++ 

	

.060 	201 	n9~ 

	

'~' 	271 	..= 
-2 	.owo 	~/~ 	v~a 
3 	. 04 0 	327 	105 
!4 	.038 	046 	097 
i 5 	.018 	140 	099 
.6 _ 	.012 	067 	102 

.072 33V 

.V30 241 

.V34 279 

.024 011 

.018 056 

.014 122 

/ \ 	~  
-200 	0 	POST-STIMULUS TIME 	COO 

mD 

1 
2 
3 
4 
5 
.6 

099 
102 
093 
090 
094 
078 

120 

1~ 

~~ 

110 



120 
 

 

120 
 ~~ 

1 	' .050 
2 	,034 
3 	.034 
4 	.034 

.014 
6 	.V12 

305 
071 1194 
136 o99 
27? 
164 090 
327 097 

5.5O 
	 3ubj~rA 	LM 

Left Ear 	 2 1CHz 

Tab] e 

:icromro:cscor 	 Ensemble Average 

d~ 	 kr.7litudu 
Mean 
VA[n 

z 25000 

-17Tras: 1 Phase 
Ecan I S.D. 

v | » 
Score 

70 d3 	 Score 	++ 4+ 

1 	.046 	161 	0~8' 
2 	'040 	222 	092 
3 	.038 	:331 	02;7, 
4 	.030 	o12 	02:2 
5 	.014 	199 	1 01 
6 	'012 	122 	na 
50 dB 	 Scuf:1++ 
1 	'038 '' 236 	094 
2 	.030 	233 	084 
3 	.028 	:344 	094: 
4 	.034 	021 	095 
5 	.012 	130 	093~ 

120 

T ~O 
/  . ~ l ~`' 

    

_30 dB 	 Score 	+  ++ 
1 	.046 	199 	092 
2 	.038 	274 	092 
/3 	.030 	333 	090 
'4 	.03o 	268 	104 
5 	.014 	167 	095 
'6 	.012 	077 	V99 

63 	 Score 20 	 ++  ++ 
~1 	.046 	240 	094 

.034 	231 	092 
•3 	.030 	091 	085 
4 	.028 	146 	090 
5 	.012 	083 	091 
i6 	• .003 	161 	085 

1.° dB 	 Score 	+ 

	

1 	.050 	192 	092 
~2 .038 	237 	091 

	

13 	.030 	327 	092 

	

4 	.024 	239 	090 

	

;5 .014 	268 	099 

	

|a 	.012 	273 . 	099 

+ 

: 0 dB 	 Scoi.e 	+ 
1 	,052 	:34:3 	088 
2 .V34 `354 094 
3 	.0?4 	153 	1o2 
4 	. 024 	340 	098 
5 	.014 	322 	10r; 

110  

   

• ' 
-10 dB SvOrc 

) 	/ 	------~ 

	

-2:0 0 	TIME 600 
CS 



lc LM Subject 5.51 
Left Lar 

dh 

Ensemble Avto-are 
Ii'11,-.15c 

	
1,11zsc 

	

Mean 	 S.D. 

	

\yEz 	o 
x 2500 	| 	 Score 

70 dr 	 Score 	++ ++' 

20 
}~ 

20 

1- 	. 044
-- 

2 	.0~3 
3 	.V28 
4 	.V34 
3 	.014 
6 	,V08 

.50 dB 
1 	.044 
2 	'030 
3 	.034 
4 	.038 
5 	.014 
6 	'012 

_30OB q~orr, 	++. 
'1 	.032 	209 	lo»; 

1'718 094 
212' 075 
291 095 
327 101 
071 0•A0 
064 085 

� .V38 
3 	.030 
4 	.034 
:5 	.o14 
;i:. 	,012 ,

20 dB 

;1 	.052 
2 	.033 
n 	.030 
14 	.028 
i5 	.018 
° 	.012 

/  10 dB 
1 	.040 
2 	.023 
In 	.024 
4 	.038 
; 5 	.018 
6 	.014 

:316 
038 
047 
170 
275 

090 
1 01 
102 
094 
099 

Score • ++ 
217 	. 091 
239 095 
198 1 04 
064 092 
070 
181 090 

Score ++ 
091 101 
271 090 
350 090 
099 095 
098 092 
112 099 

f  

: 0 d B 	 Score 	1+ 
• I 	.044 
2 	.03o 	-- 
3 	.030 
4 	. 022 
5 	.0\2 

..-, 	'0o8 

-10 dB 

.046 

.034 

.032 

.030 

.o14 

.012 

Sub cntlrc Threchold 
Below -10 dB 

/ 	I 	 i 

	

TIME  0 	POST-STIMULUS ~I~ 	600 
ITS 

Ch
  B

il
  
t
.
  
)
  n

)
  
.:
 

118 095 
n22 V90 
027 095 
154 094 
146 032 
323 091 

Scare 
019 102 
002 094 
064 102 
334 098 
216 1o1 
029 095 

110  

T~ 120 

Score ++ | ++ 
195 094 
232 1'02 
0 07 098 
:357 037 
045 037 
154 091 

20 

10 
}0 

110 
 t0 



n94 
094 
091 

~r 

~V  ~~ 110 

~ ~1 0 
~c a ~ 

Table 	5.52 	 p"bjrvt 

Leit Ear 	 1 Kilz 

[ioror,roc:z::or 3c3uIt3 

 

F, 27 yrs. 

 

~~1tsda 

\y1-:~ 
X 25000 

Phoso 
Moan 

•~~ 

Score 

++ S:or, ++ 

'C~~ 	113 	092 
'046 	216 	091 
,024 	239 	094 
'018 	352 	034 
'014 	04f; 	0;=:2 
.012 	122 	091 

Score + 
.O60 
	108 

196 
292 

4 
5 
6 

."^~ 
'014 
'0/2 

-°^ 
064 
068 

,"~ 
095 
099 

'3 0 dT3 
1 
2 
3 
4 
5 
6 

_ _---_ocore ++ 
.066 
'044 
.V2R 
.022 
.014 
.012 

137 
090 
:::26 
144 
0~3 
090 

092 
099 
091 
033 
090 
104 

• 20 dB Score ++ 
'1 ^ 052 164 022 
i2 038 337 094 
3 .024 '306 094 
4 .014 036 097 
5 .014 142 084 
6 .008 185 094 

1.u.i dB Score ++ 

i1 .050 132 090 
:2 .040 282 085 
|3 .030 036 098 
\4 .013 081 090 
5 .  014 059 099 
6 .008 351 093 

2 

4 
3 

.6 

▪ V50 
.oI.;4 
.022 
.013 
.014 
▪ V0;=; 

265 
OG 0 
009 
047 
092 

t199 

098 
101 
101 
101 

-10 dB 	 SoOrc 	+ 
.1 	.033 	036 	0c45 
2 	'030 	2'96 	0:38 
3 	. 022 	226 	094 
4 	.012 	217 	097 
3 	.018 	246 	091 
6 	. 00;z: 	n44 	099 

C}
 	

CO
 	

0 -
'
 

T 20 

120 p~ 

120 ~~ 

++ 

120 
 

	

~ 	 

	

-200 
' 	

0 	POST-STI;4,11LOG TIME 	600 
ms 



pV 120 

0 dB 	 Score  
l 	.060 	127 	092 
2 	.034 	021 	091 
3 	.022 	095 	094 
4 	,O22 	219 	104 
3 	.018 	172 	097 
6 	.012 	1:32 	102 

-10 dB 	ScOre 

\ 

~~ 

M~ ' 
J~ ~ JL 

5.53 

Left F.nr 

S'Js-It 

2 KHz 

DD 

kiplitude 
| Mean 

Ix 25000 
7/B1._1 

Phase 

o 

Phase 
S.D. 

Score 

7p 	.  dB  
1 	.038 	14~ 	087 
2 	.03o 	238 	037 
3 	.024 	330 	091 
4 	'018 	333 	082 
5 	.012 	012 	097 
~ 	.00:8 	0~7 	09s 

	

, 50 dB 	Score 	++ i++ 

* ++ 

1 	.028 	191 	Cr:',4// 
2 	'03o 	134 	0971  
3 	.022 	267 	091 
4 	.014 	340 	085: 

75 '012 	056 	085• 
6 	'008 	115 	095! 

' 	  
| 30 ~~ 	
| 

Score 	+ ++ 
1 	'040 	151 	09C 
2 	.028 	258 	092 
3 	.018 	303 	101 
4 	.014 	350 	097 
5 	.012 	113 	09:: 

.6 	.008 	:344 	091 
Score | 20 al 

' 

	

~ 1 	.044 	327 	098 

	

2 	,030 	225 	090 

	

3 	.024 	326 	091 

	

'4 	.018 	057 	094 

	

5 	.014 	070 	087 

	

:6 	.0O8 	150 _-,'V91 

* * 

y 20 

I~~ 

lO dB 

	

1 	.060 
.038 | 

	

3 	.024 

	

4 	.018 

	

' 5 	.014 

	

~ 	.012 

1 	
' 
.056 

2 	.044 
:3 	,024 
4 	.018 
5 	.V14 
6 	.008 

Score 	~ + 
142 	102 
324 	093 
195 	099 
042 	098 
105 	091 
127 	092 

295 	098 __ 
236 	091 ' 
192 	102 
037 	V95 
189 	099 ` 
111 	10_ 

Subjective Tbr's11oId = 0 dB -200 0 	TIME 600 
mS 



Table 
5.54 

Lett Ear 

:io~~~rorc~~~r  Penults 

20 

1~ 120 
 

~0 

• •• •• •• ~ 

I10
~''~~ '' 	p.V 

^
n ~ 

Subject 
	

KC 

Ensemble Average 
..tr~o 

licac 

" 25000 

l'hzcc 	Phase 
V.can / S.D. 
» / » 

Score 

70 ciE  

13N
  0

1  
4.

  C
O  

r'
'

f+
  .C ~~ 

.040 

.024 

.013 

.014 

.O12 

  

Score 	++ ++ 
122. 	092 
2O8 	073 
323 	092' 
007 	090 
o6~ 

 
035 

~37 	o:=4 

50 dB 
032 	095 
163 	o93 
307 	095 
000 	038 
06:3 	092 
092 	027. 

— -_- 	  _ 	
5o 	057 	~~ 

----- ~ R 
/2 	.034 	241 	094 
3 	.V22 	053 	098 
4 	.014 	043 	095 ' 	

.012 	049 	075 

	

120 	092 ■6. 	.008  
dB 	 Score 

/
1 1 	.052 	243 
2 	.034 	264 
3 	.022 	- 326 

14 	.013 	009 
i 	. 5 	014 	151 
i6 	.003 	310 

1 	.V5A 
2 
3 	'024 
4 	.01^ 
5 	.014 

` . ~ 	012 
| + ++ 

~ 
	

/++ 
 

102 
094 
09;7J 
095 
094 
093 

/1 
	 .044 	229 	102 
2 	.038 	216 	093 
3 	.022 	355 	097 
4 	.018 	315 	101. 
3 	'014 	i40 	091 
6 	.008 	289 	105 

. 0 B 	Score 

	

~ 1 	~050 	180 	095 

	

2 	,C38 	154 	093 

	

3 	.022 	027 	104 

	

4 	. 012 	337 	094 

	

5 	.014 	116 	095 

	

6 	'008 	043 	099 

) 	l 

	

-200 0 	 TM' 600 
~~ 

dB. 	 Suotrc 



20 d13 

Score 	- + - 
077 	101| 
247 	101 
345 	098 
009 	099 
130 	092 
195 	097 

5 | pV 

~~~~ 
J~~~ 

e 	 Subject 

l 
5.55 
Lef t Far 

.
zydn 

,*zu 
V/1.~ 

1 7 ' 250J0 

Phase 
acsu 

u 

Pnaso 
S.D. 

Score 

10 

. 	.1122 	234, 	093 
'2 	.014 	222 	092 
.3 	.003 	302 	081 
4 	'o0E, 	012 	092 
:5 	.V02 	143 	099 
6 	.002 	071 	082 

s~oro ~j ++ ++ 
. 024 
'022 
.012 
.006 
^O0A 
' 002 

254 
043 
354 
335 
029 
1 0e 

_091 
099 
030 
092 
038 
093 

Scone ++ * 

.022 212 032 
'018 272 087 
.008 030 102 
.  00A 005 091 
.002 112 095 
.002 177 ' 	093 

Score ++ + 

.022 229 092 
'012 
.008 

293 
-054 

097 
094 hbo .005 12:3 101  ~~ 

.002 023 085 

.002 074 090 

` ~0'dB 
.022 
.014 
008 ! 	^ 

'4 	. 006 
.002 

~6 	. 002 

Score 	+  

	

1 . .014 	293 	0.9.9 
.012 	2s 	101 
.o08 	004 	097 
.00A 	291 	102 
.002 	022 	o87 
.002 	064 	102 

-I0 dB 	 Svarc 	+ 
1 	.024 	125 	094 
2 	.018 	303 	094 
3 	.n0~ 	334 	094 
4 	.006 	336 	094 

- 5 	.o06 	078 	098 
5 	'002 	0u3 	087 

Q ‘
 	

r ' 

L 	I 	 I 
-200 	0 	POST-STIMUS TIME 	600 

mS 



-.-~~ 
` 	7_ 

Tic 

`.' 

110  

 

11.1/ 
110 

~~  l~ 
il0 

Table Sub-',rct SA 

Left Ear 
nirrenz-:cccsor '2nrzlts ` 	Ensemble A,:/^uc 

illi 

. 

Azplitudu 
:.!,so 
V412, 

x 	25000 

ti
.  p
  

o
 	

El  Pilzoc 
S.D. 
o 

Score 
` 

1 
2 

4 
5 
6 

.056 

.V44 

.028 
,022 
.014 

-7 
260 
263 
074 
115 
085 

0~8 
0~3 
091 
094 
091 

50 dB (x 62500) c~orc +,+ 
1 .056 273 098 
2 .052 255 0:9R 
3 .030 :317 0:91 
4 .V22 277 088 
3 'u14 109 099 
i6 .012 157 101. 
30 ,p Score 
1 . 04 0 255 084: 
2 .038 327 1-190 
3 .022 :343 099 

.012 050 092 
4 .002 102 104k 
:6 .0O8 302 O 
i 	20 dB Score. _L 

1 . 04 0 313 098 
.2 .034 247 0'95 
'3 .022 073 1 02 
4 .012 157 091 
5 .012 165 092 

/ 6 ^ 003 134 094 

10 dB Score + 
1 .05A 275 094 
2 . 04 0 316 088 

13 .018 033 - .092 
'4 	̀  .014 011 091 
5 .0V4 236 108 
-A' -'.006 . 	123 099 

0 dB Score - 

1 .046 241 092 
2 .028 03? 09-:-.1 
3 .022 023 095 
4 .014 050 091 
5 .012 118 101 
6 .00~ 0~5, 094 
-10 d Score + 

2~1 
303 
203 
265 
o32 
3:34 

110 

1 

4 
5 
6 

.O5V 
▪ 046 
.024 
.V14 
.012 
▪ 0~3 

O 4 

0915 
102 
93 

0.95 

/ 	 
-200 	0 	.70:3T-DTIMUS TI1T 	G- OO 

mS Subjective 33rcchiLd 
Below -10 dB 



I0 

091̀  
094 
098 
091 
034 
094, 

+ 
102 
1597 
085 
095 
093 
099 

226 
300 
027 
248 
028 
192  

Score 

196 
185 
032 
322 
216 
040 

	

1 	.040 

	

2 	.030 
.022 

	

~ 4 	.014 
.012 

	

:6 	.006 
20 dB 

.050 

	

2 	. 04 0 
^ 024 ~ 3 )  

	

4 	.014 
' 012  
.008 

iv,5V V | 

-r 

5 

5.57 Subject SA 

Ui,„:,,-,,ncwr ~ccito 	\ . 	Ensemble Average 

tfli :-.mDlitudo 
near! 
v/Ic 

x 25000 

I~,ccc 
' 	I.:ca~ ' 

n 

2|zo^ 
S.D.   

0 
Score 

70 	di; Sco-2e 

13
•.
 

o
 	

(L
I  

ro
  .044 

.034 

.022 

.012 
'012 
.007 

255 
028 
019 
071 
105 

 

10 

  

Score 

 

     

. 05 0 	229 	097~ 

.03S 	274 	077 

.022 	702 	088 

.014 	113 	097 
'012 	17.0 	1.132 
, 008 	322 	102  

l 
Score 

1 
2 
3 
4 
5 
6 

30 a3 

1 lO d • 

	

1 	.044 

	

2 	' 038 

	

\3 	.022 

	

4 	.012 

	

.5 	.012 

	

~ 	. 006 
' w ~D 	Sc-ore 

• 	

0 	254 	095 

	

2 	. 033 	32A 	037 

	

'022 	147 	095 

	

4 	'014 	257 	1 cre. 

	

.5 	.012 	220 	097 

	

6 	.006 	306 . 	097 
-10 dB 	 Score 	++ 

Ch
 (..1

1 .4
.1

  

. 05 0 	025 	1V1 

.044 	053 	097 

.V27 	240 	097 
'013 	345 	o90 
.014 	135 	087 
,008 	223 	102 

+ Score 	+ ] 
302 	090 
244 	097, 
185 	094 
113 	095 
138 	092 ` 
22A 	'092 

~ 	|  	-----~ 
-200 	0 	POST-STIMULUS TIME 	600 

mS 



Table Subject 5.58 
Left Ear 

Ensemble Average 

/IN l:7.173.itudc 
Mean 
111i  

x. 25000 

ff:a3c 

0 

Phase 
S.D. 

0 
Score 

7o 43 Score -H- -F+ 

' 

1 
2 
3 
4 
3 
6 

.V34 

.0?0 

.013 

.014 
,002 
.V06 

160 
257 

327 
043 
102 

022 
084 
090 ~ 
074 
084 
074 

++ 50 dB Score ++ 

1 
2 
3 
4 
5 

` 6 

.o23 

.030 

.022 

. 01 4 
'008 
.00A 

118 
237 
267 -. _ v~~ 
060 
111 

091 
090 
038 ._. v'o 
081 
080 

++ 

++ 

—~~ 

30 dE 
'1 
.2 
' 
~ 4 ~ 
'5 
|6 

Score ++ 

3 

'038 
.030
.022 
^ 012 
^ 003 
.006 

143 
300 
327 
046 
075 	~ 
143 

o*z 
101 
080 
075 
031 
084 

~0 d8 

12 
3 
4 
7; 	. 

!6 

2^ 

.024 

.018 

.012 

.008 

.006 

237 
336 
005 
050 
116` 

092 
082 
071

. 081 
094 
087 

.10 dB Score ++ ++ 	. 
1 { 2 
4' 
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.034 

.034 

.014 

.008 
•.006 
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097 
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248 

099 
090 

101 '-- ou/ 
099 

0 dD Score ++ + 

1 
'2 

4 	/ 
:5 
.6 

.03G 

. 

.022 
'014 
.002 
'0V2 

3/7 
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030 
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331` 

0:49 
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091 
090 
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-10 (3 Score — 

l~ 

T 20 
| pV 
_L 

20 
| ~V 1~ 

120 pV ~ 

120 ~V ~ 
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~Y ~0 

	

1 	.V33 	351 	098 

	

2 	.V28 	331 	097 
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liti 
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kaplitndc 
Mean 
\triz, 

z25000 

	

PI:aoc 	/ 

	

~ c .au 	| 
o 

aose 
S.D. 

o 
Score 

• ++ '70 dB 	 Score ++ 

.04 0 

.034 
'02a 
.014 
.00a 
.006 

. 50 d 
'1 	.034 	124 	0311 
2 	.o33 	244 	102 
3 	'022 	265 	082. 
4 	.014 	250 	074 
5 	.008 	032 	085 
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' --
1 

	

30 dB 	score 	'++ 
1 	.034 	142 	090 
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4 	.014 	:347 	080 
5 	'003 	059 	081 

.V06 	136 	095  
| 	dB 	 Score ++ ++ 

. 04 0 	120 	097 
2 	'034 	260 	037 

'023 	302 	095 
`
|4 	.014 	025 	022 
F. 	• 003 	115 	092 
6 	.008 	180 	095 

Score ++ 
174 	091 
261 	

--082 
025 	084 
324 	09F; 

	

!3 	.V08 	056 	094 

	

`6 	.006 	180 	0  -^-^ 

	

~ dB 	Score 	+ 

	

' 1 
	. 030 \ 	1:--:-0 	031 \ 

	

2 	'.034 	253 	094 

	

3 	.023 	057 	094 

	

4 	.014 	030 	194 

	

5 	.0o8 	137 	102' 

	

, 6 	. 006 	334 	095 
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Left Ear 	 3 KHz 
• IlaoornbIe Avr~a.Ge 

Amthtudc 	1-hzsc 
Near 
1j/1|7, 	~ 

x 25000 

70 Ui2 Scorc 
1 
2 
3 
4 
• 3 
6 

.1130 
,030 
.022 
.012 
.002 
,006 
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216 
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341 
032 
0A1 

50 dB Score 

1 .040 104 
2 .030 22V 

.023 009 
4 .014 032 

.012 0A4 
'ou6 oee 

1 .034 216 
2 '028 241 
0 .o24 293 
14 ' 014 050 
5 v .012 032 
!A .0VA 106 
| 20 dB Score 

1 .034 199 
2 .028 2i;0 

.022 29:3 
4 .014 030 
5 .012 118 

.006 :341 

10)dB 
1 .034 185 
2 .023 :319 
3 .028 025 
4 .012 004 
5 .008 071 	~~ 
6 .006 244 

0 dB Score 
1 .040 147 .. 
2 .023 012 
3 .022 102 
4 .014 054 

.3 .008 097 
6 'O04 219 
~I0 dD 3o

^ 	
o 
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5.2 	Summary of results. 

It may be seen from the preceding tables that 

the microprocessor results were generally in fair 

agreement with the visually-scored ensemble averages 

and with the subjective thresholds. 

The method of scoring the microprocessor results 

was simple but rather arbitrary, and some of the 

results did not show a uniform progression from 

++ ->(+)÷- with decreasing stimulus level. 

For example, in table 5.10 (subject DA-K, left ear, 

500 Hz), the scores in order of decreasing stimulus 

level were ++, ++, ++, ++, -, +, -. This could be 

due to statistical variability. If such a result 

occurred in clinical practice, the test would probably 

be repeated at one or more stimulus levels. 

This type of result did not occur with the 

visually scored ensemble averages. It transpired that 

the uniform nature of these results was partly an 

artificial phenomenon due to the method of scoring. 

Scorers did not look at each trial individually, but 

at the complete set of trials for each frequency. 

As the main purpose of the tests was to determine 

hearing thresholds, scorers tended to ascribe+(+) to 

all trials above threshold, and-(-)to all trials below 

threshold. 
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Thresholds for the microprocessor results and for the 

visually scored ensemble averages were determined in the following 

way. When the score at one stimulus level was - or --, and the 

score at the next higher level was + or ++, the threshold was 

taken as halfway between the two levels. If a visually scored 

trace scored 0, this was taken as the threshold. 

When a unique threshold existed for the microprocessor 

scores, it was compared with the threshold obtained from the visual 

scores and with the subjective threshold. 33 of the tests had 

unique thresholds for the microprocessor results. Of these, 14 

were above the subjective threshold for the respective test (i.e. 

higher in intensity). 8 agreed with the subjective threshold and 

11 were below it. 

12 of the thresholds obtained from the microprocessor results 

were above those obtained by visual scoring: 6 agreed and 15 were 

below. 

The visually scored averages for these tests were also 

compared with the subjective thresholds. 15 of the thresholds 

obtained from the visual scores were above the subjective 

threshold, 14 agreed and 4 were below. 

It can thus be seen that when a threshold could be 

uniquely identified from the microprocessor results, it was 

generally comparable with the subjective threshold. The visually 

scored ensemble averages gave somewhat fewer false positives 

with respect to the subjective threshold. 



20i 

Many of the atypical results obtained in this study could be 

eliminated by suitable design of the testing protocol. For example, 

it has been pointed out above that it is sometimes advantageous 

to repeat a trial: this is also true for the ensemble average 

method. The scoring method, while simple, has its limitations. 

A result in which the phase SD's of all the harmonics were 91°  

would be scored as -, when it would perhaps be more appropriate to 

assign a higher score. 

Child (personal communication) has used the phase spectral 

method with patients with a hearing loss, as well as with normal 

hearing subjects. He notes that the thresholds obtained by the 

phase spectral method from hearing-loss patients are in better 

agreement with the subjective thresholds than is the'case with 

normal hearing subjects. 

The above trials were all carried out using analogue magnetic 

tape records. Table 5.61 below shows the results obtained when a 

subject was tested on-line. These trials are not strictly 

comparable with those of Tables 5.1 - 5.60 , as the length of the 

stimulus was 50 mS rather than 100 mS. No ensemble averages are 

available for comparison: however, it can be seen that the phase 

constraint at high stimulus levels was most pronounced with this 

subject. 
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Table 5.61  

On-line operation. 

Subject ZG , female, 18 years. Right ear. 

1000 Hz tone bursts. 1.25s repetition rate. 64 stimuli per trial. 

50 mS total burst width, 10 mS rise time, 10 mS fall time. 

Amplifier gain 50,000, 	Stimulus level 80 dB. 

HMP MEAN 
VOLTS/HZ- 

PHASE MEAN 
DEGREES: 

C.D.: 

.110 254 084 

.076 267 097 

.076 323 082 

.056 049 041 

.038 129 073 
'024 171 074 

Same as above but with amplifier gain 25,000 (Three trials) 

HM RMP MEAN 
VOLTS/HZ 

PHASE MEAN 
DEGREES: 

C.D.: 

1 .056 059 102 
2 .038 265 087 
3 .034 316 073 
4 .022 035 073 
5 .012 143 078 
6 .012 ' 180 081 

HN HMP MEAN 
VOLTS/HZ 

PHASE MEAN 
DEGREES: 

C.D.: 

1 .052 196 094 
2 .030 251 073 
:3 .034 336 059 
4 ^022 053 070 
5 .614 111 073 

201 081 

HM HMP MEAN 
VOLTS/HZ 

PHASE MEAN 
DEGREES: 

S.D.: 

1 .066 174 097 
2 .040 244 077 

.040 309 059 
4 .028 052 o~ 
5 .018 124 075 
6 .012 151 0:1:2 



On-line operation. 

Subject ZG, 1000 Hz tone bursts 	(continued). 

Amplifier gain 25,000 . 

HM 	HMP MEAN 	PHHSE MEAN 
VOLTS/HZ 	DEGREES: 

Stimulus level 60 dB. 

C.D.: 

1 '072 295 094 
2 .046 253 092 

'028 316 087 
4 .024 046 078 
5 .013 112 074 
6 .012 158 088 

Stimulus level 40 dB. 
HN AMP MEAN 

YOLTC/HZ 
PHRCE MEAN 
DEGREES:: 

3.11 .: 

1 .050 2?1 094 
2 .038 327 0.110 
3 .030 324 083 
4 .024 046 075 
5 .018 130 073 
6 .012 158 074 
Stimulus level 20 dB. 
HN AMP MEAN 

VOLTS/HZ 
PHASE MEAN 	D.: 
DEGREEC: 

1 .076 316 087 
2 .050 277 101 

.030 357 090 
4 .022 095 095 
5 .018 126 099 
6 .012 215 088 

Stimulus level -10 dB. 
HM AMP MEAN 

VOLTS/HZ 
PHHS:E MEAN 
DEGREES: 

C.D.: 

1 .088 313 094 
2 .052 158 098 
3 .034 23:3 099 
4 .02~ 327 101 

5 .01~ 29;:' 102 
6 '012 239 099 
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The results of the four trials at 80 dB with subject IG 

at 1000 Hz (above) were pooled and the following statistics 

were calculated: 

Harmonic 

Number 

Mean of four 	Standard deviation 

'phase S.D.' 	of four 	'phase S.D.' 

results (0) 	results 	(o) 

1 94.25 6.6 

2 81 6.15 

3 68.25 9.8 

4 67.5 4.5 

5 74.75 2.04 

6 79.5 3.2 

This gives some indication as to the repeatability of 

the phase spectral method. While harmonic 3 gave rather 

variable results, the higher harmonics (4,5,6) showed good 

repeatability, harmonic 5 particularly so. 
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5.3 	Testing the additive hypothesis 

Two subjects ( AMcK and LL ) were selected for further 

study, with a view to testing the additive hypothesis for the 

generation of evoked potentials. 

The method used to test the hypothesis was essentially 

as follows. The average response from each trial was added to 

an ensemble of pre-stimulus EEG records. The pre-stimulus records 

began 640 mS before the stimulus, and ended at the beginning of 

the stimulus. As the stimulus repetition period was 1.25 S, 

they began late enough for the response to the previous stimulus 

to have decayed. Only trials in which the statistics of the pre-

stimulus records were reasonably stationary were used., 

The ensemble produced by this addition process was 

subjected to the same statistical procedure as the post-stimulus 

records, to find the phase standard deviation of the first six 

harmonics. The results were compared. If the additive hypothesis 

were to be accepted, then the standard deviations obtained would 

be similar to those obtained from the post-stimulus records. 

As the hypothesis was being tested for the first six 

harmonics only, it was convenient to work in the frequency 

domain and to ignore harmonics higher than the sixth. This meant 

that the amount of data to be collected at each trial was much 

reduced. Thus, in a trial of 64 stimuli, with 64 samples of each 

response collected, there would have been a total of 4096 points 

to be recorded. Instead, the Fourier transform routine was 

employed, giving 64 amplitude and phase values for 6 harmonics, 

a total of only 768 points. 
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It was arranged that the microprocessor would print out 

this transformed data when the phase analysis programme was run.. 

This was done by adding a short routine for this purpose. As the 

data was printed out, it was also recorded on a digital cassette 

at the data terminal. The data recorded on the cassette could 

then be transferred to the CDC computer for further analysis. 

It may be noted in passing that this is a good example of 

how computing tasks might be shared between microprocessors and 

larger machines. The CDC computer is versatile and fast, and 

better suited to lengthy mathematical procedures. The microprocessor 

reduces the amount of data to be handled, thus making more 

efficient use of the mainframe machine. 

By changing the contents of one address in the analogue 

magnetic tape reading routine, it was possible to trigger the 

microprocessor so that the 640 mS pre-stimulus period of each 

record was analysed instead of the 640 mS post-stimulus period. 

The two subjects selected for further study were chosen 

because their phase analysis results appeared to be typical and 

their subjective thresholds were close to 0 dB. The transformed 

pre-stimulus and post-stimulus records, at three different 

frequencies and at a number of supra-threshold levels were 

recorded on digital cassettes and transferred to the CDC computer. 
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5.4 	Analysis of the transformed data. 

The transformed data as collected above was first 

examined to determine whether the post-stimulus amplitude . 

records for each harmonic were significantly greater than 

the pre-stimulus records. If this had been the case, then 

it would have lent support to the additive hypothesis. 

The test employed for this purpose was the 

Kolmogorov-Smirnov two-sample test (Lindgren,1968: Massey, 

1951: Siegel, 1956). This is a nonparametric test which 

exists in two forms; a two-tailed test, which tests whether 

two samples are significantly different from each other: 

and a one= tailed test, which tests whether a particular 

sample is significantly larger in mean than the other sample. 

The computational details of the two tests are very similar, 

so a programme was written which would compute both test 

statistics. 

This test was applied to the pre-stimulus and post-

stimulus amplitude levels for each of six harmonics for 27 

different trials, that is 162 pairs of samples each containing 

64 points. Significance at 5% was obtained in only two cases. 

The conclusion to be drawn was that the post-stimulus amplitudes 

were not significantly different from the pre-stimulus 

amplitudes. 
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As the differences between pre- and post-stimulus 

records were subtle, it was essential that pre-stimulus records 

selected as examples of unstimulated EEG were stationary 

over the length of a trial. Suitable pre-stimulus records 

were selected according to two criteria: 

1) Uniformity in the distribution of phases for 

all six harmonics in each ensemble of 64 records. This was 

decided on the basis of the phase standard deviations computed 

by the microprocessor. Trials in which any harmonic showed 

significant phase aggregation at 5% were excluded. 

2) Stationarity of the amplitude spectrum. This was 

tested by means of a run test for each of the six harmonics. 

If the run test indicated that any harmonic of a trial was 

significantly non-stationary at 5%, the trial was excluded. 

(Bendat and Piersol, 1971) 

6 out of 12 of the pre-stimulus ensembles from 

subject AMcK passed both these tests, while 9  out of 15 

of those from subject LL did so. 
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Table 5.62  

Results of tests on pre-stimulus records. 

Subject Stimulus 
level,dB 

Phase 
uniformity 
test 
passed 

Run 
test 
passed 

Both 
tests 
passed Stimulus 

frequency 

AMcK 

500 Hz 80 * 

6o * * * 

40 * 

20 * * * 

1 KHz 8o * * * 

6o * 
4o  * * * 

20 * 

2 KHz 80 * 

6o * * * 
40  * 

	 20 * 

LL 

500 Hz 80 * * * 

6o 

40 * * * 

20 * * * 

10 * * * 

1 KHz 80 

6o * 

40 

20 * * * 

10 * 

2 KHz 80 * * 

60 * 

40 

20 * * * 

10 * * * 



210 

To each record of the selected pre-stimulus ensembles 

was added the averaged response of the post-stimulus 

ensemble from the same trial. The addition was done 

in the frequency domain, as explained above. This 

method is valid because of the additivity property 

of Fourier transforms. The mean amplitude, mean phase, 

and phase standard deviation of the six harmonics of 

the resultant ensemble were then computed. 

The computation was performed on the CDC machine 

using a FORTRAN programme. The pre-stimulus ensemble 

was converted from phase and amplitude form to a 

complex array. The standard response to be added to 

each record was formed as follows. The amplitude mean 

of each harmonic of the post-stimulus ensemble, 

computed by the microprocessor programme, was 

multiplied by a constant scaling factor of 1/8. 

This was then combined with the phase mean and 

converted to complex number form. As all the trans-

formed quantities were now in real and imaginary form, 

the addition of the standard response was a simple 

matter. 

The constant scaling factor needs some explanation. 

To construct an accurate model using the additive 

hypothesis, the standard response must be added to 

the unstimulated records with the correct signal-to-

noise ratio. The signal-to-noise ratio is increased by 

a factor of V"  by ensemble averaging, where N is the 

number of members in the ensemble. This factor must 
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be allowed for in scaling the standard response. 

The results from this reconstruction procedure are given 

in Tables 5.63, 5.64 . The results from the real post-stimulus 

data are repeated in these tables for comparison. Phase S.D. 

values which show significant constraint at 5% are underlined. 

It may be seen at a glance that the reconstructed data 

does not appear to have the phase constraint of the post-stimulus 

data. A formal statistical test may be invoked to test the confidence 

of this statement. The data to be tested is in matched pairs, 

and its distribution is non-normal. A suitable test in this case 

is the Wilcoxon matched-pairs signed-rank test (Siegel, 1956: 

Haber and Runyon, 1977). 

This test was applied to each of the 15 trials separately 

(i.e. to six pairs of phase standard deviation values). In four 

trials, the phase SD for the reconstructed data was significantly 

higher than that for the post-stimulus data, at 2„5 % . (These 

trials were: LL, 500 Hz, 80 dB and 40 dB; 2 KHz, 80 dB and 10 dB). 

In two trials, the significance level was 5% (AMcK, 2KHz, 80 dB; 

LL, 1 KHz, 20 dB). The remaining trials did not reach the 5% 

significance' level. 

It is hazardous to apply a test to such a small sample, as 

one atypical member of the sample can make a vast difference to 

the result of the test. In a matched pairs test, it is permissible 

to create a larger sample by merging two or more smaller samples. 

Thus, the two trials from subject AMcK at 80 dB (1 KHz and 2 KHz) 
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were combined. The significance obtained on testing this sample 

of 12 pairs was 5%. Similarly, with 

2 trials from Ai•7cK at 60 dB the significance was 2.5% 

" II 5% 

ff 	 ft 	 it 0.500 

it 	rt 	" 0.5% 

When all the trials for a subject were combined, the phase S.D.s 

for the reconstructed data were found to be higher than those for the 

post-stimulus data, at significance levels much better than 0.5 % 

5.5 Effect of increasing the amplitude of the added sinal  

The results so far have indicated that a model which uses 

the additive hypothesis for the generation of evoked potentials 

does not produce the amount of phase constraint observed in practice. 

If the amplitude of the added standard signal in the model was 

increased, the phase constraint would be expected to increase, 

possibly to the extent observed in real subjects. Under these 

conditions it might be thought that the additive hypothesis could 

still be tenable. To consider this possibility, another experiment 

was designed, dual in nature to the previous one. In this, the 

amplitude of 4he standard signal was increased until significant 

phase constraint was beginning to appear. The values of amplitude 

mean for each harmonic were compared. If it could be shown that the 

amplitude means in the reconstruction were significantly greater 

than those from the original data, then this would indicate that 

the model was invalid. 

2 rt tt LL " 10 dB 

3 It If  LL It  20 dB 

2 it tt LL " 80 dB 
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The amplitude of the standard signal was increased by 

changing the scaling factor described above. It was found 

that by increasing this factor from 0.125 to 0.2 , significant 

phase constraint could be observed in most trials. The results 

obtained using this figure are given in Tables 5.65, 5.66. 

It will be seen that the amplitude means for the 

reconstructed data appear to be generally greater than those 

for the original data. This was tested using the Wilcoxon 

matched-pairs signed-rank test for each trial. In four trials 

there was a significant difference at 2.5%, and in a further 

six trials there was significance at 5% 

The Wilcoxon test was also applied to the phase standard 

deviations, as before. This was necessary in order to check 

that the phase S.D.s of the reconstructed data were similar 

to those from the original data. If they had been significantly 

smaller, then it would not have been possible to draw any 

conclusions from the experiment. If both the phase S.D. and the 

amplitude mean values for the reconstructed data were 

significantly greater than the corresponding values for the 

original data, then there would be particularly strong grounds 

for rejecting the additive hypothesis. 

In no trial were the phase S.D.s of the reconstructed 

data significantly less than those of the original data. In 

four trials they were significantly larger (three at 2.5%, 

one at 5%), and in the remaining 11 trials there was no significant 

difference between them. 	(See table 5.67 ) 



Table 	5.63 	Subject AMcK 	Left ear 

Results from post-stimulus data Results from reconstructed 
data (scaling factor .125) 

HN 
Amplitude 
meuu,v/Ho 
x 25000 

Phase 
mean 

Phase 
S.D. 

~ 

Amplitude 
moan,v/Ho 
x 25000 

Phase 
mean 

p 

Phase 
S.D. 

o 

500 Hz 	60 dB 

1 	.046 
2 	.030 
3 	.030 
4 	'014 

.014 

.008 

234 
106 
007 
012 
078 
111 

004 .048 
^040 
.028 
.019 
. 01 5 
.010 

213 
162 

14 
342 
48 
76 

92 
92 
{39_ 
94 

100 
100 

097 
087 

l~c~~ 

500 Hz 	20 dB 

1 .050 262 092 .052 209 100 
2 .038 071 099 .038 354 98 
3 .024 030 095 .029 34 54 

4 .018 036 099 .018 32 90 
5 .012 104 099 .015 337 ~~ 
6 .008 250 101 .011 245 96 

I K8z 	80 dB 
1 .084 154 097 .082 177 • 87 -- 
2 .06b 243 098 .061 224 

.056 247 092 .054 247 101 
4 .038 005 0:32 .035 47 96 

.030 061 .032 163 94 
6 .018 115 07 3 ,021 358 ____102 
I Klo 	40 dB 

1 .040 208 098 .040 21:3 92 
2 .030 057 101 .034 82 98 
3 .024 247 097 .024 267 97 
4 .014 007 081 .017 51 96 
5 .012 036 092 .016 86 98 
6 .008 105 080 _ .010 51 100 

2 DHz 	UD 6B 

1 
2 

.0~4, 

.030 
~4~ 
155 

091 
092 

.043 

.(/29 
?0 

251 
::":.=.I 
98 

3 .024 241 095 .024 176 97 
4 .014 296 080 '017 224 92 
5 '012 049 094 '017 225 99 

.008 053 094 .010 29 97 

2 KHz 	60 dB 

1 . 040 241 08-, .049 273 98 
2 .0::::0 118 098 .033 115 91 
3 .028 260 007 .029 350 94 
4 .018 313 078 ,019 222 97 
5 .012 054 T~7.7.; .014 354 94 
6 . 008 105 1104 .011 160 101 



Table 	5.64 Subject LL Left ear 

Results from post-stimulus data Results from reconstructed 
data (scaling factor .125) 

Amplitude 
HN 	meao,v/uz 

x 25000 

Phase 
mean 

o 

Phase 
S.D. 

o 

Amplitude 
moau,v/Hz 
x 25000 

Phase 
mean 

Phase 
S.D. 

o 
500 Hz 	80 dB 

1 .030 144 090 .033 254 96 
2 .0:7:8 212 07~ .11:7:2 194 100 
3 .024 262 071 .023 257 93 

070 4 .018 :312 .018 307 98 
5 .018 014 ~-=.:1 '019 74 101 
6 .008 091 090 .011 148 94 

500 Hz 	60 dB 

1 .056 1'?5 0~9 .060 26F; 94 
2 .040 2?9 094 .0~9 272 90 --' 3 .0P4 291 074 .033 110 
4 .018 306 724 .020 51 11  

087 --__ 5 . 014 007 , 017 15 ~0 6 .012 091 084 .01?  94 
500 Hz 	40 dB 
1 	.056 1E4 090 .052 124 96 
2 	.044 232 02 .042 273 99 
J 	.030 270 084 .029 231 94 
4 .018 309 080 ---' .019 3 99 5 ` 012 005 v / " .014 22 101 6 . 008 11'a 087  . 012 297 105 
500 Hz 	20 dB 

1 	.044 151 o .050 200 95 2 	. 040 222 .038 232 94 
3 	.024 ,316 0 '~1.1 .028 271 9u 
4 	.018 009 .020 24 82 
5 	.014 045 ~~9 --- .019 35 97

' 
6 	.012 146 .012 187 96 
500 Hz 	10 dB 

1 	.03tI 127 095 ,0?4 40 98 
2 	.1.:1 2S 284 1192 '028 2E7 92 
3 	.018 04:7; 094 '022 57 {~~ 4 	.012 125 099 .016 96 95 
5 	.014 129 1194 .018 102 q8 
6 	.008 094 104 .011 152 9F. 

1 KHz 20 dB 

1 .034 174 098 .046 1'7,46 93 
2 .028 241 091 .039 287 n8 3 . 018 01.1 8 091 ,020 1 07 15 4 .012 021 075 	• . 015 36 7 
5 .008 118 091. . 013 58 6 6 .00e, 187 090 .009 301 1 ~ 2 



Table 5^64 (contd.) Subject LL 	Left ear 

Results from post-stimulus data Results from reconstructed 
data (scaling factor .125) 

Amplitude Phase Phase Amplitude Phase Phase 
80 	mean,V/Hz mean S.D. mean,V/Hz mean S.D. 

z 25000 o o Jc 25000 o o 

2 KHz 	dO dB 
1 .032 123 097 	.043 50 101 
2 .028 225 094 	.038 260 98 
3 .028 270 082 	.027 28 93 
4 .014 :319 074 	'018 311 99 
~ .012 032 082 	.014 95 94 
6 .008 122  113 0 	.011 126 	• 96 
2 KHz 	20 dB 

1 .034 026 1O2 .038 336 85 
2 .028 194 091 .035 139 99 
3 .024 293 090 .022 27 103 
4 .012 019 077 .015 31 91 
5 .008 302 101 .012 316 102 
6 ,006 154 095 .010 88 102 
2 KHz 	10 dB 

1 . 045 101 094 . 051 37 1 01 
2 .038 182 091 .032 215  102 
3 .024 009 085 ,022 203 101 
4 .014 032 091 .018 182 99 
5 .014 043 094 .016 30 94 
6 .008 097 101 .013 263 102 
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Table 5.65 Subject AMcK 	Left ear 

Results from post-stimulus data Results from reconstructed 
data (scaling factor 0.2) 

  

EN 	Amplitude 
meao,v/Hz 
x 25000 

Phase 
mean 
o 

Phase 
S.D. 
0 

Amplitude 
moan,v/Hz 
x 25000 

Phase 
mean 
o 

Phase 
S.D. 

o 

500 Hz 	6o dB 
.046 
.030 
, 030 
. 01 4 
.014 
.008 

.500 Ho 	20 dB 

.050 

.038 

.024 

.018 
'012 
.008 

1 K8z 	8o* dB 
. 08 4 
. 060 
. 056 
. 038 
. 030 
.018 

1 KHz 	LI- 0 dB 
.O40 
.030 
.024 
.014 
~ 012 
.008 

2 DHo 	8O a 

.034 
^ 030 
'024 
^ 0 14 
^ 0 12 

00~ ' 

2 KHz 	60 dB 
'040 
.030 
.028 
.018 
'012 
002 _~ 

234 
106 
007 
012 
07~ 
111 

262 
071 
030 
036 
104 
250 

164 
243 
247 
005 
061 

 

115 

208 
057 
247' 
007 
036 
105 

043 
156 
241 
29~ 
049 
053 

241 
118 
26 0 
313 
054 
105 

0 2 4 .049 
. 040 
.028 
.020 

0 . 15 
.010 

.052 

.038 

.029 
'018 
'015 
.011 

. 0~4 

. 062 

. 054 

. 036 

.032 

.021 

.041 

.034 

.025 

.018 

.016 

.011 

.043 

.029 
. 02 4 
. 01 7 
.017 
.011 

^049 
^033 
'029 
.019 
.014 
. 011 

215 
153 

~ 
352 
5 
8 

2:34 
26 
30 
34 

]51 
245 

175 
228 
245 
33 
140 
78 

214 
72 

265 
38 
68 
63 

31 
208 
202 
235 
225 
32 

266 
117 
327 
251 

7 
143 

~~_ 
91 ----- 

o.-71/ 

~~~  

98 
96 
91 
{~, 
95 
93 

~4 87 --- 

0 2 2~ 

092 
099 
095 
099 
099 
101 

097 
098 
0~~ '`' ~/ 

91 
94 

1
` 

8 9 
9 5~ 
.:9 ~ 
~~ '~ 
97 
99 

87 

07:7:7~' 

098' 
101 
097 
081 --- 
o92 
0 :D. 0 	• 

091 
092 
095 
080 

100 
96 
92 

101 
95 

q5 
87 
~~ 

~ 9' 
' 1 

101 

094 
094 

085 
098 
0 2.7 
078 
095 
084 __-' 



Table 5,66 Subject LL 	Left ear 

Results from post-stimulus data Results from reconstructed 
data (scaling factor 0.2) 

}N Amplitude 
moau,v/Ho 
x 25000 

Phase 
mean 

b 

Phase 
G.D. 

n 

Amplitude 
meon,v/uo 
x 25000 

Phase 
mean 

o 

Phase 
S.D. 

o 

500 Hz 	80 dB 
1 .03V 144 090 .033 231 93 
2 .038 212 .033 202 93 
3 
4 

.»24 
'01O 

252 
312 

071 .023 
.018 

264 
306 

~7 
94 0'71_, 

5 .018 014 081 '020 . 43 102 
6 .008 A91 080 .011 139 94 

500 Hz 	60 dB 
1 .056 195 099 '060 252 92 
2 '040 239 094 .039 268 {}7 
3 .024 291 _074 .033 110 100 
4 .018 306 084 .020 18 97 
5 '014 007 1- 7,T7 

7~~' 
. 017 15 87 

6 .012 084 .013 52 
---
91 

500 Hz 	40 dB  
1 .V56 184 090 .052 '145 94 
2 .044 232 087 .042 258 94 
:3 .030 270 7~4

' 
.029 242 89 

4 .018 :31)9 1.130 .019 335 'T7, FI 
5 .012 005 070 .015 17 97 
6 .008 118 087 .012 172 104 

~0 }~ 20 ~~ 
1 
2 

.044 

.040 
161 
222 

090 --- ^ 051 
.038 

 188 
2:30 

91 
90 

3 .024 316 090 .028 291 q4 
4 .018 009 087 .020 23 77 
5 .014 045 73:3 ^019 36 93 
6 .012 146 032 .012 173 92 

500 Hz 	10 dB 
1 .0.,.:0 127 09~ .034 70 102 
2 .02R 2:34 082 --- .029 269 
3 .018 043 .022 55 :::::: 
4 '012 125 099 .016 105 91 
5 .014 129 094 .018 112 96 
6 .008 • 094 104 .011 142 94 

1 KHz 	20 dB 

1 .034 174 098 .047 188 88 
2 .028 241 091 '039 277 ~~ 
3 .018 002 091 . 02 0 24 100 
4 .012 021 075 .015 31 94 
5 .008 118 091 .013 71 97 
6 .006 127 090  .009 242 103 



Table 	5.66 (contd.) Subject LL Left ear . 

Results from post-stimulus data Results from reconstructed 
data (scaling factor 0.2) 

Amplitude Phase Phase Amplitude Phase Phase 
HN 	mean,V/Hz mean S.D. momn,VYHo mean S.D. 

z 25000 o o x 25000 o o 

2 KBo 	80 dB 

1 .038 123 097 .043 91 98 
2 .028 225 094 .038 251 96 
3 .028 270 022 .027 282 89 
4 .014 319 074 .018 312 .~~ 
5 .012 0:32 082 .014 83 91 

{~~ 6 . 008 122 .012 12:3 93 
2 BHz 	20 dB 

1 .034 026 102 .039 343 82 
2 '028 194 091 .035 191 ~~' 
3 .024 293 090 

• .022 318 98 
4 .012 01q 077 .015 29 {y~ 
5 .008 302 101 .012 316 100 
6 .006 154 0';5 .010 104 99 

2 KHz 	10 dB 

1 .046 101 094 .051 63 97 
2 .038 182 091 .033 199 ':7-18 
3 .024 009 085 . 022 299 105 
4 .014 022 091 .018 174 100 
5 .014 043 1194 .016 35 91 
A "008 097 101 ~013 253 105 . 



Table  j 

Signiiicanco tests on the results using scaling factor 0.2 

Subject 
Stimulus 
level 

dB 

Amplitude 
mean test 

. 

Phase 
mean 
test Stir' us 

frPquency 

AMcK 

6o NS ITS  500 Hz 

20 PSG 	5% NS 

1 	KHz 80 NS NS 

40 RSG 2.5% NS 

2 	KHz 80 RSG 	5% NS 

60 RSG 2.5% NS 

LL 

500 Hz 80 NS RSG 2.5% 

60 PSG 	5% N 

40 NS RSG 2.5% 

20 RSG 	5% " 	NS 

10 RSG 2.5% NS 

1 	KHz 20 RSG 2.5% NS 

2 PIZ 80 PSG 2.5% RSG 2.5% 

20 RSG 	5% NS 

- 	10 NS RSG 5% 

PSG 	F.c::onstructed data significantly greater than 

original data (followed by significance value). 

NS 	No z5.iificant difference. 



221 
CLL-~.TUFT 1 y= 6  

DISCUSSION  AND CO..0 rLJS n.IS 

The design, construction and testing cf a microprocessor system 

for audiological work has been described. The system was used in 

fundamental studies concerning the generation of auditory evoked 

potentials in man. 

The purpose of the system was to generate auditory stimuli and 

to analyze the vertex potentials so evoked, using. the phase spectral 

method. The phase spectra of an ensemble of post-stimulus records are 

compared with each other to test whether there is evidence of phase 

aggregation. This is indicative of a response, and offers the prospect 

of a completely objective method of threshold measurement, in which 

respect it is unique. 

Phase aggregation could be caused in one of two different ways. 

It could be due to synchronization between a multiplicity of neural 

units which together integrate to produce the electroencephalogram. 

On the other hand, the auditory evoked potentials could be generated 

by the addition of a response to normal unstimulated EEG. Phase 

aggregation would then be expected as an epiphenomenon. 

The experimental work described in this thesis points very 

strongly to the conclusion that this 'additive hypothesis' is not 

sufficient to account for the amount of phase aggregation observed 

in practice, and that an alternative hypothesis should be proposed. 

This result has great significance in the study of brain function, 

as has been indicated by Stuart et al. (1979). 



9' N 

The requirements for 	sti mill its gene" £+tor g  specified  in 

section 32 , and for e. pha:...c spectrum analyzer, have been 

completely satisfied. The stimulus generator has been in general 

use in a clinical setting for a range of audiometric tests. 

The phase spectral analysis technique for AEP detection has been 

demonstrated with a sample of twenty normal hearing subjects. 

The results obtained by this technique compare favourably with 

results obtained by the traditional.visua'ly--scored ensemble 

average method. It was not the purpose of this thesis to compare 

the two methods at very great length, as extensive clinical trials 

are at present in progress to investigate this matter. (R. Child, 

personal communication). Rather, it was the intention to indicate 

that the phase spectral analyzer was capable of producing clinically 

useful results, before embarking upon the experimental work to 

test the additive hypothesis. 

EEG records from two subjects were used in the additive 

hypothesis study. Out of 27 trials at a variety of stimulus levels 

and three different frequencies, 15 were selected for further 

consideration. These trials had produced pre-stimulus records 

which satisfied certain statistical tests for stationarity. 

To each pre-stimulus record was added the averaged post-stimulus 

record from the same trial. It was then shown that this procedure, 

which takes the additive hypothesis as the model for auditory evoked 

potential generation, produced significantly less phase aggregation 

than was observed in the post-stimulus records from the trial. 
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As c. result of r-A.  ._r`?.ence 	._ni i e  using the system 

over a period of about a year, it is possible to make some 

suggestions for incorporation into any future design of the 

instrument. For example, it would be feasible to make it more 

self-contained. The 'Medelec' signal averager is used in 

conjunction with the present system purely in order•to amplify 

and filter the EEG signal. This function could be performed by 

a physiological amplifier included as part of the phase analysis 

syste;n. The data terminal at present employed to control the 

operation of the system, has more facilities than are strictly 

necessary. The cassette drives were needed during the development 

of the software, but as the software nov resides in PROM they are 

seldom used. Only a small selection of the keys On the keyboard 

are used, so the data terminal could be replaced by a keypad 

with some twenty keys, and a cheap printer with a carriage width 

of perhaps 30 characters. 

One point that remains somewhat unsettled is how to combine 

the 'phase standard deviation' results from each of six harmonics 

in order to arrive at a score for each trial, and inevitably to 

determine a threshold for the patient at a particular frequency. 

One method is indicated in this thesis. While this is a simple 

method, it is likely that it could be improved upon. The 

microprocessor could be programmed to carry out this procedure 

and to print the threshold at the end of a test. 
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The quest toil r emaiii as to l;hieh iuodei should be postulated 

in place of the additive hypothesis. As Sayers and Beagley (197/f) 

have pointed out, phase constraint in the frequency domain is perhaps . 

more realistically envisaged as a synchronization process in the 

time dor in. Elul (1968) has studied this type of synchronization 

model, and notes that if the number of generators is large, then 

a small increase in synchronization will result in a large increase 

in the EEG amplitude. The nature of the generators involved in 

the production of the EEG remains a matter for debate. 

There is certainly scope for further studies in system 

identification to describe more precisely the nature of evoked 

potentials, and perhaps to arrive at a suitable model. In this 

respect the work of Reddy and Kirlin (1979) deserves mention. 

They used pseudorandom noise as a stimulus. They computed the 

power spectral density of the responses, and also the transfer 

function between stimulus and response. They observed frequency 

following responses similar to those described by Davis (1976) . 

However, no unique transfer functions, either with respect to 

subject or to stimulus level, were obtained. 

In the studies described in this thesis, as in the work 

of Reddy and Kirlin, the brain and ear have been regarded as a 

'black box'. Further studies of this type will inevitably involve 

the processing of large masses of data. It has been shown how the 

microprocessor can be used as a valuable tool in pre-processing 

and reducing the data from such experimental work. 
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APPENDICES  

Appendix_ A - Circuit diagrams and hardware 'details. 

Appendix B - Flow charts. 

Appendix C - Programmes. 
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Figure Al - Microprocessor board 
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Figure A.2  

Data acquisition and display board. 
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Figure A.6 - Data acqusition and display board: 

component layout. 
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Figure 11.7  Plan view of complete unit. 

Board 1 : Memory 2000 - 	Board 2 : Memory 3000 - 

Board 3 : Microprocessor 	Board 4 : Memory 4000 - 4FF.F 

Board 5 : Data acquisition and display 
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Pin 	_ 11not. Lon Pin 	Function. 

     

al 	Ader AO 	bl 	Analogue 0/F 

a2 	Al 	b2 	Analogue OV 

a3 	A2 	b3 	TTY OV 

a4 	A3 	b4 	TTY Data In 

a5 	A4 	b5 	TTY Rdr Ctrl 

a6 	A5 	b6 	TTY Data Out 

a7 	A6 	b7 	IRQ. 

a8 	A7 	b8 	Data bus ctrl 

a9 	A8 	b9 	Gate Ctrl 

a10 	A9 	b10 	Trigger 1 

all 	A10 	bll 	Trigger 2 

a12 	Ail 	b12 	Trigger 3 

a13 	Al2 	b13 	Trigger 4 

a14 	Data DO 	bl4 	600 Hz 

a15 	Dl 	bl5 	76.8 kHz 

a16 	D2 	b16 	4%5 
a17 	D3 	b17 	PIA 

al8 	D4 	b18 	X 

a19 	D5 	b19 	Y 

a20 	D6 	b20 	Reject 

a21 	D7 	b21 	Analogue Input 

a22 	R/W 

a23 	DBE 

a24 	7 
a25 	Reset ON 

a26 	Reset OFF 

a27 	-12V 
a28 	+12V 

a29 	+5V 

a30 	+5V 

a31 	OV 

a32 	OV 

Table A.1 - Function of board connector pins. 
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Figure A.9  

Safety device- Component layout. 
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--lay 

a-SV 
o oTPUT 

• TO CMOS 

x 4rur 
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MPLIFIER. 
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CTRzcTq.cK) 



S 

Is 
it 

Alternate 
mode? 

No Set interrupt mas: 	 
Reset clock. 
Connect buffer to 
A/D converter. 

liecre:en count 
of number of 
stimuli left. Branch to analysis 

subroutine if 
required. 

Is 
Reject 

flag set 

? 

Yes 

Is 
 it time 

for next 
stimulus 

9 

lest 
If a Tom_ 

character 
received 

? 

Print READY:  

await Go. 
INFORM 
routine 
T 
G  

Analysis 
programme 

A" 

Wait for an 
interrupt, 
then ~:roduce 
trigger tulse 
if required. 

Set stimulus 
counter, clear 
interrupt t r.:as :, 
reset clock. 

Is 
it time 

to initiate 
stimulus 

Print NEXT(S,G,A) 
Await response 
and branch 
acc orctiingly . 

Change mode word 
so that next 
stimulus has the 
opposite polarity.' 

Yes 
Yes 

Load stack 
pointer with 
starting 
address. 

Output 
stimulus. 

Load PIA with 
1fF (positive) 
or 00 (neg. 

pulse) 

Wait pulse 
fime,c'lear PIA 

Yes 

Are 
there 

more stimuli 
to come 

? 

Test 
mode word 
T,P or L 

? 
No 

Clear interrupt 
mask. 

APPENDIX B 

Erpc 	PIA 

Flow chart for EYEC routine. 



Logon 

No 

Increment R/F 
register 
by R, compute 

weight 

Yes 

Rise) 
Is 

CA =ENDHL 

Yes 

V 	 
Compute 
weight x sine 

stwt 

Go to EXEC 
	1Pulse 

Initialise 
Tone CA register 

Logon registel 
R/F register 

Load Stack 
Pointer 

Test 
Mode Word 

or 
Logon 

	> Find Logon 

Store loon at 
current address 
Increment lo;;on. and 
CA registers 

Tone 

Initialise 
Cycle register 

Compute sine 
of Cycle Reg. 

No 

Clear E!1DLIL 

Go to EXEC 

Increment 
R/F register 
by F, compute 
weight 

Increment 
cycle register 
by N, and CA 
register by 1. 

Yes 

'rA  1  = S_NDHL Yes 
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Figure B.2  7low diagram for COi,iPIL routine. 
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Addr. 
i n 
STI NE 

(Hex) 

?iode 
Address 
in 

STING 

Tone Mode Logon Mode 

2000 SCR 

Data stored in INFORM programme 

2017 SCR-3-23 

2013 CA 	Current address SCR-1-24 

2019 SCR-3-25 

201A Rise Pall 201A not used 

201B 
register Logon Register SCR+27 

201C 3 bytes 2 bytes SCR+23 

201D Cycle Register SCR+29  

201E 3 bytes " SCR+30 

201E gc+31  

2020 Sine 
• 

SCR+32 

2021 Weight SCR-1-33 

2022 SCR-I-34 

Scratch Area 

2027 SCR+39 

Table B.1  

Special registers used in COM?IL prog-amme 

(both STIM_B and STING versions). 



Address Tone Mode Pulse Mode 	f Lo on Mode 

SCR Mode Word 

SCP+2 

SCR+3 

N 	Increment 
of cycle 
register 

L_Increment 
of logon 
register 

SCR+4 

SCR+S 

SO 	Starting 

addresss 

SO Starting 

address 

SCR+6 

SCR+7 

S1 	Address of 
end of rise 
section - 

SCR+C 

SCR+9 

S2 	Address of 
start of fall 
section 

SCR+IO 

SCR+l1 

R 	Increment 
of rise 
register 

PU 	Pulse 
width 

SCR+12 

SCR+13 

P 	Increment 
of fall 
register 

SCR+15 P 	Period of repetition of stimuli 

SCR+16 

SCR+17 

SGR+18 

SCR+19 

TR1 	Trigger times 	. 

TR2 

TR3 

' TRS+ 

SCR+20 

SCR+21 

NS 	Number of stimuli 	. 

SCRs 22 

SCR+39 

Scratch area 	18 bytes 

Table B.2 	Special registers used in IN:ORM routine 

(ST IMC ) 



Warning; 
not enough 
time. RTS 

1st Harmonic 

2nd Harmonic 

3rd Harmonic 

4th Harmonic 

5th Harmonic 

6th Harmonic 

HARBUF + 128 

+ 255 

+ 256 

etc. 

TRANS 

//rI .i li 
7~ V 

>64 

RTS 

Test number of 
sti.rali left in 
trial. 

64 stimuli 

Hj Read clock 

<640 mS I 

=640 mS 	Select data 
2 buffer to 

microprocessor 
control. 

`~ <SCR+l Read clock and 
	 compare with 

RTS 	
SCR+15 

Take discrete 
Fourier transforms 
and store 
harmonics. 

SCR+15 

SCR+40 
+41 

+42 
+43 
+44 

+45 
+40 

+47 
+48 
+79 
+50 

Harmonic number 
Address of data 
in buffer 

Address of result 

Integrator 

Argument of 
sine,cosine 
Increment of s,c 

Working area 

Figure B.3 Flow chart and special registers for 

TRANS subroutine. 



Inl' lal 	IT' cleo 0/Ps 

STAT20; 1-r,4t4a1;  

s ecial registers 

Set Harmonic number 

Lv 1̂uGle T, num ber Of 
trans orm:,d stimuli 

Add amplitude to 
accumulator  

Divide real, imaginary 
by amplitude and store 
resulting unit vector 
in PHABUF. . 

   

STAT30; Calculate the 
a ali tt.dc of a roint 
in HARELIP,. 

  

PHABUF +1 

+2 
+3 

+4 
+5 
+6 

PHABUF+12 

Divide amnii tude 
accumulator by N to 
find mean amplitude 

+255 

+256 

+383 
+384 

+511 
+512 

Decrement 
harmonic no. 

Y 
STAT40 

etc. 

Z41 

Harmonic Number 

+41 N 
+42 Amplitude 
+43 Accumulator 

T44 Address in 
+45 HARBUF 

+46 Address in 
+47 PHABUF 
+48 N Count 

+49 A Tlittde 
+50 Working Area 

Harmonic 1 
Mean Amplitude 

Harmonic 2 tt 
Harmonic 3 tt 

Harmonic 4 " 
Harmonic 5 it 

Harmonic 6 " 

Harmonic 1 
points projected 
onto unit circle 

Harmonic 2 " 

Harmonic 3 If 

4 

5 

6 

Figure B.4 _lour chart and special registers used in STAT20, STAT30 



Harmonic number 
=6 

STAT42; Initia? i se 	 
registers 

Get unit vector, 
add to real and E-- 
imag. accumulator, 

Decrement 
harmonic 

no. 

I r

make square root. 
Store S.D. 

Divide by (N-1) 

Yes 

Project resultant 
vector on unit 0 

No 

Yes 

_te,Im 
accumulators 
both 1 byte 

Decrement 
NCOUNT 

Add to 
accumulator 

Square 

Get sample point 
and find angle 

STAT55; 
	> Initialise 

registers 

Shift right 
real & imag. 
accumulators 

42 

y.lmr ml ~~iri 	iJ STAT65 

=O 

Increment address 
in PHABUF; 
decrement NCOUNT 

Find mean phase 
angle and store 
in PHABUF 

P1LABTIF +9 

+10 

+11 
+12 

+13 
+14 

Harmonic 1 
Mean Phase 
H2 rr 

1.*) ii 

H4 ►► 

TT5 ►► 

H6 ►► 

PHABUF +17 

+18 

+19 
+20 

+21 
+22 

Harmonic 1 
S.D.of -chase 
H2 " 

H ►► 

s;5 ►► 
11 ►r 

Figure B. 	Flow chart and srecial registers for 

STAT40, STAT50. 



X,Y coordinator). 
of markers for 
mean, S.D. 

Calculate 
addr in 
PHABUF (data) r !:k 

Evaluate S.D. 
limits and 
set markers. 

Working area 

Harmonic number 

No. of stimuli  N 
:Man phase angle 
S.D. of prase L 
Address in 
IiESBU F' 

6 	Address in 	. 
7 	FHA OF or HARBUF 

Addr of mean,S.D. 
9 	and markers. 

0 	Real_ mean or S.D. 
1 	1mag moan_ or S.D. 

G 	Amplitude 

SCR+3D 

SCR+39 
STAT72 

 

SCR+-}0 
+41 

Harmonic 	I 	+42 
number = 1 

~8lC ate 

	 address in 
i F SDUP 

+43 
+44 
+45 

+4 
+4

.. +14 
+4 

+5 
+5 

+5.. 

Display data 
(H_u BUF) ,mean, 
S.D.,heading 

(IIESBUF) ,axes . 

No 
Key 

tiressed 

--3 

Yes Else 

Number 
lto6 	,,X 

243 

PIC 9u 7.i 2!? 

PIIABUW'+127 

EXEC15 

Figure B.6 Flow chart and special registers for STAT72 

display routine. 
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APPENDIX C  

Table O.I - Stimulus Generator Programme 

menti 	THE PROPERTY OF MOTOROLA SPD, 	INC, 
COPYRIGHT 1974 TO 1975 BY MOTOROLA INC 

nOTORDLe m6:00 	HS~EMPLEp! 	RELEASE 1.2 

00001 • NAM 	sr}wc. 
00002 GENERATOR PROGRAMME - FROM VERSION* 
00002 0020 OR6 T0020  
00004 0020 0001 PlHA 	FMB T01 	R6DIO OUT 
00005 0021 0001 PIA[FA FMB 80 1 
00006 0022 0001 PlRB 	FMB !*01 
00007 0023 0001 plACPB FMB S01 
00008 0000 OpG m0000 
0o0v9 0o0V o0V1 PIHC 	PMD $01 	TIME 
00010 0001 0001 PIHCRC pMB s01 
00011 0002 0001 PIAn 	RMB 1:01 
00012 0003 00»1 pIHCRD nMB S01 
0V013 3H4 0 OPG S3e40 
00014 3n40 0028 ~CR 	~MB 40 	SCRATCH AREA 
00015 FE00 ORG SFF00 
00016 FEU) 0001 INCH 	RMB $01 	IN MIMlDU5 
00017 FERE OR5 SFEHE' 
00018 FEHE 0001 DUTCH 	RHP $01 
00019 0039 EnDHl 	EoU S39 
00020 00FF EMDLO 	EQU SFF 
00021 39FF EMDHL 	EQU $39rF 
00022 FETE STACK 	EgU $FF7F 
00023 0042 LOOKUP FOU $42 
00024 ~SlME/CO:7ANE LOOKUP THDLEp 
00025 4200 ORG $4200 
00021; 4200 8082 EDP $8082,88385,$8688,$8988 

4202 8385  
4204 9688 
4206 898E 

00027 4208 818E FDB $818E,$9091,$9394,$9697 
420H 9091 
420C 9394 
420E 9697 

00028 4210 999H FDB $999R,19C9D,$9FH01$A2R3 
4212 9C9D 
4214 9FH0 
4216 82R?, 

00029 4219 o5Rt.:, FDB SH5H6,TR9H95THDHC"8HERF 
421H H8o9 
421C eT7:q' 
421E REHF 

00030 4220 F132 EDP 8D1B2,$B3B5,1B689,$D9BH 

4222 P3B5 
4224 B6BA 
4226 B9BH 

00031 4222 BCBD FDP SDCPD,SPFC0"TC1C3,TC4[5 
422n PFCo 



24:5 

422C 
422E 

C1C2 
C4C5 

00032 4 .2f! r7cR FDP SC7C31$C9CR,01-.- cr1.$cEcF 
42R2 
4a•- CCCP 
4 CECF 

000:7:R 4222 P1112 2P1DE'I213D411-D5116!,1,112M9 
427::R 
422C D5D6 
4223E PRD 

C' 	i3 J-240 PRDP HIE 01APP,SPCPD.STIEDF0E0E1 
4242 PCPP 
4244 PEPF 
4246 Feui 

000'25 4242 E2E-2 FilE 0E2E2,SE4E5F1E6E79TE2E9 
E4F5 

424C F6E7 
424E E2E9 

000*2,6 4250 FREH FEB $EFERySEDFC'SEDEE!$EFEF 
4252 FPEC 
4254 EPEE 
4256 EFEF 

0007.7 425R FOF1 FEE F3F:3  
425A F1F2 
425C F:-F7 
425E F4F5 

00028 4260 F5F6 FEE $F5F6,$F6F7,2F8F8I$F9F9 
4262 F6F7 
4264 F2F2 
4266 F9F9 

00039 4262 FAFR FED 	. 2FRFAOTAFP52FPFC.$FCFC 
426A FAFP 
426C FPFC 
426E FCFC 

00040 4270 FPFI FIB SFDF115$PDFIWIFEFEOTEFE 
4272 FDFD 
4274 FEFE 
4276 FEFE 

00041 4270 FEFF Fill: SFEFF,SFFFF!, $FFFFI$FFFF 
427R FFFF 
427C FFFF 
427E FFFF 

D0042 tLOGPN TULD,  . 
0(104R 4220 202 FEB J.:171R0.$:::0k-J5SCO,S7F7F 

42:2 0000 
4224 SOR0 
4226 7F7F 

00044 4222 7F7F FDP. 17F7F'$7E711,17117C!17E7A 
4E2R 7E7P 

7p7r 
422E 7P7R 

00045 4290 797R FEB $797.27775■747252715F 



~ ^~~ 
~ ~k~ 

4292 

4294 
4296. 

7775 

7472 

71 Er 
0004. -,=:•=48 6D6~ EDP 	36II6E:,36p63.36765,'36463 

429H 

429C 676~ 
429E 6~63 

00047 42E10 FDB 	 6 	365673 I;6HAD 

42A2 63.7,4 

42F14 6567 
42A6 6R6D 

00042 42H'2: 7175 FLIP 	37175,37H8 	 ,89590 
42H9 788o 
42HC 868D 

42pE 95SC 

00049 421:0 H51-:1D FDB 	 3I:ISEE13C7CF`3D7DF 

4232 I:63E 
42E4 C7 CF 

4286 D7DF 

00050 42ES E6EC EBB 	3E6EC,SF2F6 	 !WEFF,8FFFF 

42 BA F2 FE. 

4230 FHFD 

423E FEFF 

42C0 FF FF 

00051 +MECD:117,E DUFFER. 	' 
00052 42C2 54 MS151 	FCC 	17, TONE! PULSE! L. NON 

4203 4F 

42C4 4E 

42C5 45 

42C6 2C 
4207 50 
42C8 
42C9 40 

42CH 53 
42CE 45 

42CC 2C 
42011 40 

42CE 4F 

42 CF 47 

42E0 4F 

4211 1 4E 
42112 38 

00053 42D3 45 MC52 	FCC 	6` ERROR : 

42 D4 52 

42115 

42116 4F 

42117 

000'34 

4 -&~8 
*2D9 

3:H =° M:S-153 	FCC 	13,pEPT 	RATE 	H:7: 

42 DH 45 
4211 F: 

42DC 5~ 



42DD 
~2~E 

20 
52 

4H,F 41 

42E1 
42E2 

47, 

42FJ 42 
~;::F=1 5R 
42E5 3~ 

00055 4:=F6 52 w~17,^ FCC 15.REPT PERIDD 
42E7 o~ 
42E8 50 
42[9 5' 
4;Fp 2« 
42FP 50 
42FC 45 
42ED 52 
42EE 49 
4?FF 4F 
42F0 44 
42F1 20 
42F2 4D 
42F3 53 
42F4 3e 

00056 42F5 50 W,:55 FCC 15,PUL:S.:E 9!DTH UC: 
42F6 55 
42E7 4C 
42FG 53 
42F9 45 
42FH 20 
42FD 57 
42FC 49 
42FD 44 
42FE 54 
42FF *8 
43OV 20 
4301 55 
4302 53 
4303 3H 

00057 4304 50 MC66 FCC 9,pOLHFITY^ 
4305 4F 
4306 4C 
4307 41 
4308 5P 
4309 49 
430n 54 

43«C. 3~ 
0005S 4311} 4C M:::57 FCC 12/LO5OH TC 

«30E 4F 
431')F 47 
4310 4F 



~~ ~ 
o 
~ 

~ ~~  

1311 4P 
4312 20 

4?1~ 4'7: 
:3.15 20 
4316 55 
4317 5S 
4313 3e 

00059 *313 54 FCC 13TOwE FPEP H7: 
431A 4F 
431D 4E 
431C 45 
431.0 20 
431E 4~ 
431F 52 
4320 45 
4321 51 
4322 20 
4323 4O 
4324 5H 
4325 3o 

00060 4326 54 MSE,9 FCC 151TOwE PEPIPD VC: 
4327 4F 
4323 4E 
4329 45 
432A 20 
432B 50 
+32C 45 
432D 52 
432E 49 
432F 4F 
4330 44 
4331 20 
4332 55 
4333 53 
4334 3H 

00061 4335 42 MCE,10 FCC 155BURCT WIDTH MC: 
4336 55 
4337 52 
4333 53 
4339 54 
433A 20 
433D 57 
433C 49 
*33D 44 
433E 54 

4:7;40 20 
4341 4D 
4342 5~ 
4343 -3q 

00062 4344 4E MC611 FCC 14,HO.OF STIMULI: 



~~ ^ 
~°~~ 	

' 

4?l5 
4346 
4347 

4r 
2E 
4F 

4]48 45 
4349 20 
4?4A 53 
43^11 54 
434C 49 
4?4D 4D 
*34E 55 
4?4F 4C 
4?50 49 
4351 SH 

09053 435 4E 0:7,17, 12 FCC 13010.OF CYCLES: 
4353 oF 
4354 2E 
4355 4F 
4?55 46 
4357 20 
4358 43 
4359 59 
435H 43 
435B 4C 
4350 «5 
435D 53 
435E 3H 

00064 435F 52 MG13 FCC 139RI3E TIME MC: 
4360 49 
4351 53 
4.362 45 
4363 20 
4354 54 
4355 49 
4355 4D 
4357 45 
4358 20 
4359 4D 
436H 53 
436B 3R 

00065 436C 46 11614 FCC 13,FRLL TIME MC: 
436D 41 
436E 4C 
436F 4C 
4370 20 
4371 54 
4372 49 
4373 4D 
4374 ~5 
4375 20 
4376 4D 
4377 5? 
4378 3A 



~ ~ ~~ 
~~ ~ ~ . 

000~ 	4379 	20 	MI=:_i7,17.; 	FCC 	14` 	TR3G 	TIME 	MS: 
43:7A 

,•-. 
437C 49 
437D 47 
4::!7E 	2« 
4~7F 5A 
43,E:v 	49 
~~81 	4D 

45 
L?93 	21.1  

411 
4385 5?  

3111 
00 11 67 43S7 7,2 	nS517 	FCC 	6,REHDY: 

438G 45 
4n9 41 
438A *4 
4321: 59 
438C 3111 

00068 ~38D 4E 	RCG18 	[CC 	12, NEXT /C,G,H): 
438E 45 
438F 5O 
4390 54 
4391 	23 
4392 53 

2C 
4394 47 
4395 2C 
4396 41 
4397 29 
43~8 3H 

00069 
	

,.PROGRAMME FOR ENTERING 
00070 	+IMFCPMRTIOw HPOUT REoUIRED STIMULUS 
00071 	4399 OF 	INFORM SEI 
00072 439H 8E FF7F 	LDC 	?STACK 
00073 439D CF 4344 	LDX 	?MSG11 
00074 43n0 8D 36 	PSR 	OUTC 
00075 43H2 CE 3958 	LDX 	?SCR+24 
V0076 43H5 DD 4642 	JSR 	IMDEC 	GET HO. 	OF STIMULI 
00077 43H9 2H 03 	BPL 	lHFOR1 
00078 43nH 7E 446C 	JMP 	MODF5 	BRHMCH OH 'X' 
00079 43HD 22 09 	IMFOR1 PH{ 	RATE 	BRANCH OM '=' 
60080 43HF FE 3R52 	LDX 	SCR+24 
00081 	43E2 FF 3H54 	STX 	SCR+20 	TEST FOR SINGLE 
0ci082 43E5 09 	DEX 	STIMULUS 
~008~ 	.- 11;27 	74 	PFQ 	MODE 
00094 	CE 425.;9 PATE 	L~ 	?hCG3 
0005 43THE O11 	1E 	PSR 	OUTS 	pEPT RATE HZ ' 

C[ 	 ?SCn+211. 
0007 	-13i:1-; 	BD 	4642 	JSP 	}MDEC 
00028 43C3 2P 16 	pHTE2 



5i  

03089 
00090 
00091 
00092 

43r5 
4?C7 
:3C8 
43C9 

22 
09 
09 
6F 

6'. 

vo 

RATE] 
PHI 
nEX 
nFX 
CLR 

MODE 

0, v 
:=SCR+24 

0009? 421T 06 CLR 65x 
00094 4PCD C6 64 LDA 3 ~$64 
vo»+ 4'2CF H7 01 STA H 15v 
00096 4310 PP 46p4 JSR DFP CALCULATE PEpT PERIOD 

00097 +3D4 25 E2 PCC RHTF IN UNITS OF 	10 MC 

00099 43DS 2~ 17 ERA PATc,4 

00099 43D8 7F 4632 IMP OUTSTp 

001 00 43I/P CE 42E6 Pnr[E LDX ?M?A4 HERE 	IF 	INPUTTING 

0S101 4t.E -f6 DUTST1 RFPT PERIOD IN Ns 

00x02 JSE1 C[ 3e58 LDX  

0010? 4?'E4 8P 70 PCP  
00104 4?E,1; 2P no BMI FETE 

0010', 43[S 2;:: 42 PHI NUPE 

00106 4?;Fn DI/ 4498 JCR DPD10 

00107 4?ED 25 EC PAS RATE2 

00108 43EF R6 05 nHTE4 LDA k 5.X STORE RFPT PERIOD F 

00109 4:F1 P7 304F STA A CCR+15 IM SCR+15 

00110 43F4 CE 3e50 TRIG LDX ?CC»+16 

00111 43F7 FF 3H60 CTX CCR+P2 
08112 43FH 86 31 LDH H ?$31 ASCII 	'1' 

00113 43FC B7 385F TRIG1 STA H ?CR+31 

00114 43FF 36 PSH A 
00115 4400 BD 467C JSR OUTLFC 
00116 4403 32 PUL A 
00117 4404 PD FEHE JCR OUTCH 
00118 4407 CE 4379 LDX ?MS515 
00119 440H BD 4638 JCR OUTCT2 
00120 440D CE 3058 LDX  

00121 4410 GD 4F BSR IND 
00122 4412 22 OD BH] TRI62 
00123 4414 BD 4498 JCR DpD10 
00124 4417 P6 3F4F LDH A SCp+15 
00125 441R 00 05 SUB A 55X 
00126 441C FE 3060 LDX CCP+32 
00127 441F 07 00 STA A 05X 
00128 4421 7C 3061 TRI52 INC CCR+33 
00129 4424 B6 305F LDA A CCR+31 
00130 4427 4C INC A 

00131 442S 81 35 CMP R 2"1;35 
00132 442e ES D^ EVE 1RI51 

0013? 442C CF 42C2 MOPE LDX r11:C1 

001?4 442F GD A7 PCP OUTS TOUE,PULSE,LOGON 

V0z25 4131 PD  l:CHA 
001?6 4434 1.11 Ln~ H 
00137 4436 C1 50 [MP PULSE 

0013G 4438 27 OC PEO MODF2 
001?9 44SA CI 4C CMP P rT4C LO5Fn 

00140 443C 27 06 PDT) HnDF1 
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00141 Cl 	54 ÍF ] FDNE 
4c140 2E ER 

0014? 4,1,1.2 
AS.L A 

n014=-. HODE1 i:L A 
00146 44-15 48 AS', -: 
00147 4,14-1,  1.7 :21-,.40 3TA A -SCR 	STORE MDDE 
O148 muDC:f. 
00149 4,'417: U1 fT1 
O0150 .,".141:  Y:11  4688 jSP IMGMA 
00171 :1,15-7,  r1 50 CHE RnSITIVE 
00152 "1,454 P7 15 "Pri71 MODE1f 

P6 3A40 Lpn SCR 
Cl FAIP P ME6ATIVE 

00155 ESE MD0E4  
44 .F. 48 A3L A 

00157 4.1 =.7  LO EE: 
7E 4642 1PD IODEC 

n0159 4463 C1 41 MOTIF:4 CPA B ?841 	ALTEPHATE 
00160 4465 26 F2 EMI= 
00161 4467 8E 80 ADD H ?S80 
00162  4469 PT ?A40 MOTD:. STA A SCR 
00163 446C P6 ?A40 LDA A SCR 	TEST MODE mORP 
00164 446F 85 03 FIT A ?$03 
00165 4471 26 22 PNE PUL 
00166 4473 85 OC BIT A FSOC 
00167 4475 ;P.E. it PNE Ln6 
00168 .tHERE IF TAME DURST SELECTED ,  
00169 447T GE 4?19 TOME L.iV "THS68 
00170 4,17n ED 4632 JSR OUTSTR 	TUNE FR EO P7 
00171 447D CE 3A58 LD-.: 5SGP+24 
00172 4480  8D DE ESR IND 
0017? 4482 2B 1F PHI T0NE2 
00174 4484 22 44 IHI TMIDTH 
00175 4426 86 01 TONE1 -7301 
00176 4488 H 'I- STA H '2X. 	X1024/257 
00177 448A R7 03 STA H 
00178 448C :De OA L1i A ?S0A 
0017q 448E A7 06 STA A 6NX 
00180 4490 20 2E ERA TONE4 
00181 4492 7E 45E3 LOG JMP LOGON 
00182 4495 7E 45PP PO_ JMP PULSE 
00183 4498 6r II EPD10 CLR 2,X 	-0I TIDE BY 	10 
001::34 44?A 6F 06 CLR 6,X 
ricii5 449C 86 OA LDA A 
00186  445E 57 03 STA H 3,x, 
00187 44AO 7E 45T-:a D71(1 .J -1E PEP 
00188 44F1? CE TUN2 -71.1 1:45 	TOME 	PERIOD US 
17101 441:0', PP 46?6 JSE OUTST1 
001'74 0 44A2  CE 3A5A Lu 
on191 44A17: 51. P2 ESR 11 111  

11 192 4,1AE 07 EHI TONE 



00193 
100194 
00195 
0047.6 
00197 
«019:3 
09199 

00201 

00203 
oc_2u 

00205 

0o~x7 
00E09 
oo2n'2 
00210 
00211 
00212 
«0213 
00214 
00215 
00216 
00217 
00218 
00E19 
00220 
00221 
00222 
00223 
00224 
00225 
00226 
00227 
S0228 
00229 
002S0 
00231 
00232 
00233 
00234 
00235 
0V236 
00237 
0»239: 
00239 
0024^ 
0«24l 
00242 
00243: 
00244 

0000  

44E0 
44E2 
+4E3 

4476 

^j-F9 

4^1-!E 
,1-1ry 
4-:C2 
441.4 
44C7 

4+CA 

44D2 
44114 

44V6 

44D8 
44Dp 
44DD 
44DF 
44E1 
:4E4 
44E6 
44E8 
44ER 
44EC 
44EE 
44F0 
~»F3 
44F5 
44F7 
44F9 
44FB 
44FD 
44FF 
4502 
4504 

4506 
4509 
,15oD 
450D 

4512 
4514 
4516 
~51:7: 
451H 

44~::  

22 

o9 
::6 
e7 

A7 

n7 
2D 
25 
FE 
FF 

[E 

c= 
274 
86 
Al 
24 
CE 
8D 
20 
CE 

C6 
E0 
H2 
H7 
E7 
CE 
86 
H7 
86 
A7 
6F 
8D 
B6 
Al 
25 

CE 
SD 
25 
29 
cE7 
A6 
E6 
El: 
A9 
81 

12 

F? 
00 

01 

0f 
DE 
P3 
3H5[ 
3~u~ 

4335 
:56D 

32 
19 
04 
07 
42D3 
4C 
E9 
3n40 
39 	; 
FF 
1D 
1C 
04 
05 
3A5C 
02 
02 
92 
03 
06 
Al 
3H4F 
05 
D4 

435F 
62 
Fe 
2~ 
~A4o 
1C 
1D 
»5 
ou 

29 

TONE:: 

TO!^E1 

+jHpVT 

-WIDTH 

MIDI'''. 

TuID2 

rWID7 

A,INPUT 
RICE 

PlSE1 

EHI 
DFx 
DEX 
LDA A 
STA A 
LDA A 
STA e 
LDH A 
STR A 
ECP 
ECS 
LDX 
STX 
uIDTH 
LDX 
J?R 
3CC 
DVC 
LEA A 
CMP A 
BCC 
LUX 
ESR 
ERA 
LDX 
LDA H 
LDA D 
CUB B 
CBC A 
STA A 
STA B 
LDX 
LDA e 
STA H 
LDA A 
STH H 
CLH 
BSR 
LDH H 
CMP A 
BCC 
RISE 
LDX 
BSP 

"EVC 
LDX 
LDH H 
LDH E 
ADD D 
ADC A 
CNP H 

Tu7DTH 

r:1;F3 
0.y 
r2:3o 	DIVIDEND 	IS 

1/s 	62256 X 64 
?::.06 
6^X 
DFD1 
TONE 
SCF-1-2:3 
SARI-2 
OF TONE DURST* 
?n?O\0 	DURST WIDTH MC 

rF 
TUIDTH 
PIJE 
?T,19 
4,y 	CHECK HO. 	OF 
TuID7 	SAMpLEC<S1G00 
?MS52 	ERROR 
OUTC1 
TWIDTH 
?SCR 
?BNDHI 	LAST 'POINT 
?ENDLD 
29,X 
2O,X 
4,X 
5,X 	ATE START 

?CCR+28 	ADDRESS C0 
?T02 
2,X 
?~92 
3,X 
6.X 	CONVERT TO 
DPD1 	10 MS UNITS 
SCR-1715 
5,X 	CHECK TONE WIDTH 
TWID2 	<=pEPT PERIOD 

TIHE+ 
?MC513 	RISE TIME MC 
RF 
RICE 
FALL 
?SCR 	. 

22,X 	JR IN SCP+28,29 
29,x 
5,X 	ADD SR+C0 
4,y 
rEnDHI 	CHECK RISE TIME 



~ 

o«245 45lC 27 I0 PCC nI3F5 	LESS THAN TOTAL TIHF 

V0246 451E 26 114 PUE RISE4 
0o247 4520 C1 Fr CNP D -FNDLD 

45E'L' 25 orL, BCS pISE5 
4524 C[ ,12p3 plCE; LDX ?M?G2 

0025^ «2 D?F OUTS1 	ERROR 
00251 DE DPH PTSE 
00?52 7E OUT:31 INF OUTSTR 
00252 4537 R7 05 R]SE3 CT~ n STA n 6,~ 	S1.CTPPT GT/DPFCC 6,~ 
00254 E7 07 CT~ ~ CT~ ~ 7.y 	OF PLATEAU 7.y 
V0~55 8D 76 PISE6 PSP RFINC 
0»E56 4534 FE 3H5E ~D~( ~D~( ~Cp^30 	CALCULATE P ~Cp^30 
00257 4537 FF 3A4A ~TX ~TX JC~+10 JC~+10 	INCREMENT OF RISE 
oo258 +IUr~/T FALL TD^t7^ 
00259 453P CE 136C FALL LDX FALL 	TIME 	n": 

00260 453D OD B'SR P7 
«0251 453E 25 F9 BCC FALL 
00262 4541 29 28 ~VC FALL7 
00263 45»3 CE 3A40 FALLj LDX ?SCP 	CF IN SCP+28,29 

0026+ 4546 86 39 LDH H ?EMJHl 
00265 4546 C5 ,r LDO ~ ~EnT!LO 
00266 454A E0 1D CUB D 29,X 
00267 454C H2 1C S8C A 28,X 	COMPUTE C2 
00268 454E Al 06 CMP H 6,X 	START ADDRESS OF 

00269 4550 25 06 BCC F8LL5 	FALL SECTION 
00270 4552 26 0B BwE FALLS 
00271 4554 El 07 CMP B 7,X 	CHECK C2—C1 
00272 4556 24 07 DCC FALLS 
00273 4559 CE 42D3 FALLS LDX ?MSA2 	ERROR 
00274 455B 811 CE ECR [UTC1 
00275 455D 20 DB BRH FALL 
00276 455F H7 08 FALLS STH A 8,X 
00277 4551 E7 09 STH ^B 9,y 
00278 4563 8D 45 BSP RFIwC 	CALCULATE F 
00279 4565 FE 3H5E LDX SCP+30 	INCREMENT OF FALL 
00280 4568 FF 3H4C CTX SCP+12 
V02S\ 4568 20 74 FALL? BRH PVLSE1 
00282 +RF SUBROUTINE FOR INPUT OF BURST WIDTH, 	+ 
00283 +RICE AND FALL TIMEC+ 
00284 +Ow EXIT; 	IF CARRY CET, 	RETURN TO+ 
00285 +8EGlHNIMG: 	CARRY NOT CET,OV CET—+ 
0»286 *`UMP TO NET '7ECTTOM,OTHEp|.ilC[ CONTINUE+ 
00287 456D 8I/ PF BSR OUT31 
Of.,28S *56F rF LDX rSCr+24 
00289 4572 PD JSR IwrFC 
0x29« 4575 EP 12 PMI PF2 
00291 4577 22 2P PHI pF4 
0»292 4579 510 01:! PF1 TST 0`y 	TEST 	< 255 
V0293 457P 25 B BwE PE5 
00294 457D 86 LDH R r143 

0«295 45TF F6 LDH P 1,X 
00295 4581 BD ~6F3 ISP HULT 



00297 P7 04 STA A 	4,X 	CONVERT FROM MS 
00293 E7 05 STA D 	5,y 	TO SAMPLE PERIODS 
00299 3~ RTC 
0o;~0 r[ EF2 LDX 	?/i?Al2_ 	NO. 	OF CYCLES 

^5~C LD 4E36 JSR 	DUTST1 
oV3«2 LDX 	?CCR+24 
V1)3V3 v~~~ ID 4e^2 ]SR 	IHDFC 
0;-34 45!5 2!.14 11 POE 	RES 
00305 CE 12 LDA A 
0^3/'E 459? R7 06 STA H 	6,X 
00307 4591' FE 3A42 LDX 	SCR-1-2 
003«8 FF CTX 	SCR-1.26 
00309 CF 3A58 LDX 	?SCR-I-24 
00310 45p4 20 I6 PEE PRA 	DPn2 

0C311 PF~ CEY 
00312 4:Rr 39 pr~ 
0031? S] Cr": SEC 
«»31; on 9F7 pTS 
003!5 ~PFT|/C SUCPOUTIME CPLCULATESr 
00316 OR F, 	INCREMENT OF RlSE,FHLL° 
00317 
003>8 *5HA FE 385C RFlMC LDX 	CCR+28 
00319 45oD 27 FA BE0 	RE?' 
00320 45HF CE 3H5P LDX 	?SCF-1-26 
003E1 45P2 86 LDA A 	?G30 

00?22 45D4 A7 0 v STA G 	0,X 
00323 4536 6F 01 g-R 	1,X 

00?24 45E8 86 02 LDA 8 	.7902 
00325 45Bn A7 06 CTR A 	6,X 
00326 45DC 7E DpD2 JMP 	DPP 
00327 +HERE IF PULSE MODE CELECTED+ 
00328 45BF CE 42F5 PULSE LDX 	?MS65 	PULSE WIDTH UC 

00329 45C2 8D 6E ESR 	Oi/TCTR 
00330 45C4 CE 3H58 LDX  

00331 45C7 8D 79 ESR 	lM~EC 
00332 45C9 21: F4 IMI 	FULCE 
00333 45[D 22 62 PHI 	LO5Ow1 
00334 45CD 86 3C LDH A 	?$3C 
00335 45CF H7 02 STA A 	2,X 
00336 45D1 86 C4 LDH R 	?1;C4 
00337 45D3 H7 03 STA A 	3,X 
00338 45D5 86 IN LDA A 	?SUFI 
00339 45D7 H7 06 STA A 	6,X 
»034o 45D9 3D El ESR 	DPD2 	COMPUTE PU 
00341 45DD FE 3H5C LDX 	CCR+28 	PULSE WIDTH IN 

00342 45PF FF SCI;!+10 	SAMPLE PERIODS 

00343 45E1 20 ~[ Ply ;7- E PRA 	LOGEw1 

o~344 .t'EFE IF LCGOw MODE SFLFCTED4- 
V^345 45E3 LO9ON LDX 	?H3A7 	LOAOH TC U~ 
0034!::. 45E6 OD ESP 	OUTCTR 
0034i [E 3A5A LDX 	rCCF+26 
00343 45EB 2y 55 DCR 	IwDEC 
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On?49 45ED PMI LO6D;', 
0035n 

 
4=- F 2. PHI lor-DN1 

007, 1 4!-:R1 09 DF::: 
0117,2 45E2 09 

97 LDA A ?"I,97 	DIVIDEND 
45E5 P7 00 STA R 0,X 	997FE 

001::55 45F7 FF LIIR 	A 
J, F9 AT 01 A 

00?-57 45E1: 96 07:: LDA A 
0035A 45F1. 1117 06 STA A- 64Y 
i: i: ::=s 4FE :Ii DPD2 	CONAHTE 
00-360 ,1501 25 E0 EC'S LEON 	INCPEMENT OF 
Of,7-:61 460? FE 9E71-__ LDX .Tl-+A 	LUGON PEGISTFP 

4606 Fi= STUFF 	IN 
00c,53 4509 FF 3A5A 
0n.:.E4 460C CE 3000 

ii ?'.S 450F FF -3A53 STx 
00356 4612 CE 2A5A LDX ?7,CP.+24 
00357 4515 A5 01 LDA '7-1.01 
11035A 4617 F1 06 STA A F. 
00369 4519 AD Al ESP DPD2 	COMPUTE TOTAL NO. 
00370 451P A5 ]9 LDA A *7- 1:19 	OF. SAMALF5 
10371 161D Al 14 CMP A CHECK 	< A1A00, 
0037E 461F 25 0.2 ECS 

 
LOS ON 

n0373 4521 A6 39 LDA A ?FHDHI 
00374 4523 A5 FF LDA p  ';'ENDLO 
0n375 45271 E0 05 SUB D Si 

Ún375 4527 H2 04 SDC A 45X 
00377 4629 B7 3A44 STA A SC R+4 	STrIWTIRG ADDEE 
00.372 4521: F7 3A45 STA B ::CR-F5 	IN 	SCP4-455 
00379 41.2F 7E 4731 LOG11N1 	IMP COOP IL 
00320 ,vSUBPOUTINE TO OUTPUT STPING*• 
003A1 *STRRTING AT X AND ENDING WITH A LF4.' 
003A2 4532 AD 4A OUTSTR ESP DUTLFC 	NEW LINE 
003'23 4534 20 02 BRA DI TST2 	• 
003S4 4535 AD 3A OUTST1 	1. 	F OUT  6S 	SAME LINE 
0035 463S RE 00 DUTS:T;? LDA A 1.1X 
00325 453A OA INX 
003A7 453B AD 50 BSR OUTCHA 
003A3 453D A1 SR CMP A '75:3A 
00339 463F 25 FT ENE OUT1.T2 
00390 4541 39 RTS 
00391 *INPUT 1  TO 4 DECIMAL 
0032 *TO 	'5X4-14-' 
00393 4543 EF 00 INDFC 	CLP 
00?A4 4544 6F 11 CLR 
002.95 41'.:AE BD FE00 INDEE 	1F INCH 	GET CHAP 
00395 4549 Al 30 CMP A -7330 
00397 15 1111 INDEF 	MGTDEC 
ry:339A 4541.I Al 39 CMP R 
00?99 454F 2E 11 EGT INDEF 
00400 4551 A4 IF AHD A 'T -1 GF 
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00401 465:7. [6 04 
oz 	INDEE  

[DA B 	?~«~ 

ROL 0,/ 	J//CTIFY 	DIGITS 
DEC P. 

00407 465p 26 F9 PnE INPEE 
004,J6 465C AP 	01 ADD H 
:04:7 87 	01 STA p 	1,s 
00438 4660 23 E4 DFH INDEn 
o^~^~ 4662 21 	ZF 	INDFF CMP A 	?I.Ee 
00410 4664 27 2e PEP I*EX 
00411 4566 21 	-2n CMP R 	?~~D 
00412 26 02 ENE INDEG 
0041 -7: 466R 4D TST ~ 
00^14 466B 3P PrC 
00415 466C 31 	59 	]HDE5 CMP 8 	r552 
0o416 466E 26 1wF  
00,117 4670 42 CON 8 
00418 4671 29 RT2 
00419 4672 26 20 	OUT6'S LDA A 	?5-Ex 	PRINT SIX SPACES 
00420 4674 C6 06 	UUT6S1 LDH T: 	1'506 
00421 4676 8D 15 	OUT6C2 BSP OyTCHH 
00422 4678 5H DEC P. 
00423 4679 26 FL DUE OU16C2 
00424 467E 39 RTS 
00425 467C 26 »R 	OyTLFC LDH H 	?SoA, 	OUTPUT LIME FEED 
00426 467E 8D 0D BSR OUTCun 
00427 4620 86 	 IT LDR H 	?T0D 
00428 8D 09 BSR OUTCH9 	CHPnIH6E RETURN 
00,129 4684 86 7F LDH R 	?57F 
00430 4686 P0 EC BRA DUT6S1 	AND SIX RUBOUTS 
00431 4688 ED FE00 INCHA JCp INCH 
00422 468B 16 TAP 
004P3 468C P9 RTS 
00434 468D 7E FEHE DUTCH; JMP DUTCH 
00435 *DEC TO HEX CONVERSION ROUTINE. 
00436 4690 86 10 	DHEX LDH H' 	7-510 
00437 4692 H7 02 ETA H 	2,X 
00432 4694 H6 	00 LDH 8 	0,X 	FOUR BCD DIGITS IN 
00439 4696 E6 	01 LDH D 	1,X 
00440 4698 44 	DHEX1 LSE A 
00441 4699 56 ROR I: 
00442 469p 66 00 ROR 0,X 
00443 469C 66 	01 POP 1"X 
00444 469E 85 08 BIT H 	?508 

or;445 46A0 27 02 BEO DHEX2 
00446 46H2 20 	03 SUB A 	21.03 
004.17 46A/ 5n 	DHEX2 TST B 
00442 46A5 29 02 DHEX3 
00449 46P7 1;0 	20 SUB P 	?530 
00450 46H9 C5 08 	DHEx3 BIT B 	r508 
00451 46AB 27 02 FEI71 nHEX4 
Vo452 46AD CO 02 CUD T: 	?~o3 

0.X:1,X 



0'~53 
m;452. 
06455 

~6A --• 
46n1 
45D? 

Pp 
26 
39 

1-J2 
E5 

DHEX« DEC  
DnE 	DHi7;1 
PTT EX 	IN 	0, X:1,~ 

N45.-:. ^no:DLE PPEClSlCH DIVIDE ROUTINE~ 
0:4t' 46D4 5F 04 TRIO 	CLP 4,x 

o,458 46D6 67 U5 CLP 51X 
001 ~~? 611 »2 TST 2,X 

00460 461:n Er «n DnI nPDD 

«0461 dEfr 6L 06 Bi-DA INC 6,X 

0U462 46BE 2D 2B BMI ERROR 	DI;ICIOM BY 

0^463 4~0o 68 03 HSL 3,X 	ZERO 

~x;~4 46[2 69 02 POL 2`X 	LEFT-JUSTIFY 

00465 ,61.7_4 FP F6 BEL DPDR 	DIVISOR 

w1E6 45C6 64 02 DPDP LSR 2.X 

r0467 46C8 66 03 ROR 3,.X 

00469 46C^ p6 it DP}'C LDH A V,y 

06469 4ACC EA 01 LDH 	1: 1,X 
0:::470 46rE E» »? SUD D 3. x 
00471 4600 P2 02 :DC A 25 X 
00472 46DE 25 09 BCC DEED 

00473 46I/4 P7 00 STA 8 0`X 	HARE 	IF DD>=DS 

00474 4AP6 F7 01 STA B 1 ~ X 	DP BECOMES DD-DS 

0047" 4..n., OP SEC 
00476 46D9 59 05 POL 5,X 
00477 46DD 20 02 BRA DPnE 
00472 46DD 68 05 nPDD ASL HERE IF DD /DC 
00479 46DF 59 04 DPDE ROL 4,X 
00480 46E1 68 01 HCL 1,X 
004:1 46F3 69 VV ROL V,y 
00482 46E5 6H 06 DEC 6,X 
00483 46E7 26 E1 DUE PDC 

00484 46E9 0C CLC 
00485 46EH 39 RTS 
00486 46FD CE 42D3 ERROR LDX ?MCE,2 

00487 46EE DD 4632 J3R OUTSTR 

00482 4AF1 0D SEC 
00489 46F2 39 RTC 
00490 .MULTIPLY ROUTINE AlCH X HCCB. 
00491 °TUO BYTE RESULT IN RCCR,HCC8+ 

00492 46F3 D7 FF00 MULT STA A SFF00 
00493 46F6 F7 FF01 STA B $FF01 
00494 46F9 86 08 LDH H ?$0a 
00495 45FB B7 FF02 STH H IFF02 	SET COUNT 

00496 46FE 4F CLP A 

00497 44.FF 7= CLP P 
0f'4~ 4700 58 LP1 Alt DOUBLE PARTIAL 

00499 4701 ^ .~ POL A RESULT 

00500 4702 78 FF0I HCL SFF01 

00501 7:". 24 05 BCC LP2 

00502 4707 FP FFO0 ADD B IFF00 	FOpn PARTIAL 

o0o3 u7eri 89 00 ADC A ?S00 	RESULT 

00504 470C TR FF«2 LP2 DEC 9rF02 



4731 
473* 
4737 
4739 

8E 
CE 
E6 
C5 

FF7F COMPIL 
3H40 
00 
03 

473B 26 5C 
473D 36 07 
473F P7 IH 
4741 08 CLEAR 
4742 6F IR 
4744 4A 
4745 ;n FR 
4747 FE 3H44 
474H FF 3H58 
474D C5 0C 
474F 26 73 
4751 BC 3H46 TOMC 
4754 27 04 
475'; 3D 24 
4753 20 F7 
475A 8D 10 TOyC10 
475C Ki 44 
475E PC 3A48 
4761 26 F7 
4763 8[ 39fF TON17111 

4766 27 31 
+768 8n VH 
476H 20 F7 
476C F6 3A5D TOHC7 

0`X LDA B0 	MODE MODE WORD 

LDH 
STA 
IMX 
CLR 
DEC A 
BPL 
LDX 
STX 
BIT 
ENE 
CPX 
BEQ 
BSR 
BRA 
KR 
BSR. 
CPX 
PwE 
GPX 
PEO 
BSP 
ERA 

LDA 

LDC 
LDX 

BIT B 
DNE 

H 
H 

'CLEAR 
SCR+4 	INITIALISE CURRENT 
CCR+24 	ADDRESS REGISTER CH 

B ?S0C 
LOGC 	BRANCH IF LOGOM 
CCR+6 
TOHC10 
TOMC2 
TONC  

TO;C7 
TONC6 

TOuC1e 
?FNDHL 
COnP3 
TONC1 
TOUC11 
�~F+~~ 

?STACK 
?CCR 

?$03 
COMP3 
?S07 
26~>| 

26,X 

5D TO EXEC IF PULSE 

INITIALISE RISE/FALL PEGS 
CLEAR SPECIAL PEGS 

00505 470F 26 EF 
00506 4711 3~ 
00507 
00508 
0031/9 4712 C5 01 
01,51x 471: 27 07 
111, /.S11 471~ 4n 
00512 471 7 EE. 
0IT1? 471~ 43 

01.1 14 471A 20 OF 
»0515 471C 40 
00516 471D *4 
007.517 471E P7 3P67 
00518 4721  
00519 4723 B7 3A66 
00520 4726 FE 3s6~ 
00521 4729 G6 00 
005E2 472B C5 02 
00523 472D 27 01 

BqE 	LPI 
RTC 

+rCU oU0ppR;r :-ANF POUTlhE° 
*TAPT WITH OF[PAND 
Fg~ 

 
BIT r ?~01 
DEC 	F03D 
TST 
BwE 	FOSA 
CON o 	HERE IF 90 Op 270 
BRA 	FP.D[ 	RCCA = TEE 

FPsA 	HFG A 
FpSB 	LSP P 

STA A SrP+39 	GET SINE OF 
LDA A ?iCO~UP 	ANGLE BETuEEM 
STA 	-Xn~32 	0 AND 69 DEG 
LDX  
LDH H 0,y 

FI-JsC 	rIT 	?!7.;02 
DEC 	FVCD 

IN ACc.-R'ACCA+ 

00524 472F 40 	HEG A 
«0525 4730 39 	FQCD 	PTC 	RESULT IN RCCA 
00526 	*t:DMPIL USES DATA COLLECTET TN THrOFM° 
00527 	~AmD STORES REPUIRED TPME BURST OP LD5Orit. 
00528 	sWH:EFORM+ 
00529 
00530 
00531 
00532 
00533 
00534 
00535 
00536 
00537 
00538 
00539 
00540 
00541 
00542 
00543 
00544 
00545 
00546 
00547 

00548 
,0549 
00550 
00551 
00552 
00553 
00554 
00555 
0C~56 



00557 476F LDA n 
00553 4772 20 9F 	BpR FP~ 
011559 4774 ~6 3F14C -FUNGI 	LDA R -.7:Cp+12 HFFE Ow FALL SECTION 
005E0 4777 F6 3A'D 	~o  -n x 

- 

0o5E1 .177o 20 06 	BRA TOp[8 
005E2 477[ B6 3AA Tn|^C2 	H - [F+10 HERE OM RI~E SECTION 
00568 477F F6 394.3 	LDP. B 3CP+1, 
005E4 472 GE 35A. 	TrNr:::! INCREwEMT P'F REGISTER 
005E5 8D 2P IMCr 
o1-156E 4787 F6 2A5A 	LDA 8 SCP+26 (P,A)=9/F VALUE 
00567 478n 8D 36 	T:CP FOC FIUD'UEI5*T 
O»5E8 478C 86 PSH A 
0«569 47.2D 9D 

AO 

I1 D 	~CP TO/'IT7 GET SIGNAL 
0x570 478F PUL B 
00571 479» It 	CW,: 	A ?!1-.0 
00572 4792 2D o, 	BMT TO/"C^ 1:PRMCM 	IF SIGNAL NEGATIVE 
00573 4794 BD 46F3 	JCP MULT 
00574 4797 20 07 	BPH TOnC5 WEIGHT X SIGNAL 
00575 4799 20 52 	COMP?, 	T:R8 LASTPT 
00576 4T9D 40 TOwC4 	HE5 A 
0»577 479C BD 46F3 	JSR MULT 
00578 479F ci0 MEG A 
00579 47n0 8B 80 	TONC5 	ADD A ?!1;8~ 
00580 47A2 FE 8R58 TDMC6 	LDX ~CR+24 
00581 47o5 H7 00 	STA A o,X 
00582 47H7 08 IMX 
00583 47H8 FF 3H58 	CTY SCR+24 INCREMENT CH 
00584 47RB CE 3H5D 	LDX ?CCP+29 
00585 47HE BE 3H42 INCR2 	LDH A CCR+2 INCREMENT CR 
00586 47E1 F6 3043 	LDA B CCR-1-3 • 
00587 +CUBROUTIME TO INCREASE (X,X+1X+2) 	BY 	(H,D)^ 
00588 47E4 EP 02 	INCR. 	ADD B 25y 
00589 47D6 H9 01 	8DCH 1,X 
00590 47B8 24 «2 	BCC IMCR1 
00591 47BH 6C 00 	INC 0,X 
00592 47BC E7 02 	IMCR1 	STR B 2,X 
00593 47BE H7 01 	CTR A 1,X 
00594 47C0 FE 3p58 	LDX CCR+24 
00595 47C3 39 RTC 
00596 47C4 86 42 	LO5C 	LDH A ?LOOKUP HERE IF LO5OM 
00597 47C6 B7 3H5D 

	
STA A SCP+29 

00598 47C9 B6 3H5B LO6C1 	LDA A CCR+27 LOAD HCCH FROM LOGOH 

00599 47[C 2A V1 	BPL LOGC2 RE5I~TER: 	NEGATE IF 
006o» 47[E o MEG H FAILING EDGE 
1:10601 47CF 44 LOGC2 	LCF A HALF A 
v0E»2 47D« 80 	ADD R rSA0 
00E03 u7D2 D7 '3A5E 	STH A SCF+?0 
0061.4 47115 FE LDX CCR+29 HDDPES 	OF LOGOH 
00605 47D8 AE On 	LDA A 0.X 
006.0E 47DA FE 3H5A LE5C:3 	LDX JCF+24 
00E07 47DD pT Vo 	STH H 0,X 
00E08 47DF 08 IHx 
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EF 

CE 

47F7. 	I 	-3AFF 	 R 

CE 	?Hfl7' 	!D./. 

26 TiC 	 PHE 
LPX 

4-FF0 	36 	FF 	 11-1 

.7:TA 	A 
?7 S2 	 STE: A 

LPA 
1■7 
7;1-; 	 LTIA 	A 

:Ti 
STA A 

4!:ot.:: 	97 	 A 
00E. 	45 4R 	 DEC H 
00)S23 	 01 	 STM A  

17 :1“) 	 STA D 
000 	Íui 	OF 	EXECOO SEI 

4R01.1 	CF 	437 	LD:: 
4-. UE 	ED 	4-12 00:-E,32 

 

00633 4::3J1 	DD 46; 	 JSP 
00634 4:?14 FF 3F44 	LTW 
00,S35 417 FF 3R62 	.;;TX 
11111- 	1H 	FD LDA A 
00E7 	 1C 97 02 	 STA A 
00E,3-1 	4'31E 	4C 
00439 4&1F 4C 
00,S40 48E0 97 	02 	 3TA A 
00E41 	4' 	OF 	 CLI 
00642 	4:1'23 	3E 	 !JJAI 
00643 	96 00 	 LDA H 
00644 4:26 43 
00645 4:ii27 B1 3A4F 	g A 
0O645 42■9 26 F7 	 BHE 
00647 	OF 	EYEC5 	SET. 
0064 	42D 7F FF03 	CLR 
00649 ,130 	FD 	 LDA A 
oN7,50 4s32 97 U 	 STR A 
ni 	)S1 	 CLP 

,.1.;27 	4C 	 INC 	Ii 
?7 	 Ti A A 

00.54 	FE 	 IDA 
005 	C5 	01 	 BIT 

E'. 	20 	 PNE 
PJ.T 	T 

2E 	2i! 	 1;NE 
A 

DL 	7L:A40 	LDS 

!NITRFMENT f 
'SCP+26 PEA1STER 
INCP2 
';ENDHL 
LUG' 1 
ENDI-4L 

PirAC 
PIA 	INITIALIE PIR 
PIA!: 

RiA7) 

FIRu? 
Pli=iC;=:1; 

Fir-'' RD 

PIRCRC 
PIRA 

?MSG17 READY 
DUJSTP 
IN' HA 

1= HD, rF sTimuLI 
?-1FD 	,r-. El (1,CCK 
FIAT) 

FIAT' 

PIAC 

SCR+15 
EXEC2 

TFF03 	CLEAR REJECT FLAG 
WI' 

FTAD 	FEET CLOCK. 
PIPP, 

FIAT' 
SCR 
T-11 
EEC 14 	PDS PULSE 
'TI': 
EXE1 15 HE; PULSE 

CR4-4 
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00661 424A C5 E9 PIT I: mF17; 1 LIME oR LOPON 
Oc..6E -2 26 PHE Fi1C10 
00;1.68 97 	0 	E:2.EC6 ::Ï' Fl PIAA HEPE IF TONE OR LOGON 

RUL A 
II 481 4D TST A 
0066 cst.. 	FA DNE E'/.F.C6 
00667 20 	II BRA F•1 •En11 
0!-:668 ci256 97 	FE17:10 sTA A PIPA 
ii 49'.8 '32 PIJL A 
00,1.7o 4959 An NEC A 
00671 26 }ft-IE EXEC IO 

2F FETE E_ECI1 LDS  
00678 20 	11 1-.RA E'/EC17 
00E74 9t. 	FF 	EF.C14 LTJA A ?SEE HERE 	IF POSITIVE 
00E75 Eu 	08 pRA E'/.EC16 PULSE 
006-;- 6 49E5 III 1 151 	A -T-.1.01 HERE IF MEGATTVE 
00677 42E7 C6 	P/.E.C1E LPA 	51 PULSE 
00E72 4269 FE 8R4A sCP-4-10 
0067R 48r.0 c-417 	Ii PIÑA 

00620 426E 9P 42 DSP DELAY PULSE 	IJJIDTH 
00621 4870 P7 STA B PIRA 
00628 4.978 OF 	EXEC17 CLI 
00698 4279 01 HOP 
00624 4974 FEll? JSR EXECSO JUMP TEl riALYSIS 
00695 4877 DE FCF4 EXEC12 LPA A :I.Fcp4 SHDROUTTNE IF PEOMIRED 
00606 497A F 	ROFF.5 LDF1 B 1:ECF5 
00697 497D 47 FrsP. TEST IAIFTHER CHARACTER 
00688 497E 25 :DR PCS EXECOO HAS DEEM RECEIVED 
00629 4980 9E MAI 
00690 4891 91; 	IL 0 LDA A PIAC 
00691 4899 43 COM A TEST WETHER TIME TO 
00692 4984 B1 3A4F CMP A SCP+15 BEGIN MET STIMULUS 
0698 4987 26 EE BME EXEC18 

006944 4899 7D FF08 TST FF 03 
00695 429C 26 9E PME EXEC5 
00696 489E FE 9A62 LTIi SCP -94 
00697 4891 09 ILEX 
00698 4892 EF 3A62 STX SCR1-94 
00699 1295 27 	1F BE0 EXEC25 
00700 4897 F6 9A40 LDA B SCR. 
00701 499A 251 90 ]IPL UEC5 
00708 499C C5 15 BIT B ?1;15 HERE IF ALT MODE 
0070.2 499E 87 05 BFO EYEC21 
DO704 41::;HO 

00705 42541 0 ADD B .1290 FOS TO MEG CHRHGE 

00706 20 BRA EFC -29 
00707 4355 51 	EEC21 LP B MEG TO POS CHi=1MGE 
00708 4886 CP An ADD D T140 
1,1,709 ,12A8 F7 9A10 EEC -22 STA 
00710 19AD 7E 122C JHP 
00711 19AE 01 	TIFLAY1 MOP 
00718 42AP 01 MOP 
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00713 
4K•] 

NEIF 

ii 17 [ ELFC(1 
0 1+716 FT -7  

I' 	7' 1-,== FEC25 
17F 

00719 f:T! J3J: PHT-7,-. TE :":TIMOLHIE, 	AC; 
007;-:11 T;11 7;1:4cr 	TI] 	INFlupm 
A0721 1:1 rmp PR 	60 	-1-(J 
0072c: T:HE 17-C32 
00,2? 43;7 -7 7E. 
00724 4P.C6 .17 EE1-.1 -32 CMP B 
00T:25 4'3.-r 2E PJ-4F 
0072R JM ThPTIpm 
nIi,':'7 41 FEr34  CMP 
Ors72 26 F4 PNE 
00729 42P1 7E 	FF1.1.!. rip 1-E'XEC 
0073n FF ,1 UPG :7F 14 

n0731 YE 	41-;5 FYFC2n JNP EV,C:5 
0073E FF07 39 R13 
00733 4FCE 0P1 S4FI:E 
00734 4F1:F 7P 0002 I1ITER7 TST RIAD SET REJECT FLAG IF 
0073;5 4FP1 2B 03 IHTFP:7; REJECT 	:): I. ,I[-SHL 	PPF:7.FHT 
00736 4FT1T 71: FF02 INC $FE03 BEFORE MEDELEC TFIACTP 

00737 44-3116 311152 INTER? COP A SCR+VF: 
0072 4FD9 26 	12 PNE INTFA4 
00739 4FPP CP A4 ADP P 
00740 4FPD PI 	?Fi53 INTER4 COP H SCP+1 
01174 1 4FFO 26 02 BNF INJFY5 
00742 4FFP [Ti ADD B '714.e 
00743; 41:E4 1.7 	92 INTERS P.MP 
00744 4FEE 2B RTJ 
00745 4FF7 DR6 $4FF7 
00746 4FE7 5F INTEpi CLR HERE ON INTERRUPT 
00747 4FF;3; P7 2E' FT AD 
0074!:? 4FFA c.flf, 	00 LDA 

 
A PT Al: 

00749 4FEC 43 CUM A 
00750 4FED El 	:::A50 CMP A SCR+16 
00751 4FF ii 26 	01 DOE INTER2 
00752 4FF2 5C INC 
00753 4FF::: P1 	3A51 INTFR2 CMP A SCR+17 
011754 4FFE. 26 DE BriE INTFR'3 

00755 4FFe: CB 	0,? ADD B 
00756 4FFA 20 12 PPP INTER.? 
00757 FE 9E URG START PP:DRESS DE 
00759, FFir'!F FCB q54? PROGRAWIE 

00759 1,70-71 

nc:;760 END 
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TADLE 

p18A P:,ThTF-A RIFF RIAGRP n08.3 PD,;17: III 
Fi FI8CRD 21:!.40 INCH FhnO 

DITCH 1172.97:: 1n89 Frgir ENDHL FF7E 
LflEtiLIP 0:7;42  •1;:*T.) 4 -e?D9 N'D-7;4 42E6 

4'31_ 1 4 N'TA7 M8178 4819 11'7,59 43J'G 
0)5 1  1; t 17-11 48:44 118:1711 435F MSF14 436C 
1.!HT-;15 INFFPN INFPP1 4.21.1071 

fttl.TRj 0.1„c7 
FATEE-' PATE:4 

TRTr,  Tp1171 Tr;.) 132 4c.121 mPriE 4421 MMIF1 4444 
444 1NT! 4.7“:11 MnpEa 4443 mNDEE 4469 

TONE 44)7 TPNF1 PO_ 4495 
PRPIn 449  DPD1 44r1 Tflrfl 4dP? TONE:: TDNE4 441:0 

D TH 44cA 44f14 Till 44F1 4506 
PTF) 40F PII:,F4 4524 nui7A 45E 45.32 
IO _ 453A FALL1 4543 FilfLL5 FElLte 45-SF FALL7 45ED 

PF PF1 4579 REF 4589 RFC, 45A4 EF4 
PF 5 45.A8 RF7 451,19 REIN° 45:7,A DED2 PULE 45PF 
PU!7E1 ,15E1 LETIGEIN 45E8 LOGE1N1 46.32 LIUTT1 

INDEF. 4V7,1P TNDED 41f:AA INDFn 4e55 'HUFF 
INDFG OUT:,S 4(87i? DUT6r1 4674 FAJT6:2 4671 ,  nUTLFC 
INCNA FiLITCHA DHEg DHFI 469R TINE/2 4617-14 
DHEX8 46E19 DHEX4 460F OPP 46P4 DPDA 4ADC DEDB 461.E 
DRDC 46CA DFDD 4EJ!P DRDE 46Tin ERPDP MULT 
LP1 4700 LF) 470C 471R ECA 471r Fl :1 471D 
FIT.3C 472D FOD COMPIL 4781 CLEAR 4741 TnNr 4751 
TONC10 475A TEINC11 471,18: TOOC7 476C TONC1 4774 TDNC2 4771. 
TFIN1:3 478R CEINp3 4799 TONC4 479B TflF'4c5 47Fin TnNcE. 47A2 
IE 47RE INCR 47F:4 INCR1 47DC LnE,r 471.4 LDGC1 47rq 
LnGc2 47CF LP8C2 47DR LFGTPT 47ED FxEc 47Fri FAECOO 
EXFC11 4R14 P,..E1:2 4882 EXEC5 482C EXEC6 484F EEC10 '1 
UFC11 4..E:;F;c: EXFC14 42E1 EXEC15 EXEC16 48E7 EXEC17 
EXEC18 4077 EXFC21 48A5 E)- ECF::: 48A8 TELAY1 4814E DELAY 4PY? 
EXEC:85 4RE5 EXFC2.2 E.f.FC34 48CD EXEC20 F1 14 EECM EFO7 
INTFP7 4171:E INTER? 4E1'6 IHTER4 4F DD INTEF'S 4FE4 IHTER1 4FE7 
INTEP2 4FF? 
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Table C.2 - Analysis programme. 

MI---.2SFM 	IS 	THP 	FP:r1PPPTY 	O 	1iTD'UL.0 	spD, 	INC.. 

GDFYP]F,HT 	1974 TD 	MM1PFCLA 

A-.7:SFMLPF 	ELEÑCE 	1,2 

Of21!1:1 MGM 	FMC !_VS 

0#71170-j? 

4.PEFFDPMS FMASE 	-S8ECTP;IlL 	ANALYSIS-(,  
UITH STIMULUS IGEFPPTOF PROAPAmME STImc4.  

4-vFFSlijm FHP PROM 	ImPIEMENTATIom 

01.11)11 7) nprr, 	T0000 

001-J,5 0.01-A ETAC 	PMI! 	201 	TIME 

0 1.1 G 07 00,11 00 01 FTFCF1--  
fIi0 1-  0001 FTAD 	Nf 	1)1 
ii 	I 1111 ..! ij 

01)01U DPG 	,ri1$0 

rincli 1-i001 FIAE 	VIDEO 

00012 1 0001 FIACRE 

0001G 0042 00N FIAF 	AriD 	T01 

00014 eo43 0001 PIHCFF FHB 	$01 

00015 00SP HARDUF EAU 	:3I1 

00016 00GA FHFif:i.iF 	ECU 	SGR 

00017 :3i4 CI 'sCR 	EOU 	TGA40 	5j.JPATCH Ai-FA 

00018 FE Ii INCH 	ECU 	1:EE00 

00019 FERE DUTCH 	EOU 	$FEHE 	IN MINIBUG,  

00020 FEBD OUT2H 	EOU 	$FEBY: 

00021 FF7F STACK 	E00 	TFF7F 

00022 STIMC 

000-2G ,1.1FIIRTEZ 	THESE 	LOCATIONS 	TF NECESSARY-*- 

00024 *YHENEVER STIMC IS RF—ASSEMPLED 

00025 FF04 ORG 	TFF04 

0002F FF04 7E 4-R2E EXEC20 JMP 	STATS 	REPLACES FXEC20 

00027 FF 07 7E 48114 EXEC30 JMF 	TRANS 	REPLACES EXECGO 

00022 4299 INFORM LOU 	$43 

00029 42115 EXEC25 ECU 	T421P5 
0007,n 46FG MOLT 	LOU 	T46F7 

000S1 46D4 PEP 	[IOU 	$46M 
000:112 4712 FOS 	- ECU 	$4712 

000G:71. 467C OUTLFC FOU 	$467C 

000G4 4672 OUT6 	EAU 	T4672 

000G5 46G2 OUTSTP FOU 	1,46G2 
0002,1, .MESSRGE 

000G7 ME:PIJ 	P.01.1 	ScIF 

,IFOO EPG 	.14Fn0 

000G9 -LETTEP H 	IN X, Y, 	COEFIIIHRTES-c- 

C0040 4F011 Ii M-. 7 G80 	$207C.T807A!$ 0 8, 807F 

4F02 
47-7 04 
4F06 

0 141 4F02 1i74 FDI 	$204,1.227s,28478..127C 

4F OR 
4FOC 
1FOE 
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2- [-I •
7-; 

0o..T2.4 

oio.1-14 

:' J  
aF2C 

O 04 	. 
O 	'=;  

• ?D7E 

0 0 .4  
41-241 9L7A 
4F "..!C 907' 
4E.7E EA 

O0F, 0 4F 4 o c: 

• -9F74 
4F44 
4F-16 927 

00051 
0005P 	2C7C 

4F4A 2ÍE 
9FTE 

4F4E 917E 
0005:1: 4F50 9*717: 

44'52  907A 
4E54 907P. 
4F5r, 

00054 41=59 9174 
• :1:E74 
4F5C 
4P--17  

FDP 

;7- 	F 
Ff' 

FDP 	T9D79,!-1,1=!1.79,!-_-.+.9D77,$9D7 

FI- 

1-FIGUPE 
FDP 

FTIP 

EDE 	i:&C74.i.:1-!E74,49G47$9'c'74 

1,FIAURE 
FF1 18C7C±$8D7F,SF7E1!1.917E 

FDP. 	1937C,$907Ar$90721'19276 

FD; 	:.!.9174.$9F74RT9D74,J,9C76 

FIILE 4+ 



0005 4F70 ~71 7C FLIP 59117C,~SF7H.PF76/8DF74 
4E72 :1-F78 
4F74 2F76 
4F7f CF74 

»0o5? +;-:EnvE 	54- 
01--:E1) 4F7a 907E FDD :1:907E`i.:?E7E5SC7ES9C7C 

4p7A PETE 
4F7C &C7E 
4F7[ 8C7C 

00061 4 7S« :C7A FD1-: :I. ~C7G,98E7A,9907R,89178 
,1F8E PE7A 
4F8~ 9»7A 

06062 
.1r , 
4F8? 

9178 
9176 T9)76"9074,SE74,1C75 

4rCP 9074 
4FGC 8E74 
4F~E 8C75 

o~o63 4,F7GUPE 6° 
00064 4F90 917E FDP. '19178F7E9T2D7D`88C7B 

4F92 PF7E 
4E94 8D7D 
4F96 GC7B 

00065 4F98 8C77 PPE 5:8C77,$8C75 ~ SSE745$9074 
4F9H 8C75 
4F9C 8E74 
4F9E 9074 

00066 4F8V 9176 FDB $9176,$9178,ii8F783'T81178 
4FH2 9178 
4E1714 8F78 
4FH6 8D78 

00067 4FH8 48 MCA30 	FCC 319HM 	AMP MEAN 	PHH~E |1EHM 
4FH9 4E 
4FHH 20 
4FnB 20 
4FHC 41 
4FHD 4D 
4FAE 50 
4FHF 20 
4F10 411 
4FB1 45 
4FT:2 41 
4F~3 4E 
4F1:4 2o 
417D5 20 
4FT:6 50 
4[DT 
4FP 41 
4FF;? 5~ 
*FDp "5 
4FTIP 2« 
4F -PC 4 11 
+F1.1 45 
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41 
4F 

2F 

EF 

II 	I 

III 4! 
En 

::17, 1 
DR6 
FCC 	22. 	VOLTS/1 -1Z 	1ECTA=1:-.7:::: 

4f177,--4.  E0 
4C=FT: 20 

4EFIl 4F 
4EFE 4f 
4EFF 4 
4EFO 53 
4EF1 EF 
4EFE 

SR 
4EF4 20 
4EF5 F 0 
4EFf; 44 
4EP7 45 
4EPE 47 
4FF9 52 
4EFA 
4EFB 45 
4EPA 53 
4FFD 3A 

00070 .6TRAN TAKES DISCRETE FOURIER TRANSFORM< 
00071 -CIF SAMPLED .DATA± 
00072 4RD4 DAG 	$42D4 
00073 4: D4 3A6E TRANS LDA n 
00074 4ED7 27 01 TED 	TRANI 	ATS IF MORE THAN 
00075 42 Ii 39 RTS 	64 STIMULI LEFT 
00076 42 BA FE TRAM LIA 	A 	::::CA-1-35 	IN 	TRIAL 
00077 42 P1) 21 4 1 CMP 	?$41 
0007'2 4RDF 25 ni DC'S 	TRAN2 
00079 43E1 39 RI 
001-..20 TFAuE. LDA A 	AIAC 	READ cLncv, 	o-1,TT 

.1 -2E4 ASL 	A 	IF 	,1,40[111.  

1-1171 .  EP FF. DMI 	TRHF2 
-1:7F7 FF LIA 	-TIFF 	DATA 	1:(IFFETP riEF 

C.017..9.4 97 0,E STA A 	RIAU 	MICPnPPOC.ER UM-ATRFAL 
OGOE7. 2t.E. -FPnr-; LDA 	A 	SET 	Hi=',.MONIC 

II P7 3'11,=..72 3TA 	i 	:T:CR-I-4n 
1-401- 7 LE TAAN'? CLEAR SPECIAL RET-2,S 
Ii.-0:!RR j17 CIA A 
000a* H: OtT. STA A 	51 
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A7 

!:Y 

0:. .,:TA 	A 
jp: 	ct 
sTA 

H H 

6,X 

7,X 
000?.1  e6 LDA A c:-1.3F 
111-!Wi'7. 4!::::F1 	A7 I-J2 T:TA 

At:. 00 LDA A 

II 	III
001_,97 -191-_,3 	16 

49'.-f..=- 	53 
TAp 
ASAL B CET 	HAFm[iNTI_ 	NO. 

00199 AS1_ D 
00100 58 FF,;:i 	F.; 
00101 7 An 	1:: 

I1I1 1:1 MOP 
00103 E7 1'9 
n011 

 STA 
:.TA 	F: e, 

INCREMENT OF SINE, 

00105 ,1E'''T' 	7.F CLP P COSINE 	REGI-.:TEF 
00106 4 ci;=. 	11 LSP A 
00107 40F 	ss. ROP p 

431 1: 	3P 3D ADD A '7-IARpuF 
00109 4912 54 LSR P 
00110 .912: 	FP 3Af7r_.2 ADD B SCR+35 ADD TO B 
00111 4916 50 DEC D 3 4 	<STIM. 	HO 	- 	1) 
00112 4917 53 ASL 
00113 491'3 A7 03 STA A 3!X ADDRESS OF REAL RART 
00114 491A E7 04 STA P 41X OF RESULT 
001 15 491c 	('5 0.3 LDA A 9!X 
00116 491E- 	81' 2A BSR TRAH15 
00117 4920 CE 306e LDX ?SCP-1-40 
00118 4923 6C 04 INC 41X ADDRESS OF IMAGINARY 
00119 4925 EF 05 CLR 51X 
00120 4927 SF 06 CLR 6!X 
00121 4929 25. 3F LDA A ?83F 
00122 492B A7 02 STA A 2,X 
00123 492D SE 02. LDA A '7-102 
00124 492F A7 07 STA A 70: 
00125 4931 	A6 09 LDA F 9!X 
00126 49313 A7 08 STA A 85X 
00127 4935 eD 13 BSR TRAM15 
00128 4' 7A TRAN12 DE' CR+40 HFH HARMONIC NO. 
00129 49:3 	25 1:4 BMF TRAN9 
00130 493C 96 00 LDA A PIRC READ CLOCK 
00171 493E 43 CON A 
001'1:2 r P1 2A4P CHP A HP-115 

25 1,5 BCS TRA1414 
001.34  45-24 20 LPA F 3-1.2A PRINT ASTERISK IF HOT 
00135 446 7E FEAE DUTCH EmOUGN TIME FOR ' 
001 ?,:s. TEJ7:1-1 EIS TRAW:-FORM 
00137 -19.LA 	FE 3AEF SCA+47 
00128 491! 	PD 4712 jSR PI. 

00139 41) 2P 20 ADD A 0 
00140 4.553 	FE :7CP441 
00141 4955 ES 00 LDA OIX 
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17:014? 
CJI-1143 
01.1144 

II ADD B 
BSR 
ASL TRUNCATE UI  TH RowNDIHr; 

455'= rip,- 	n 
0111.-o;, CH BPL 	TRAN17 ADD PRWPNCT TO INTEGRATOR 
010 47 7P 361_; DEC 
0018 BP 7rAmiT ADD 	A 	5-f7-1-46 
01149 DCC 
onJ7,c) ?A6D JNC 

2196 TP-'Hi 3 STA A 	'SCP+46 
0015E B5 LDA 
00153 -197 I ADD 	H 	".T-CR+49 
00154 4374 BCC 	1PNE5 INCFEMENT SINE/COS 
00'155 4975 7C INC 	-.7CP-1-47 REGISTER 
0015t-:, 4,579 ..7 14717i TRANP6 STA 	A 	..71- F-!-4:-J  
00157 3P6i71 DEC 	::.C.P-!-42 DECREMENT ADDRESS 
00158 497F ER C9 LPL 	TRAN15 OF DATA IN PuFFER 

00155 T5 3A6D TRAN35 LDA A 	SCR+45 
00150 E5 LDA 	SCR+45 
00151 49:7:7 47 ASR A DIVIDE 	INTEGRATOR 
00158 493 55 FOR B TO GIVE ONE BYTE 

00153 49:1-;9 47 ASR A RESULT 
on164 56 POP 
00165 493P 47 ASR H 
00156 56 ROR B 
00157 493D C9 00 ADC B 	'7'600 ROUNDING 

00158 4 '33r FE 8R5P LDX 	SCR+43 
00155 4992 E7 no STA B 	07X 

00170 4954 39 PT 3: 
00171 --I,TUOS COMPLEMENT MULTIPLY ROUTINP,  

00172 +-(07A7-0MACCT)=(ACCA7ACCI-04- 
0017A +-USES MULT ROUTINE IN STIMC+ 
00174 4935 4D TUOMPY TST A ENTER HERE IF RIP ARE 
00175 4956 2P 06 PMI 	TUOMP2 BOTH TWOS CONPLEMENT 
00175 4993 5D TST B 	• ENTER HERE IF A 	IS 
00177 4999 2P OB BMI 	TWOMP5 UNSIGNED BUT B IS 
00178 4991:: 7E 45F3 JMP 	MULT TWOS COMPLEMENT 
00179 499E 40 TWOMP2 NEC' H 
00180 499F 5D TST B 
00181 49R0 EA 05 PPL 	TWOMP5 
00182 49A2 50 NEG 
00183 49A3 7E 45F8 JMP 	MULT 
0111:::4 49=16 TUUMR5 riFF, 

01:15 49A7 PD 45F? TUOMR6 „1::R 	NULT 
ons:7„:6 NEARB CON H NEGATEs(ArP) 
00187 COM 
00188 491,7= CT: 01 ADD 	1: 

.19PE ADC 
00190 45i:0 39 
G0191 
00121',2 +STATISTICS PROGRAMME. 
00193 4 
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00194 

00195 
00;9E 
00:1 7 

a7 

-,RwPLT 	CEIHRUTE - 	--. 1,1_TTUDE 	OF 	A 	CT_E-x4,  
-c-NUM-FEP; 	FAET 	IN 	TwEIS.6. 
t,COwA!mFNT 	IN 	A11717, 	et-ip 	1-CCA-t- 

-1 	IN 	HCCT 	11 	RN 	UN1I,7,NPD 	INTFGER-(.. 
4'IPLI 	?,X 

0,11199 lE TAB 
0021-10 ?SR SOwAPF INAG 

A7  11.4 :STA 
1711-  49DE E7 I 	rs■ STR B 5,X 

H LDIlt E,X 
4 1G TRT; 

1.10 75 DG ESA TwOmRY 	SOUARE REAL 
0106 4.EF 05 ADD E 5, 

42C1 A9 1_14 ADC A 4.x 
<.*D=PT GEJPUTES 	OWARE ROOT OF4,  

009 4,(ACCA.ACM 	F 	NEWTON-RRRNSON 
00Ein .6mETHED. 	RE7JJLT 	IN ACCI.- 
00211 49C? E7 SORT 	E 
00212 A7 07 STA A 7!X 
n0212 49C7 2E 07 BNE SORT;. 
00214 49C7 5P TST 
00215 49CA 27 2D EEO SORT 10 	ZERO PESULT 
0021G 49CC CE n LDA B q-$01 	-4-FIRST 	ESTIMATE 
00217 49CE 20 02 BRA SORTE 	IS 1 	IF HCCA = 0 
0021A 49110 OE FF LDH ?$FF 	OR 	IF ACCA HOT 0 
00219 491)2 E7 09 SORTE STA 9!X 
00220 49P4 AG 07 LDA A 7,X 
00E21 49D6 A7 00 STA A 
nOEE9 491)8 A5 0E, LDA A 
00223 49D9 A7 '01. STA A 1,X 
00224 49DC E7 02, STA B 
00225 49DE EF 02 CLR 
00226 49E0 EF 06 CLR 6,X 
009E7 49F2 ED 45B4 JSR DPP 
00222 49E5 EG 05 LDA B 5,X 
00229 49E7 ED 09 ADD 9,X 
002E0 49E9 55 ROR B 
002?1 49FR i35 01 ENE S0RT9 	AVOIDS PIVN BY ZERO 
009-,'9  49EC 5C INC B 4-ACCE IS HALF OF 	(LAST 
00233 45E1 A5 09 17:08T9 LDH H 9,X 	EST+SOURPE/LAST EST) 
00234 49EF 10 SEA 
002E5 49E0 27 07 EEO SORT10 	EXIT IF NEW ESTIMATE 
002E6 49F 4A DEC A MINUS LAST ESTIMATE IS 

002.:7:7 4c1c.7. PEO Z7:ORT10 	WITHIN ME- 	BIT 

INC H 

0040 
49FG,  
4'7E7 25 D9 

INC A 
ENE SOFT? 

SORT10 Fl::: 
-4ARC SUEPOUTINE FINDS ANGLE 	,'HIKE 

0024? -SINE IS 	IN 	ACCI4. 	CO7::.INR 	IN 	ACCT. 
00244 4-WHERE WHIT .14n 	F7t411 

0945 4,E50 DEGREES IE 	FOUIVALENT 	TEl 	'J:100 
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00-J :71 

A 
PR1 

	
API I' 

TAF APSOLUTE 
vAl HE 	OF :INF 

HFR A  AND COSIHE 
1. ■ 1:0 	-17T 

2 dAli 
ii 

1 1  
24 rid APC04 

sPLFry ANPI F LESS 
nP 	 HAL TO 45 DER 

10,25F. 4A1,7 

4RH:: 17 

15 APC45 

fr-4: 

IT:PA 	APC10 
qRCO4 

Í. 
 

FIND 	AF,--sTN 

.7:11 1,_i PPC45 FIND A.RCCDS 
Ii NF.17, 	p •SUBTPAcT I:TON c40 DFR 

4AOF ITS 40 
APC10 	POI. 	A 

.41-1 TIT 

o 
PRL 

	
APC 1.5: 

Hp="17, 	p 
:UF:TPRIT PPRM 	180 PFR 
IF COSINE HFATIvE 

4R1F, 
4R18 

F ADD 	P 	-7881-1 
APC12 	FHL A 

10A: 4A19 4D T:7,..7 	A 
4H1H 8A BPL 	APC14 NEGATE 	IF SINE HER 

0070 4P1C `7:0 HER F. 
00271 401D RPF:14 	PTS PFSULT 	IN ACCT: 
00272 sl-P 1 E 4 APC45 	A5I_ 
00273 ,lA1F 8P ADD A SCALE Tr COMPARE WITH 
00274 4A21 CE 4200 :-(4201.1 LOOKUP TALE 
00275 OP24 5F CLP P 
0027E 4R25 Al 00 APC5O 	A 	05X FIND APCs1H 
00277 4A7 55: F4 ELF: 	APC14 
00272 4R29 08 INX 
00279 4A5Fi INX 
00280 4RED 5C IHC 
00281 4A2r 20 F7 PPP 	APC50 
00282 KINITTALISE YIPEO 
0('E83 4R2F OF STATS 	T:EI 
00284 4A2F 4F CLR A 
oo2a5 4A80 C47 40 STA A 	PIPE' 
00286 4A82 g7 42 STA R 	PIAF 
00287 4F24 Ti T LTJA 	P 	FliT 
ociPP 4A20.:, 97 41 STA A 	PIRCPF 
00E89 4A88 97 4 STA A 	PIACPF 
0029f) 
ofic=:,7,1 

tEYRLNATE 	NHMPFP OF TRAHPOPHED4,  
t:TIt1It 	i 	MAJICIi 	Ii 	T 	,.$* 

SH54 	TST 
?NE 
LDA A 

41! 	CPP 
PnS 

40 
 

5TAT10 Li'A A 
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ffJ,7-: 417- ='?' i-.7 ',TA -V1 -,3 	'5i:TO 	H 	S1F+41 
,iP..:,:' : .!,-.:7. LrA  

Fill 

	

-.7 TA 	A 	.7p--41-1 	HArmNrc 	HD, 

-Fii-Iii 	mEPH 	AtiFI ITHItF 	OF 	FACH 
clici.f.? -c,4AT-.1r;H1(-. 	APELIFCT 	Rt7IrIT:',: 	[MI- II 	UHIT-: 
003n? -tC1F"--IF AHD STOF 	J11 PHAPUF+ 
0030-1 4P50 CF 3A62 TAT20 LDX 	-T-SCF+46 
003n5 4A53 CLP 	P. 

4- F (1306 
 

();=_. '3 -1- A . 1: 	2,ll 	INITIALIsE 
00207 4p05f. Ey 0.:?. STA 	1-2, 	2,X 	REGI2TEP 
of,:.30..:. 4A517; A6 00 LDA 	A 	'Ii' 
00309 4A5p 44 LSP H 
00310 4A7YP -,6 POP 	I: 

1J011 4A5C 2? 3D ADD 	A 	'71-4APPUF 

00312 4 ili'lf,E R7 04 STA 	A 	•,l' 
00313 4H60 F7 05 STA P 	5X 
ri1::14 4P62 (:.!) 31-1 SUB A 	q- P.APPUF 
n0315 4A64 Si: 3A ADD 	A 	'71PI-IPPUF 
0031P 4R66 P7 in-. STA A 	6!X 
01-13.17 4A63 E7 07 STA P. 	7rX 
00213 4A6A A6 n1 LDA A 	1,.X 
00319 4A 6.0 A7 02 STA H 	2X - 
On320 4A6E FE 3A6i TT 	I' LDX 	SCFH-44 
00321 4A71 !:6 00 LDA A 	n! 
00322 4P17 E6 01 LDA P 	15X 	GET AMPLITUDE 
00323 4A75 CE 3A72 LDX 	?SCP+50 	OF POINT 
00324 4A72 PP 49B1 JSP 	AMPLI 
00325 4A 7B F7 3A71 IN B 	SCP+49 
00326 4H 7F FP 3A6P ADD 	B 	..fj:::R-1-43 	APT 	AF1FLTTuTr 

0.0327 4A21 24.03 BCC 	STAT32 	TO ACSMMULATOP 
00322 4E433 7C 3P6A INC 	SCp+42 
00329 4A26 17 2A6P. _TiT32 STA P 	SCP-1-43 
00330 411129 FE 3A6C LB X 	SCP--44 
00331 41:131: A6 00 LDA A 	09X 
00232 4R2E F6 3A71 LDA p 	:Í:R+49 
00333 4A91 CE 3A72 LDX 	?SCP-1-50 
00334 4A94 3D 5F DSR 	DIV2C 	REAL RAPT OF 
00335 4A96 IF 3A6E LB X 	•CP.1-46 	UNIT AMPLITUDE 
00336 4A99 A7 00 STA A 	C15 	VECTOR 
00337 4A9D FP.  3AEC. LDX 	:SCP+44 
00232 4A9E A6 01 LDA A 	1.X 
00339 4RAO F6 3A71 LDA P 	SCR-1-49 
00340 4AA -3 CE 3A72 LDX 	l'SCF+50 	IMAGINARY 

00341 4AP6 '2P 4C Y.:7,P 	DIV2C 	RAPT 
00342 4H'=.:::; EE 3616E LIG-: 	-SCP+4,:j', 
00343 4PAB 1:7 n1 STA A 	1X 
00344 4PAP CP 3A63 LPC 	-;. .::.cp-I-4n 
(0345 4A1-:0 6C 05 INC 	5,X 
00346 4RF.2 , -Ci 1-)-,:' IHC 	-7,Y 
00347 4"--IT,4  EC 05 INC 	5,X 
00342 4AP6. 6C-  67 IHC 	7,%,-. 
00D49 4A:::3 tIA 0::: DFC 	2,X 
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nn;n JoTtl 	;?,S TR PH 	:TAT30 	NE>CT POINT 
LDA A 	" -FHAFUF 

IJ.: ;ATE 	A7 0!1'. STA A 	e../ 
1)0351! 4A:7:0  LEA A 	0,X 	HARMONIC NO. 
00354 41-j: 	ri 07 STA A 	7X 
116 
uu-JF:,1i7. 

4FF14 	v:I i-,, 

4r-.Le. 	H 

fj2 

ri!-4 
LDP. 	A 	2,X 
STA A 	10,X 	AMPLITUDE 

00357 4A1-;: 	11,, 03 LEA A 	3.X 	ACCUMULATOR 

001458 4AITA 	A7 nIz. STR A 	11,X 
00359 4l-..17: 	R. ill LDA A 	15X 

000 .=,ACE 	A7 OD :JP A  

003i',1 4ADO CE ?A72 LTC 	-T*CR-1-50 

UO- ,-1A 11? 	i7:.F U2 CLR 	2.X 
00--',63 4Er7 CF 116 CLR 	C. 
00?,6,1 ctA 1 I7 	'iD 4ED4 JSR 	EFT 	DIVIER BY NO. 
01) 'APA AE 05 Lie A 	50-- 	OF POINTS 
00366 4APC FE 3AEE LIl' 	SCR+44 

0037 4APF A7 00 STA A 	O. 	STORE MEAN AMPLITUDE 
0034S 4AE1 7A 3A48 DEC 	SCP+40 
n0349 4AE4 27 n3 EEO 	STAT40 	HPW HARMENiC NO. 
00370 4AE4 7E 4A50 JMP 	STAT20 

00371 -ADD TOGETHER ALL. REAL PARTS AND+ 
A0372 -NALL IMAGIHAPY PART 	OF UNIT VECTORS+ 
00373 *PHASE AHALE OF RESULTANT VECTOR÷ 
00374 +IS THE MEAN PHASE OF THE HARMONIC+ 
n0375 4RE9 86 04 STAT4u LDA A 	7S0A 
00376 -+r-Ei 	CE 3A6 TAT41 	LDX 	?SCR .1-40 

ncr.477 41REE A7 00 STA A 	0,X. 
00378 41:IFn 	8D 1F ESR 	STAT42 

00379 4AF2 20 35 ERA 	STAT44 
00380 +DIV2C DIVIDES A 1 BYTE TWOS COMP+ 
00381 +NUMBER IN AcCA BY A 1 BYTE UNSIGNED+ 
00382 INTEGER IN AOCB AND MULTIPLIES BY+ 
oo3e3 +$40. 	TWOS COMP RESULT IN ACCA+ 
00384 4AF4 E7 03 DIV2C 	STA B 	31X 
00385 40E6 24 01 ENE 	DI'.,-'2C3 	DO NOTHING 	IF 
0038E 4AP8 39 RT: 	ZERO DIVISOR 
00387 4AF9 EF 00 DIVEC3 CLP 	0,X 
00388 411FE 	EF 02 CLP 	21X 

00:-::89 4AFP CE. 06 LEA B 	?$06 

1711-) ,41--- F7 	ET OE :::TA 	1: 	E.X 
00391 4?01 	4D TST A 
007:'F-2 47i- 0',. 	iFi 05 EEL 	DIV 2C1 

4i1 HEG A 
1:10.4 ..2.1; 	AD 02 DIV2C1 
003'F-15 4F07 4 0 MEG A 
0094 41:0A 39 RTS 
00397 4E09 A7 01 DIV2C1 	STA 	A 	15..' 

0 1-  4E0E BE ,1 6-1-4 JSR 	DPD 

n0399 4EnF AE 1i5 LDP. 	A 	5.X 
0040n 4E10 39 PTS 
00401 .4l: 	1 	AC. ill :TAT42 LDA A 	1.X 
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00402 
0041)3 

n7 :TR 
CLP 

A 
5d_irpro!TINE 	TO 

004 0‘1 4316 ET STA INITIALISE REGISTERS 
F7 SIP 

0O4n5 431A: F7 II 41•/ 
00407 41::10 E7 STA. F 
I 	114 431F A5 1_11,1 LDA A 0,X 
nez,.o.= 4T-:20 44 ISR A 

43i-t•J. 56 FOP P 
no411 4322 s3 ADD A ?Pi-lcDUi-; 
00412 -13:1  Al' 06 STA A 6,X 
0041?. 4T-25 E? ITP F: 7,X 
on414 PTS 
00415 427-2 FE 3EF 	STAT,1.,  aT.p+,16 
01.1.411f. nn IDA A 0,M 
004!7 CE 3P575 LifiY ADD Ti] REAL 
00419 
00419 

4331 
41:33 

SD 
FE 

FC ?SP 
LDX 

Tr NT I  
sCP+46 

AcCUMULAJOR 

4P35 0.1 01 LDA A 1;X. 
004'91 4P7S CE 3A57 LDX 7-.7CP+39 
On42:1' 4333, SD 22 BSR TC:INT ADD TO IMAGINARY 
00423 433D 6C 0S INC ',37 
00424 43?F 6C OS INC 
11045 4341 5A 09 DEC 9,  
004F5 4343 25 E4 BNE STAT44 
0 0427 4}:45 A5 03 	ST51T45 LDA A 37X 
004F8 4347 F5 n4 LDA 
0.04F 4349 SD - 22 PSR TSTTC 
0043n 4343 25 ns PCS STAT4S 
00431 4343 A5 05 LDA A 5yX 
00432 434F FA 05,  LDA 
1111$ 4351 SD 1A ESR TSTTC 
ow34 4353 24 25 BCC STAT50 
00425 4355 57 03 	STAT4S ASR 31X 	• DIVIDE ACCUMULATORS 
0043r. 4157 1;3 114 POP 4!X PY TWO UNTIL REAL, 	• 
00437 41:51 57 05 ASR 55X IMAGINARY 	APE BOTH 
0043S 4P5P 55 06 ROR 51X ONE BYTE TWOS COMP 
00439 43511 20 E6 BRA STAT46 NUMPERS 
00440 435F 4D TCINT TST A 
00441 4P60 20 OF EPL TCINT1 TWOS COMP INTEGRATE 

41:6 EA 05 YIEC sz 
00443 J354  53  05- 	TCINT1 c:Dri A 5.:/ 
00444 4:366 .E4  02 3CC TCINT2 

INC 5. 
00446 435S A7  h. 	TCINTA '""TA 	A 6,X 
00447 435C RTS 

43611 4TJ -17.TTC TsT A TSTTC TET :TS THE 
00449 435F 27 EEO TSTTC1 1-100 	liyTE 	FulFillER 	ACCAFACCE) 
00450 437n CON A IF ACCE 	I -1 	A VALID 
00451 -1371 26 DNE TSTTC2 TWOS COMP riUt'13ER THEN 
01;472 437? !f.3 COM P CARRY IS CLEARED; 
11045? 4 4  5D TST1C1 TST OTHERWISE 	S,PT. 
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00454 4E7=,  2E 	01 EMI TSTTC2 
00455 4E77 9 PTS 
00456 41:717-: OD TSTTC2 SEC 
0O457 4T- 79 'I:9  RTS 
0045 FE 04 :ITAT50 IDA A 4,X DIVIDE 	RFiliTANT 

00-151:4 4E7L EF 	OF LDA E 6,X VECTOR EY ITS 
004F1) 4E7F LE 	:::R72 LT1 r+'Th AMPLITUDE 
004,1,1 41C1 ED 49E1 JSR AMP!' 
004F 41-.84 F7 SA71 STA E SCF+49 
004E? 47,787 P6 8AFE LDA  
nrw64 ED 4AF4 JSP 
004E5 4P8E E7 ?PEE STA A .,-:CP+4---; 
1i1146F 4E90 FE. 	S371 LDA E SCR--49 
004E7 E6 8AED LDA A SCP+45 

(J04 8 Pp 4AF4 JSR DIVC 
004E9 4E99 ET' SPFD A .CR+45 

00470 4T9C FE 	?A61.• LDH I CR+4? 
00471 4EF ED 	4.?.FA JSR AFC 
0047P 4EAP 86 2,A LDA A 'FHAPUF 
00479 4ER4 E7 SAE STA A SCR+46 
00,174 41:A7 }-:i5 	2068 LPA A :7:CR-1-40 

00475 4EAR E7 3AEF STA A .,ÇF+ 17 
00476 4110fl FE ?REE LDY SCA+4A STORE MEAN 
00477 4TTO F7 08 STA B PHASE RNGLE 
11047? 41D2 CE ?A68 III X ?S1 7:R+40 
00479 47B5 F7 09 STA 1: 994 
00480 4EE7 ED 4E11 JSR STAT42 REGS 

10421 4D1A FE ?AGE STAT55 LDX SCR+46 
004A2 4DDD E6 00 LDA B 0!X 
00483 4DPF RE. 	01 LDA A 1,X 
004A4 4DC1 DD 49FR JSR ARC 
00425 4DC4 D6 :3071 LDA A SCR+49 
0n426 4PC7 10 SBA MEAN—SAMPLE 
00487 4DC8 16 TAT: 
00422 4DC9 ED .4995 JSR TIIOMPi sOURRF 
00429 4PCC IF ?REP LBX 
00490 4DCF EB 12 ADD B 24X 
00491 4BD1 A9 	01 ADC A 15X 
00492 41:1? 24 02 ECC: STAT57 
0049? 4E115 GC 00 INC 1I 	x 
00494 41:D7 E? 02 STAT 57 STA B 21X 
00495 4EB9 A7 	01 STA A 1,X ADD SI?UFIFE TEl ACCUMULATOR 
00496 4DDD GC 04 INC 45X (SCR+43,44145) 

00497 4BIT 04 INC 44X 

0049? 4T:D= ER 	1I5 DEC 5rX NEXT POINT 

Ock199 4EE1 26 E7 T:NE sTAT55 

00500 4EFI: 86 04 LDA A Tsn4 

n0501 4PF5 64 	00 STAT59 LSR II, 4 DIVIDE ACCUMULATOR 

4EF7 £E. 	01 POP 1,X BY 16 TO FORM IUD 

on5f1-7,; 47F9 EE. 	0E REP 2,•/. EYTE UNSIGNED INTEGER 

00504 4PEE 40 DEC 0 
0054-:.5 4DEC 26 F7 ENE STAT59 
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00510 
1:i0511 
P0512 

00514 
OP51F. 

41, == 

4T-JC 
4PFE 
4C0i) 

H7 

H7 

HA 
1.14 

0051I.-- 4f:03: CE 
Ii 1-517 4C1:5 4E1:4 
ni-1712 CO2 114 

4HnA FE 1)75 
4CIII PP 
.4criF 

0125.2-2 4111 P7 Af3E 
00523 4C14 BE 3PE2 
n0524 4117 P7 3REF 
00525 4111: E 3PEE 
A0521f, 4H1P E7 10 
00537 41:1F 
005E-3 4120 37 03 
011529 4C2"? 70 49ED 
0530 4C25 BD 467C 3:TAT6t1 

0 1:1531 41.21; CE 4FA2 
Offf4".32 4C2B PD 4632 
Ii 4C2F CE 4EF3 
O'n534 4C31 ID 4E-32 
II 4C34  PD 467C 
00526 4C37 26 01 
00527 4C39 1117 31463 STATE.? 
00533 41.31. P7 ?REF 
00529 4C3F 3D 3E 
00540 4C41 PD 4672 
00541 4C44 FE 3A6E 
00542 4147 On 
00543 4C4A CE CP 
00544 4C4P CE 3A72 
00545 4C4E BD 46F2 
00546 4C51 58 
U054? 4C_W-' 49 
0 17:54 41:53 
nn54.:4 4CrP.:1 53 
0P550 
01551 .f7 
1-.H•i55-3 -1C7f.A H. 
00553 aL5L A-1" lit 	I 
0(1554 4,- SF 
005.5 ctCF EA II ,  
0055,A 41E1 A7 n1 
00557 4C63 AE 

LDA A 	1../ 

▪ 	

A 
LDA 
STA A 
CLP 
LDA i3 -.:CP+41 
I' Eli 
STA 
LDA 
STA 
LDX 

LDA A 
LDA P. 
J'.3P 
LDA A 
STA A 
LDA A 
STA A 
LDX 
STA 
DEC A 
DEO 	STAT65 
JMP 	STAT41 
J:SP 	OUT LAC 
LDX 	'7-1P1-7,20 
JSR 	OUTSTP 
LDX 	?11Si531 
J:SP. 	nuTsTR 
JSR 	OUTLFC 
LDA A 
STA A SCP-1-40 
STA A SCR+47 
PSR 	DUTS4 
JSR 	OUT6S 
LDX 	SCR4-46 
LDA A n,x 
LDA B7$CP 
LDX 	?SCRA-50 
JSR 	MULT 
ASL 
POL A 
POL B 
PPP 	HPEC 
[PA A 	2E 
B-PP 	OUT 11.5 
EPA A 1, 
APD H 
BRA 
POE 
PTA A 	15'. 
LDA P -2.x 

PRINT HEADINGS 

PRINT HARMONIC NUMBER 
LEAVE SIX SPACES 

GET MEAN AMPLITuDE 

MULTIPLY BY SCALING 
FACTOR 

HFX—TO—PEC.IMAL CONVERSION 

PRINT DECIMAL Fill NT 

MULTIPLY DY TWO (BCD CODE) 

T
. 

DIVIDE BY N-1 
114 

MULTIPLY Di 

PPD 

TAvE :SOUARF FOOT TO 
GET STANDARD DEVIATION 

31: F±4 

SCP+47 
SCR+46 
I6!X 	STORE S.D. 

NEXT HARMONIC NO. 
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00553 
00559  

AD lO P7_P 
It I 

poT7:4 	PRINT r.U"'1- 	SIGNIFICANT 

005E0 FE PL OUTGH 	PRINT 	FITPFP T!,!0 
00531 :I'D 17 1.7P STAT70 	pplrir 	PHP',.F 	MEAN 
00538 AD 15 .T.TA - 70 	PPINT 

ii ONTLFc. 
00'.=4 H. 

01.5E5 •:C.75 4C it 

07 1_11P 	1-1 
00567 4CTA -;13 1:7E PHE -.1-JATE7 	wiPmnrAlc HUNPEP 
00538 4C7A DD J-7P [ii Tt Fl 
00539 -1CTD ?0 1-!PF1 ?TRITE' 
00770  4C77 r1HT- 4 	ADD 	ii -T!T.20 	R.OUTPUT 	DECINAL 	DIGIT 
00571 4:7 1  IF F. TC 
00578 PD 4.372  ..17P OL!TET 	OUTPNT 
0057? 4187 D6 LPF1 	P 7,:CP4.47 
00574  AD 0A Fc_op R 
i:ii 4 4C8C P7 :.7:H6F SCRi-47 

00576 4C3F FE 31:0'-.F LDX TCP-$E. 	GET ADDRESS OF DATA 
00577 41798 AE ft LDA A 07X 	TO DE PRINTED 

00573 4094  CE 3A7P LD:.:: 177,4!50 

00579 4C97 CE. D4 LD8 B '1'8D4 
00580 41:99 PD 4EF3 NULT 	t-180 
00581 5G ASL 
00582 4C9D 49 ROL A 
00588 41:9F 59 ROL 	P. 
00584 4C9F GD OG DIF HDEC. 
00585 4CR1 AE OG LDA A 24X 

00586 4CA8 OD DA DSR OUTS4 	PRINT 3 DIGIT INTEGER 

00587 4CA5 OG INX 
00528 4CRE 7E FEPP UNA OUT:GH 	. 

00539 *HEXADECIMAL TO 	DECT110:t 	CONVERSI110t- 
0059n (1. 9 	PIT 	PINAPN 	TO 3 DIGIT 	DECINA1.. 

00591 0-HEX 	IN 	CFCCEI.LSD1:ACCIT) 	; 	DEC RESULT 	IN 
0'0592 4CAA R7 00 HDEC 	STA A 	00e. 
00598 4C AB C4 01 AND B 01 
00594 IC All E7 01 s.T121 IFX 
00595 4FPF 17 TPA 
00596 4CDO Li-. n8 LDA P ?$0A 
00597 4C -P2 02 CLE 2,X 
00598 4C 1:4 E8 00 HDEC1 	OSL 
00599 411:B6 A9 01 ADC A 1,X 
00600 417p BAA 

Ii 4CP9 F'-' 02 Prot_ 21X 
000J: Al' 01 STA A 11X 

0030? 41:1:11  DEC P 
00304 F4 DNE HDEC1 
00E05 

-EOUTINF 	TI) 	C:U]HTPOL 	DI 	 PLAY 	EN 	DT_CILInc7:CPRFt- 
H_. 41-C1 7JAT72 	i 	D 'F-1.11 1  

00308 CT --•!,10;:-! TRf74  *TCP4-40 
00.309 - 417.17- fE. F7 00 :TA D 

DIGIT 



~~~& ~ « ~» 

«0E10 
00E:1 

00E1? 
ooE14 
o0E15 

~C[~ 
4COR 

~C_CD 

~r(~ /7 

rid 
LDn A 
~~o P 

H~L ~ 
Pa n 
T~H 

?mET:UF 
4,X 

»«E1E 4Cn0 5S HSL ~ HCCD+;34 
00E17 4LD1 AD9 
01.:619 4171:2 97 0~ '3To  

00619 4C.:4 vv LDH e V.X 
00E20 »C1:6 "= CLR 8 
00623 4CD7 L3P H 
o0622 ~[~8 56 POP D 
01.1E2? 4C~~ E7 ^7 STH  
0»E2^ ~n 3n H]0 o ?pnFDUF 
00625 4ri'D G6 3H LPA P ?F:eDUF 
~062~ 4L\'F A7 «6 STA A E,X 
00627 4[F1 E7 OR ?TA B RYX 
0062S 4CF3 06 00 LDH A 0,y 
006'29 4[F5 H7 09 STA H 9,X 
0:E30 41--;77 FE 3R70 LDF CCR+48 
00631 4CEH 86 0: LDA A 8,X 	MEHM OF PHASE 
00632 4CEC E6 10 LDH 16`X 	C.D. 	OF PHASE 
00633 4CEE Cr 3P64 LPX ?CCR+36 
00634 4CF1 A7 06 STR A 
00E35 4CF3 E7 07 STA D 7,X 
00636 4CF5 C6 !8 LDA  
00637 4cF7 E7 0U STA B 13`X 
00638 4CF9 CE 6e LDH D ?R6R 
00639 4CFD 8D 16 BCR CTHT78 	MEAN MfIRKEP' 
00E40 4[FD H6 06 LDH H 6,X 
00641 4CFF RB 07 ADD A 7,X 
00642 4D01 C6 78 LDH B ?~78 
00643 4D03 8D VE PSR 3TAT78 	MEHM+CD MARKER 
00644 4D05 A6 06 LDH H 6,X 
00645 41107 H0 07 CUD A 7,X 
00646 41109 CE, 78 LDH B ?T78 
00647 4D0D 8D 06 8CR STHT78 	MEAN-SD MARKER 
00648 4n0D 86 18 LDH A ?$18 
00649 4D0F H7 0D STH A 13,X 
00650 4D11 20 53 PPP DICP20 
00651 .COMPUTE COORDS OF RADIAL wHRKERC~ 
00652 ^X=?CCR+36. 	ANGLE OF MARKER IM HOCH, 	$100=360 DEG+ 

00653 *RCCE: CDNTPOLC LFN5TH OF MPRyER 	t. O, 	OF PDIMT~~ 
0e6~4 'nC[-E:=« FOp MAX LEUFTH".FTE FOP ZERO LEn6TH° 

00E55 EF FFpL FORT OF FIRST POINT 	IS 	IN -3CR+484, 

0:E5A 41-i13 [7 1» :7:TAT78  

»lii57 :1115 CLR ~ 
01.16 ,AD1E ^~ ASL A 
00E59 41-117 pOL ~ 
00660 4D1:7; 4S *~L e 
00EE1 4D19 59 POL B 
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4D1A 77!4 RSH A 
D 

DIC: DP 4712 FciS AFT FINE 
ADD R 

SCE+50 
0067 ,17TJ;?4 TT RUL 	F: 

INC E 
PU 	A 

F-1 .4712 FOS AFT COSINE 
iii-i 47-'t= IF :i:A64 '7'SCR-1-S6 

41;2D SP 20  ipll 	A T-:!if 
47;EF A7 GF C.TA A 1 

II -.f E6 OF 	_T- 	ii LDA P 15! 

47I?: :E!D STHTS2 REAL 
4ii: ET LDA 
411?7 SD 07 E'7:P "STT S2 IMAA 
41-19 10 INC 

U0679 4 D31,7  6C 10 IMO 160-!. INCREMENT AMPLITUDE 

4DSD 2R F2 DRL STATS0 MULTIPLIER 

006S1 4D3F 9 RTS 
004S2 4D40 Hi-  1 0 	STAT'22 LDA A 161X 
Hi 4D42 BD 499S IF TWOHAZ 

•1D FE -3A70 LDX SCR-I-4S 
II -4D4:1; R7 (10 STA H OIX 
00SG 4D1A CC LDX ?SCP4-S4 INCREMENT ADDRESS 

0047 4D21D GC OD INC 1SIX OF RESULT 

006SS 4114E S9 FTS 
006S9 4D50 C4 -112 	STATS6 AHD B ?$7F 
00690 4D5? Cl 1 CMP B ?$31 KEY TEST 

00691 4D54 2E 10 EMI DISP20 
00692 41156 Cl S6 flip 	B '!1•34 HUME& 1 TO 4 
00493 4D5S 2F 07 BLE STATS8 
00694 4D5A C1 5S CMP B ?S58 ACII 
00695 fl'i-  24 OS BNE DISR20 
00696 4D5F 7E 48E5 JMP EXEC25 
n0497 4141 CO STAT88 	1.111: 	J 7- T30 
0069S 4D6:3 7F 4CCS 	JMP 1TAT74 
00499 .DISPLAY ROUTINES 
00700 4D66 FE SA70 DiSP20 Li X SCR+42 DRAW MARKERS 
00701 41169 S4 14 LDA A ?$14 
III 	Ii, 4D 6B :":=111 27 ESP DISPS2 
0070S 4114D CE 4E00 DISP25 LDX ?MSA20 
00704 4D70 8D 20 BSR DISP30 DRAW LETTER H 

007115 4P7F7' 	FE 	::::AEC 17TR+44 

01:70 ,I -P75 	SP 	1T- 1SR DISP30 1-IR.; 	HAPMONIC. 	NO. 

4D77 F1' S3 DSR DISPIO DRAW AXES 

4779 FE ?EE SCP+44 

00709 cIDTC F•;. LDA A SCP441 

1r)710 ,II7E SD 1, DIA32 DISPLAY POINTS 

00711 4D?1 IT Fill-r4 Li: 	A SECF4 
FCP5 LDA :FFCP5 

0071 411:7:7 47 A CARRY SET IF CHARACTER 
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1.11_171 
ffi717 
Oci71 
00Y1':=1 
01.:711 
110771 

41IE:F 
Arf. 

DD 
14 

PUCPIVEP 
LD:,i A 	PIA17 
DIT 	'830 	PEAT' 	CLEI.A: 

DISF 

fl-t2PLAY 	F11INT:7;4,  
•T r12- 	PEA 	CrirITATH 	ADDRE 	PEAL 
-.F!"=:,p-T 	OF 	FIR -.1'T 	POINT-1-  

01)7E2 1:1 17 L1 	A  
A 

17107.4 4DA7 1!1 LPA P 	05X 
0117E5 4D'Fc4 F6 01 LDA D 	1,X 

4DAP. AP ADD A 	?880 	SCALE FOP 
007:227 417rPD 11-s 1: ADD 9880 	VIDEO OUTPUTS 

53 CDI' 
1- 7,? fuH1 'T-!7 ci 	II STA 0 	FINE 
r.1 1-17_.7!0 4PA2 D7 4;.: STA PIAF 
01-.; T:7!1 ctrcE,,1  0A 
007?-2 4PA5 INX 

4Pr216 TA :::A6.4 DEC SCR-v.A 
00734 4D09 26 EC ENE DISAS4 
00735 41'AD S9 FTS 
00736 -0RULE X AHD Y AXE5-s- 
00737 4DAC 86 AO DISP10 LDA A 	9280 
C' 0738 4T1HF 9T 42 STA A 	PIAF 
00739 4D1:0 5F CLR 
00740 41-1111 117 4n DISP11 	STA ATAE 
00741 4DP3 ':.r 04 ADD D. 	9804 
00742 4DB5 2 FA DOE DISP11 
00743 4D1,7 97 40 STA A 	PIAF 
00744 41I119 117 42 DI3P12 STA B 	PIAF 
00745 411BP CB 04 ADD B 	7804 
00746 =111111 26 FR DOE DISP12 
00747 4DEF C6 40 DISP14 LDA B 	9840 	DRAW MARKS ON AXES 
00748 ['Cl4 211 01 DSR DISP15 
00749 4DC3 50 NEG B 	AT 4.840 AND —840 
0077.0 4DC4 A6 83 DISP15 LDA A 
00751 4106 97 40 :TTA A 	PIAF 
00752 4DC2 D7 42 STA P. 	PIAF 
00753 4DCA 40 NEG 
00754 4DCD 97 40 STA A 	PIAE 
00755 4D1:D 97 42 STA A 	PIAF 
00756 4111F 117 4'' STA B 	AIRE' 
00757 4111111 40 NEG A 
007F; 41ITI2 97 42 RIPE 
00759 4PD4 A6 ii LPA 9880 
007p.:-0 4r!D 

00762 
4D:=1 
4E00 EA 

ORG,  
Frc: 

S4F00 
21 1.!-MICROPPOCE53OR 	SYSTEM-0 

4E01 $11,  
4[02 49 
e,E03 43 



4F04 52 
4E:5 4F 
4EG6 ~0 
4E07 52 
4[o8 4F 
4E09 4? 
4E0p 45 
4E0E: 53 
4E0C 53 
4E0D 4F 
4E;E 52 
4EOE 20 
4E10 53 
4E11 59 
4E12 53 
'E13 54 
4E14 45 
4E15 4D 
4E16 2A 

00763 4E17 ODOR FDP $0D0H , T0p7F`$7F7F 
4E19 0R7F 
4E1D 7F7F 

0071:4 4F1n 53 FCC 264 CTTMULUC 15EwEpA7Op + PHP.1'zE 
4E1E 54 
4E1F 49 
4E20 4D 
4E21 5~ 
4E22 4C 
4E23 55 
4E24 53 
4E25 20 
4E26 47 
4E27 45 
4E28 4E 
4E29 45 
4E2A 52 
4E2B 41 
4E2C 54 
4E2D $F 
4E2E 52 
4E2F 20 
4E30 28 
4E31 20 
4E?2 50 

4E?4 41 
4E35 53 

45 
007R5; 4E?7 20 FCC 255 	PMnLY /H) 	OP STIMULUS 

41 
4E39 4E 
4v=39 41 
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4F?7,: 4C 

4E3 
4E?= 

4E41 
4E4i=: 
4E4.2 29 
4F44 
4E45 4F 
4E46 52 
4Fc:7 
4E48 
4F49 n4 
4F4A 49 
4Fa} 4D 
4E4C 55 
4E4P 
4E4E 55 
4E4F 53 

007E,6 4F50 20 
4E51 47 
4E52 45 
4F53 4E 
4E54 45 
4E55 52 
4E56 41 
4E57 54 
4E58 4F 
4E59 52 
4E5A 20 
4E5P 4F 
4E50 4E 
4E5D 40 
4E5E 59  
4E5F 20 
4E60 2S 
4E61 47 
4E62 29 
4E63 23 
4E64 

FCC 	215 GENERATOR ONLY fj.K5?: 

0071'.7 
01)7E:.?,  4E6 
00769 '.EEE 0F 
00770 4E67 86 
00771 JE69 P7 F0F4 
00772 4E6' :EFF7F 
00773 4E6F 

 
IF 4E00 

ii 1774 4E72 TA) 4. 
00775 4P75 
00776 4E77 F7 FF04 

TPPT UP POUTINF4,. 
ORG 

LD.:1 n 
::TA A .1".FCF4 

?7:TACr 
LTC,  
JI=R 	flHT7FF' 
LPA P 

E 
JF1F INSTP 
E!TI:".20 



00777 4F7n PP FF0O J~R TH:-4 
00779 :FTP !=',1 ~7 '7:;p 	A ?~~7 
00779 /E7F 9'7 vT DE~ Cr4pT2 
0:7o« 41 [|^' 	e rTA1 
00791 4E99 :=27 11 FFo STApT4 
00792 4E95 FET'. JnF 3rEDE 6O Tn wJwTPU6 CONTROL 
007P9 /F •yr~7-=.T2 rFFr95. 
o~78~ 4;7 ; 77, rF rF07 5FF»5 STIM GEN ONLY 
00785 C6 LD4 ?T39 lASTR 

4E9« E7 F`or rr~pr3 CTa 9FF«7 FyEC3V 
00797 7F 4R99 JHp ImFOFp 
00799 4796 CE CTFPT4 L~>~ CTIM 6EH + ANALYSTS 
007:1:9 FF FP- 05 CT~ ~rFo~ 
00790 ~ ~917 CF 4PT,4 LDx 
00791 4F~F Fr FF09 ST/. 9Frn8 
00799 ,J742 20 E[ BRA ~T9Rr7: 
ooren FF5r PPG TFF57 INTERRUPT 
»079~ rp!:',7 7F 4FF7 `/MP T4FF7 
00795 FF2E En5 9FF2F 
0079S FF2E 1E66 FIT T4E66 START FROM eImlDUG 
00797 END 

SYMDOL TAT-LE 

PIHC 0000 PlPCnC 0001 PIHD 0o«2 n}HCrD 0003 FIRE 0040 
PIHCRE 0041 PIHF 0042 PIRCRF 0S4R HAPT//F 0o3D PHHPUF 0038 
~CR 3H4V INCA FE00 OUT[H FEHE OUT2H FEDD C-rACK FF7F 
EXEC2» FF04 EXEC30 FF07 INFORM 4399 EXEC25 48n5 nULT 46F3 
DPD 46D4 FOS 4712 OUTLFC 467C OUT6C 46Y2 OUTSTR 4E?2 
MESBUF 0V4F MS620 4F00 M?G90 4F48 M?531 4EE8 TRANS *8D4 
TRHM1 48DA TRHw2 48E2 TrANA 49Eg TRANS 48FV TPHw12 4937 
TRHM14 4949 TRHH15 494R TPRw17 4963 TRAMP 496n TRHwF6 4979 
TRHM35 4981 TuOMPY 4995 TWOMPZ 4998 TuOwP2 499E TOOMp5 4946 
'TWOMP6 4947 wE5pB 4944 HwpLI 0,9B1 SORT 49C3 C0PT2 49D0 
CQRT3 49D2 C0RT9 49ED CQRT10 49F9 ARC 49FR ARCM 4400 
ARCV2 4404 HpC04 440B APC10 4911 RRC12 4419 HRC14 441D 
ARC45 441E HpC50 4425 STATS 442E STeT10 4446 ~TnT12 4448 
CTHT20 4450 CTnT30 4H6E CTHT32 4496 STHT*0 4oE9 STHT41 4HEB 
DI;2C 4RF4 DIY2C3 44F9 DIV2C1 4D09 CTHT42 4B11 CTHr~~ 41:79 
CTHT46 4B45 CTHT48 4n55 TCIwr 4E57 T[lMT1 41:64 TCIMT2 4B6H 
TSTTC 4B6D TSTTC1 4T-:74 TSTTC2 4B78 CTHT50 4B7H CTHT55 4BP4 
CTHT57 4nD7 CT8T59 4BE5 CTHT65 4C25 STRT67 4C39 OUTS4 4C7F 
OUT~~ 4C:D.1 .1C7- 4 4CA9 pDEC1 4CD4 TTRT72 4CC1 
'72.14T74 4rC? ,_rAr79 ~THTpx 4D91 -sTqT92 4D4» CT4r96 4D5o 
9TAT99 4DS1 DISp20 4TIS6 D1:,:p25 onSP DT?F3o 4I/92 DTCp?2 4D94 
DISF34 4P97 nISP10 4n4r DJ~p11 4Dr1 D]Sp12 4DD9 DISP14 4DDF 
D7SF15 4D[4 M-=G35 -1E0» ?TART2 9TART3 ^E9n STHp74 4E96 



Table 0.3 
	

EPROM number I located at 4200 to 43FF 

(The MO{ contents are prin+ed here in the format of the 

MTUIBUGIouder, Each line begins with 'Sl` ` except the last line 

which begins with 'S9'. The next two characters specify the length 

of the line. Next there are four hexadecimal characters which identify 

the address of the first byte of the data which foIIova. ]ho last byte 

of the line is not a data byte but a checksum, used for error detection 

in 8I0IM.) 

' 
5.11:342008 11 8283a5E;688899B:E:r:7;E909193949697~F 
C11?4210999PK9D9FHVF127-3Fi5HP-:.H2R9HB REHF5A 
S1134220P1P2D3Fi5D 	 OC1C3[4[5D9 
C1134230C7COC9CHCcCDCE[FD1D2DrE;114115D6D91197C 
81134240DRDBDCDH;EDFE0E1E2E3E4E5E5E7E8E952 
S1134250EHEAEI:ECEDE:FFFEFF0r1F1F2F3~:7.*F4F563 
C1134260F5F6F6F7F8F8F9F9FpFRFHFDF8FCFCFCBO 
S113427oFDFDFDFDFEFEFEFEFEFFFFFFFFFFFFFF57 
C11342808080808080807F7F7F7E7E7D7D7C7D7946 
C1134290797877757472716F6D6B6H69676564633H 
S11342H0536363646F.676A6D71.757H80S68D959CB6 
C11342B0H5HDB6BEC7CFD7DFE6ECF2F6F8FIFEFF3H 
811342C0FFFF544F4E452C50554C53452C4C4F47F3 
C113421104F4E3H4552524F5231j5245505420524151 
8:11342F0544520485F3H5245505420504552494F5B 
5z11342F0442041533H50554C534520574944544857: 
C11343002055533H504F4C41524954593H4C4F4717 
811343104F4E2054432055533H544F4E4520465255 
S1134320455120485A3H544F4E4.5205045~2494F22 
5:1134330442055533H425552535420574944544803 
C1134340204D533H4E4F2E4F46205354494D554C11 
C1134350493p4E4F2E4F462043594341 45533F15207 
C11343604953452054494D45204D533H46414C4100 
811343702054494D45204D533H2054524947205426 
:81134380494D4520411533H524541445931114E45588H 
8'1134390542O532C472C41293H0F8EFF7F1E434497 
811343H09D36CE3H58BD46422R037E44612209FE1D 
511343803H58FF3H54092774CE42D98D18CE3H5H43 
511343COBD46422B16226509096F006F068664H755 
C11343D001BD46D425E220177E4632CE42F61D46F4 
C11343E036CE3H588D7H28D02242P11449825ECH67D 
C1134.::P0O5E731---t4c0E2A50FF3P608631B73H5F3646 
!:::.90o00 
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Table C.11- EPROM number 2 located at 4400 to 47FF 

*:i- 11:-.4409B3-14;---..70:7!2F.DFEOE479P.P4 2:7-F?:=15SE9 
1 34j 1..::p4:7-_2i7-. ..11)-IFTI-14 .:LiE!E.:3;:f4Fs 	rr:!? DE.  

C u 1 0 442 	 OCE421:2D?, 

3113448 CIFITFI;4;E3:-.E::::501::15 n27 	4:-_-270,;C 1542: 
S113444 fiR,EE;=!--1 :4:7-.:4;;:431.73::!4 
:3113445 	c1 :50j: '0:63;q4 CIC 14E2E. 	009G. I) 

412;E:-.ELF:P:E;01-73;:i49p;S:=:::31-1 -,7:;54.7 
S1144700.?2:-:.2285C.C281PCE4319PD4682:ti8ti585C 

71.13449002=7E45ESTE45F,FFOEFIPE.:=:GIVA70:::82 
S112,41:1117E4AB4:-.-.E4S2AED4ii,:7:6CF39-1111F2EPC7S11  

:311344E:Oi::21RO.F,058:::,f=3:;7110620',..'4701::4;SOATOEFF. 
S11344C0::::111-1E251:::;FEFi5CFE3R42CE43?SPI-45EDF1 

11344110.1::5F29?217.%619R1042407CE4211SP4C2015 
11.44E0R9CE40.7:E cicEFFFOIDR21CA704c705C1 

.-_.-1144F017FSRIT.E021:1702:7f69PP7n?6FOESIII:i1P01; 
S113450KR4;1-Fili:i525114CE4F:?PA: PPGPEO 
S11.7:45 i 03p40P6 i1_E.:.1DED05F1904:::18:742.5102604titi 
5113452 OC1FF2F,OAC E4;:D:3!72110221)D.T.17P461':::::F17068:F: 
Sl1C)4530E7078D7EFF2Fi5EFF::_:p41-IC E486C81i2E2910 
51134540F92928rE3F140863'Pr6 FFE 01 DF-f21 1A106EF 
311:z:45511250626 OPE1072.407rE.42D88DC:ti2ODTti702. 
511345G008E70981:145FE3ti5EFF8ti4C:20748DECCEB7 
511345703 ti58PD46422B12222116D °P-EP 
5113458001BP46ti ti704E70539CE4852BP4686CEF6 
511345908A58D11464ti26118612A706FER42FF8Fi 1 1 
3:112451:10!5ACF3P58201601::390D:D9tiE2A5C27FACEOFt 
511345E08A5R8680R7006F018A02A7067E46P4CECE 
511345C: 042F58DE.ECE588 D792DF 42262862C A743 

112:45DCO26C4A70?1SOPP7068IIE1FE3A5CFFA69 
S11345F04P204CrE420D8D4PC:E2:A5AK155tif:F42297 
S 

 
1 14FlI E 09098 	A 7008 F F F17018603P700'.:SID B:7! 

5113460 OBB25E OFF3A5CFF3F142FF8A5FACE8000FFF7 
3:11:346103A52r E8P58.601F4706E1DF11::-.." :6-19 	0425D9 
S11:462017:2:31,S39C6FFE CI 05A204D73A44F78R457E8C 

113463047318D 480028 D3ti F160008K150818 F+26 D4 
:31134640F7396F006F01EDFE008102E151292E13 
5113465011840F1 04680169005ti26F -HT  011=170149 

113466020E 4812E272P8131126024118981582611205 
51134670483986.20r ,  OP;811155A26F B892 0til8D ODC:8 

113468086 OD81109867F2 OECEDFE 001697EFEREP.8 
11346908610E-17021:1600Ptc01.4456660061.;01850856 

51184 F.. A OFT' 02 00 	l_ FIlç u0.3 Or F, 0E; 270: I) 03 f; 	E 
S.11346B 00226E5:396F 046F 056D 022 °AE1. 062 BPETI 

11:34 6, C 	90F2PF IE.;402 E. E. 03 ti E, 00E 601 E 00B 1 
5.1.1246DOti2:02'2509A700F701011 6ti,052002.8051;902 
511846E 0041'.:: 01 E 9006P 	E 1 0 17: 	E4211ID464E 

1-h7- F.F 
I 347 fi f_15:::497:::FF0124nFEF F002.?0;:;7AF7F 

S113:471 Oti FStiC:501';'707.4D26034 -3j.  0 OF 4-044 E:73Fil 
S11:347201:.736.42P78'ti6EFE?ti6tif:..001:5f.2270140::::r 

1184780898EFF7Fr E8p41-_;cfL,00C:5032651.786.07A7:34. 
S1134741-11R0177'6F1A41:12 1:4FAFE044FF::1115KF101:21548 
S11:4751173PC3P46.270481 242(78D108D44FC =*-14F 
Si 	OF7F68ti5DI:61-13 
5:.11847708R5E209EPti417:F1::.8ti 417.12 0 .-J6P6?ti4tiF6D0 
::.:11347802ti4;A: ti8P5 	P2DF6:7.1745ti::!P81-.:.86i--: DBL.:: 314 
511?47908 0802F:071::D46F32 

11 -'AI 	 OF E?i- 	.- IIIII-FH 	FHfll 	HD5 
51 14' 042F ?•:,?ti 4 '? E 1--.0211901240.:21 0011702ti70126 
511847C12P5::::364?=4F.DT,.=:pc.11:21.;014.04A0c 
5.11347n08E1::01.7:7:tiPFE8ti5Dti6n0i=ti8t7.4581:17000:::Cil 
:3-11247F1J7FE-..7:Pr_c_=:9PF;=,p;rti.7.7P.1%9;,-FrIE 
'7A13,17F0::!,;FF9701i977:E2CE0P70E,:77:E.E4'::171:.S8 



90 r) 0 i 

111', 2::'• 	 ■_-. 

11 	1 	 -.-4.11.•: •:! 	■ •••“•4. •-  7• 
1 	 r- 

7:7 

UT- 1.2 

■• 	 !I .F.5 :-.r7-F 

A 
1 1 	

▪ ? 

	 1 
1 1 -7. 4 	 r- t- 	 7 1 

[I= 

/561:7: 0.i F 

11 	 P 1:15 	E 	 I; 4 biz 	C:  

	

(c:. 1 E.t..:...T ; T*1:47., :-1,11.--- 	 Fi2,17-1 

11 	

• 	

IiI 111 	I 	1)7;:=E 	T -2 7 21:11: i-Ill 
iii:-.71.4 . ;1 1-1;7:1:::.Fi--- 	 F7 ii.,r: re I 

I 	 E:4E-Er. 	 I tiii.FIF; 	0 
I 1 • fl 	41-71::: 7 ,1 	4:".7211-7, 14 	i lj 1 

S 1 	 1 1 ;:ct  114:7: r; 1" ;.E. 	l 	II I; 	i:;C:P 
5.11:34H1 r-q 	 u 	u:::9:1:7,,::: -rt-;0•75 

	

f.Pc:111...:E.4',..t11;5FF4 1 it li;"-7?1= 	isi--:11:7,-:Fdr:F1117711F4FF1-1 

E:7:3.17; 
lic145e,:=":F--.:77;DF17- (1,1Frj 

11:77.',4E4711vE,C1:1; 	1,:f.:::-',q7",77.7f-;1-14.74Et1F7.::H71F-1.-:i7+.:'1 
-::11:77.:4t-rc,. t',1-..P;7:4 

1 1 	Fri.:::II1.  C: E 21 	IFj,E E 
I I.. 	 A 	 i 

11 :4FiI iIi-s Ii 
1:34Api-JE.c. 

11111177 011:170P7F t7 
1 1 

1::-..7,̀6 	 n 
11 	I 	 1 r n 	E n 	Iii 	r 	Il ils--Fil i-le,F7P4 

! 

	

	 D 

:=701 

..7:11•?:41-', (...1••::.--_:P 1 

• !!:-!! 
- r■-, h 

1 



288 

	

nurr 1 	1 	 bC0r)  to lis•i• 

▪ ' 
S11. 
S11:14 :22 1271, ::77T:E1-2 :'171.-IjE4-P:=TT,-:E•..:::::"E4E-- IDE 

T-; 	TT E C 	IT, 	:=7 	=,,;r::=:ji 07 
S:11:341=4.r-_-' 1::c., CL.72FF.?!==.E111 

t '46546 
:311 :3 4 1:11 	02117 1..; 	 Dl *: i?'=.'.1!7:FEEP D 1 	tiF1117.:2 
S: 11:E: .77 04671: 	 f , ..1-21:-:"F 

11"?.41-_-.POP,:, 2 1-!TJP1-.17EFEEPP700C4 11 1F701.17:3F 
▪ 11:341 1.1-11-Fmin0111990E1:1701EF,IFF 
▪ :::4CC 	 P2;:;62F7012.:E E-"-F PO4 5:7:525:;17EF1 
:7;11:34C71)0c..:11T•P71-170---16::105F4 45E.E707:::-:P2.01763A1:17D5 
S1134 F 0 F 7 	 F H711*- 03E61017E3 Fi71 
311:7:4CF041:1..- 1-1,;F7071::61:;E.70TIC- 6613::::III61:!ACI6RBE:7 

1:34 p 0007C 	T1 E 1:16.11:6- P 6(17c:6722 Ti 0626 1 2F4 756 
' .11:34I110 0 DE 1-IF..=; ET' 

r:;:: I 	p.77, 	 D4712C 
S11'24.1-1:::00FF07:41F:FY:0?Ff'.0Pi'n07EC10C102PF.:-.7:1:,EE 
S11341-14 1-.16.1 filE'714992FE3P710.74 	1 r:E3F1:-.46C0113917,E 
S113,4 1-1 501747F1:13121:1712E1F0717152E.1-1F7'E.415 
:i _T -IIEI I I E4I I FF P702E142D27CF4F OF t; 
S1 I 341-171.1:311r.? 11FE3AE,C;;IilF::::rG=:FE?RE.FEE.:E;17-16EMER 
S 11d411 ..? 	?..E. ,E.FC:F4Fi:-.,FCF5 -472(:696.110253027I1DFE 
5,.3134D90211D46:6CCE73REzoz!EijCiEE.1711::_:. I I 1:*:05:3FE 
S1134DA '7+97401-1742132 c:27F-1::::RE,42C3936:7;09742BD 

411  OCT.:04 ,=6F1-1 974-0D742C1:0426EIRO6E5 
S11:4111:1:140111150266;:::q7401174240c.47409742D7 
Cl 0 1=1 4111111-J404 C:97428E:303940 
S: 1 124E 0112F14D49435P4F50524F4:3455:::534E5220ip 
01134E1053595354454T2Fi CIA OFi7F7F7F53F1449F1 
S1134E:204D554C55320474:=14E455241544F2001 
011:34E302B20104841534.̀:120414E414C159.1349132E 
S I 1:7.4E4020224129204F52205?5449411554C555345 

134E5020474`:1 4E45241544F52204F4E4C59E:005 
S1084E602347292231=i54 
S10I14E650E261211F:7ECF4:3EFF7FCE77 
S1 I:2:4E704E n OBD46,32C:67EF7FF 04BDFF 006:14727C:3 
S11:34E2007214127117EFEDECE43P5FFFF05C639FE 
S1134E9 OF7FF 077E42.77i9C:E4F-12EFFFF 05CE42114FF85 
-.1074E17-1 OFF 032 liEC:F7 

S1 CIE4EE820202020564F4C54F9 
:71114EF O532F4:35A2020444547524545533013 
:311:34F 0 ci:3C17C:207Fi2 	2076;E CI 7432722 476:21; 7 C: ILl  
SI134 F 106.: 	P 	 P.:3D7 C:3I.17 F:3 P'141; 
S11:34F202P7921372•2117721176:311 75C11748C74:3E74EA 

11•::4F•7 0:E:1771:::;1:17F:::F7E?17F('271- '71271:1907:.7":2E7E1e. 
711 74F4  r:E:17.7E749 (174 :::.:74:=-.C7C2D7F2F7F917E122 
11-34t=5 	 072'7.276.c 174:F7 4'.31-17 4::17-  761 
1124F E-02,F7F3E71 2D7F12177 	 F76.'SF".."29 1,7* 01 

S1134F706F71: 3FThP2F7E?F74.F.-11-17E!7::E7E2C:7F2C7C:E5 
S11 34F2 f):;L:_7i=i!-:- E7f:cE■071:!::,17:39 1 7,7...9 11742 F74:::c7SEE 
S:1124F90917PE:F7E:2D7-1;2C7E:C77:31-75:1E749074DE 
11?4PACI917E'l-.17:E!:::P7 17::' ,1.!?4F-2nJ:0414!) ,-, fil2t7iori 

:171124FE1-1z1-14 414P5JJEff.1714 4154520414-414EDR 
710R4Fen2021i-.:::2E44E3J-7+79 
:::11:34FCE7n 	 11aCT-:114P1IF 
:7110:14FI1 F- 21=' .2.=47- 1c2C F• ft2'PR 
71 III  4FETTFP7::t---, 1.1.4..7:E11*=1:, 7.,  OF I 

riF4FFt-7.01`=.!TI:12!:!'f126 DEC F.:0220D2'2F 
9 11111 1  



28 

Table C.7 	Routines to print out the amplitude 

and phase of the first six harmonics of every 

response in a trial of up to 64 stimuli. 

Locations in ANALYS to be changed are: 

4A78 	JSR AMPLI 
4A79 	49 
4A7A 	B1 

4DC1 	JSR ARC 
4BC2 	49 
4BC3 	FA 

Also, 

becomes 

tt 

n 
tt 
tt 

3A7E 	should be reset to 	00 

JSR PRTAMP 
20 
00 

JSR PRTPHA 
20 
36  

2000 	BD 	PRTAMP 	JSR 	AMPLI 	Here to print 
49 	_ 	 amplitudes 
B1 
37 	PRTO 	PSHB 

2004 	86 	 LDAA 	?OF 
OF 
B5 	 BITA 	SCR+62 
3A 

2008 	7E 

o6 
26 	 BNE 	PRT1 

200C 	46 	 every 16 points 
BD, 	 JSR 	OUTLFC 	New line, once 

7C 
BD 	 JSR 	OUTS 
PE 

2010 	C7 
7C 	PRT1 	INC 	SCR+•62 
3A 
7E 

2014 	32 	 PULA 
36 	 PSHA 
fir 	 CLRB 
BD 	 JSR 	HDEC 	Convert to 

2018 	4C 	 decimal form 
A9 
A6 	 LDAA 	2,X  
0 2 
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201C 8B 
30 

ADDA ?30 

BD JSR OUTCī-ī' Print 
FE MS digit 

2020 AE 
08 INX 
BD 
FE 

JSR OUT2HS Print two 
least 

2024 C5 
09 DEX 

significant 
digits 

09 DEX 
86 LDAA 701 

2028 01 
B1 CMPA SCR+48 
3A 
70  

202C 26 i3NE PRT2 
06 Leave one 
7F 
3A 

CLR SCR+62 blank line 
after last 

2030 7E response 
BD JSR OUTLFC 

• 46 
70 

2034 33 PRT2 PULB 
39 RTS 
BD 
49 

PRTPHA JSR ARC Print 
phases 

2038 FA 
CE LDX 7SCR+50 
3A 
72 

203C 20 BRA PRTO 
C5 



.Ti 	i' c.3 
	p:. 	L......'.~ to test the data .(7,(%uisition Doai'(i. 

i ro`ra_ :ne 	be used to tet the calibration of 

`D 	,i the general 	the data the ~./ converter ~e" <~ : 	e Le'ī ~__ a j~~c.'~i j.Oil i t.1e da 	acquisition 

board. Its efīect is to 1)rinG out the reading from the tt/D 

cc_īvc:_ 	about once ever:: seconi. 

4000 OF 
86 
FF 

SWZ 
LD I ?FF 

Initialize PTA's 

97 STJ_!, 03 

4004 03 
86 IVA 

(; 
8 () 

80 
97 STAi\ 02 

4038 02 
86 LDAA ?DB 
DB 
97 STAA 01 

400C 01 
97 Sein 03 
03 

LP1 86 LDAA ?FD Reset clock 
4010 Fl) 

97 STAA 02 
02 

70 INC 02 Data buffer to A/D 
4014 00 

02 
LP2 08 INX Delay 

01 POP 
4018 26 BNE 122 

FC 
86 LDAA ?7F 

7 
4010 97 STAA 02 

02 
CE LDX ?0101 
01 

4020 01 
BD JSR OUT2HS (In I1I1• I',UCz) 

FE 
05 

4024 20 B?A LP1 
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