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These values can be used to correct the measured reverberation times 

according to Millingtons formula. 

T 
meas 

0,163V 
+ 4mV 

The values are then corrected for zero air absorption by 

T T 
corrected 

4m 
0,163 

- (5.5.6) 

- (5.5.7) 

A table of values ofO,J63 correction factors is g1ven for var10US 

frequencies below (at the values of temperature and relative humidity 

actually recorded during the experiment). 

Table 5.5. I 

r--'---" 
I frequency 
I 

.. " .- ,. "--'-----l 
(kHz) 4m 

--------.-. -' .. -'-'-1-----
0, 163 

1 

2 

4 

8 

16 

31,5 

63 

125 

Correction 

I 
I 
I 
I 

i 

----'._--
factors for a1r 

0,0049 

0,0172 

0,0785 

0,3117 

1,2] 2 

4,292 

13, 107 

31,445 

absorption (t 
o 

21,7 C, RH 70%) 

For values of TR of 0,5 seconds at frequencies of 16kHz and above 

the correction factor exceeds 5% and increases rapidly with frequency 

showing the necessity for correction. At the same frequency the effect 

of air absorption is greatest with long reverberation times because the 

a1r 1S responsible for most of the absorption. This means that the effect 

of air absorption in modelling of auditoria etc. wi.ll be less pronounced 

than in this study. 

5.6 Description of Software 

The prograrmning which does the integration and display of data was all done 

in BASIC. This language has the advantage of being easy to use and debug 

because it ]S interactive. The main disadvantage is the fact that the 

language only interfaces to a terminal and cannot interface to AID 

converters etc. This has heen overcome in a version called C5BASIC 

(204,205) which allmvs the program to have assembly language subroutines 

and to transfer data between the program and the subroutines. A fuller 

description of the C513ASIC package is given in Appendix 2. 
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The package also allows for data to be stored on diskette but this part 

of the package was not used as the package and data would need to memory at 

the same time as the data. Instead the data was stored using the IMAGE 

command of the DDOS and special call drivers (assembler subroutines) were 

written to access the data from the binary files on diskette. This allowed 

all the memory except the DOS resident area to be used for data. 

The n'lAGE cOTIUDand is normally used to store binary programs on diskette. 

It stores a binary image of the data in a binary file on the diskette. The 

IMAGE cOTIUDand is discussed in section 5.6.3 and the IMAGE file format is 

discussed in section 5.6.4. 

The call drivers are called from C5BASIC using the CALL command. The 

format of the command is 

NNN CALL "NAME", 'iP 1, P 2, P 3 .... 

where NNN is the line number of the BASIC program. 

"NAME" is the driver name enclosed in inverted commas. 

PI, P2, P3 are parameters passed to and from the driver. 

The call drivers are linked to a standard package of drivers and 

appended to the BASIC interpreter. So in order to do other integral square 

or even correlation measurements it 1.S only necessary to change the BASIC 

program and not any of the call drivers. Below is a description of the 

BASIC program called "LADEXER" and the call drivers it uses. Listings are 

in Appendix 3. 

5.6.1 LADEXER Program 

All the software used in the experiment was incorporated into one BASIC 

program incorporating a number of call drivers. The program operates in a 

dialogue between the computer and user and executes in the form of a menu 

of subroutines as shown in the flowchart figure 5.6.1. 

The call drivers contain some common data and therefore are interactive. 

The ma1.n connecting link is the data file pointer. This pointer is left at 

the last point + ] after execution of the call driver but can be reset by 

calling option number three at any stage. This feature was found to 

be useful when plotting data or results as it enabled suitable breakpoints 

to be inserted. The various subroutines and notes on their use are 

described in the following sections. 

5.6.2 Map of Core 

This program uses call driver "CORMAP" and fetches the following values 

from DDOS. 

1) First storage \vord available above BASIC program. 
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2) Number of protected words at the top of core (operating system). 

3) Size of core. 

From these values the program determines the maximum data storage area 

available 1) if the BASIC program is not overwritten and 2) if all 

available core, with the exception of the operating system, 1S used. This 

subroutine uses the pseudo function GETC to fetch the system parameters. 

This is supplied in the CSBASIC package. Since the program LADEXER 

currently only calculates RT, EDT, IRT it 1S likely that this program would 

be extended to cater for other criteria. If the program is altered at any 

stage the driver "CORMAP" will use the changed length of the program and 

adjust the area available for data storage. 

5.6.3 Prime Interface and Exit to DDOS 

The DMA interface has two counters, the address counter and the block S1ze 

counter. The address counter must be loaded with the first address at 

which data will be stored (normally just above the program itself). The 

block S1ze counter must be loaded with the number of words to be stored. 

This is half the number of samples taken because the data is packed two 

samples per word by the interface prior to transfer. This subroutine calls 

for values of start address and number of words from BASIC. No checking is 

done on the legality of these values and the user is recommended to use the 

values given in the map of core above or fewer samples. 

The routine then primes the controller with these values. The format 

of the IMAGE command 1S 

IMAGE (filename, start address, end address) 

where filename is the name of the datafile e.g. DATA 

start address is the start address of data in octal 

end address is the end address of data in octal. 

It is inconvenient that these addresses are in octal as all other 

numbers are decimal so the program computes these octal values based on the 

values of start address and number of words entered above in decimal. 

These values are then displayed in the format of the IMAGE command so that 

all the user has to do is copy the sample command displayed on the screen. 

Having completed this the routine returns to DDOS since the next 

operation in the experiment is to take the samples with the LAD. After the 

samples have been taken and lMAGE'd onto diskette the user can either just 

restart or recall the LADEXER program and analyse the data or prepare more 

data. 
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5.6.4 Open Data File and Restore Pointer 

This routine opens the file DATA which was created and filled by IMAGE and 

resets pointer to the first sector. This routine can be used to reset the 

pointer at any stage in the experiment. 

The normal file storage facilities in C5BASIC were not used as their 

data format· was not compatible with IMAGE and would also have required both 

C5BASIC and a BASIC programme to be present in core taking up storage 

space. The format of a data file stored with the L'1AGE command is as 

follows: 

BYTE 

BYTE 2 

BYTE 3 

BYTE 4 

BYTE 5 

BYTE 6 

BYTE 7 

BYTE N + 6 

BYTE N + 7 

BYTE N + 8 

BYTE N + 9 

BYTE N + 10 

high order number of data bytes in file 

low order number of data bytes in file 

space (32) 

null (~) 

same as byte 

same as byte 2 

first data byte 

last data byte 

null 

null 

128 

null 

The command to open the data file DATA will open the file and bump the 

pointer over the header so that it points at the first data byte, and 

returns the number of data bytes in the file (note: excluding header and 

trailer bytes). .. 

5.6.5 Calculate Integral Square of Data 

This routine integrates the data values according to the table look-up 

method and stores the accumulating integral at various points along the 

way. Up to ]024 such values may be stored. These values are then used 

together with the final integral to determine the decay values according to 

Schroeders method. Note: After completing the integral square the data 

pointer is left at its current value. 
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5.6.6 Print 

This routine is primarily used for testing purposes and can print either 

1) sampled data (values between -18 and +18) 

2) values of the accumulating integral square 

3) decay values in dB. 

The routine leaves the data pointer at its current position on 

completion. This has two advantages 

1) It enables more than 1024 values to be handled simply by 

recalling the routine (C5BASIC limits the size of an array to 

4 x 256). 

2) It enables the user to position the pointer at any position and 

continue from there. 

5.6.7 Plot 

This routine plots either the data values themselves scaled ~n 3dB 

increments - for reconstruction of the signal, or the decay values enabling 

a reverberation decay to be plotted. The time scale may be varied by 

changing the number of samples per integral (variable AI) in the routine 

which calculates the integral totals. 

The routine will also plot the ax~s marking off values at 10dB intervals. 

A calibration program for the plotter was written and drew full scale 

rectangles on the paper allowing the plotter to be calibrated. This 

program was called "PLOTSETAID" and used the call driver "XYPLOT" which may 

also be called in keyboard mode to check the plotter settings. 

5.6.8 EDT and IRT Estimates 

This routine calculates the time taken for a lOdB signal decay (EDT) or 

ISdB (rRT). The routines do not do a least squares fit on the data but 

merely calculate the value as a straight line between two points. For a 

more accurate estimate the least squares calculation was used. Since the 

first bit of the decay can still be a process of sound buildup the starting 

point of the value can be varied ~n the program i.e. to start only from IdB 

or 1,5dB below zero. In the actual experiment this was not found to be 

necessary. This is probably due to the very short duration of the sound 

excitation impulse. 
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5.6.9 Least Squares Fit 

This routine will fit the best straight line us~ng a least squares 

regression to a section of the decay curve. This routine can therefore be 

used to calculate least squares estimates of EDT and IRT values and is the 

preferred method. All the values quoted in this report are least squares 

estimates over the given range. 

5.6.10 Close data file and exit to DDOS 

This is the correct way to exit the program as it first closes all files 

before returning to DDOS. Merely halting the machine at the end of the 

experiment can result in a file becoming permanently opened and hence 

inaccessible. 

5.7 Experimental Results 

The experimental results are shown in table 5.7.1. This shows 3 readings 

taken at each octave frequency. The values of EDT, IRT and RT were 

evaluated using least squares regresssion. Since the reverberation decay 

was less than 60dB the RT was estimated over 25dB of the decay. 

The temperature and relatt,ve humidity were recorded for calculation and 

correction of air absorption on the reverberation time. 

The corrected values of EDT, IRT and RT are shown ~n table 5.7.3 and 

are plotted on a graph in figure 5.7.1. Also plotted on the same axes are 

measurements done by the author previously in the full size room (44) and 

those by Richards (45) using a level recorder and interrupted noise source 

in the same room. The results for the model were scaled up by a factor 8 

and the frequencies scaled down on the graph for comparision \.,ith the 

measurements done in the full size room. 

The results show a good correlation between the values of RT obtained 

with those obtained previously for the model and also with the scaled times 

from the full size room. The reason for the discrepancy with the results of 

RICHARD'S (45) may be due to his using a visual estimate of the slope of 

the decay curve. 

5.8 Absorption Coefficient Measurement 

The absorption coefficient of the surface of the reverberation room model 

can be calculated from Millingtons formula for reverberation time (5.5.6) 

to give 

V (0,163 _ 4m) 
S T 

- (5.8.1) 
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EDT IRT RT 

fact (kHz) (kHz) ( I OdB) ( 15dB) (25dB) 

19,97 0,371 0,418 0,455 

0,372 0,418 0,449 

0,361 0,421 0,457 

2 19,97 0,352 0,365 0,444 

0,358 0,371 0,458 

0,350 0,365 0,444 

4 49,96 0,371 0,399 0,469 

0,381 0,403 0,496 

0,396 0,408 0,500 

8 49,96 0,359 0,369 0,386 

0,358 0,372 0,391 

0,360 0,371 0,397 

16 ]00,08 0,242 0,230 0,254 

0,241 0,231 0,250 

0,244 0,237 0,255 

31 ,5 200,1 0,136 0,121 0, 125 

0,133 0, 121 0, 124 

0, J 34 0,122 0,125 

63 199,8 0,055] 0,0601 0,0608 

0,0563 0,0614 0,0604 

0,0547 0,0597 0,0615 
o. 

temperature 21,7 C 

relative humidity 70% 

Table 5.7.1 Uncorrected Reverberation Times --

frequency m (total) m (mol) m (class) 

(kHz) (m) (m) (m) 

0,0002 0,0002 0,0000 

2 0,0007 0,0006 0,0001 

4 0,0032 0,0026 0,0006 

8 0,0127 0,0103 0,0024 

16 0,0494 0,0398 0,0096 

31 ,5 0,1749 0, 1397 0,0370 

63 0,5341 0,3859 0, 1482 

125 1,2814 0,6981 0,5833 

40 0,2644 0,2044 0,0597 

80 0,7386 0,4997 0,2389 

Table 5.7.2 Values of Total air absorption at various frequencies 
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EDT IRT RT 

foct 10dB I5dB 25dB 

1kHz 0,372 0,419 0,456 

0,373 0,418 0,450 

0,361 0,422 0,458 

2kHz 0, 35,~ 0,367 0,447 

0,360 0,374 0,462 

0,353 0,368 0,447 

4kHz 0,382 " 0,412 0,486 

0,393 0,416 0,516 

0,409 0,421 0,521 

8kHz 0, L,04 0,418 0,439 

0,404 0,420 0,445 

0,405 0,420 0,453 

16kHz 0,343 0,319 0,366 

0,341 0,321 0,359 

0,31+6 0,332 0,368 

31,5kHz 0,325 0,252 0,269 

0,309 0,251 0,265 

0,317 0,256 0,269 

63kHz 0, J 98 0,284 0,300 

0,215 0,314 0,291 

0,194 0,275 0,317 

Table_2:2:}_~DT , I~T , & RT values corrected for a1.r absorption 

This formula was used to calculate the absorption coefficient where T is 

the reverberation time actually measured and m is the total air absorption. 

The resulting figures are plotted together with figures obtained by Day 

(22) for varnished 9mm plYHood in figure 5.8.1. 

The results show a good correltation with Day's results except at 

approximately 3kHz. However the peak in Day's curve is most likely due to 

a peculiarity in the surface or porosity of Day's plywood. The results, 

when scaled, also correspond well with the absorption coefficients for a 

plastered wall from Parkin 8, Humphreys (49). 
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6. DISCUSSION OF RESULTS 

6.1 Performance of LAD 

The LAD designed performed well ~n tests using s~ne and square wave 

inputs and with a total conversion time of 2,5 microseconds can be 

used at sampling rates up to 400kHz which far exceeds the requirement 

for modelling work. 

The noise level ~n the converter was higher than predicted and resulted 

~n errors at the lowest threshold of the converter. This was due to 

the noise of the computer circuitry in close proximity with the converter. 

If it is necessary to improve the dynamic range of the converter it will 

be necessary to remove the converter from the computer. Further shielding 

of the converter within the frame of the computer is not feasible. 

Since the LAD was designed for acoustic modelling work, most of the 

signals used with it would have a gaussian or similar amplitude distribution. 

A typical signal would be a white no~se source or an electric spark impulse 

sound source. It is difficult to test the LAD using these signals as 

they are not deterministic and cannot be repeated. For this reason the 

LAD was tested using the bwave or decaying sinusoid. Figs. 4.3.2 and 

4.3.3 show the reconstruction of the bwave and the corresponding decay curve. 

This is an end to end test for the LAD and the results show that it 

performed well. The length of the straightline portion of the decay 

has been shown to be an indication of the dynamic range of the signal (41) 

and this exceeds 45dB for the bwave signal. 

6.2 Decay Curves 

The decay curves shown ~n Appendix 1 were plotted on A3 paper and reduced. 

The time length of each sample was varied by varying the number of 

samples per data point in the decay. Each decay represents 1000 data 

points, so by varying the 'number of samples per integral' the decay 

plots were arranged to fill the page. 

Each page shows three different events superimposed on each other. 

Due to triggering differences there are time shifts between the decays 

but disregarding these the decays are highly repeatable. This means 

that the fluctuations in the decay are not due to the randomness of the 

signal or errors in conversion but to the properties of the room. The 

length of the straight line portion of the decay is at all times in excess 

of 30dB which is as good or better than was obtained previously using 
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a slower speed LAD ~n the full s~ze reverberation room (44) and is 

similar to results obtained by Gerlach (15) using a taped response 

and slower analysis. 

A fall-off in the repeatability of the decays can be seen at higher 

frequencies but this is within tolerance up to 63kHz. The stepped nature 

of the higher frequency decays cannot be explained without further 

testing but could be due to one or more of the following: 

1) the directionality of the microphone at higher frequencies; 

2) alr absorption; 

3) interference from the sound source. 

In a further study it would be possible to isolate the cause of the 

stepping in the decays by varying the microphone position, flushing with 

nitrogen and shielding the sound source with a gauze cage. 

The results for 125kHz were not considered usable for reverberation 

calculations due to the stepp,d nature, but still were repeatable. 

6.3 Reverberation Time Measurements 

In v~ew of the fact that increasing importance ~s being placed on the early 

part of the decay values of EDT and IR1' were calculated as well as those 

of RI. The reverberation times (RT) were calculated over the first 25dB 

of the decay throughout the experiment. It is possible to estimate the 

reverberation time over a longer section of the decay in most cases but 

a uniform figure was decided on. 

When compared with previous measurements of reverberation time In the 

full size room there is a reasonable correlation. Brebeck (3) has stated 

that differences in reverberation time varying from 8 to 20% are inaudible 

so that the model represents the room as measured by the author previously. 

The times also agree very well with those of Robson (47) in a previous 

test of the same model as used 1n this test. The times quoted by 

Richards (4;) were done using the interrupted noise decay and were 

measured manually from the chart recordings. The errors in that test 

were therefore a lot greater and would probably account for the high 

values obtained. 

6.4 Absorption Coefficient Measurements 

The absorption coefficients of the wall surfaces of the model reverberation 

room agree well with those determined by Day (22) and correspond well 
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with the values of absorption coefficient for a plastered wall surface (49). 

The detennination of a variety of absorption coefficients of modelled 

surfaces can be made easily in the reverberation room model and calculated 

from the empty reverberation 
I 
T 

1 

room time as 

T 
e 

- (6.1) 

Note that (6. 1 ) involves the subtraction of the two reverberation times 

of the empty room (Te) and the room with a sample of area SI with 

coefficientOG j • In order to reduce the error of subtracting significance, 

the area of the sample should be as large as possible. In model work 

it is often feasible to treat the entire surface of the model interior, 

giving very much more accurate results. This was done by Day (22) for 

reflective surfaces because the differences in reverberation time are small 

and is recommended in all model work. 
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7. CONCLUSIONS AND SUGGESTIONS 

7.1 Conclusions 

With the design of the 1,AD the range of digital acoustic measurements 

has now been extended up to the limit of available transducers, the 

limiting factor now being the microphone. 

The use of a statistical averaging technique combined with that of 

logarithmic quantisation and a computer interface has provided an acoustic 

measuring technique with high accuracy and repeatability even at the 

high frequencies required for modelling as well as the versatility to 

be able to calculate a variety of criteria from a single measurement. 

Although the system was shown only using the criteria of EDT, IRT 

and RT, the addition of other criteria are simple. They require only 

that additional program ... '1ling is done in BASIC as all the impulse integrating 

software has been written and included ln the package PACK and are 

available for use in other BASIC programs (see Appendix 2). 

The results of the decay curves show that the modelling technique 

gives a good correlation with results ln a full size room when corrected 

for air absorption and is therefore a useful design tool. 

7.2 Suggestiolls for further work 
--- -----.--------.-

The pxtension of this measuring technique up to acoustic modelling 

frequencies now opens the way for further work in modelling. In 

particular the following studies would be useful: 

1) Study of alr absorption - With the increased accuracy afforded 

by this method, more accu~ate tables of air absorption could be 

drawn up enabling better high frequency modelling. 

2) Extension of the software to include other early energy and 

clarity indices - This study would enable a comparative study 

of the usefulness and application to modelling of each of the 

indices to be done. 

3) Measurement of microphone directivity and its effect on reverberation 

5) 

calculations - As this appears to be the cause for the stepped 

nature of the decays it may be possible to reduce its effect by 

rotating the microphone about its position and combining the results. 

The use of a nitrogen atmosphere - This study would show whether 

the extra effort of reducing air absorption is actually required. 

A study of diffuser placement in the reverberation room - This 

study ,",auld enable the study of a number of diffuser positions to 

be studied at low cost and in short time. 
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6. Comparative library of absorbent materials - Before any design 

work is tackled it is necessary to build up a library substances 

which effectively model various wall and floor treatments. 

7. Modified interface for long event times - Although unlikely it 

may be necessary to measure longer reverberation times than the 

memory capacity permits. This can be accommodated by modifying 

the interface as follows. 

i) Change data channel mode to increment memory instead of 

transfer to memory. 

ii) Use data bits as lower five address bits. 

iii) Page up the more significant bits for each point required 

on the integration curve. 

This is effectively doing some of the integration in hardware and 

so will only allow integral square measurements and will also 

require software modifications. 
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Reverberation decay plots of reverberation room model at vor10us 

octave frequencies up to 125kHz. 
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APPENDIX 2 

C5 BASIC Call Package (204,205) 

Introduction 

This package was written as an extension to Data General's Single 

User BASIC version 03 by Gordon. The package allows the use of 

assembler language call drivers or subprograms in BASIC programs. 

Data may be passed betvJeen the call drivers and the BASIC program. 

This therefore enables BASIC to be used to communicate with devices 

other than a keyboard and to store data ~n a file. The call drivers 

must be written in relocatable binary form and have a fixed leader 

and trailer format. Once assembled the relocatable binary files are 

linked together to form one file which when loaded together \\lith the 

standard BASIC will form C5 BASIC. A distinct advantage of C5 BASIC 

is that the call drivers can be tested interactively from the keyboard, 

and BASIC programs are easily modified. 
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2. FORMAT OF CALL DRIVERS 

2.1 BASIC call statement 

The BASIC statement used to call a driver has the following format. 

NNN CALL 

where NNN 

"Ni\ME" 

PI, P2, P3, ... 

"NAHE" , PI, P2, P3, ......... . 

~s the line number of the BASIC program. If the 

line number is not present the statement will be 

executed in the keyboard mode i.e. the call driver 

wi.ll be called immediately on a carriage return. 

h .. '0 2 16 ) ~s t e ASCII str~ng or ~nteger numher (n -I 

by which the driver ~s identified. It may be either 

a number or an ASCII string surrounded by quotes. 

are parameters passed either to or from the BASIC 

program. The number is limited to the number that 

can be fitted into a line in BASIC and the transfer 

of arrays is not permitted. When the parameter is 

being passed to the BASIC program it must be a 

variable name. 

When the parameter ~s being passed from the BASIC 

program it may be a variable name, or a numerical 

value. 

The numbe~ of parameters ~n the list must exactly 

match the number catered for in the call driver 

c:therwise an error message \vill be generated. The 

parameters are treated in the sequence in which they 

are encountered in the call driver. 

2.2 Format of the call driver 

The format for the driver is as follows. 

.NREL 

. TXTIl 

.ENT 

must be relocatable 

bytes packed left to right 

entry points separated by commas 



(see note 

(see note 

(see note 

(see note 

(see note 

(see note 

START: 

NEXT 

. END 

Note 

1 ,3) 

2,3) 

3) 

3) 

3) 

3) 

1. 

.EXTN 

t,EXT 

. TXTF "NAME" 
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external normals, all pseudo 

functions used must be declared 

here separated by COI!l.T[laS 

address of last word + 1 of driver 

address of initialization routine 

address of termination routine 

address of powerfail restart routine 

interrupt device code 

address of interrupt serv~ce routine 

new mask word 

name of call driver 

start of coding. 

If it is necessary to do any coding before any driver 

routine then the initialization routine may be useful 

e.g. to save accumulators and open files. 

2. Likewise and usually in conjunction with an initialization 

routine the termination routine may be used to restore the 

CPU to its previous state. 

3. If, as in all the drivers used in this work, there are no 

routines then the respective routine addresses should 

be replaced hy -1. 

Drivers may be written singly as abuve or may be concatenated into 

one program. This allows a common data-base betHeen the drivers and can 

save unnecessary data transfers to and from BASIC. Another advantage of 

concatenating drivers is that they can share common service routines e.g. 

initialization and termination. 

Below is the format for concatenated drivers. Note how the last 

addressed + I are chained together . 

. NREL 

. TITL optional 



.ENT 

. TXTM 

CHAIN DRIVA 

-1 

-] 

-] 

-1 

-1 

-] 

. TXTF 

STARTA: 

DRIVA DRIVB 

-] 

-1 

-1 

-] 

-I 

-J 

. TXTF 

STARTB: 

DRIVB 

.END 
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"NAME-A" 

~ , 

"NAME-B" 

external normals 

byte packing L to R 

beginning of chain 

no service routines for driver A 

name of driver A 

coding for driver A 

chaining end of drivers together 

no service routines for driver B 

last driver 

2.3 .CALL Pseudo verbs used in drivers 

Although more pseudo verbs arc available only the ones used 1n drivers 

written for this experiment will be described. 

The .CALL pseudo verb and all pseudo functions used in drivers 

must be declared at the beginning of the driver or series of drivers 

as external normals. The format of the .CALL pseudo verb 1S as follows: 

. CALL 

pseudo function 

All pseudo functions leave AC2 unaltered with the exception of 

GETC. After returning from all pseudo functions AC3 has the following 

significance 
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-1 

o 
+1 

no more parameters 

delimiter was a, 

delimiter was d; 

differing data storage 

formats. 

The .CALL Pseudo verb must not be used with interrupt handlers s~nce 

.CALL pseudo functions 2re not re-entrdnt 

pseudo function 

RETURN 

GET 

PUT 

• 

use 

- returns control to BASIC, logically the 

last instruction in a driver. 

- fetches a double precision twos' complement 

integer into ACO, AC] from BASIC. On 

return the accumulators are 

AC 0 

AC 

AC 2 

AC 3 

- high order of word 

- low order of word 

- unchanged 

- break character. 

- passes a double precision twos' complement 

integer from AC 0, AC 1 into BASIC. Before 

the call the accumulators must contain 

AC 0 - high order word 

AC - low order word 

AC 2, Ae 3 - don't care 

On return the accumulators contain 

AC 0, AC I 

AC 2 

Ae 3 

- altered 

- unchanged 

- break character 
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3. USER INSTRUCTIONS 

In order to run in C5 BASIC the user must configure a program which when 

loaded with the Data General BASIC will form C5 BASIC. Firstly all the 
.. 

userdrivers which are to be used must be linked together with the standard 

routines as follows under DDOS 1.6. 

$VDU 
LINK (name, MAP, FIRST, DISK: B, BINARYFILES : B, DISKFILES : B, 

vhere 

SBINARYFILES : B, llserdriver : RBI, userdriver : RB2, LAST) 

name 1S to be the file name of the linked string $VDU or MAP 

is the file or output device on which the global map is listed. 

B 

DISK : B 

BINARYFILES 

DISKFILES : B 

SBINARYFILES : B 

userdriver RBI } 
llserdriver RB2 etc.) 

FIRST and LAST 

- are standard functions of C5 BASIC 

and have been respectively 

renamed A, B, C and D for brevity 

- are the userwritten call drivers 

in relocatable binary format 

are respectively the first and last 

files in the string of drivers. 

Once the drivers have been linked the program may be loaded with 

the following command. 

C5 BASIC, name 

This will load both the C5 BASIC and the call drivers. To run the 

user must halt the computer, load 3 into the address register and start 

the computer. This should start the computer running in BASIC. To 

check type RUN and the computer ,viII reply 

~ READY 

The following commands may be used for saving BASIC programs on 

diskette, recalling them and transferring control to DDOS 1.6. 

"LIST", "name" This will copy the program currently in 

the BASIC user area onto a file called 

name. If name does not exist it will 

be created. Files written by this command 

are the same as normal DDOS ascii files 

and may be listed under DDOS using COpy 

etc. 



"ENTER", "name" 

"ENTER"; "name" 

"PROTECT", "name" 

"DDOS" 
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Will clear the user area ln BASIC 

i.e. perform a "NEW" and then load 

the file called name. 

does the same as above but does not 

do a 'NEW' i.e. any program already 

ln the user space will remain. 

makes file name write and delete 

protected. 

Transfers control from CS BASIC to 

DDOS. It end files all open files and 

closes them. This is the only safe and 

recommended way to transfer control to 

DDOS. 
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APPENDIX 3 

Listings of· BASIC program LADEXER and assembly language package 

PACK of call drivers 
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r:PHH "f,lUi'iE:EF OF SFWW'LC; TO CE FF'UHE[,<f::t ,=, : .. iIL:yr;'HF t:ILL''': 

rp 1 r{! 

F'r. t rn 
fJ: ~L " F' E !:, [{:'Ii T H ".' r' 
IF P(128 GOTCI 710 
i_[T r':::-'1:-;.':P-J2:~:> 

F'r.· T 'F :-', 
LET 1):-::1=1<:" 

L.ET:~::::;=-!_ 

I r:~ ;~~;: ~:1 Ct 0 ~T 0 "-';" C 
( - '. ,_I 

IF O(~ 0 GOT0 ~95 

~'L~-r'!~!F:rJ 

PEM~~~INTEGPRL SQU8PE P~INTO~T*** 
f:'F:un "IKi, OFUni::::1!?!:'IL:::: Tel lE r:'I::::10T[[' ,!:~ >~1 i.jIL 1_ 1:'F':irr Hl_L> 
HWU'~ 1:1 

t='F I r;T 
r-p I ~-n "ClY'lUL.r=:-r I .... 'E I t-JTEi':,f?!::'L ::::OUHF1:::;" 
F'F:HF 
FCI~: l_:.::1 TU :j. 

FOr:: 1:=1 TO ;:::56 
IF F'CL.'-i,. f::--l]::-:--l CjCiTO :~:2'=i 

r>l? nrT F,[ l_ '-1· V--j. 1, 
U:':T Ci~:;"~I- J 

!~ n= G GOTO 8~O 
t)E>:T \: 

t)E>;T L 
PF:I nT 
F'I::::rrn 

" r.::E 1'1+::+::+ !)E: '. H',' ;::'F' HHOUT ;+:+::+ 
PF:HJT "TOTFIL rrHEC1F:fJL--" .. c 

F'F: HH "n'F'E H~ 0 [\E: F:U--, 'J': I LL DC:: ,-',ULT Tel AE:(i'.,,'E on 0 
InF'UT H 
IF 11< 0 COTO 
IF 1-1:> 0 CJOTCI 
LET l'I=S 
F'P I rH 
I-'F: I rn 

:~!75 

> lI.i 



FO;;:: [_:;:;1 TO 4 
rOF: V:o:ol TI~I 256 

rr-- r.::[ L-··L >:::--11=--1 CjCTU ':'c,i-i 

!i::- PC L.-t .. k-:l D=H (10TI~1 ':Ic.:·' 

UE::'T L 
~'F:n';T 

PI?! rn 

F:Pl 
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[:(=:,'1 :+::+:+:[T'T ,(:, ; ;;'T r:~:.:T I t'lnT[:;':+:<i< 

~':;:HJT ·":'fH1F'L[ :::,r.~EC';_IUJC'f' HJ "Ii: 'I 

I r~ i-'i.1T F 
Pi?In r 
U::T F·=!=':'·:l l=;.J'J 
;:r.:Itfi "(1 [Ot=.~ FEF~ ,n I:; i,dILl [:,[r:-riULT -:-0 TIYi't:1L n;TE-'::.r.::;-::iL::" 
I ~JF'UT !-I 
IF ,1< C1 l~iOTO Jtl~~'U 

IF H~ 0 GOTO 1050 
LET f~=::~ 

t=p n rr 
ro;::: L=i TO 4 

FOF: f::.:::J.. TO?C't':' 
IF P[l··1.'K-1J=-1 GOTO 113S 
IF F'[ L·-J, ~::--1 r::::!1 I::.IOTI:! 1:1:=::r::; 
l.ET ',,.'=4. 3429::;:+: !_CICJ " ,;.1. F:[ L--1: f····~ J' " H> 
n:- 0".'{-:1 (iOTO :.1.CI::-"~; 

LET DJo~',/ 

LET T:1::o:;256:L (L-1>+';" ,,·1" 
IF V(-11 GOTO 1112 
L. E T [<>: \,' 
LET T2=256~(L-1>4:V-1) 
I r= \'<-15 COTO :.1.1:2":-; 

LET T3=256*(L-1)+(K-l) 
tlD-;T t: 

n::'::;T L 
LET r:::'L=':: T2-- T 1::' .... .:: Dl--[:':::' :·q:!L·'F:t6Ci 
!_ET :-:::2::::':: T:_-TJ::' ,. . .'([:.:1. --V::·:' :+:I:U_/F:+:'_::ij 
F'F'urr "[C'T ,:10[:0=:) ~;TH1fH[ ::=".' PL, "SEC" 
FFINT "1FT U.5['E:> f:::~::THlt~t!T: ::::;", F:,:~. "SEC" 
F:ETUF'N 
FEr'; 
!='F'PlT ,OU r'jCj'r' i:'L.OT 
F'F: I nT " 

:+::+::1: F'LXI T :.{U E: F' CI UTI HE :+::t. :t: 

f::- I F:':'T J(124 PC' PF~:~:O)i:- :"1 

;:'P HiT ,,;:. I 0< 'r'O UF: rJl.Jr·1f::b'~' ". 
I tWI_'T (I 

F'F: I NT 
IF' CI=1. (1(ITU 
IF~ Ci ==? (3e'TO 
:=iCiTCi 1:~:~~5 

1245 
1 -:. -:' ,-.. 

.l....:.:. I" '"":' 

:' r-F:UH ";;'[t-j[,'T' F'UJTTCF: .••• PE~i [!1~!i,j()" 

) F'FHrr "T'T'PE n NO. Hi C,YHUlUC" 
:. I rWIJf (I 

;1 F'F:HH 
:0 CI::I L.L ">:;'r'F'l..IJT ", lOZ7: .. r:::;:t.?, J. 
;1 iJOSUE: ~'50 



C:iO::::UE: ~<':'O 
Ci:-jU ",,,;'-r'F'LOT" .. 0 .. 5L~', i 
(jO':~UE: 95(1 
LET ::;:= ('1 

CF!U_ "r.::Ef":'[:{'fiT;i" .. P 
Ir P~128 GOTO 1303 

LET I,":':: ! NT (,or'::" 
IF Y~512 GOTO 1?2~ 

LEI 'r'=511 
IF P) 0 GOTO 1335 

LEI ;:::'=;-':;+1 
IF ~(1021 COTO 1308 

IF 5) 0 GOTO 1375 
PF.' I t.JT "r'OU r'1U5T I ~·JTECiF:F!TE F I f?ST" 
Cl:'TCI 400 
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F'PINT "Ty'F'E HI (1 ['E: r:::CF. {["'EFrjULT5 TO TOTi::''.. nffE,:JPAL ON O',!I 
I rIPI.l T H 
~ t= H{ (I (30 T D 1::::'::;:0 
IF Y> 0 0010 1400 

:. LET ,-1-;:5 

~. 
:.. 

:. 

CF"JLL n;:;'.,.'F'LCIT".. I). 1000., :1. 
F'r;Ttfr "r;::U::,Ur' F'l.(ITTr:P ~:-: r:''EN [:'OLItJ" 
F"~'HH "T'T'FE f' no. TO co~n IN/.e" 
lti?UT (I 

i-F Irfi 
LEi ',.':::1(100 
i-OF' ,)=1 TO r", 

3 LET Y=Y-200 
5 CF"iLL" ;'\"j'F'L 'Y;- n, 0 .. '.,-' .. :.L 
j i30:?UE: 950 
L CCiSUE: SIS» 
:5 Cl=tLL "':·::'T'PLOT" .. :?O .. 'T' .. ~L 

:: I~~I~I~:;UE: 950 
:1 '='1=!Ll.." ;:'<'T'PLOT" .. (1. \'. :1. 
.:: C.iOSUE.: 950 
'5 riD::T ,J 
j Cj:-;~L II ;:-:;'T'F'I_OT ", f}. 1000 .. ) 
2 (JCi~~t!E: 950 
5 r-'~i;:;' L=l T(I <} 

o rop K=1 TO 256 
5 IF R[L-l,K-lJ=-l GOTO 1520 
(I IF P[ L·-1.. V--1 J)::::H ClOT':' '~_S~::-~O 

5 LET '/=4. ::::4295:+: LOC, .:: d-I"!?C L--l .. k-1 3>.···'H' 

o LET '"['::::1000+ PH (20:+'T'> 
5 !F YC 0 GOTO 1505 
o IF ~~1023 GOTD 1585 
5 LET '<==.:: L -·1:' :+2:56·1-:'-1 
[1 CALL "·:<'/P1...0T"., ;:(, 'T' J 
:~, hE;:::T k 

(1 NE;:::T L 
5 F'F.: I t·n 
.~I 

.r:-
'-' 

F'PINT 
PETU~:tl 

F'PHH "DO 'T'I~IU t·IANT TO r'ECP[f!SE THE TOTI=\L NO 
F'F.:nn "T'r'PE (1 FOP NO Ei_Sf:: ','E~;".; 

OF Sf-H'lF'LES" 
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pi:: 1 In- "HO[,; t'lRN',.' Slii'lPU::::; ri: '1';'-1\-' ~'Jlit)T TU HFECif:'I:rrf:-"; 
PWUT CI 

) 

;:;'F:itH 
LET Z==Ci 
F'prrn Z .. "~::f:li'jr.'U::~; L,jILL U:: I rrn:': e;r:.:r:: TED II 

F:ETUF:tJ 
F:Ei'l :+::+::+:LEf=!5T SOUAr~:C:; ;:: 1. T:+::+:,j; 

IF 5) 0 GOTO 1620 
F'r::rrH "'T'(I'"I t'1U''::T HHECir::1:1T[ FIr;::;T" 

F'FH~T "HJPUT SFit'lPLE r-PEour-:.rlC',' 'j'1~ l.f·!~~iI .. 
ItiF'UT C 

LET F==F:+:10fl0 
l~:-::'l ~F 

r'f.':ItH "HlF'IJT UJ(,JEF.: Ut'lIT HI f.'If: OF SiP UrJC" 
I)·W:.IT E1 
F'F: I ~n 
! r:TE1:::·-1:~: f"JE:S " [1 :', 
, C ! CiJ =.: ; -; 

" 

L 
.- r :];::::: t. 1 ... 

L c ! (J:::-:;: (i 
c. fj4:::: ~=1 

, , .- -'.::: (1 , -. _. ." 
" ~'r;=rn "T','PE Hl 0 [,[: FE;:'. "-C'U:(liJI_TS TI", TOT(iL Hn['(~FFIL ON (:(.,"; 
) IIWUT H 
L Fi~ ItH 
:0 :1=' H" 0 (3CITU 16::::0 
3 IF H/ 0 GOTO 1700 
:0 LET H==S 
~I FOP !_~::J. TO ·f 
:0 FOP K=l 'f0 256 
~I l..ET L"':'+' ::::4:29'5+; Lcei ,', H--F:[ L. L, f::'-i J::' ,/H' 
~ IF Dj-l GOTO 1760 
3 IF D{El 8JTO 1770 
:. LET :':=:25(:+:':: L'': . +)<-.J. 
3 LET Gl~Gl+l 
~ L~T G2~~2+X 

o LET G3=G:::-+X*X 
:. LET Cl't == CA..J';::; :+:C' 
a LET G~=G5~D 
~i r·) E :::; T v: 
=, rlE:<T L 
a i.C: T ,~.;::::::: 0: 131>':13< .. '" G:::::+:(J5:-',..' I C:J.~:Ci?''' (j2":Ci:::' ", 
5 LET (J;:;'::::-:!.·f:A1..··'F:+:6Ci .... (3f. 
D F'PHJT "r::E',/ TU1E B'T' LEf'=':::;:T SCIUFj:-;ES I~=: ", C~7.; ":;:EC" 
j F:ETUFJJ 
;:::: F'Ei'1 ;u:+='r'EFlf? DOTe ::r:+::+;'+: 

!::,,=,::: 13:: :::'(10 
!_J()'; j~i Joel 



:+~ '" it. 

l~i.1. .: ... , .', 

C/:-"1i.':j;.:'l;"·i'.-' 

:!C" ~:·IJ.~: i:,:',' ";:"Cl 
'", L=ii21 ~=~ ~:C (\ 

;' ~.' ~ , , 

'! I:i ~', ~J:~~: lJ lJClj;-~'i ;:-:j \.~ 
CI)!~!(., 

,- t • t" .-~: 

~~- 'f ~"~~d'! 

C1 ~. ~-t~ '~.' ,? ;' 
~JJ.J..=:~'1 

'1", 

, " 

i .. l:l ',. 
- -·r·· 

;-'~E;) 
l" I .. ··•·• 

- r j.,~:... l' ':. !-I-

;"" .. !' 

~' i_ •. i i~_ 

1 !.:-,[! 

C: u_ 

','t::.,i! .,' 
.. ,' ., .~', . - .. 
(~";_~~.i _~ t:· ,J_ 

~ ,::' >-_, '~.,!. : I ,,' 

.; , , 

L~i _~ . :~: ,1:':1 ~ "' 

;:.-':(1 0 ~~.C:;·;:-' 



(HJL~)(y:=; l.',~'-' ~," 

l~:i ~~~ ~~; ;_'1 !:~ " .L +? ~:.~? .-. .., .~:-
l~j\-~1~~1j~--- ~.~., 1. ,:1- ~~'(.' :.~~'() 

r~~i~~~rJ·.1_i.~;'" 1-4·;::';: :L(~ 

'=itj~~i~L::~ . ~Lr~j:;:'='Ci'l 

C: ~_:; i:,·j J __ ::'" !=1Cil:1\~~i ~~: (I 

,,1 

CiD~~!~.- <.' 1.ly~,,:t~::!·~1 Clr·[·i) : 

Cii~il~r.~rJ .::". "~_I ~,;lc~' .. r 

CiCi(L~'--' . 

i '--, 
. ,L: 

( ,. ! 

" 
L 

L 
-L 

>j(J:;~-I .~?';: ,1 

';.il,-:,~:_~, + ',':1. ?,:I,'f 
~ --;' .-:' .-', .-

_~. ( ; ~. I :..::._ 

Cf~) ::.i ···t .-: .... i~1(i ~::' 1:'1. i7r,:':· 

I~j;?~~-j) 4·" ~:j(:·i(1l~!J.C-: 

! .. j ,r i(~ ~. :=1(;,.=1~.1~; 

CI~=ll='!C .:i/ .1~~·;~'.~.C·t 

~:H;)~1t::;·."L L r~,.~,~~~ :.J:l 

F: ~ '. l: 

! i:.:·" 

L,T:';'! 

r:' 1,'1::' (.I 

.::. ",',! 
':,'::-11,.,1 . 

-'-', 'T~:-

t, i:" ~I 

I_i.:'" 
,:r~i;" 

:=, j'".: !~l 

.; " . 
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-',1,,- .­
T .. _, 

GP~N 0T ~TrST SECTOR 



)006:3:'" 0:::::0461 ~:EA[I 

Ci(j,j64" O::A4C:::: 
)OU(;,=;·," 00740,:1-
~:~0 ~=i ;:, (~~ .. -~j ~::) (i 5 ~~.~:, 
2:0fi,:;:;7" 0;;>14'57 
1~"1:Xi((1" :107 ':~::il:1 
r?l~=~[~?j_'" ~)3:~~':fl:':' 

OLXj;'~~' 025'::;"~='O 

L=iO'~1;~-:~' L:.:(:::44J:L 
CB30/'S 1:174~:i~; 
000 7 6"1.(7«1(1 

: L. C":~j 
LC'l=-l 
,.TSF: 
,n'iF 
U:"':~; 
1":!f4r· 
U·lf·j 

I':"'[:{:' 

LJ,rj 
LCf! 
j:jN[:' 

f!DC' 
~::U[: 

PUT 
· CHLL 

(i,Dlce' CIO,Xi46'" f?f:::TUFN 
~JI04/0007C2/ "TABLE: TABLE 
00l05~000200 SON: 200 
00106~000151/ DRIVD. DRIVE 
~X·1107··1?77?7 -·1 
IJOJ.:1.0·· 1~::'77?::' J. 

001J2~177777 -1 
iJOLL:'" J',7T":'!:"' --1 
(:(~:-11.:L' ,!.,., '.'!~ ?~??'?7 ~-'1 

~}Oi.L~·· J.,l4:·O:; 
!j(:L>':: JA07~j4 
OCI.LL7··142?2:~: 

(iOL~:O'" '=100C'(iI~i 

00121~030423 HEAD 
(i012~~~'" (:4425 
'='Ii;;H2:" 0 '=17404 
001,'2·J ·· Cll?>0500 
0012'5' 1J}""53l10 
0012(>' 0,+=1..1;;::::: 
12:(11;;;';::- O::,J41 ':1 
!=iIJi~i:O' 0:4417 
001:::1'" 007404 
ci!Ji =<~:' ,:::100472 
[h)l:::C" 024415 
C11::H:,::j.·107000 
00:1 :,:.:~ .. 125120 
~~I01:>;' Ci~44:12 

001::;:" 1024013 
0014C1' O~Xl1Ij'::::"" 
00141' 0(j[l101' 
00'1,:=1-2'" eOOJA(1'" 
~Xii4:: :X:Ct1 cc·' 

Le,!:1 
U,,:I 
,JSF: 
,J/'W 
"l(:)'.,.'S 
:;Tt=! 
LC'I7j 

LDfi 
,JSF: 
,.Ii'iF' 
LDr! 
rl[:{) 

!'lO',.'ZL 
SFi 
~:''-'f:: 

· crlli_ 
PUT 
· CHU. 
FETI_lql 

08144/800252' BUrpO: Burpo 
0G145~0G0242~ . FNRM0: FNRMO 
001 ,·ilS··· :J(i,XG7 SCi~Ht:::t::: .. ,. ( 
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I~{:'. 1/,),:: 
EOF 

L =: 
:1, ~::', -= 
:.,~:I=ir) 

2 ..• , E:IJF--FC1 

(5:[> If) .. :: 
[(IF 

0 .. 1 
L ESTTOT 
';-' . E:UFF'O 
=, [100::' 
l!Jr,. IN .. ::: 
EOF 
1 .. [:',IT1"OT 

0 .. 1 
1., j~ 

.' Ii fiL:fii)EF: 11 .. Z 
." ,~ETUF:rJS Z .- no. OF E:'/TE:::: I ~.! 
; [:q:fTH r~ I LE 

-._- . - -- ---



O(1:L.~5~_~··· :J.~:' :'::1(,' 7~'~ 

LJC<~ ;~,~3/ J,'7?-:'?? 

CiOl~;1··152::C~5 

U(i1''::~'' :14:?~:::;2 

OOJ,;:' :i'·i·07;;::'~ 
OO:1.C··:),· t·L2·tOCi 

_.J. 
.. -:1 
-1. 

00165'000142' START: CALL 
00156'177777 GET 
0011::;·:0··· O·:t·:H ,::0 
'X1L7;;}' 10':··::!·:::'3 

1.21~~:1 ?:~< ':i~~'J2!? 5:1 I._'JC'~~I . 
l~iCl1~:'~"~'" 1.3::4·753· 
O!~I:li'~:;' [107404 
!:'Ci:i.;~'.;·· ~XjO·::!-;~>; 

OU::L ;:- ,;", 01475:1. 
12102~i~1"- CI(I~JI::~.(~:~~ 

'Xi2~~ij.···1210042::::: 

IXi202'" O::Ci?·':;',j. 
i2r~~~I'~'f13:" i ,q. ~:.:+~J[' 
()02(1.~·· L~5L2C1 

0020':;' J024 (1[; 

'302(1'::;." 121::044:3: 
0020;~'" 1=:570[10 
002:1 (1'" O::3:1·,JOO 
0;:121:1_' (1:3:'5401 
00212" 024.::1::: 
00213:" 0204 :3::3: 
0021·'V 167«:::2 
0021'3" l'514(i~~; 
O(l21C 1.4::0(1(1 
fK121;" ;::)44426 
~J022(1'" !J4042(:: 
002;?J .. 01.44;;~; 
~::;;(i2::::.2· C10(i7'S1 
002:;::::::" 0004(13 
00224~030720 EOF: 
00225" 03A?22 
~3(12:~~;'" la ~~1 ~7 .::;.(1 13 

51"(:1 

SUD? 
:::::TrJ 
;::.T':::! 
LD!:j 
~_['1::i 

,','-'1"-, 
,.1 :~.(,: 

.. nT 
rx:::~ 

.Ji·V' 

.J 1'1:: ' 
l._C('1 
i~ii ~[:o 

t·10'·/2L 
~:·UE:: 
L.t,('i 
r:'!D[':' 

L[:'f"j 
LDf'! 
L[:'f! 
L[:'fj 
!~[,[>? 

I ~·~C 
rtc'c, 
:':::TH 
sn::! 
[;::::2 

.:rlW' 
L[ofl 
L[:;H 
.J::-:P 
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.. t 

.' I! nm::::iJr?nTE".. 11., F.· T 
.; !;:'i:::'~KI or E:'T'TE:-:::: TC nrn:::":1!?fHE «65l<> 
; t::>UFEfi}: C:i-F1F. (=-1 Ir:' EO'·:' OTHE!-?f'H5E=J:??«()CTflL>::' 
: T:;;: I UTECii?,:';:. TC!'fFiL 

; n-JTECiP;:nc ,.JI LL TF!i<E~ ThE Hr:;:::T (1 B'T'TES !~N[:t 

. '·/In '':'1 Tr![:LE HJTEC!r:rnE TI-If':'·! TO GET T An[:o 
.' F·ft;·; T E:f'!C:V 10 Dr:ISI C 
; IF [OF' I:~~ DETECTED [:EFOFF [Ur, 
.; FT:l~ ~::I<:D:if< CHAP. IS ()Jpr.::ErH ... ·'fiLUE OF F! 
, On!EFl.!I 5E D!?EAL ClF,f:: IS 0 

J.' LOC!;':'( 
(~. 'J 

~-:,. ':::'.1 :'1+ . 1 . 

_. :~:I ... W·r.··C1 
.:., 1)[:OCi·.:~~ 

IIi[" In.? 
COF 
[~'r'TTCi -i 

+2 

;2,. :~·CJW'1:':::f':: 

~~:" (i 

u·o 
:?, . TLOCl!::' 
,'~, _. 
~.' ;..' 

:~::.' Ci .. :: 
~::.:1.. :. 
:L. :::;,U"1 
0 .. sUr'!.+·1 
:~'., ~L., SZC· 

J.. :::;'131 
C~.'--'~~;'Jt'!·+ ::!. 
LCliji:'C 

LOOf' 
t::::: I T 
2· . E:UFF'O 

; ~NITlnL;5E TOTAL TO ZERO 

.; E:UF-l:::-EF: F'r::EF n< ~i[:{lr?E5S 

';SY5TEM TABLE AD0RESS 
.; Ci~T B'T'TE IN ':'1(:0 
.' qO !"10PE C"r'TES 

; E:UFFEF.: P~:EFD< FIDOf:;:ESS 
.; S'r':'::TEr'1 Tf1E:LE AD[:'RESS 



IJ(i:~~:~7.' (~iOC1CiJ,(i 

082~0 282400 [XIT: 
~:::i':; .:: =-..!... (i.2 4 .::i· j. ,:, 
~?,~=i;:'=:.2·' ~~~~)~li:::5 . 
(:l!~i ~::.:= .. ' :=, Ci -:i _:" ";. ·.L .. ' 
~=ilJ~2:~·'=-1· ;J.;:L1·,':i·l:1. 
(IL32:::5 !~i;20'tJ .. :; .. 
i)~=12=)~··· ;J(j~:I~'~'2:" 

(1IJ2:'7" (l(lJ.=:::::-::: .... 
~)~:,;~'4j~I" ~J~~j!~;~: ':~:r:~~ . 
(:'0.2;:J..· CIi~;'='J'E' 
~J82·t~: ,~i '::':1_ 0:1 Ff~Hl'10 . 

~=i ~=i 2 "{ ,:.1 ... ' ~:~!:) I;::: C; (1 ".~l 

00245~000002 SUM 

u. CLU 
.. ::1[: 

c_[",(: 
r:l'~ji 

PI":-

Li>;~ 

IJ'i 

C·(:Ji : 
r::'UT 

::;::U:: 

r:;~'-:::~ S::-j" _=H:}~1~~:1i.=\-.!_ TL l~il~lr' : . [:L 1< 
)~ij:;-:!..2{=~:J. . i2JCi~=iJ~;?2'· ';'l_CiCit<, Tl)}.~!v 

00251'000420 ~U~P0 

,XI); ... '~.: J:iCI~XI[J;~, TL.OOf: ~:i 

I"~i':':?::y OCi,:'(i('l:.l. 
'.:i i.ir.:, ,.. ;~.'. ClO~~IO ~)O 

i='~~i(; -::"( .. ' j=i~=i ~=! Ci(i? 

~=n.?!"'7 ;Ji:~'i" (H:n~1jJ C' [1 

:Xi?:~1~i.. U~::HXil-::C 

iXi 7 0;:;:" O,::1!JCH::1(j 
.-::;~::C(l=:· (l(l CiJ. 77 
UL.:<·'i}~r ~~100~~JOO 

~~07W::;' lXi 0077 
1:1Ci7~=1,~ i')~~JI=leIOCl 

(:i,~, ~' (~I? .. ' (1 (: C; 121 :1..? 
~=iU?1..0··· f10~?!CltlC1 

C:07 LL' 0(i(10::::? 
(HY?12' OO~")~=ie:=l 
0071:'- IY;:"7?77 

Cll:y;:'~ .. ,::l"" OO(iCICH~i 

,~i;~17i6' t100000 
iJOiJ (' CiO-;"7"?r' 
CJC?::::~?I' OUOODO 
(iO;-21" ~"::1i 77T' 
I~i~=j?:·.-:'~:~'· ~)~)l::1~JO(1 

!~i~3 ~~.::~~: .. , CtO~:(:~·77 
IXC:::',i· I}I)OOOO 
OOiZ:~' 0;:::1(177-::' 
01:1/ ~::::- .. , C,OO;:10U 
007;27' jO:::·;-"?? 
007:::0' CE~iOi)iJl~1 

OI~(;':::"2 O~=1~~,U()O 

(1137::::-:: l~iOOl=iiX1 

007:;,1 ~~10eIlJL::iI21 

U07:::.':j··· 0 1=1000(1 
IX17=i~~" UI~I!XHj0 

007:?7' IX1CI(100 
OUi'4~Y OI:i~XllXl 

(1 

J .. ? ;:-

" ( 

.: ( 

-:. --;-0 ~-t'-:,,-'7' 
...:.;.( ( ( ( 

. Ci 
17777 
o 

" ( ( 

,""I -.' -:--r 
-'. ( ! " 
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,t .. Stl!'! 
I::;, ;).11 1 It 

;PUY VALUE OF 0 
.; i....m,) 01?[:'[P TOTHL 
; i·: I or.::c.r.::r~: TOTAL 



d,,"",::: 
i=lCi7':1·j~'" Ci~3~~iCi~=1~J 

~JCC"12' OUO~~iOO 

,:::,,:174::" l:::1CiC'OOCl 
lj;:',:c',;,,:j.'" (100000 
Cy'::i~ ·15" iJCW1C'l~i(1 

8 Ci~::' 4::::' iXj iXilZi 0 
(1Ci(",!-~/'" O(i(jCiCi!J 

C07'50" (10(1~=H)l=1 
Cii~17'5i' l~iI0j(iOC: 

Ci~:'~~:3:1.·' ~~l~ji2H;J~~iCi 

(1(i7;5~:" l~;~jli~~:~(ICl 

~~_1 Ci '? i:':::-i" ~~:(~i~~H:i lJ:3: 

i:iiJ762" :=j~~iOOCIC1 
"X!'?,::::~~,' (11)C<)(:'::1.. 

~Xi(r:;,:j' O>JO~jf(;: 

~=iO?I'::;~~" (1C!~j~~\C'2 

0[17:::::,::, iJOOOl:J7 
Oi::<?C7 C10(11~10f~ 

00770' CO;~IOC14 
OO~""7~L" Ot::iIX10~ 

CliY??Z;:' ~J:=10C11 7 
i:'C,?7::::" O(1(1(:',U:: 

UO(,7.:.1.' Or:1i~lll:1A 

C11~1 7' 7-:::," !J ~j (I (i :i,:' 
0077t:/ ,ji)lX110 
i:::'C!7'(:'~" L=:I~no~u_ 

~JJ.~:fCI~~1·· !2iC1IJf':.1.:: 
(11 Ci(1:i_ ' C1l~iL=1:'::112 

o LiX<2" OocJOOO 
C(~ '~lCC, CiC1(iCiOO 
l:il~~10.:.V ~.:.iOOOOO 

'='1(1L:15" 00(,11:000 
(:/1006" 1::~OOOCll~1 

O:.'L(i07'" (;:iijOI=1Ci O 
1:110:.1..0" OOOCfhj 
Ij:::.-,~11:V' ,:i!=iOC~C(i 

~=ilCi1.;::-:- OC1t)O;;:O 
e1~iJ3' C' ;JCi 02:1. 
O~_OJ>I' liOOOCnJ 
O:Ll~1Lr:5" OOOC<2;;? 
0i016'001046~ DRIVF 
02.017 1777?? - 1 
01020177777 -l 

~~ij_, Ci _~-' 1"· ~L 77~/7~7 --·1 
~~J:~._C:~~:' .. ~2··· 17??7?" ~-:1 

81022'177777 ~1 

CllC1:2'-:f'l????-;" '--J. 
010::::5' 151705 
01(('26' :i52::0~1. 
Cl1C127" 14~;70i 
01((;::0" 0000~::1C1 
OiO:l'000240~ SET: 

1',:''(',:-''(7' 

1-
17/7;,";::' 
o 
U 

,-, 
::...:. 

6 

r. 
'-' 

.i r 
.L· .. ! 

21 

, (F!ll 

GET 
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:1CC~···· 0444:1:1 
:1(i34 0010::::1· 
110:5··· 08:10::2' 
::1.0:::(/ [;44407 
u.o::·r 0:~j405 
IJ.OdCI·· 0650H4 
:1:1(141.· 07:;::044 
11.042·· IJOECA· 
)104:::··· OOL:.1241··· 
11044··· 00~Xi[j2 t'1· 

STfi 
· CfiLL 
I:::::::T 
~::Tri 

LOfi 
r:.cq::, 
DOE: 
· C!:iL.L 
RETUFN 
· E:LV 

31046~001074/ DRI~3: DRIVH 
1104·7·· 1-;:''7777 -·1 

310S0'" -1.77777 _.j 

)1,:15:1. .1. ?77 (. 7'1 
~11.0S.~177777 ._J 
)~Ei':~:· 1?-::'::'?7-:1 
=ij.:~j5cV J -::'77.:"7-1 
:1105'j· L54::~:::.l. 
)1(15;::~ .-L5cJ'::::14 
:1105-::' 1477;24 
)1.0;i~} ,~;OC!>=I,Y=1 

=i1Cj'~·1 .. · (iOJ.O,"f;;:· 
~I:.l)Jt:2 :):;;1J.O::::-,· 
~~1::W6: (165(14:::; 
=11[164· '~CjJXIJ=>t·· 

'.iOr~;~' 00lCjl:'.:.l·· 
(i~UJ?~)'· 00106S·· 
C'107 L· (iC?::'I·':::: 
J~.'JY?2· ,:10:1067·· 
Cij)}7:· 001C4::· 

00:1(;?4 [Ir.:: ~ ... ,ll-i·::. 

I::JET 
[:,I=!\::j 

· CFIL.l... 
'3[T 
[:'0[: 
· cr::I~_ L_ 
GEl 
C'C,CP 
· CF:ILI .... 
r?ET1.lF:rJ 

· EJ~r.' 
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:1., !1 

1., /'1+:1-
~:.' t'1 
1.,44 
2 .. 44 

2 

~, ... ,.iiF 
. 1 .. ·,1 

.; GET E:U::: 52 

fl ;\:;'T'PLOT" 

; 'I' Fr;:iY'l CF!S I C 
1: 4~ ;Y TO DU~ BUFFER 

; .:::. FF.:Ui'1 E:!::i::; I C 
:1. ,r.:: ; CUXf:,,.'0!lJJES I U 8PEr·~ DOW·j 



'e:: 

,'E 

? 

03C10DO 
Cifi(J()2!.~~.-' 

.=1:;)OCQ7 
(3~~(~J:1C!t~··· 

)-~'il;!:~:; J 51" 

,113 j~~I1~~j_~J46 . 
iH Oi~11(~~': .. 

~~jO(i224' 

Ci I~i ~2i:2:: (i' . 
10 OOCi2,.j.2·· 

... >.:: 

O,=11C:::1· 
'::;iXilOS' 

:~ lJ'J~\l"j.,:'::·" 

1 : ~J,~ 
·1 -:":. . ~- -

6:J1 
6: ::.r:' 
""7' • c::".'-
-> . "-''''':' 

.:+: 12 
J: 0::: 
:1-: (1:3: 

=:: : 31 
4: :J.':; 
6:10 
:1 : tS: 
1:0:: 
:2: 0:: 
J: ((3: 
,:' . c·;t 
._' . '-' ( 

~T 088165' :25 

=11'1 Ci0014S' 
:::L l=1(10184, 
i)C! O,XC r:51'" 

2: Sf':' 
.:;, . '::'C1 

,1 . t::::: 

j U? 

1: 4::: 

.-', ~: . 
..,:: ... 1."::· 

5:4C 
Co.1.1 
2:06 
~: : ~55 
2: ~56 

~: :1? 
::: 0::::' 
1: :?? 

:2 ,l~~ 
2:07 

-:-: •. c.~':" 

1:21 
::2 . ;;~::;i 
..::. : 4·~· 

.-" c·",:, 
:.::" ..•. I~. 

1.2':· 

1 :tf; 
'f' 0::: 
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_L. ,12 

.J: 10 

2. -.:·f 

~~ . '::.i .. :.~· 

~ ... -.... ) 
.;: ... --~:.. -:::57 

(, --,-

4 : ~1.:.t 6: 09 

-, . [":.~.-, 

....: .. '-!":':" 4:06 

__ . '+2 ::: :1 

;:: . 51 :3:25 



00008 000027~ NEXT. 

CiC"ili:1.'j·" J..:::~:2~:::?,f 
CICllJl::L/ 14~"::?C;J 
~:'ii=i(i12··· (';i:iCi~~lCiCl 

1 
-1 
'--1 
-·1 

-1 

· r)F:I_:i. 
T :::Tr.; 

000121777 77 5Er~MA CALI 

~:!~=fClr5" Cl,q,q1'=' 
(;OC::1:~.C·· (i,S,:'O·H 
,=,1;,,:117' UOOO1.:::::· 
C.:IC1Ci?,=i· O~)OOl':'!··' 

CI;='iO:.2:.1. ,,' ~)':'}.':'~l:l 05 
Ij("!(:':::::: O,::50 •. !.,+ 
CIO(':;:~-' o C1!) Ci:l 7" 

,XiCi2':;' 000001 
'=1(10:'::'C" '=10'3001 

C· 
! 

-J. 
-1 
-1 

000?5~177777 -1 
:Xif:::::::f," 141717 
Ci~=iCi=:7"'151~::15 

l=lln:140" 14C1720 
00041"' (1~:100Cl0 
00,342" ,X:u02::::' 
0004::3'177777 
~JC1044" 0404+1-
>:10.345' 044,+,·"·4 
CHXq.~.;· 0::;(1444 
00:1.::1."('" 02·1.441 
-::10050" 102400 
0005::1..··· C'Xl(l,:t~:··· 
00052177777 

:~;TH 

i) (I i'::: 

!JET 
~::Tn 

['OF: 
· Cfll .. I_ 

r?ETUFtl 

· eLY 
· [:tf:: 

l ' ',-' !'-',! c' 

(JeTe' 
STH 
s~'n 

:::;:T!~') 

L[:t("1 

~;:U[! 

.0:'L.1.. 
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; "~::E Te'l'if:! ! .. r::-, f·j 
,':~:::;T!:H?T n[:{:'F.E55 
,~)::-,rJO OF 1~':' [:IT :)ur:'~,= '. C:!~5'~ 1'=' 
; n:: I!-iES THE [:.t!H C,:I:', ·F>i.'~.U.J': U~ UO ,44::' 

1 

Pf~: HiE 
. CFILL .. F::::::TUF:N .. l:;rT,):~~', ... FU" 

.1 ... N 
1., .. j..;~. 

1. 
1. 

; SEND NO. OF WORDS 

; "1~:Clr::1'1HF''', F:L F':L SJ. 
; Fl",c'l F::ST ::::~Tm?!=iGE l'!!~ir::[. H ..... A I Lf!E.'LE 
Pl~NO OF PROTECTED NORDS ~T TOP OF CORE 

; ':;1, ·;oS I ZE OF COPE 

Ct, ':JCO 
1., rU:J 
~:, HC2 
J.,HC(I 
0 .. CJ 



2 

,:'0;:,53:"02443:(: 
(iO~J5'~' 1024~~li~1 
~i~=I~.:.i5L5·' C!:JCi(i5:.L'·· 
000::···· c:t2n~HY:52··· 
'~<~-.1(i57-'·· (i~::44JJ: 

0(1(160' J.~)2.q.O!J 

OOOfJ'" 000055'" 
;:)[1062" 00005~3' 
(.~:C:C1'::'::::··· OO(iOCJ.··· 
01210;;;>+'" ~X10024" 

00065'" 000113/ 
t10066"'1???77 
0001;7"'1?';-'777 
00071:1' 177777 
Cn)~)7 :1." :1 ('?7~~"? 
~JOfi72'" j_'?7777 

001374'146:17 
Oli075'" 140?0,+ 
00076'" 000000 

t4E::<T::::: : 
-1 
-1 
--:1 
-1 
-1 

LDn 
9-'B 

FUT 
U>A 
':::1)[: 

.OiU ... 
~;:ET'UFN 

00077~000063/ LOAD: CALL 
00100" cn·~:0020··· 

~Xl1~:11' 0444JD 
Cicr 

· CF'~.L. 
GET 
L[oJ::I 
::::~Tf! 

· C::ILL 
r.::r::TUF:t~ 
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L 1:\1::1 
(}, ~') 

.1 .. · nC2 
(}, ~~~ 

.; ,. LOFj[:1 " ! ft.:;::.· H2 

.. FUT F'1. 

.; I-::I2~COF.:E fiD[·tF.:E:=::S OF ~·jOFT; TO BE STOF:E[:' 
;W2=WORD TO BE STO~E0 

"LOfi[:' " 

1 .. nct 

3 .. fjC:1. 
1.0.::::: 

; C:ET H[:o[:'PES::· 
; ::::,TOF:E nct[:oF:E55 

: C:iE T !.·l0P7:0 
.; Lcnc' rlC'[:'F:E';S 
.' STOPE .:: FIC1::' FIT .:: fie::::. 

001((';:" ~::IOOt1?7" 

00l!:.C~:··· D'2i121100 
OOlC1o)··· CC:4405 
00:!.OS··· 045400 
(101.8(>- OOl:1102'" 
~~j(hO?" l)(1(:(}=:4'" 

801.1.0~008001 RCO: 
00111/00800~ RC1: 
00112'000001 0C2: 

· [:LV 1 

00113/000201/ NEXT3 
00114/177777 -1 
00115'177777 ~1 
00116/177777 -1 
001i7~17?777 -1 
00120'177777 -1 

· L:::U: ·1 

· E:LJ:: 1. 

• , 

80121/177777 -1 
00122'141704 T;:'·;TF' "CDur'1F''1 
00123'" 1527j .. 5 
00124'" ::L':5012100 
80125'" Ot1011~'6"" STDUt·1F': . Ci:'ILL 
0012~;" 0001::(3:'" GET 

.; "CDUt·1P".' fi:i: .. f'C: 
.; A:>F I F.5T j::-,[)[:. F:E 5:::: OF E:LiJCK 
.. tD=.'t·W. OF ~'JOF::D5 IU E:LOO< 

LOADS A BLOCK OF CORE ONTO 
.. A FILE CRLLED DATA 
.; THE FFE'· ... IOUS CONTENTS OF OATfi AF£ LOS 



j.:::/1~.··?? 

2. 
2 

4 
c:" 

'-' 
6 
7 

iO 
11 
12 
:E: 
14 

i6 
17 
1:~: 

19 
20 
21 

24 
.-.f­
.=.. '-' 

26 
27 

.'.-:. 

O(i~L?"l)44442 

i2l0130'" 000125'" 
i~lCt:t:::::1. .. ' 000:1.26" 
Ci;)l?:;::;-'" 044440 
O~3i::::::'" ::U:i 2400 
[10134'" 1C(5'~HXi 
001:3:5"" 0:3'0.:.1·:3:6 
001:3:1;'" 03:4441 
(1l~11::7'" ~)€1?4(iO 

00140'" (01)011 
O€11,:,U"'10241;;)Cl 
00142'" 024436 
0014::'" CG04:J) 
0(,144"" O:A433: 
00145'" 007400 
0014(: 000007 
00147'" 0504:::::1 
~')0150" 0:'·:1427 
001 r.=;::1.'· 022420 
()01.52··· 007410 
00153:'" (t2241.t..:: 
00:1.54'" 1013:00 
00:1.:55'" 00741(1 
001::,6'" 01.041:: 
I?0157"' 0144:13 
~J01t:O" 00077:1. 
OOJ(.::1 .. ·· 0::(14:17 
(H)1t~2" 0::4415 
OOH~::'" 007400 
00164" 000013: 
00165'" (1~J74lXl 
(10166'" 000010 
(101(:7" 00(131)"' 
001?0' >?~J0107··· 
00171'" I~OO(i01 
0017;2" 00[10(11 
0017::" ':;0017"~'" 
00174': 04211211 
(i017S'" 052101 
[{H 76'" OOOOOC 
:jOi 77'" O::~:;455 
00200" OOOC1~~il 

(ifi(1~~01'" 

STr! 
. CF!ll 
(JET 
STFi 

CREFiTE: SUE: 
t'tO'·." 
l[:Ofi 
L[:Of! 
'.cr.:: 
U. CPT 

or-'H~: sue 

LOOPl: 

L[:oJ:l 
lD::j 

LDF! 
,JSF: 

II~ .• I?~'N 
::,:,1 t-, , 
L[:'11 
L['fl 
,JSR 
LDI=t 

.J::::i~~ 

I5Z 
[:.SZ 
,.TrW 
U.:oF: 
LDf! 
.J';!? 
O. [OF 
·Jsr::: 
0. CLO 
.O-=iLL 
PETUPN 

::'TPn:-i[:': . E:U: 
[:U::S I Z: . [:u 
. FNt~t'1[: n~f!!"!E 

FNf!t,IE : . T::<T 

[:0[:005: 
. [:UFFF" 
UE><T4==. 

. elf:: 
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1 .. E:LkSIZ 
0., !~) 

0 .. 1 
2: . n~At'IE 

0 .. 0 
:1... . BUFFP 
:?, FNFi!'lE 
J .. DDO:::: 
I~[:o. C"'S .. :: 

2·.E:UFFF' 

0 .. (?:::TRTA[:' 
l]t[:o. OUT .. 3: 
0 .. IpSTF:TA[:. 
0., ~1 

@[:o OUT .. :: 
5TF:TAC' 
E:LkSI2 
LOOF'l 
2 ... E:UFFF' 

:1 
1 



r'iI::~3 

HC:~ 

fi(101.20' 
C1~)(1~L . .t_t ." 

fiC:: 1~:;OOJ.J.2" 

I~~L~"-:SI (11JC;1710::'" 

2: :3:7 

:': :6 
CREPT 0801?3' 3:05 

[)I)i'1F' '~d~::CJ14 (", 
F ~31~~i~iC125'" 

(JET 
C!E"TC 
LOr'i[) 

" ;:'.; 

LOOP1 .. (IID01'51'" 
?,~ 000026'" 
NE;:':;T ~JO~100(l" 

ND::T:l (hXi02?" 
I~C-:;T2 00(1065'" 
NE':; ;:: (J':;l:i:1.r~:'" 

Nc:,:;r.::). (10020:1'" 
,=,p El~ (1 {XU. ,;,;1" 

::'UT ", ;:':; 
PETU/? "';:':; 
SETC'J'1 00::)01::," 
;:::'TDUI"l i=i:')I:i:t.:~5'" 

STr.::TF! OeO:1 ~':i' 
, E:UFF (i~~\,r200' 

::: 41 
::;::: i? 
1'?O 

:1: Of: 
:1. : 0:;:: 
.-,. '-,-, .:.::. . .::. r 

1:31 
1:09 
1: ~51 

:2:47 
3:: 4:: 
::: ::L1 
l' nr: 
1: 0::: 
:1.: 20 
2: ::i( 

::: 4:;: 
1,lj:::: 

1: 5;;:: 
,1 : <~i:: 
::L,54 
;:' : ~34 

_~. : .::7 

1" ~::::1 
1:31. 

~:. 26 

1. : Ci~~ 
:1: :'9 
2:17 
2:·+7 

1,5::: 
1:29 

::: 01 
3:: 12 
1. : ':);:, 
.:~ : 0:'::' 
:::':07 

J .. : :5::; 
2'(H 
2 : ~3~~; 
"3: : 2~5 

::: 14 

1, ::5 

2:47 

~:: 04 
2'10 

:1, : 2·,t 
.-. .-.-:'1 
~. s:::.f 
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.-:' . '::.,:: 
:::..... • t."._ 

-, .. -.. -. .::. . ::: .. :;, 

-. ,-.': 

,,::. : "::':~L 

l' :::-:D 
2, ::0 

1:50 
.... ,. ---: oj 

:.:: ... ~""1" 

2: 0:: 
::: LJ2 

2:07 
3::33 
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APPENDIX 4 

Circuit Diagrams 



+10Vref~-

1k~ 
500 1k8 < ' 
''v'\/'y''--vV'\/\/' ~ 1+' ___ _ 

1kS ......,.;::-// 

-v'v')'V"'--v~: !.~ '.: __ 
i <)~:: 

~. ~ 

,\ .. ~"\ ~r\_\/\/\,'V" ~ 1_ + 

J ') r:-
• ", ""'" ~ j . '-, . \ ',', '--v'V v v :> I '-'- + 

t-i;. .> ~-.-
t-. " 'V\ "~i\i'V\/\ ~ I . + 
~ ) I 

r' -, J '- --VVVV~L ~: 

~";/\/'~.f\NV' ) I + 

-->~- _._-

__ ~Alk lk8 1O&r~ 
( V'f/V'- sao I 

1k vv("''' 

.-:-' Ii· I '> 
".'\ ... ·/'v'\....,/'v'V\/' ~ I -l + L /-S'lt;V'./\/'V'~ 

I 4 : ~ ~ ,/ it 
p---J '1 k <~ r--- - j"-tr-. .,1 k 

t:'/-"'''''';-ksfFt I I i~~~N 
-/11 1+, ! . ___ ~ r u 

, } j 

1[111 1 

1 k8 

.111 L i l18 
Sign L.iS[f2P6 

ALL compQrJtsrs 2 61014 
are eM P-01C 

------0 HOLD 
I I I r.\- -- I 1---1 

\ . I I <'200 
SIGN:\L I MP270. U-~-15V 

L.~--- . 

. FIG AL..1 HIGH SPEED LOG A I D 

100 
/'\/Vt,--~_rv_' _--I 

, 

+15V 0 

& I I 
,01uF T ov_ 
- I 

~O~uF T -1SV ~ 
oteach CMP-01 

:x:­
v; 

" 
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15V Of---J"'-' 
t.70 

2 "'---'--,6 
5 

10 V ref 
---------+--~.-----------~O 

REF -Cl1C 

ofl_V ______ .-______ _ ov 

10k (matched) -10V ref 
~--~----------~o 

2N2905 

10k 
015 V __ , ______ ~_I___ __ ___' 

FIG A4.2 VOLTAGE REFERENCE 



r-----------~--~5V 

HOLD 

EXT CLOCK 

+5 

+5 IJ2~OPF n F 

J; fA Q 

I -I ,_ I_--I~'l 
i ~ J I 
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APPENDIX S 

DESIGN OF A.SOUND SOURCE SUITABLE FOR MODELLING 

1. INTRODUCTION 

A paper by Watters (AI) describes various instrumentation techniques used 

~n modelling. He concludes that the simplest non-directional sound source 

~s an electric spark source. Veneklasen (A2) described a sound source that 
. . r d d consIsted of a small spark gap f~xe about once a secon. In the same 

paper he described a sound source consisting of intersecting jets of air. 

Four jets are used and he now uses nitrogen instead of air, probably 

because the model is tested in a nitrogen atmosphere to reduce a~r 

• absorption. The advantage of the jet stream source is that it can be 

continuous but this benefit is not required in this work and so it was 

decided to use an electric spark source. 

2. MICROPHONE NOISE LEVELS 

In order to establish the required sound output of the source it was first 

necessary to measure the circuit noise of the microphone and preamplifier 

combination. The microphone used was a B + K 4135 til condenser microphone 

and the preamplifier was a B + K 2619 preamplifier. The combination was 

connected through a B + K amplifier and B + K 1614 filter set and then to a 

B + K 2307 chart recorder. The results are shown in fig. AS.I. The test 

was done in a dead room and repeated with the microphone replaced by a 

6,5pf capacitor. The results were very similar. 

3. SOUND SOURCE 

The sound source consisted of a.4U F capacitor changed to approximately 

2,2kV. The capacitor was charged by a simple half-wave rectifier and the 

voltage was controlled with a variable autotransformer. The spark was 

triggered by a lower energy spark from an induction coil of the type found 

~n motor car ignition circuits. This was also used to start the converter. 

The electrodes were at first made of steel but this was burnt away by 

the spark and the electrodes were changed to 2nm pencil leads. The gap 

between the electrodes was Sum. The circuit of the spark source is shown 

in figure A2. 
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4. OUTPUT POWER 

The sound source was tested for output power and directionality in the dead 

room at a distance of O,3m. This distance was chosen as it represented a 

similar distance to that between the microphone and sound source in the 

model of the reverberation room. The variation in output power was found 

to be less than 2dB in all directions. 

The output sound pressure level of the sound source is shown in 

figure A3 together with the circuit noise level of the microphone and 

preamplifier. It can be seen that between 2kHz and 125kHz the signal to 

noise ratio is greater than 50dB peak. This would therefore provide a 

sufficient signal for the model and converter. 
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