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DESCRIPTIVE NOTE 

The software for an existing signal aver aging system was 
I 

developed, and the system was then use d to measure pulse 

dispersion in graded index fi bre s . 

(ii) 



ABSTRACT 

A sampling oscilloscope was interfaced to a PDP11/10 

minicomputer via one analog-to-digital convertor (ADC) and 

one digital-to-analog convertor (DAC), with the minicom­

puter being interfaced to a real time oscilloscope or 

plotter via two more DAC's. A software program that 

employed both assembler and Fortran was developed. This 

program controlied the signal averaging, did some data 

analysis, could output the data in normalized form onto 

a real time scope or a plotter, and also input and output 

the signal using punched tape. 

The usefulness of the system was then demonstrated by mea­

suring the rise time of a short laser pulse through various 

lengths of graded index fibre, and the fibre response was 

extracted as a function of fibre length. 

(iii) 
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1. I NTRODUCTION 

An experimentalist is often faced with the problem 

of measuring signal s that are obscured by a large amount of 

noi se. If meaningful measurements are to be made on the 

noisy signal, something must be done to r educe the amount 

of no ise. In such cases, a process called signal averaging 

can often be used to enhance the signal-to-noise ratio . 

Signal averaging can be described in the following 

way . Generally , a signal can be viewed on an oscilloscope, 

and a trace of signal amplitude v ersus time is then obtain e d , 

as in figure 1 . 1 . This trace can be imagined to be the sum 

of two traces, one of the "pure , noiseless" signal , (fig-

ure 1 . 2) , and one of the noise , (figure 1 . 3) . The sum of 

the traces in figures 1 . 2 and 1 . 3 would result in the trace 

of figure 1 . 1. 

If a second trace of the pure signal were made, 

and added to the trace in figure 1 . 2 , the result would be 

a trace with exactly twice its original amplitude . However , 

if a second tra ce of the noise were added to the trace of 

figure 1 . 3 , the r esult would not generally have twice . its 

original amplitude , because the "peaks " and "valleys" 

would not occur in the same place . 
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If we kept taking traces of signal plus noise, and 

added them to the trace of figure 1.1 , the signal would 

grow in direct proportion to the number of traces added , 

but the noise would grow more slowly . Thus the signal to 

noise retio could be raised to any desired value , in 

principle , using this t echnique . 

3 



2. A DESCRIPTION OF THE SYSTEM 

The practical implementation of the process described 

in section 1 was done with a sampling scope, a minicomputer, 

an analog-to-digital convertor (ADC) and several digital­

to-analog convertors (DAC. ' s) .• 

The sampling scope works on the following principle. 

Suppose that the input signal is repetitive, as in figure 

2.1, and that there is a trigger pulse which occurs a small 

fixed time before the signal. The sampling scope will start 

timing itself after it receives the trigger pulse "a", 

sample the pulse at position "A" on the horizontal time 

scale, and display this amplitude at position "A" on the 

sampling scope screen, (see figure 2.2). When the trigger 

pulse "b" occurs, the sampling scope will wait a slightly 

longer time, sample the signal at time "Bu, and display 

this amplitude at position "Bl;! on the sampling scope screen. 

This continues with positions "C", "D", etc. until a complete 

scan has been made, at which time the sampling scope will 

start over again and sample the signal at time "A". 

The sampling scope is readily interfac.ed to a com­

puter, and the system that was used is shown schematically 

4 
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in figure 2.3. The minicomputer first sets up and zeros 

an array .with n elements, inside computer memory. Then it 

sends out a number, i, to DAC2, which controls the hori­

zontal tim~ position at which the signal will be sampled. 

A command is ' sent to the ADC, and the amplitude of the 

6 

signal, ai, is converted to a number by the ADC. The 

minicomputer adds this number to element Si of the array S, 

and moves on to position i+1. After completing the nth 

position, the computer starts over again at position 1, 

and so on, until the desired number of scans have been taken. 

Once the sampling is complete, the computer nor-

malizes the array S, so that its minimum value is O, and 

its maximum value is 511. (ie. 511 is the maximum value 

that can be sent to DAC1.) 

After normalization, the computer sends the value 

i to DAC~, which controls the horizontal position of the 

display scope, and it sends the normalized value Si to 

DAC1, which controls the vertical position, ( see figure 

2.3). Immediately after that, it outputs the values i+1 

and S. 1 • In this way, the averaged result can be viewed 
l+ 

and measured on the display scope. 

The signal averaged result can also be output onto 

a plotter, in which case the user can specify the plotting 
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speed, and whether or not axes should be drawn. As well, 

the signal can be stored on punched tape, read back at a 

later time, and then be read out onto the display scope 

or plotter. 

In the course of developing the control program, 

it was tested with the setup described in detail in the 

next section. Briefly though, a light pulse was launched 

into an optical ·fibre, and detected at the other end as 

a function of intensity versus time. The dispersion was 

then measured by observing how much the pulse spread out 

in time. The more a pulse spread out, the lower would be 

its intensity, because energy, which is a function of in­

tensity times time, must be conserved for every pulse, in 

the absence of significant loss. 

The first signal that was obtained was unusually 

weak, because the testing was done with step index fibre. 

(ie. Step index fibre is highly dispersive.} After signal 

averaging, the weak signal was indeed more visible, but 

8 

now it was obscured by the emergence of coherent, or re­

peatable, noise almost as large as the signal itself. This 

coherent noise was thought to be the result of stray coupling 

between components of the sampling scop. If this was the 

case, then each time the sampling scope fired, a ringing 

would occur between some components of the scope, couple 
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itself to the signal input circuitry, and appear on the ~ 

screen as an additional weak signal. 

To remove the influence of such coherent noise sig­

nals, the program was modified so that it could first sam-

ple the signal, then while the operator blocked the signal, 

the program would sample the coherent noise, and finally, 

the program would calculate and display the signal minus 

the noise. 

This process of averaging signal plus noise, then 

the noise, and subtracting to obtain signal, worked very 

well for the weak signal from the step index fibre. How­

ever, because the signal from the graded index fibre was so 

much stronger, the noise subtracting feature was not re-

quired in subsequent measurements reported here. 

The control program operated so as to divide the 

sampling scope scan into 461 points, and was able to make 

about 15 to 20 scans per second if the trigger mode of 

the sampling scope was set on free run. The experiment 

described in section three had a signal frequency of approx­

imately 2000 Hz, giving_ about 2000 ~!g~~~s / 461 s!g~~ls ~ 

4.3 ~~~~~d , (see figure 2.1). This number of points, 

461, and this sampling speed, 4.3 ~~~~~d , turned out to 

be very concenient in terms of obtaining a well resolved 

signal in a short amount of time. A listing of this program 
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and a discription of it are given in appendices A and B. 

However, if this program were used with a different 

experiment where the signal frequency was much slower, 

say 5 Hz, one would only have a sampling speed of 5 signals second 
/ 461 signals ~ 1 scan In order to obtain reason-scan - 92 seconds • 
able signal averaging, it is desirable to have at least 

50 scans, and this would take approximately 1i hours. 

Besides the slow sampling speed, this program had 

the further disadvantage of destroying all the original 

data, whenever the program was interupted to display the 

signal already obtained. Hence, once a signal was displayed, 

it could not be enhanced further by performing additional 

signal averaging on it. 

For these and other reasons, another version of the 

same program was written, named SIG1, which had the fol­

lowing additional features. The array S, which stored 

the sum of the am~litudes of the signal for each point 

being sampled, would only be cleared if the user so spec­

ified. In this way, one could signal average, display 

the result, and continue signal averaging without having 

to start over again. Also, the number of sampling points 

per scan could be specified by the user, as well as their 

position on the screen. A listing of SIG1 is given in 

appendix C. 



3. FIBRE DISPERSION MEASUREMENT WITH THE SYSTEM 

The next step after having completed the signal av­

eraging system , was to demonstrate its usefulness under 

experimental conditions . The experiment chosen for this 

end is described below . 

An important parameter of any optical fibre is the 

amount of pulse dispersion it will exhibit for a given 

length of fibre . If a 100 psec full-width-at-half-maximum 

(FWHM) light pulse is launched into a typical 1 km length of 

graded index fibre , one would expect the output pulse to 

undergo an increase in FWHM and a lowering of peak inten­

sity . ( See figure 3 . 1 .) 

This phenomenon is known as pulse dispersion , and 

is the result of three separate effects . Each effect 

causes some of the light to travel at a different speed than 

the rest of the light i n the pulse . These differences in 

speed give rise to the spread in arrival times at the 

end of the fibre . These effects are summarized below . 

1) Suppose all of the light were of exactly one frequenc y , 

or color . Then , because the outside fibre is made 

1 1 
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of glass with a lower refractive index than the 

glass at the centre of the fibre, light near the 

outside of the fibre travels f~ste~~~.In other 

words, different modes travel at different speeds. 

2) However, any input light pulse always contains a range 

of frequencies, and conditions in the fibre design 

cause different fre~uencies to travel at different 

speeds, over and above that in 3) below. 

3) In addition to the fibre design causing dispersion, 

the glass itself causes different frequencies to 

travel at different speeds, because the refractive 

index of glass depends upon frequency. 

The purpose, then, of this experiment, was to couple 

a pulsed laser into various lengths of fibre, and try to 

determine the relationship between fibre length and pulse 

spreading, (or more precisely, between fibre length and 

fibre response). 

The experimental setup is shown schematically in 

figure 3.2. A constant voltage of 113 volts was applied 

to the laser, and a 10 volt pulse with a repitition rate 

of 2000 Hz was used to trigger it. As soon as the laser 

fired, a pulse of current travelled through the laser, 
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and this was used to trigger the sampling scope. Notice 

that although the current pulse occurred at the same time 

as the light pulse , it was still suitable for use as a 

trigger because the light pulse would be delayed by as 

much as several hundred nanoseconds in travelling through 

the longer lengths of fibre. The sampling scope would 

first see the current pulse, trigger itself, and still 

have time to wait for the light pulse. 

15 

For short lengths of fibre, the pulse generator 

output was fed into a pas sive delay device. This device 

would send a trigge r pulse to the sampling scope, and wait 

75 nanoseconds before sending a pulse to fire the laser. 

Tests were made to determine whether the response 

of the detector was dependent on the signal intensity. 

Such an effect would have a significant influence on 

the measurements because the signals through the longer 

lengths of fibre were expected to be weaker than those 

through the shorter lengths. 

To answer this question, a fibre was butted up to 

the detector and the 10 to 90% output rise time of a 120 mv 

signal was measured to be 140 ± 2 psec. The fibre was 

then moved laterally against the face of -the detector, 

so that only part of the light reached the detector. 



The rise time was t hen measure d for output signal levels 

of 90 mv, 60 mv, 40 mv and 20 mv . In all cases, the 10 

to 90% rise time was within the range of 140 ± 2 psec. 

All of the measurements throughout the rest of the exper-

imen t had signal levels between 20 to 120 mv, so the 

detector response was assumed not to have contributed to 

any spread in the rise times . 

A second proc edure employed , that might have 

affected dispersion, was that of using two short fibres 

to make one long one by carefully aligning the ends of 

the Tibre and applying some index-matching liquid to the 

16 

joint . The possibility exists that only some of the modes 

in the first fibre will be coupled to the second one. 

Should all of the cladding modes be stripped at such a 

join t, then a measurement of the light being emitted from 
1 
\ 

the second fibre would display less dispersion than if 

an equivalent single length of fibre were used. It would 

also be possible for low order modes in one fibre to be 

coupled to high order modes in the second, further affect­

ing the l ight pulse. 

To check this procedure _and its effect on disper-

sion, the rise time of a pulse through 2.7 m of fibre 

was measured, and then compared with the rise time of a 

pulse through tbe 2.7 m fibre coupled to a .2 m fibre. 
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There was no measurable change in the rise time, so through­

out the rest of the experiment, fibre coupling was assumed 

not to affect dispersion. 

Figure 3.3 shows how the signal appeared on the 

sampling scope through 2.7 m of fibre, if no signal aver­

aging was performed. As can be seen, the signal is of 

such a quality that the experiment might have been attemp­

ted without signal averaging. But the errors incurred 

in measuring the 10 to 90% rise time would have ± 20 psec, 

instead of the ± 2 psec for the averaged signal. This 

increase in absolute error would have almost negated any 

conclusions made from the r esults, so in fact, the signal 

averaging system was instrumental in the experiment's 

success. 

Careful examination of fi gure 3.3 will reveal a 

slight discontinuity in the signal near 300 psec on the 

horizontal time scale. This was due to a cursor in the 

sampling scope that could be us ed to position the signal 

on the screen. In most other cases, this cursor was placed 

to the far right of the screen and didn't interfere with 

the signal. 

Figure 3.4 shows the same signal as that in figure 

3.3, except t hat this one has been averaged 128 times , 
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and is set on a scale of 500 psec/division. This trace 

proved ~seful in the analysis, as will be explained later. 

\ 

F{gure 3.5 is again the same signal as that in 

figures 3.3 ' and 3.4, (ie. going through 2.7 m of fibr e ), 

but this time it has been averaged 128 times, and has been 

set to a time scale of 100 psec/division. Then, in figures 

3.6 to 3.10, one can see how the signal changes as the 

length of the fibre increases. All traces in figures 

3.5 to 3.10 have been signal averaged about 128 times and 

are set to a scale of 100 psec/division. The l ength of 

fibre used, as well as the 10 to 90% ris e time as measured 

from a display oscilloscope with accurate calibrations, 

are given in each figure. 

In addition to these five measurements of rise 

time for a given fibre length, about 100 other measure-

ments were made over a period of roughly 10 days, on 

these and othe r fibres. Although considerable effort was 

put into consistently reproducing the same experimental 

conditions , there were significant differences between 

some measure ments made on the same length of fibre but at 

different days. (ie. In figure 3.12 are the combined 

r esults of ten days of measure ments, showing the spread in 

rise time measurements made on different lengths of fibre .) 
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Undoubtably, some of these errors aros e simply 

because the equipment was unfamiliar, and it did t ake time 

to develop satisfactory experimental techniques. Had the 

fibre been available for a longer period of time , these 

techniques could have been used to make more ac curate 

measurements. The following points were noted to b e im­

portant for obtaining consistent results. 

1) A 10 to 12 hour period of time in the lab should 

have been arrang ed, during which all measurements 

should be made . This would h e lp ensure that the 

operating conditions of the laser r emai ned unchanged . 

2) Instead of making measurements on a certain fibr e , 

remo~ing it from the laser, and then realigni ng 

another one, there should be one short length of 

fibre, (ie. about 2 m), permanently aligned with 

th~ laser. When a longer length had to be u sed , 

it could simply be coupled to the short length. 

The reasoning behind this procedure is tha t each 

time a fibre is cleaved, the end will have a diff­

erent contour. (i e . a cleaved fibre does not have 

a flat end, but also has irregularitie s such a s 

cracks, chips, etc.) The se irregula ri t i es , plus 

the fact that the emitting r egion of the laser 

is only a few microns wide compared with a fibre 
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core diameter of 60 microns , make s it very difficult 

to launch the light consistently into each mode. 

This "random mode coupling'' would affect the mea­

sured dispersion, because each mode travels at a 

different speed. 

However, an earl i er attempt to minimize 

this "random mode coupling'' was made by trying to 

remove the cladding modes from both the beginning 

and end of the fibre. The fibre was stripped of 

its protective plastic coating, and about 8 cm 

of the fibre at each end was immersed in glycerin. 

This p r ocedure produced no measurable change 

from the case where the fibre ends were not immer­

sed in glycerin. Hence, either the launching of 

the light into the fibre is not critical, or else 

it is critical because of large differences in 

coupling between the lower order modes. (ie. the 

cladding modes appear to be highly attenuated.) 

3) After measuring the rise time through a long length 

of fibre, it would be useful to remeasure the .rise 

time through the short length that was permanently 

aligned with the laser . This would serve as an 

additional check on whether or not the laser or 

detector had changed. 



4) Better results could also be obtained if one could 

start with a single long length of fibre and cut 
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it into smaller pieces as needed. In this experi- . 

ment, several different lengths were used, and 

although they supposedly all had the same spec­

ifications, two of the seven fibre pieces avail­

able had responses so different, that they were 

thought to have in fact been different kinds of 

fibres. This cast a shadow of uncertainty upon 

the uniformity of the remaining pieces. 

Although time did not permit the testing of these 

techniques, it is hoped they will prove useful for other 

users of this and similar systems. 

During one day, all of the necessary measurements 

were made, and they displayed very nicely the expected 

behavior, (see figure 3.11 for a graph of 10 to 90% rise 

times versus fibre length). However, the combined results 

of all ten days were not as well-behaved, as can be seen in 

figure 3.12. 

Because the longest length of fibre available 

barely doubled the rise time of the input pulse, it was 

difficult to extract the fibre response from the graph 

of rise time versus fibre length. Ideally, one would 
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like to have a length of fibre that is long enough to 

increase the rise time of the input pulse by a factor of 

3 or more. Roughly speaking, if 

then 

ti is the rise time of the input pulse to the 

detector system in psec 

Rf is the response of the fibre in psec/meter 

L is the length of the fibre in meters 

t
0 

is the rise time of the output pulse in psec 

Notice that if RfL is much greater than ti' then ti can 

be ignored and the response of the fibre, Rf' is simply 

the slope of the graph of t
0 

versus L, for large L. 

However, since long lengths of fibre were not 

available, the next best thing would have been to decon-

volute the output pulse from a long length of fibre with 

that of a short length of fibre, thus obtaining the res­

ponse function for the length equal to the difference of 

the two lengths. But exact deconvolution is a nontrivial 

task, and the experiment did not warrant such a sophis~ 

ticated analysis. Instead, since the input function was 

available, (ie. figure 3.5), an approximate technique was 

employed in which a response function was guessed at, and 

the two were convoluted. If the convoluted result was 

similar to the measured results, (ie. figures 3.6 

28 



to 3.10), then the guessed response function must have 

been close to the actual response of the fibre. 

Because nature seems to be partial towards Gaus-

sians and Lorentzians, these two functions were used as 

the guessed response functions, to which the input func-

tion woul d be convoluted. The limiting behavior of each 

function could then be observed, and compared with actual 

results. The forms of these two equations were: 

29 

Gaussian 3. 1 

Lorentzian A = ~At/2)2 2 
(t-t ) + (At/2) m 

3.2 

where A = amplitude 

t ·- time 

tm = time at the middle of the trace 

(ie. 320 psec) 

At = parameter that determines the width 

of the response function. 

In figure 3.13 is a graph showing the Gaussian 

of equation 3.1, for At= 20 psec, and in figure 3.14 

is a graph showing the convolution of this Gaussian with 

the input pulse in figure 3.5. Figures 3 .15 to 3.18 are 

similar, except that At has been change d to 60 psec and 
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100 psec respectively . Figures 3 . 19 and 3 . 20 show c om­

posite graphs of the Gaussians and the convoluted outputs 

for several ~ t . As expected, and as indicated by the fig­

ures , the rise time of the convoluted outputs increases 

as At is increased . 

A similar set of graphs is shown in figur e s 3 . 21 

to 3 . 28 , this time for the Lorentzian fibre respon se . 

The method use d to determine which function , the 

Gaussian or the Lorentzi a n , more closely approximated 

the actual fibre response , was to superimpo se the convo ­

lute d outputs of figures 3 . 13 to 3 . 28 with the measured 

outpµts of figures 3 . 6 to 3 . 10 . This was done for as many 

of the figures as possible , and figures 3 . 29 and 3 . 30 are 

samples , characteristic of the results observed . 

When figure 3 . 7 of the actual output was super­

imposed with the Gaussian convoluted outputs , it was found 

to be almost identical to the one wher e At = 40 psec . 

In figure 3 . 29 , the dotted line represent s the actua l out­

put , and the s olid line represents the convoluted output . 

As can be seen , the two lines are virtually on top of each 

other . 

When figure 3 . 7 was compared with the Lorentzian 
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convoluted outputs, it was found to most closely match 

the one where .6t was al s o 40 psec. But the Lorentzian 

convoluted output exhibited a longer rising edge than the 

actual output , as s hown in figure 3 .30. This behavior 

was fairl y characterist i c of the Lorentzian convoluted 

outputs, so the fibr e r esponse was assumed to approximate 

a Gaussian. 

40 

In continuing wi th the analysis, a graph was drawn 

of the rise time s of the Gauss i an convoluted outputs 

versus At, as shown in fi gure 3.31 . Thus, knowing the 

actual rise time of a pulse aft er coming through a certain 

fibre, this graph could be used to find the At correspond­

ing to the equivilent Gaussian response of that fibre. 

This was don e fo r both plots of rise time versus fibre 

length shown in figures 3. 11 and 3.12, and plots of Gaus­

sian At versus fibre l ength were constructed, as in fi gures 

3.32 and 3.33. 

From t hese plo t s it is very easy to extract the 

fibre r esponse a s a func tion of length . Both of these 

plots are approximately linear, a lthough figur e 3.33 shows 

more scatter; probably as a r esul t of combining all the 

measurements from a number of different days. Using a 

linear r egre ssion to determine the best straight line 

fit, one sees that this fibre exhibits a Gaussian response 



A1sE 
T1ME 

( P5£C) 

R1sE T1f1E. OF G Auss1AN CoNvoLVTED 
Ovrpurs v£~sv.s c. t 

30{) 

1-80 

~&O 

2..l/0 

1.l(J 

l.bO 

180 

/6() 

/I/() 

/ 2.() 

100 

8tJ 

{, () 

'10 

1.b 

tJ 
() 10 1..() 30 L/ (} so 60 lb Bo ~o 140 

A. t (Psec) 

F1t:iUR£ 3.3 I 

41 



' 
42 

' G11vss1rttv D. t ve: ~5vs 
fOI{ StNGL E. 

8tJ 

7() 

Gll(JSS/ /IN 
5() 

At 
(Pstc) 

'14 

L E/1$1 5 GUARE.S FrT 

3b y=mx+-h 

m~ .'IOI) 
fSEC. ,,, 

2.b h :r . 9'/ 5 I'.$£ c. 

/{) 

0 10 1.0 3f> 'fO SO 6() 7() 80 '10 t/)6 

LENGTH (MlTEIB) 

FIG VAE 3. 3i 



GAvs.s1AN b t vE~Sll5 F113f{e. LeNGTH 

G li V SSJllN ' fl t 
( 1'S £ c) 

qo 

80 

JO 

60 

50 

'ID 

30 

:J.O 

10 

F 0 Ii TF. N D f! '( 5 

0 

L e A s 1 5 Q v A f{ E s FIT 

y=mx + b 

m: .137 

b ::: I 0. 31 I' sec 

o .._--~__._~--~..£.---''--__,_~-&...~~~...____.._ 

D 10 ZO 30 'ID Sb 6b 7b 80 'lb 104 

LENGTH (MeTE.Rs) 

F1GURf 3. 33 

43 



with a at of .900 psec/m for figure 3.32 and .937 psec/m 

for figure 3.33. 

Using the parameters of figure 3.32, one would 

44 

predict that a 1 km length of this fibre would have a 

Gaussian response function with a At of 900 psec. If the 

pulse of figure 3.5 were launched into this 1 km length, 

it would be almost a unit step function, because the 

response of the fibre is so much slower. Then thB leading 

edge of the output pulse would simply be the leading edge 

of the Gaussian of equation 3.1. 

( 1(t-tm)2) A = exp -2 ~ 

Using equation 3.1, 

3.1 

and a At of 900 psec, we can now solve for the 10 to 90% 

rise time of the output pulse. ie. Assume tm = 0 psec. 

Then 

t = ± I -2 ln(A) ~t 

I -2 ln(.1) * 900 psec 

= -1930 psec 

/ -2 ln(.9) * 900 psec 

= -190 psec 

3.3 

Hence, the rise time of the pulse in fi gure 3.5 after go ing 



throug~ 1 km of this fibre would be 

~SO% - t 10% = (-190 psec) - (-1930 psec) 

= 1740 psec 

= 1.74 nsec 
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4. CONCLUSIONS 

The object of this project was to develop the 

software for an existing signal averaging system. The 

usefulness of the system was then to be demonstrated by 

measuring the rise time of short laser pulse after 

transmittal through various lengths of fibre, and hence 

extract the fibre response as a function of length. 

In developing the software, four generations of 

the controlling program evolved, each one containing ad­

ditional features which would allow it to be used in a 

wider range of applications. This experiment was done 

completely with the third generation program called SIG, 

because the fourth one contained options not needed in 

this situation. Both programs are listed and described 

in the appendices. 

Initially it was hoped to determine the fibre re­

sponse as a function of length directly from a graph of 

rise time versus fibre length, where the rise time re­

fers to the 10 to 90% rise time of a 140 psec laser pulse, 

after passing through a given length of fibre~ However, 

the longest length of fibre was only able to double the 

46 



rise time of the input pulse, whereas it would be necess-

ary for it to increase by a factor of at least three or 

more to use the graph of rise time versus fibre length 

directly to determine fibre response. 

47 

Nevertheless, one can still determine fibre response 

by deconvoluting the output of a fibre with it's input. 

Because of the difficulty of such an operation, it was 

instead dicided to convolute reasonable fibre response 

functions with the known input, and compare the result 

with the output. The two functions chosen were a Gaussian 

and a Lorentzian. The Gaussian convoluted output proved 

to be extremely close to the measured output, while the 

Lorentzian convoluted output displayed a longer rising 

edge than the measured output. 

A graph was made of At, (from the equation 

( 1ct-tm)2) ) A = exp - 2 ~ , versus the rise time of the Gaussian 

convoluted output. Thus, knowing the rise time of the 

measured output for a given fibre length, a graph was 

constructed of At versus fibre length. This graph was 

linear and the fibre response for any length of fibre 

could be determined from the slope of this line. 



APPENDIX A - COMPUTER LISTING OF SIG 

c 
c 
c 
c 

10 

20 

33 

40 
50 

c 
c 
c 
c 
c 
60 
70 

c 
c 
c 
c 
c 
c 
c 

INTEG£R•2 CODE.COL.IRAYCl00~,3,3),MODE.NSCNH.NSCNL,PLTFQ, 
+ PL TFQR, SCNMOD• SNS CH C 3, 2 >,SNS-CL C3. 2 >.SPEED, SUMR, TYPE 

DOUBLE ?REC IS ION CPRAYC465, 2 >.MAX, M HJ, SCL• SMAX C 3, 3 > 
REAL•4 TIMEC3>.wIDTH 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

DATA SMAX/9*0.D0/SNSCH.SNSCL/12•0/ 
CALL SETUP CNSCNL, NSCNH, SCNMOD. SPEED> 

SETUP IS AN ASSEMBLER ROUTINE THAT STORES ADDRESSES 
OF ABOVE VARIABLES FOR LATER USE BY ASSEMBLER· 

TYPE 10 
FORMAT C'$CODE?'> 
READ CS,20> CODE 
FORMAT CSI6> 
IF < CODE .EQ. 0 GOTO 40 
TYPE 30 
FORMAT C' 0 =NO.'/' I= YES.'/ 

" COLI• COL2, COL3 = AVA I LAB LE COLUt1NS. '/ 
" DPH =DIFFERENCE PULSE HEIGHT.'/ 
• LP= LOWER ?EN ON PLOTTER.'/ 
"MODEi =SIGNAL AVERAGE.'/ 
• MODE2 DISPLAY ON OSCILLOSCOPE OR PLOTTER•'/ 
" MODE3 OUTPUT CATA ONTO PUNCHED TAPE.'/ 
• MODE4 INPUT CATA FROM PUNCHED TAPE•'/ 

+ · " MODES QU!T. '/ 
+ " NSCNH HIGH WORD SPECIFYING I OF SCANS TJ 8£ SAMPLEC.'/ 
+ "NSCNL LOW ~ORD SPECIFYING I OF SCANS TO BE SAMPLEC.'/ 
+ " PLTFQ FREQUENCY OF POINTS TJSEC IN PLOTTEJG BORDER.'/ 
+ • PLTFQR =REDUCED PLOTTING FREQUENCY FOR PLOTTING SCALES•'/ 
+ " R? = RAISE PEN ON ?LOTTER.'/ 
+ • SCNl'l0D0 = SINGLE SWEEP FOR PLOTTER.'-/ 
+ " SCNMODI = CONTINUOUS SIJEEP FOR OSCILLOSCOPE.'/ 
+ • SUMR0 DO NOT PRINT SUMMARY OF RESULTS·'/ 
+ "SUMRl PRINT SUMMARY OF RESULTS•'/ 
+ "TYPEI =SIGNAL.'/ 
+ • TYPE2 IJO I SE•'/ 
+ • TYPE3 = SIGNAL MINUS NOISE•'/ 
+ "WIDTH WIDTH OF SCALE MARKINGS ON BORDER OF PLOT.'/ 
+ " @ = CHARACTER USED TO STOP SAMPLING OR DISPLAYING.'/) 

TYPE 50 
FORMAT C 'SNODE?') 
READ CS. 20 > MO DE 
GOTO <60,210,340,370,!~0> MODE 

MODEi - SIGNAL AVERAGE· 
*********************** 

TYPE 70 I 

FORMAT C'SCOL,TYPE.NSCNH.NSCNL?') 
READ <S.20> COL.TYPE.NSCNH .• NSCNL 
CALL SIGAVCIRAYCl,COL.TYPE>> 

SIGAV IS AN ASSEMBLER ROUTINE THAT TAKES AN ADC 
REACING FROM SCOPE. ADCS THIS VALUE TO lRAYCI,COL, 
TYPE>• AND ADDS THE CARRY BIT TO IRAYC2,COL,TYPE>, 
ETC•1 TILL 461 READINGS HAVE BEEN TAKEN. THEN IT 
COES ANOTHER SCAN, ETC. 
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+ 

9111 
·+ 

100 
110 

· c 
c 
c 
c 
c 
c 
c 

120 
c 
c 
c 
c 

SNSCHC CO L,TYPE> 
SNS CL CCO L, TYPE> 
MAX = 111&0 
MIN . = ID38 
DO i .1 3 J =9,929.2 

NSCNH 
NSCNL 

IF <IRAYCJ,COL,TYPE).LT.0) GOTO 90 
DP RAY( CJ+l)/2,TYPE) = IRAYCJ+l,COL,TYPE>*65536D0 

+IRAYCJ,COL,TYPE) 
GOTO 100 
DPRAY CCJ+l)/2,TYPE) = CIRAYCJ+l,COL,TYPE)+l)*65536Dl1l 

+IRA YCJ,COL,TYPE) 
MAX Cl1AXI C:-1AX, OPRAY( CJ+! )/2,TYP£) > 
Mi l'l = DMINl CMIN, OPRAY( CJ+! )/2, TYPE)> 

ABOVE i..00P T!lANSFERRED SIGNAL IN !RAY CAN INTEGER 
MATRI X WHERE EACH DATA POINT NEEDED A LOW AND HIGH 
ORDER NUM BER) TO C?RAY CA DOUBLE PRECI S ION MATRIX, 
WHERE EAt:: H DA TA PO I NT NEEDS ONE NUMBER). LOOP ALSO 
FOUND t-!AX AND MIN FOR LATER USE· 

SCL = ~SCNH*65536C0+NSCNL 
DO 120 J =5• 465, 1 

DPRAY(J,TYPE> = CDPRAYCJ,TYPE)-MIN>ISCL 

ABOVE LOOP REMOVED DC OFFSET FROM SIGNAL ANC DIVIDED 
IT BY THE NUMBER OF SCANS· 

SMAXCCOL .. TYPE) = CMAX-MIN>ISCL 
SCL = 5l!C0/SMAXCCOL,TYPE> 
DO 130 J =5,465, l 

IRAYC~ .COL,TYPE) DPRAYCJ,TYPE)*SCL 
130 IRAY'(.J,COL,TYPE> IRAYCJ,COL,TYPE>+"l42000 
c 
C ABOVE LOOP SCALEC SIGNAL IN OPRAY TO FIT 10 BIT DAC, 
C PUT IT Jt.lTO !RAY AND ADDED VERTICAL CAC ADDRESS. 
c 

TYPE 143" NS CNH , tlSCNL, SMAX C COL, TYPE> 
140 FORMAT c• NSCN='.2IB.sx. "PH=".F8 o2) 

IF C TYPE .EQ. 2 > GOTO 170 
TYPE l Sfil 

150, FORMAT C" $TIME/CM? '> 
READ C5 .. 1 60> TIMECCOL> 

160 FORMAT <F l0.5) 
GOTO 40 

c 
C BOTH S IGNAL ·AND NOISE SCANS HAVE BEEN TAKEN IF CONTROL 
C GOES TO 1 70. PROGRAM NOW CALCULATES SIGNAL-NOISE. 
c 
170 MAX = - ID38 

MIN = U>38 
DO I 80 J =S, 465, I 

DPRAYC J,l> = DPRAYCJ,1>-DPRAYCJ,2) 
MAX DMAXl CMAX, DPRAYCJ, 1)) 

1 80' MIN = DM IN I CM IN, DP RAY CJ, I > > 
c 
C DPRAYCJ .. l > NOW CONTAINS SIGNAL-NOISE· 
c 
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SMAXCCOL,3> = MAX-MIN 
SCL = 511D0/SMAXCCOL,3> 
DO 190 J=5,465,J 

IRAYCJ,COL,3> CDPRAYCJ,l>-MIN>*SCL 
190 IRAYCJ, COL, 3> IRAYCJ, COL, 3>+"14 2 000 
c 
C IRAY(J,COL,3) NOW CONTAINS SIG-NOISE SCALED TO 10 BITS 
C WITH VERTICAL DAC ADDRE SS ADDED· 
c 

TYPE 200,SMAXCCOL,3) 
200 FORMAT C' D?H=',F8·2> 

GOTO 40 
c 
c 
C MODE2 - DISPLAY· 
c ********** ****** 
c 
210 TYPE 220 
220 FORMAT C' SCOL,TYPE,SC NMOD,SPEED,S UM R?') 

READ (5, 20) COL,TY?E, SCNMO D,S?EED,SUMR 
IF C SUMR . EQ . 0 ) GOTO 2 40 
TYPE 230 ,SNSC HCCOL,l>, SN SCLCCOL,1),SNSCHCCOL,2), · 

+ SNSCLCCOL,2),SMAXCCQL,!),S MAXC CQL, 2 J, SMA X<COL, 3 J,TI ME CC OL) 
230 FO RM AT c2 0x, 'TYPE!., l 4X , ' TYP E2 . > l 4X, 'TYP E3 '/. NSC NH ,NS CNL=. > 

+ 16,2X,1 6 ,SX,I6, 2X,I6/' P H=', f2 J. 2,Fl9· 2•fl9. 2/ 
+ ' TIM E/CM=',E9.2/) 

240 IF ( SCcJMOD .EQ. 1 > GOTO · 330 
TYPE 250 

250 FORMAT (' $PLTFQ,PLTFQR, WIDTH? ') 
READ (5,2 60 ) PLTFQ,PLTFQR,~IDTH 

260 FORMAT C2!1 0 ,F! 0 .2) 
CALL PLOTCS0,Sll> 
PAUSE 'LP' 
WS1=0· 
DO 290 J=J,PLTFQ 

IWSl=Sl I ·-511 ·*J/PLTFQ 
CALL PLOTCS0,I WSI> 
IF C FLOATCJJ/PLTFQ . LT. WS! ) GOTO 290 
'JS! ='.JS!+ ol 
DO 270 l=l, P LTFQR 

IWS2=50 .+WIDTH•l/PLTFQR 
CALL PLOTCI WS2,IWS1> 

270 CONTINU E 
DO 2 80 l=!,PLTFQR 

IWS2=50.+ WIDTH-WIDTH*l/PLTFQR 
CALL PLOTCI WS2,I YSI> 

280 CONTI NUE. 
290 CONT rnuE. 

WS1=·15625 
DO 320 J=!,PLTFQ 

IWSl=S0.+4 6 l•*J/PLTFQ 
CALL PLOTCI W SJ, ~ ) 

IF C FLOATCJ)/PLTFQ . LT. ' !SI ) GOTO 320 · 
WSl= WSJ+.156 25 
DO 300 I=!, OL T F~R 

IWS2=WlDTH•l/ PLTfg R 
CALL PLOTCI WSl,IWS2> 

300 CON T HJUE 
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DO J la I=!,PLTFQR 
I VS2 =WIDTH- WIDTH*I/PLTFQR 
CALL PLOTCI WS!,IWS2> 

310 CONTINUE 
320 CONTI NUE 

PAUSE • R!' ' 
CALL PLOTC50,IRAY(5,COL1TYPE)) 
PAUSE ' L? ' 

330 CALL CIS?<IP~YC51COL1TYPE>> 
c 
C DISP SH-t?LY MQVES INTEGERS STORED IN !RAY TO 
C VERTICAL DAC· 
c 

c 
c 

GOTO 40 

C MODE3 - ?UN CH OUTPUT. 
c ********************* 
c 
340 TYPE 353 
350 FORMAT C 'SCOL1 TYPE?'> 

READ CS, 23 > COL.TYPE 
DO 355 J= J,25 

CALL PUN CHO C0 > 
355 CO NTI NUE 

CALL ?U~JCHO C" I 77777) 
DO 360 J=S, 465 

CALL ?UNCHOCIRAYCJ,COL,TYPE>> 
360 CO NTINUE 

c 
c 

GOTO 40 

C MODE4 - PUNCH INPUT. 
c ******************** 
c 
370 TYP E 380 
380 FORMAT C'SCOL,TYPE?') 

REAI:: cs, 20> COL.TYPE 
DO 390 J=l,25 

CALL PUNCHICIWS> 
IF< lWS .EQ. "177777> GOTO 400 

390 CONT INUE 
400 DO 410 J=S,465 

CALL ?UiJ Cnl C i::lAYCJ, COL, TYPE>> 
410 CONTI NU E 

c 
c 

GOTO 43 

C MODES - QUIT. 
c ************* 
c 
500 EtlD 
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.GLOBL 
ANSCNL: 
ANSCNH: 
TNSCNL: 
TNSCNH: I 
ASCt·lMO D: I 
A SPEED: I 
STORE: 
TT INTI: 
TT!NT 2: I 
CNT: 1 
SETUP: MOV 

!10V 
MDV 
ADD 
MDV 
MDV 
MOV 
MDV 
MDV 
MDV 
RTS 

SI GAV: MOV 
MOV 
MOV 
ADD 
MOV 
MOV 
ADD 

L0: MOV 
CMP 
BNE 
MOV 
MOV 
BR 

LI: RT! 
L2: MDV 

MDV 
MOV 
MOV 
ADD 
ADC 

L3: MDV 
MOV 

L3A: INC 
CMP 
ENE 
SUB 
ENE 
TST 
2NE 
MOV 
MOV 
RTS 

L4: SEC 
MDV 
MOV 

SETU? ,S!GAV1DISP,PLOT,PUNCH01PUNCHI 
;ADDRESS OF NSCNL. 
JADDRESS OF NSCNH. 
;TEMPORARY STORAGE FOR 
; NSCN. 
JADDRESS OF SCNMOD. 
JADDRESS OF SPEED. 
JTEMP STORAGE FOR SIGAV • 
;ORIGINAL TTY INTERU?T VECTOR 
; WILL EE STORED HERE. 
;USED IN DELAY LOOP· 

#503 71 @#132626 JSTOP CLOCK INTERUPT. 
#177546,@1132630; 
#2,@#132632 
12.:ts 
(%5)+,ANSCNL 
(%5)+,ANSCNH 
C:t5 J+, ASCN:10D 
(%5)+,ASPEED 
1!#6<l ,T TINTI 
f!ll62 ,TTI NT2 
%7 
ITTYINT,@1611l 
#340.@162 
1203 . @#177.776 
#2,%5 
(%5), %11l 
(%$) , %! 
13560. %3 
#4il011l0. (%1 )+ 

:t0 , %1 
Ll1l 
#LJ,1'!13il0 
11011 1@ 1167 770 
L2 

I SERVE, i! 1311l0 
1340.@#311l2 
@ANSCNL,TNSCNL 
@ANSCNH , TNSCNH 

J%5 CONTAINS ADDRESS NSCNL. 
JANSCNL CONTAINS ADDRESS OF NSCNL. 
JANSCNH CONTAINS ADDRESS OF NSCNH. 
JASCNMOD CONTAINS ADDRESS OF SCNMOD . 
JASPEED CONTAINS ADDRESS OF SPEED . 
; SAVE OLD TTY INT ERUPT 

VECTORS· 

;WHEN TTY INTERUPTS, GOTO 
TTYINT WITH PRIORITY 7. 

J RUN SUBROUTINE AT PRIORITY 4, 
;:5 POINTS AT ADDRESS OF IRAYCJ,COLl• 
J%0 CONTAINS ADDR OF IRAYCl,COL). 
J:tl CONTA.INS ADDR OF IRAYCl,COL). 
J%0 CONTAINS ADDR OF IRAYC9221COLJ . 
;CLEAR COLUMN OF !RAY. · 

JINITIALIZE AID BY LETTING 
IT INTERUPT. 

JWHEN AID INTERUPTS, GOTO SERVE 
~ITH PRIORITY 7, 

; STORE NSCN IN TNSCN• 

#1,TNSCNL . JINITIALIZE TNSCN TO COUNT 
TNSCNH I OF SCANS LEFT. 
#144014,@1167772 ;POSITION HORIZ DAC.C62=1 V OFFSET) 
#0,CNT JDELAY LOOP TO ALLOW 
CNT VERT AID TO STABILIZE· 
CNT,1200 
L3A 
# 1,TNSCNL 
L4 
TNSCtJH 
L4 
TTINTJ,1!160 
TTINT2,@162 
%7 
TrlSCNH 
#0.@1177776 
#200.@1177776 

; 
;DECREMENT I OF SCANS REMAINING. 
JIF TNSCNL#11J, GOTO L4• 
;TEST TNSCNH · 
JIF TNSCNHl0, GOTO L4· 
JTNSCN=0. RESTORE TTY 

INTERUPT VECTOR AND 
RETURN TO MAIN PR0GRAM· 

; SUBTRACT CARRY FRJM TNSCNH . 
JALLOW TTY TO INTERUPT· 
JDISALLOW TTY TO INTERUPT. 
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MOV 
MOV 

LS: ADD 
CMP 
SEQ 
MOV 
WAIT 
ER 

SERVE: MOV 
MOV 
EPL 
NEG 
SUB 
SEC 
RTI 

L6: ADD 
ADC 
RTI 

TTYINT: CMPB 
EEQ 
RTI 

L7; MOV 
MOV 
SUB 
SBC 
SUE 
MOV 
RTS 

DIS?: MOV 
HOV 
MOV 
ADD 

LB: MOV 
MOV 
SUB 

L9: ADD' 
NOV 
MOV 
MOV 

L10: INC 
CMP 
BNE 
CMP 
ENE 
CMP 
ENE 
MOV 
MOV 
RTS 

PLOT: MOV 
MOV 
MOV 
MOV 

Lil: BIC 
BIS 
MOV 
BIS 

1144014. %0 
c:s>.%1 
11. %0 
%0. #l LJS000 
L3 
Ul677741STORE 

LS 
%0.@1167772 
STORE,%2 
L6 
%2 
%21C%l>+ 
( %1 )+ 

%21C%l>+ 
( %1 )+ 

1300,@1177S62 
L7 

TTlNTl,@160 
TTINT2,@162 
TNSCNL1@ANSCNL 
@ANSCNH 
TNSCNH.@ANSCNH 
1166. %6 
%7 
13.@1177776 
ITTYINT,@#60 
1340.9162 
12.:i:s 
(%5),%1 
11403621%4 
I J, %4 
11. %4 
%4.@1167772 
(%1 )+,@1167772 
101 CNT 
CNT 
CNT .@ASP EED 
Ll0 

;:i:;0 CONTROLS HORIZ DAC.C62=1 V OFFSET> 
;u CONTAINS ADDR JF IRAYCl.COL). 
;INCR HORIZ DAC POSITION. 
; IS SCAN. C011PLE.TE? 
; IF YES• START NEW SCAN. 
JSTORE DATA AND ENABLE INTERUPT. 
Hl!'\.:T !""JR INTERU?T. 
;INTERUPT COMPLETE. GOTO LS· 
;OUTPUT HORIZ DAC POSITIPN• 
JRETRIEVE DATA FROM LAST HOR DAC·PO·S· 
;IF POS, GOTO L6• 
;ADD DATA TO !RAY. 
; 

;RETURN FROM INTERUPT. 
JADD DATA TO IRAY. 
; 
JRETURN FROM INTERUPT· 
JIS TTY INTERUPTING WITH "@"? 
; IF YES, PROCESS AT L7. 
; IF NO, RETURN FROM INTERUPT. 
;RESTORE ORIGINAL TTY INTERUPT 
; VECTOR. 
; IF INTERUPTED FROM SI GAV, 

THEN NSCN CONTAINS 
; I OF SCANS COMPLETED· 
JSET STACK POINTER TO RETURN 
; TO MAIN PROGRAM. 
;RUN SUEROUTINE AT PRIORITY 0. 
;WHEN TTY INTERUPTS, GOTO 

TTYINT WITH PRIORITY 7, 
;:i:;s POINTS AT ADDRESS OF FRAYCJ,COL>· 
1%1 CONTAINS ADDRESS OF FRAYCJ,COL>• 
;:4 CONTROLS HORIZONTAL DAC. 
JINITIALIZE %4. 
;INCREMENT HORIZ DAC. 
;OUTPUT HORIZONTAL AND VERTICAL 
; DAC POSITIONS. 
JINITIALIZE DELAY VARIABLE· 
JSLOW DOWN SCAN WITH DELAY 
; LOOP. 

%4,1140776 JIS SCAN COMPLETE? 
L9 ; IF NO, CONTINUE SCAN• 
10,@ASCNMOD ; IF YES, NEED HORE THAN I SCAN? 
LS ; YES• KEEP SCANNING• 
TTINTl,9160 ; NO. RESTORE TTY INTERUPT 
TTINT2,3162 ; VECTORS AND QUIT 
%7 ; DISPLAYING. 
10,@1177776 ;RUN SUBROUTINE AT PRIORITY 0. 
ITTYINT.@160 JWHEN TTY INTERUPTS, GOTO 
13401@162 ; TTYINT WITH ?RIORITY 7• 
<%5)+,%3 ;%3 CONTAINS-- 2*1 OF' POINTS• 
#2000,fH%5) JCLEAR POSSIBLE VERT DAG ADDRESS. 
ll40000,@C%S) JAPPEND HORIZ DAC ADDRESS• 
tC%5)+,@1167772 ;OUTPUT HORIZ DAC POSITION• 
1142000,@(%5) JAPPEND VERT DAG ADDRESS· 
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Ll2: 

MOV 
MOV 
INC 
CMP 
BNE 
SUB 
ENE 
MOV 
MOV 
RTS 

PUNCHO: ADD 
MOV 
MOV 
BIG 

POl: BIT 

?02: 

BEQ 
MOV 
SWAB 
BIT 
EEQ 
MOV 
MOV 
RTS 

PUNCH!: ADD 
[10V 
EiC 
BIS 

Pll: BIT 

Pl2: 

BEQ 
MOV 
S'JAB 
EIS 
BIT 
BEQ 
MO Va 
S!JAB 

·MOV 
RTS 
.END 

@<%5)+,@1167772 ;OUTPUT VERT DAG POSITION. 
10,CNT ;DELAY LOOP. 
CNT 
CNT,@ASPEED 
L12 
12,%3 
LI I 
TTINTl,!1160 
TT INT2,@ #62 
%7 
12,%5 
@(%5),%4 
~1177564,%3 

1104,@1177564 
1200,@#177564 
POI 
%4,@#177566 
%4 
#200,@1177564 
P02 
:%4,@1177566 
::3,1!#177564 
%7 
12, %5 
@#177560,r.3 
11001@ I 1115621 
ll.~1177560 

1!'2:30,@1177560 
?II 

; 
; 
;DECR I OF PNTS TO EE PLOTTED· 
;IF PNTS NOT ALL PLOTTED, CONT• 
;RESTORE ORIGINAL TTY 
; INTERUPT VECTORS. 
;PLOTTING COMPLETE. / 
; %5 PNTS. TO ADD. OF IRAY(J, COL, TYPE>. 
; %4 CONTAINS IRAY(J, COL, TYPE>. 
;STORE PUNCH STATUS REGISTER· 
; CLEAR HlTERU?T AND MAINTENANCE. 
;TEST IF PUNCH IS FREE· 
;1F PUNCH NOT FREE, GOTO POI. 
;OUTPUT SECOND BYTE JF IRAYCJ1COL1TYPE>· 
;SWAP BYTES OF %4• 
;TEST IF PUNCH IS FREE. 
;1F PUNCH NOT FREE, GOTO P02. 
;OUTPUT FIRST BYTE JF IRAYCJ1COL1TYPE>· 
;RESTORE PUNCH STATUS REGISTER· 
; 
;::5 PNTS. TO ADD. OF IRAYCJ,COL,TYP£). 
;STORE R£ADER STATUS REGISTER· 
; CLEAR INTERU?T. 
; ENABLE READER· 
;rs SUFFER READY? 
; IF NOT, GOTO ? 11 • 

f.! 11 77562, i! C %5) ;MJVE SECOND BYTE TJ IR.1\ YCJ, COL, TYPE>. 
@(%5> ;SWAP EYT!S JF IRAYCJ,COL,TYPE>. 
#l,@1177560 ;E~ABLE READER. 
#200,~#177560 ;rs BUFFER READY? 
?12 
i!#l77562,@C:Z:5> 
@(%5) 
%3,1!1177560 
%7 

; IF NOT, GO TO ? I 2 • 
;MOVE FIRST BYTE TO IRAYCJ,CO!..,TYPE>· 
;SWAP BYTES OY IRAYCJ,COL,TY?E>· 
;RESTORE READER STATUS REGISTER· 
; 
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APPENDIX B - DESCRIPTION OF SIG 

This program is capable of averaging a signal, 

averaging the background noise, (the user must block the 

signal to the detector), subtracting the two to obtain 

signal minus coherent background noise, displaying any 

one of these on an oscilloscope or plotter at various 

speeds, with or without axis drawn, and outputting or 

inputting any of these from punched tape. 

Upon running the program, the user will be asked 

what he wants done, and how. The user must simply refer 

to the code printed within the program to determine what 

the program is asking for. 

A typical use of the program might look something 

like this. (ie. COMP refers to the computer and USER 

refers to the person using the program.) 

COMP: ;the computer is in the mon­

itor waiting for a command. 

USER: RUN DX1:SIG.SAV ;user wants to run SIG. 
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CO MP : CODE? 

USER: 0 

CO MP : MODE? 

USER: 1 

;computer is now running 

SIG, and is asking if the 

code should be printed. 

;from the code, 0 means no. 

56 

The code won't be printed. 

;referring to code, ther e are 

five possible modes. Com­

puter is asking which one. 

;MODE1 is signal average . 

COMP: COL,TYPE,NSCNH,NSCNL? ;computer now needs to know 

into which column the sig­

nal should be placed, 1, 

USER: 1 , 1 , 1 , 1 

2, or 3, what type of av­

eraging is being done, 

(signal - TYPE1 or noise -

TYPE2), and how many scans 

should be made, (# of scans 

= 16384*NSCNH + NSCNL ). 

;user responds with c olumn one, 

signal (TYPE1 ) and 16385 

scans. 
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;the user may now observe the 

sampling scope screen and 

see the signal averaging 

taking place. The user may 

wait till 16385 scans have 

been taken, or he may stop 

averaging by typing "@". 

USER: @ (typed but not printed ) 

COMP: NSC N= 0 381 

COMP: TIME/C M? 

;user decides to interupt sig­

nal averaging. Computer now 

normalizes the average d sig­

nal. 

PH= 64.52 

;computer prints out that 

0*16384 + 381*1 = 381 scans 

were taken. The average 

height of the signal on 

the screen was 64.52 in un­

calibrated units. 

;computer asks for the time per 

cm of the signal average d 

trac e , and will output this 

# in the summary of results. 



USER: 1 

CO MP: MODE? 

USER: 2 
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;user chos e s to remember the 

scaling factor himself, and 

inputs a dummy number. 

;computer is now ready to ex­

ecute another mode. ie. 

it could average the noise 

and calculate signal minus 

noise for column one or av­

erage anothe r signal into 

columns two or three, or 

display any column and t ype , 

or output any column and 

type onto punched tape, or 

input, or quit. In short, 

any mode is valid. 

;referring to code, user de ­

cides to display a signal. 

CO MP : COL,TYPE ,SC NMOD,SPEED,SUMR? 

;computer needs to know whi~h 

column and type to display , 

whether on oscilloscope, or 

plotter, how fast, and if a 

summar y of r esults is to be 

printed . 



USER: 1,1,0,4000,0 

COMP: PLTFQ,PLTFQR,WIDTH? 
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;user specifies column one , 

type one, scan mode zero, 

(for plotter), speed of 

4000, (the smaller the fast­

er), and no summary of re­

sults. 

;because signal is being out­

put onto plotter, computer 

must know how the scales 

are to be drawn. PLTFQ is 

the number of points to be 

plotted on the horizontal 

and vertical axis, PLTFQR is 

the number of points to be 

plotted on the calibration 

markings and WIDTH is the 

width of the calibration 

markings. Making PLTFQ and 

PLTFQR to small means t he 

plotter will have to travel 

to fast, and the scales will 

not be uniform. Making 

them too large will waste 

time . 
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USER: . 400, 1 0, 1 0. ;user opts for values that 

were used for all plots in 

this report. 

I 

COMP: PAUSE 'LP' ;computer tells user to lower 

plotter pen. 

USER: (type return key) ;user lowers plotter pen and 

types return key. 

COMP: PAUSE 'RP' ;computer tells user to raise 

plotter pen. 

USER: (type return key) 

COMP: PAUSE 'LP' 

USER: (type return key) ;the computer plots graph. 

COMP: MODE? ;computer is now ready to ex-

ecute any mode. 

USER: 5 ;user decides to quit using 

program. 



COMP: - STOP -

USER: GET HALT 

;program ends, and peri6d 

indicate s the computer is 

now running the monitor . 

;user loads bootstrap loader 

to start up computer next 

day. Computer can now be 

turned off. 
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The only other information needed concerns the in­

putting of daya fro m punched tape. The tape s will have 

a few i nches of leader on them, and for input , the first 

nonzero byte must be placed directly over the punch reader. 

This byte will always be all hol e s, f ollowed by a second 

byte of all holes. 



APPENDIX C COMPUTER LISTING OF SIG1 

INTEGER•2 APMAX,APMIN,BPNT,CODE1COL,DELAY,HDI,IRAYDC512,2,3>, 
+ I RAYS < .J 024, 2, 3), MO DE, NSCNH, NS CNL, PL TFQ, SCALE, SMAX C 2 , 3), 
+ SNS ClllH-C 2, 2), SN.SC NL C 2, 2), SP EEC, SPt1A X, SPi'll N, SUMR, TYPE 

REALl. DPRAY CS J2,2>1 M.l\X 1MIN,S CL 
DATA SM'AX , SNS CNH , SNSCNL/ 14*0 / 
CALL S ETt!JP CAPMIN, BPNT,DELAY,HDI,MODE,NSCNH,NSCNL,SPEED,S?MIN> 
TYPE re 

13 FORMAT ("$ CODE?'> 
READ cs ... 20 > CODE 

20 FORMAT C7Il0 > 
IF C CO DE .EQ. 0 
TYPE 30 

GOTO 50 

30 FORMAT C • 0 = NO '/ ' I = YES'/ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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'l\PMAX = MAX111UM 0 J INT TO EE ANALYZE::;. !.I EFAULT=512•'/ 
'APMIN =MINIMUM POINT TO BE ANaLYZEC. DE FAULT= 62 .'/ 
'EP9T =BASELINE PO I NT, TO SUBTRACT BASELINE DRIFT· CFLT=3!.'/ 
' CDGE0 =DO NOT P RINT THIS CO DE TO USING PRO GRAM .'/ 
' CO .DE i = DO ?FUNT COCE . '/ 
' COLl ,COL2 =AVAILABLE COLUM NS .'/ 
' DELllY =I OF TIMES DE:LAY LO OP DONE AT END OF SCAN · CFLT=I•'/ 
' HD!= HORIZO NTAL DAC INCREMENT. MAX=512· DEFA ULT=!•' 
' MODE\ 
' MOL.E2 
' MODE.3 
' M00£4 
' MO&E'S 
' MO·EiiE6 
' MO &E'7 
• r1o:o=s 
' MO CE'9 

CLEAR CO~UM~ . THEN SIGNAL AVERAGE NO~MAL~Y .'/ 

DO NOT CLEAR COLU:1N , AVERAGE NO"l~lALLY. ' / 
CLEAR COLUMN, AVERAGE SUBTRACTING BASELINE.'/ 
DO NOT CLEAR COLU~N , AVERAGE SUBT?ACTING BASELINE .'/ 
OUTPUT DIS 0 LAY FO? OSC ILLOSCO~E.'/ 
OUTPUT DISPLAY FOR PLOTTER. ' / 
OUTPUT SIGNAL ON PUNCHED TAP E.'/ 
I NPUT SIG NA L FROM PUNC HED TAPE.'/ 
QUIT.' 

' NSCNIH HIGH ORDER WORD FOR I OF SCANs.· • / 
' NSCtllL LOW ORDER WORD FOR I OF SCANS .'/ 
' PLTFQ FREQUEN CY OF POINTS TO D"l AW EJRDER OF PLOT.'/ 
' SCALE0 = ACCEPT DEFAULT CONDITIONS FOR SIGNAL SCALHJG . '/ 
' SCALE ! = SPECIFY OW N SCALING PARAMETERS.'/ 
' SPEE D I OF TIMES DELA Y LOO? IS EXECUTED PER DISPLAY ?NT·'/ 
' SPMAX 
' SPM.IN 
• · so:~urn 

' SUl'tR l 
' T Y!>JE I 

MAXIMUM POINT TO BE SIGNAL AVERAGED · DEFAULT= S ll .'/ 
MINI MUM POINT TO BE SIGNAL AVERAGED· DEFAULT=3!.'/ 
CO NOT OUTPUT SUMMARY OF RESU~TS.'/ 
OUT?UT SUMMARY OF RESULTS.'/ 
SIGNAL·'/ 

'TY?J£2 NOIS E.'/ 
' TYPE 3 SIGNAL-NOISE. ' / 
' @ = CHARACTER USED TO STOP SAMPLING OR DISPLAYJ~G.'> 

APHDI=6 2 
APMAX=512 
APMIN=6 2 
BPNT=31 
DELAY=! 
HDI=I 
SP MAX= SI 1 
SPMIN=JI 

63 TYPE 7 0 
73 FORMAT C • $MO DE?') 

READ cs.20 > MODE 
GOTO ( 8~~s0 ,300,300,s00.s00,600,100,80 0 ) MODE 
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c 
c 
C MODEi AND MODE2 - SIGAV• 
c ************************ 
c 
80 TYPE 90 
90 FORMAT C"SCOL.NSCNH.NSCNL.SCALE.TY?E? ') 

READ cs.2~> COL.NSCNH.NSCNL.SCALE.TYPE 
IF (SCALE .EQ. 0 > GOTO 105 
TYPE l_,0 

100 FORMAT C'SAPMAX.APMIN,BPNT,DELAY,HDI,SPMAX.SPMIN?') 
READ cs.20> APMAX.APMIN.BPNT.DELAY.HDI.SPMAX.SPMIN 

105 IF C MODE .EQ. I > CALL CLEARCIRAYSC!,COL.TYPE>l 
CALL S lGAVC I RAYS C S?MAX*2+ 1, COL, TYPE>, I RAYS C SPM IN*2+ I• COL.TYPE)> 

c. 
C: SIGAV IS AN ASSEMBLER ROUTINE THAT TAKES SUCCESSIVE ADC 
C READINGS FROM SCOPE, ADDS THEM TO IRAYS <STARTING AT 
C IRAYSCSMIN.COL,TYPE>>• ADDS CARRY TO NEXT ROW ELEMENT OF 
C !RAYS .. CONTINUING TO IRAYS CSPMAX, COL, TYPE>. 
c 

IF C HO DE • EQ. 1 l GO TO 110 
SNS CNH( COL.TYPE>= SNSCNH C COL, TYPE> +rJS CNH 
SNS C~JL( COL, TYPE>= SNS CML C COL.TYPE> +NS CNL 
GOTO 115 

110 SNSCN.H<COL,TYPE>=NSCNH 
SNS C~1L C COL, TY? E > =NSCNL 

115 MAX=-J.£38 

+ 

+ 

120 
c 
c 
c 
c 
c. 
c 
c 

13::1 
c 
c 
c 
c 

MIN=!.£38 
DO 120 J=APMIN.APMAX 

DPRAYCJ1TYPE>=IRAYSCJ*2-!.COL,TY?E>+ 
65536 •*<I RAYS C J*2• COL, TYPE> - I RAYS CAPM 1N*2• COL.TYPE>) 

IF < IRAYSCJ*2-l.COL.TY?E> ·LT. 0 > 
C?RAYCJ,TYPE>=DPRAYCJ,TYPE>+65536· 

MAX=AMAXI CMAX, CPRAYCJ,TYPE> > 
MIN=AMINICMIN.DPRAYCJ,TYPE>> 

ABOVE LOOP TRANSFERRED SIGNAL IN IRAYS C AN INTEGER ARRAY 
FOR SIGNAL AVERAGING WHERE EACH DATA PO INT NEEDED A LOl.J AND 
HIGH ORDER NUMBER l TO CPRAY C A DOUBLE PRECISION ARRAY, 
WHERE EACH PO INT ONLY NEEDS ONE NUMBER > • LOOP ALSO FOUND 
MAX ANC MIN FOR LATER USE• 

SCL=SNSCNHCCOL.TYPE>*65536·+SNSCNLCCOL.TYPE> 
DO 130 J=A?MirJ.APMAX 

D?RAYCJ,TYPE>=CDPRAYCJ,TYPE>-MIN)/SCL 

ABOVE LOOP REMOVED DC OFFSET FROM SIGNAL AND DIVIDED SIGNAL 
BY NUMBER OF SCANS• 

ws I= Ct-JAX-MIN)/ SCL 
SMAXC COL. TY?£)= 100*WS I 
SCL=Sl l ./WSI 
DO 140 J=A?MIN.APMAX 

lRAYDCJ,CQL,TYPE>=DPRAYCJ,TYPE>*SCL 
i40 lRAYCCJ, COL. TYPE>= I RAYO CJ, COL, TYPE>+" I 42000 
c. 
c AEOVE Looe SCALED SIGNAL IN OPRAY TO FIT 10 BIT DAC. PUT IT 
G INTO lRAYD, AND ADDED VERTICAL DAG ADDRESS. 
c 
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TYPE l5>J, SNSCNH<COL, TYPE), SNSCNL( COL, TYPE), SMAXC COL, TYPE) 
150 FORMAT C ' NSCN=',2I81SX,' PH=',I8) 

IF < TY? '£ • EQ. I > GOTO 60 
c 
C BOTH SIG!JAL AND NOISE SCANS HAVE BEEN TAKEN IF TYPE=2· 
C PROGRAt·I NOW CALCULATES SI GNAL -NOISE. 
c 

MAX=-l ·E38 
MIN= I. £38 
DO 160 J=APMIN ,APMAX 

DPRAY<J,l)=CPRAYCJ,l>-DPRAY<J,2> 
MAX=A'MAXI <MAX, DPRAY<J, l)) 

161!l. MIN=Al'llNI <MIN , D?RAY<J, I)) 
c 
C DPRAY<J•I) NOW CONTAINS SIGNAL-NOISE~ 

c 
SMAXCCOL.3>= HAX -MIN 
SCL=511. &0/SMAX CCOL,3> 
CO 17 0 J=APMIN ,APMA X1 l 

IRA Y[;(J , C'.H., 3 >=CC? RAYCJ , I )- -i ltl >*S CL 
173' !RAYCCJ, COL, 3>=IRAYDCJ, COL, 3 )+"142000 
c 
C IRAYDCJ, CO L,3> NOW CONTAINS SIGNAL-NOISE SCALED TO 10 EITS 
C WITH VERTICAL CAC ADDRESS ACCED. 
c 

TYPE 13~.SMAX <COL,3) 

159 FO RMAT C" DPH=',FS.2> 
GOTO 60 

c 
c 
C MOCE3 AND MODE4 - SIGMEL· 
c ********•**************** 
c 
330 TYPE 100 

REAC C5.20) COL1NSCNH.NSCNL1TYPE 
IF < MODE .£Q. 3 ) CALL CLEARCIRAYSCl.COL,TYPE>> 
CALL SGMEL< I RAYS C SPMAX*2+ I, COL, TYPE), l RAYS< SPM IN*2+ I, COL. TYPE>) 

c 
C SIG ME L IS AN ASSEMBLER ROUTINE LIKE SIGAV, 2UT BETWEEN EACH 
C SIGNAL POINT, IT SAMPLES BPN T CEASELINE POINT> AND SUBTRACTS 
C IT FROM SIGNAL TO REMOVE BASELINE DRIFT. 
c 

c 
c 

GOTO I I QJ 

C MODES AND MODE6 - DISPLAY. 
c ************************** 
c 
500 TYPE 51 0 
510 FORMAT C'SCOL,SPEED1SUMR.TYPE?'> 

READ cs.2~> COL.SPEED.SUMR.TYPE 
IF C SUM!i . EQ . 0 > GOTO 530 
TYPE 52 0.SNSCNHCCO L,1),SN SCNLCCO L.1),SN S CNHCC OL,2), 

+ SNSCNLCCOL.2>.SMAXCCQL,1>,SMAX<COL.2>.SMAXCCOL,3) 
520 FORMAT c20x •• TYPE! •• l 4X1. TYPE2 •• l 4X •• TYPE3. /. NSCNH, NSC~:L= •• 

+ I612X1l6 ,5X, I61 2X, 16/' Pli='• I21, Il9, 119> 
530 IF ( MODE • fQ, 5 ) GOTO 560 

CALL PLOTCSPM IN1511) 
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I 

" 

TYPE 535 
535 FORMAT ("$PLTFQ? ') 

READ (5,20) PLTFQ 
PAUSE 'LP' 

540 

550 

560 

c 
c 
c 
c 
c 
62'0 
610 

615 

DO 540 J=J,PLTFQ,J 
IWS=511·-5ll·*J/PLTFQ 
CA~L PLOTCSPMIN,IWS> 
CONTINUE 

DO 550 J=l1PLTFQ,l 
IWS=SPMIN+l••J•<SPMAX-SPMIN>•HDl/PLTFQ 
CALL PLOTCIWS,0> 
CONTINUE 

PAUSE 'RP• 
CALL PLOTCAPM IN- I. IRAYD CAPM IN. col... TYPE)) 
PAUSE 'LP' 
CALL DSPL< IRAYDCA?MAX, CQL, TYPE>. I RA YD CA PM IrJ, COL, TYPE>) 
GOTO 60 

MODE? - PNCHOU. 
*************** 

TYPE 610 
FORMAT C'SCOL,TYPE?') 
READ C 5, 2:3 > COL, TYPE 
DO 61 5 J= I, 2 5 

CALL ?NCHOUC0> 
cornnrnE 

CALL PNCHOUC"l 77777) 
CALL PNCHOUCAPMAX) 
CALL ?NCHOUCAPMIN) 
CALL PNCHOUCEPNT) 
CALL PNCHOUCDELAY) 
CALL PNCHOUCHDI> 
CALL PNCHOUCSNSCNH<COL,TYPE>> 
CALL PNCHOUCSNSCNLCCOL,TYPE>> 
CALL PNCHOUCSMAXCCOL,TY?E>> 
CALL PNCHOUCSPMAX) 
CALL PNCHOUCSPMIN> 
DO 620 J=APMIN,APMAX 

CALL PNCHOUC IRAYDCJ, COL, TYPE>) 
620 CONTINUE 

PAUSE 'PT' 
630 TYPE 64:il 1 ~PMAX, APM IN, BPNT, DELAY, HD I, SN SCNH C COL, TYPE), 

+ SNSCNLCCQL,TY?EJ,SMAXCCOL.TYPE>,SPMAX,SPMIN 
640 FORM~T c• APMAX =',17/' APMIN =',I7/' EPNT =',I7/' DELAY-• 

c 
c 

+ 17/' HDI =',17/' NSCNH =',17/' NSCNL =',17/' PH ='• 
+ 17/' SPMAX =',17/' SPMlN =',17) 

GOTO 60 

C MODES - PNCHIN 
c ************** 
c 
700 TYPE 610 

READ C5120) COL1TYPE 
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' DO 7 1 0 J= I , 2 5 
CALL PNCH INC IWS) 
IF ( ms .EQ. '.'177777) GOTO 720 

710 CONTINUE 
720 CALL PNCHIN<APMAX) 

CALL PNCHl~CAPMIN> 
CALL PNCHINCBPNT> 
CALL PNCHINCDELAY> 
CALL PNCHINCHDI) 
CALL PNCHINCSNSCNHCCOL,TYPE>> 
CALL PNCHINCSNSCNLCCOL,TYPE>> 
CALL PNCHINCSMAXCCQL,TY?E)) 
CALL PNCHINCSPMAX> 
CALL PNCHINCSPMIN> 
DO 730 J=APMJN,AP MAX 

CALL PNCHINCIRAYDCJ,COL,TYP£)) 
733 CO!JT INUE 

GOTO 630 
c 
c 
C MODE9 ~ QUIT· 
c ************* 
c 
803 END 
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.GLOBL CLEAR1DSPL1PLOT,PNCHOU,PNC HIN,SETUP, SGMEL ,SIGAV 
AAPMIN: ;ADDRESS OF A?MIN. ETC· 
AB?NT: 
ADELAY: 
AHDI: 
AMO DE: 
ANSCNH: 
ANSCNL: 
A SPEED: 
ASPMIN: 
CNT: 
STORE: 
TNSCNH: 
TNSCNL: 
TTINTI: 
TTINT2: 

CLEAR: ADD 12,::5 
MOV (%5),%0 
MOV (%5),%1 
ADD 137761 %1 

CL!: MOV 140000. ( %0 )+ 

CMP :rn, :i1 
BLE CL! 
RTS %7 

CSPL: MOV 10.~#177776 

MOV #TTYINT, @160 
MOV 1340,@162 
MOV :!AAPMIN, 1.0 
ADD #137777. 1.0 

SUB @AHDI, %0 
ADD 12.%5 
MOV ( 1.5)+, %1 

DSI: MOV (%5),%2 
MOV 1.0, %3 

052: ACD @AHDI,%3 
MOV %3,@ I 167772 
MOV (%2)+, ~# 167772 

MOV #0,CNT 
DS3: me CNT 

CMP CNT, ;}A SPEED 
ELE CS3 
CMP %2. %1 
ELE CS2 
:::: JP @A MO CE, #6 
ENE CS! 
t10V TT l[.JT I , @ I 60 
MOV TTINT2,@#62 
RTS %7 

PLOT: ADD #2,%5 
MOV @(%5)+,%4 
BIS 1l4eJ000,%4 
MOV %41 !! #167772 
MOV @C%5),:t4 
EIS 1142000 1%4 
MOV %41@1167772 
RTS %7 

; 
; 

;USED AS A COUNTER. 
;STORES SIGNAL DURING ADC INTERUPT. 
;TEMPORARY STORAGE FOR NSCN. 
; 
;ORIGINAL TTY INTERUPT VECTOR 
; IS STORED HERE· 

i%5 PNTS. @ADD. OF IRAYSCl,COL ,TYPE>· 
;::0 CNTNS. ADD. OF IRAYSCl1COL1TYP E>· 
;%! CNTNS. ADD. OF IRAYSCl,CQL,TYPE 
; :r. 1 CNTNS. ADD· OF IRAYSC1 024 ,COL,TYPE>· 
iCLEAR COLUMN Or I RAYS. 

; 
;RETURN TO MAIN PRO GRAM · 

;nuN SUBROUTINE AT PRIORITY 0 . 
;WHEN TTY I NTERUPTS • GO TO 

TTYINT WITH PRIORITY 7, 
;PUT APM IN IN %0 . 
iACD HORIZ. DAG ADD· CAPM IN>=I > • 

; SUETRACT HD! • . 
;::5 PNTS. 11' ADO. OF IRAYDC APMAX1COL1TYPi 
;::1 CNTN S . ADC . OF IRAYDCAPMAX,COL,TYPE) 
J %2 CNTNS. ACD . OF I RAYDCAPMIN,COL ,TY? E ) 
iPUT FIRST HORIZ. DAC ?OS. IN ;: 3. 
;INCREMENT HORIZ · DAC · 
;ouT?UT HORIZ. DAG · POSITI'.)N. 
; OUTPUT VERTICAL CAC. POSITION. 
;INITIALIZE CE.LAY VARIABLE · 
JSLOW DOWN SCAN WITH 

DEL!\Y LOOP. 
; 
;IS SCAN COMPLETE? 

IF NO, CJN TI ~ UE SC AN. 
IF YES, NEEC MORE THAN I SCAN? 

YES. KEEP SCANN I NG . 
; NO. RESTORE TTY INTERUPT 
; VECTORS AND QUIT 

DISPLAYING. 

i%5 PNTS. ~ ADO. OF X POSITION· 
iMOVE X TO %4• 
;SET HORIZ. DAG ADD· 
;OUTPUT x. 
iMOVE Y TO %4 . 
iSET VERT. DAC ACC. 
;OUTPUT Y. 
;RETURN TO MAIN PROGRAM· 
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PNCHOU: ADD 
MOV 
MOV 
SIC 

POI: BIT 
BEQ 
MOV 
SWAB 

P02: BIT 
SEQ 
MOV 
MOV 
RTS 

PNCHIN: ADD 
MOV 
BIC 
BIS 

PII: BIT 
SEQ 
HOV 
SWAB 
BIS 

PI2: BIT 
EEQ 
UOVB 
SWAB 
t·lOV 
RTS 

SETUP: MOV 
MOV 
MOV 
ADD 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
RTS 

SGMBL: RTS 

SIGAV: MOV 
110V 
MOV 
BR 

SI 1: RT I 
SI2: MOV 

MOV 
MOV 
MOV 

12 .. %5 
@(%5),%4 
IHI 77564, %3 
1104.@1177564 
1200 .. @#177564 
POI 
%4 .. @#177566 
%4 
1200.@1177564 
P02 
%4 .. II I I 77566 
%3 .. @1177564 
%7 

12. %5 
@#1775601%3 
#100 .. @#177560 
#11@1177560 
1200,@ II 77 560 
PI I 
@#177562 .. @C %5) 
@(%5) 
#I .. @#177560 
#200 .. @ #177560 

.PI2 
@1171562 .. @(%5) 
@(%5) 
%3 .. @#177560 
%7 

;:;5 PNTS. @ ADD· OF WORD TO BE PUNCHED· 
;:4 CONTAINS WORD TO BE PUNCHED· 
;STORE PUNCH STATUS REGISTER. 
;CLEAR ItJTERUPT AND MAINTENANCE. 
;TEST IF PUNCH IS FREE· 
JIF PUNCH NOT FREE .. GOTO POI· 
;QUTPUT SECOND BYTE OF WORD. 
;SWAP BYTES OF %4. 
;TEST IF PUNCH IS FREE· 
;IF PUNCH NOT FREE, GOTO P02. 
;OUTPUT FIRST BYTE OF WORD. 
;RESTORE PUNCH STATUS REGISTER· 
; 
; 
;:5 PNTS !I ADD· OF WORD REQUIRING INPUT. 
JSTORE READER STATUS REGISTER· 
; CLEAR' INT ERUPT• 
; ENABLE READER• 
; IS READER DONE'? 
; IF NOT, GOTO PI 1. 
JMOVE 2ND BYTE TO WORD REQUIRING INPUT. 
JSWAP BYTES OF WORD REQUIRING INPUT. 
; ENABLE READER· 
; IS READER DONE'? 
JIF NOT, GOTO PII· 
JMOVE !ST BYTE TO WORD REQUIRING INPUT. 
JSWAP BYTES OF WORD REQUIRING INPUT. 
;RESTORE READER STATUS REGISTER· 

; 
#5037,@#132626 JSTOP CLOCK INTERUPT. 
1177546 .. @1!32630; 
#21@#132632 
12 .. %5 
C %5)+1AAP!1IN 
C%5)+,ABPNT 
C%5)+,ADELAY 
(%5)+,AHDI 
C%5)+,AM0DE 
(%5)+,ANSCNH 
C%5)+,ANSCNL 
(%5H1ASPEED 
(%5)+,ASPMIN 
@1601TTIN': l 
@#621TTINT2 
%7 

%7 

1200 .. @ I I 77776 
ISil1!11300 
1100 .. @ 1167770 
SI2 

#TTY INT, 0 160 
#340 .. @#62 
#519 .. @1300 
#340 .. @#302 

J%5 PNTS· !I ADD• OF APMIN. 
JAAPMIN CNTNS. ADD. OF APMIN. ETC. 
; 

; 
; 
; 
; . . 
; 
JSAVE FORTRAN TTY INTERUPT 
; VECTOR. 
; 
; 
;INSERT SUBROUTINE HERE· 
; 
;RUN SUBROUTINE @ PRIORITY 7. 
;INITIALIZE ADC BY LETTING IT INTERUPT• 
; 
; 
JRETURN FROM ADC INTERUPT. 
JWHEN TTY INTERUPTS, GOTO 
; TTYINT WITH PRIORITY 7• 
JWHEN ADC INTERUPTS, GOTO 
; SI9 WITH PRIORITY 7• 
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MOV 
MDV 
ADD 
ADC 
MDV 
ADD 
ADD 
MOV 
BR 

513: MOV 
EPL 
NEG 
SUB 
SBC 
ER 

Sl4: ADD 
AIJC 

SIS: MOV 
~·iOV 

MO'J 
:-1ov 

SI6: INC 
Ct·1P 
ENE 
SUB 
BNE 
TST 
BNE 
MOV 
MOV 
RTS 

SI7: SEC 
MOV 
MOV 

SIS: CMP 
BEQ 
t10V 
WAIT 
BR 

SI9: ADD 
MOV 
MOV 
BPL 
NEG 
SUB 
SBC 
RTI 

Sll0: ADD 
ADC 
RTI 

TTYINT: CMPB 
8EQ 
RTI 

TTYI: MDV 
MDV 
SUB 
SBC 
SUE 
r1ov 
RTS 
.END 

@ANSCNH,TNSCNH 
@ANSCNL, Tl~SCNL 
11. TNSCNL 
TNSCNH 
@AS?MIN,%4 
#144000.%4 
#2.%5 
(%5)+.%3 
Sl5 
STORE.%2 
SI4 
%2 
%2.<%1)+ 
( :1) 
Sl5 
::2.c:1>+ 
(%1> 
%4.%3 
::ei.~1161112 

<%5>.:u 
171 • CNT 
CNT 
CNT •!!'A DELAY 
SI6 
#I• TNSCNL 
Sl7 
TNSCNH 
Sl7 
TT INTI•€' 160 
TTINT2,@#62 
%7 
TNSCNH 
#J,;)1177776 
#203.@#177776 
u. %3 
SI3 
@#167774• STORE 

SIS 
OAHDI. %0 
%0.@#167772 
STORE. %2 
Sl10 
%2 
%2. (%1 )+ 

( %1 )+ 

::2.c:1>+ 
(%!)+ 

#300.@1177562 
TTY! 

TTINTJ.<U67J 
TTINT2.@#62 
TNSCNL,@ANSCNL 
@ANSCNH 
TNSCNH.@ANSCNH 
#764.%6 
%7 

;STORE NSCN IN TNSCN. 

;INITIALIZE TNSCN TO COUNT 
I OF. SCANS LEFT. 

;:4 CNTNS. SPMIN· 
;APPEND HORIZ. s. SCOPE DAC ADDRESS· 
;::5 PNTS• @ ADD· OF IRAYSCSPMAX.COL.TYPi 
;::3 CNTNS• ADD· OF IRAYSCSPMAX.COL.·TYPE) 

;ANALYZE LAST POINT AS PER SI9· 
; 
; 

; 

;:0 CNTNS. SPMIN + HO~IZ DAC ADD· 
;POSITION HO~IZ· DAC· 
;:1 CNTNS. ADC. OF IRAYSCSPMIN•COL.TY?E) 
;DELAY LOO? TO ALLOW VERTICAL 
; ADC TO STABILIZE. 

;DECREMENT I OF SCANS REMAINING• 
;IF TNSCNL#7J, GOTO SI7• 
;TEST TNSCNH. 
;IF TNSCNH#0, GOTO 517• 
;TNSCN=0· RESTO~£ FORTRAN 
; TTY INTERUPT VECTOR· 
; 
; SUBTRACT CARRY FRO:-! TNSCNH. 
;ALLOW TTY TO INTERUPT. 
;DISALLOW TTY TO INTERUPT. 
;rs SCAN COMPLETE? 
;IF YES. FINISH OLD ANIJ START NE~ SCAN· 
; STORE DATA AND ENABLE INTERUPT• 
;WAIT FOR INTERU?T. 
;INTERUPT COMPLETE. SAMPLE NEXT POINT• 
;INCREMENT HORIZ· POSITION. 
;OUTPUT NEW HORIZ. POSITION. 
JRETRIEVE DATA FRO~ OLD HORIZ· POSITION. 
; IF DATA IS POSIT1'VE. GOTO SI 10. 
JADD NEGATIVE IJATA TO IRAYS. 
; 

JRETURN FROM ADC INTERU?T. 
JADD POSITIVE DATA TO ARRAY• 
; 
;RETURN FROM ADC INTERUPT. 
JIS TTY INTERUPTING WITH"@"? 
; IF YES. PROCESS AT TTY!· 
J IF NO. RETURN FROM INTERUPT• 
JRESTORE ORIGINAL TTY INTERUPT 

VECTOR. 
JIF INTERUPTED FROM SIGAV. 

THEN NSCN CONTAINS 
# OF SCANS COMPLETEC. 

JSET STACK POINTER TO RETURN 
; TO MAW PROGRAM· 
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INTEGER•2 SGNLC96IJ,OUTC46t.3J,RES1MOCE1TYPE,SCNMOD1 
+ SPEED,PLTFQ,PLTFQR 

REAL•4 RSPNS ( 501), CONVC46 l) . MAX, M IN,.\JS I, SD, WIDTH 
CALt SETUPCl1!1SCNMO D1SPEED) 
DO 10, J=2SI.71 l 

CALL PUNC HICOUTCJ-250,!)) 
10 SGNL(J)=OUTCJ-250 , I >-"1 42000 

DO 20 J=I, 250 
20 SGNLCJ>=0 

DO 30 J=712,96! 
30 SGNLCJ)=332 

c 
c 

GOTO 40 

33 TYPE 35 
35 FO RMA T C'$MODE,TYPE?') 

READ (5,37> MODE.TYPE 
37 FORMAT C2I H'l 1 r/¥f,Z.) 

c 
c 

GOTO (401150,!60,! 80 > MODE 

C MODEi - CALCULATE RESPONSE AND CONVOLUTION. 
c ******************************************* 
c 
40 TYPE 50 
50 FO RMAT C • SRES, SC?'> 

READ C5,60 > RES . SD 
60 FORMAT CI! 0 ,Fl 0 ·2> 

IF C RE S .EQ. 2 > GOTO 80 
DO 70 J=I.50 1 

70 RSPNSCJJ=EXP(-.S•CCJ-251.J/SD>••2·> 
GOTO 133 

80 WS!=CSD/2·>**2• 
DO 90 J= 1• 501 

90 RS0 ~JS(J)=l·/((J-251·>*•2·+!JS1) 
100 DO I 10 J= I• 461 

OUTCJ,2>=Sll·*RSPNS CJ+ 20 l/RS ?NSC 25 1> 
110 OUTCJ.2>=0UTCJ,2)+"142000 

MAX=-!. E38 
MIN=l.E38 
DO 130 J=I.461 

IJS1=0· 
DO I 20 I= I• 501 

120 WSl=WSI+RSPNSCl>•SGNLCI+J-1) 
CONVCJJ=WSl 
MAX=AMAXICMAX,WSIJ 

130 MIN=AMINlC MIN,WSl> 
DO 1 40 J= I, 461 

OUTCJ,3>=51l·*CCONVCJ>-MINl/CMAX-MIN> 
140 OUTCJ,3>=0UTCJ,3)+"142000 

c 
c 

GOTO 33 

C MODE2 - DISPLAY. 
c **************** 
c 
150 TYPE 220 
220 FO RMA T C'SSC NMOD,SP EE C? ') 

READ CS,37> SCNMOD.SPEED 
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IF C SCNMOD .EQ. 1 > GOTO 240 
TYPE 230 

230 FORMAT C"$PLTFQ,PLTFQR,WlDTH?'> 
READ (5,37) PLTFQ,PLTFQR,WIOTH 
CALL PLOTC50,511> 
PAUSE 'LP" 
WS1=0· 
DO 520 J=l1PLTFQ 

IWS1=511.-5ll•*J/PLTFQ 
CALL PLOTC501IWSl) 
IF < FLOATCJ)/PLTFQ .LT· WSI > GOTO 520 
WSl=WSl+•I 
DO 500 I=l,PLTFQR 

IWS2=50.+WIDTH•I/PLTFQR 
CALL ?LOTCIWS2,IWSI> 

500 CONTINUE 
DO 510 I=l1PLTFQR 

IWS2=50.+WIDTH-WIDTH•IIPLTFQR 
CALL PLOTCIWS2;IWSI> 

510 CONTINUE 
520 CONTINUE 

WS1=·15625 
DO 550 J=l1PLTFQ 

IWS1=50.+461·•J/PLTFQ 
CALL PLOTCIWSJ,0) 
IF C FLOATCJ>IPLTFQ .LT· WSI > GOTO 550 
WSl=WSl+.15625 
DO 530 I=J,PLTFQR 

IWS2=WIDTH•I/PLTFQR 
CALL ?LOTCIWSl,IWS2> 

530 CONTINUE 
DO 540 I=l,?LTFQR 
IWS2=WIDTH-WIDTH•I/PLTFQR 
CALL PLOTCIWSl1IWS2> 

540 CONTINUE 
550 CONTINUE 

PAUSE 'RP" 
CALL PLOTC5010UTCl1TYPE>> 
PAUSE 'LP' 

240 CALL DISPCOUTCl,TYPE>> 
GOTO 33 

c 
c 
C MODE3 - PUNCH. 
c ************** 
c 
160 DO 170 J=l,461 
170 CALL PUNCHOCOUTCJ,TYPE>> 

c 
c 

GOTO 33 

C MODE4 - QUIT• 
c ************* 
c 
180 END 
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APPENDIX D - DESCRIPTION OF SIG1 

SIG1 is in most ways very similar to SIG. The 

differences are noted below. 

Because of the increased versatility of the pro­

gram, there was only enough room in core to accomodate 

two columns instead of three. 

In SIG, as soon as the user stopped ~ignal aver­

aging, he would have to start all over again if he wanted 

to do more averaging of the same signal. By the appro­

priate choice of modes in SIG1, (see code), the user can 

continue signal averaging onto a signal that he just 

finished displaying, outputting or inputting. 

Finally, by specifying that new scaling parameters 

are to be used, the user can control the number and pos­

ition of sampling points. There are 512 different hor­

izontal positions on the sampling scope that can be sam­

pled. SPMIN is the first position that will be sampled. 

HDI is the horizontal DAC increment, or the number of 

positions between points to be sampled. SPMAX - SPMIN 

is the number of points to be sampled. Thus, suppose a 
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person wanted to sample at positions 250, 260, 270 and 

280. Then SPMIN is 250, HDI is 10 and SPMAX is 253. 

Now, sometimes a person-will want to sample a 

number of positions, (in the above case 250, 260, 270 

and 280), but only analyze a certain region of them, 

(say positions 260 and 270). This can be done by setting 

APMIN = 251 + 1 = 252 and APMAX = 252 + 1 = 253. 

Although this is a somewhat awkward system for 

the user, it was convenient in terms of positioning DAC's 

and indexing arrays. Anyone making extensive use of this 

program might want to change this form of the I/O. 
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