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� 0AUL�$OORNBUSCH� V

0REFACE

)T� WAS� IN� ����� WHEN�� BEING� A� GOOD� EXPATRIATE� -ELBURNIAN��
LIVING�IN�4HE�(AGUE�AND�WORKING�AT�THE�2OYAL�#ONSERVATORY�
OF�(OLLAND��)�WAS�IN�MY�OFlCE�READING�4HE�!GE��-ELBOURNE�
NEWSPAPER	�ON
LINE�AND�)�READ�THE�OBITUARY�OF�4REVOR�0EARCEY��
)NTERESTING�PIECES��OBITUARIESnA� SUMMARY�OF� A� LIFE� IN�A� FEW�
PARAGRAPHS�� (OWEVER��4REVOR� 0EARCEY�S� OBITUARY� WAS� MORE�
EXTENSIVE�THAN�USUAL�AND�MORE�LIKE�AN�ARTICLE��AS�HE�WAS�THE�
DESIGNER� �WITH�-ASTON�"EARD	�OF�!USTRALIA�S�lRST� COMPUTER��
THE�#3)2�-K���LATER�CALLED�#3)2!#	��

)� HAD� HEARD� OF� THIS� MACHINE� EONS� AGO� WHEN� )� WAS� AN�
UNDERGRADUATE� AT� 4HE� 5NIVERSITY� OF� -ELBOURNE� STUDYING�
#OMPUTER�3CIENCE��4HE�MOST�REMARKABLE�THING�)�REMEMBERED�
ABOUT� THIS� COMPUTER� WAS� THAT� IT� HAD� MERCURY� DELAY
LINE�
MEMORY��4HE� IDEA�OF� STORING� INFORMATION�AS�WAVEFORMS� IN�
LIQUID�METAL�STRUCK�ME�AS�COMPLETELY�BIZARRE�THEN��AS�)�WAS�
WEANED�ON�SILICONE��ALTHOUGH�)�HAD�WORKED�WITH�FERRITE�CORE�
MEMORY	��(OWEVER�� IN� THE�OBITUARY�OR�ARTICLE�WAS�A� SINGLE�
COMMENT�ABOUT�#3)2!#�THAT�LEAPT�OUT�AT�ME��h)T�PLAYED�MUSIC�
IN� �����v� "EING� A� SPECIALIST� COMPOSER� IN� COMPUTER� MUSIC��
AND�WORKING�IN�ONE�OF�%UROPE�S�MOST�PRESTIGIOUS�ELECTRONIC�
AND�COMPUTER�MUSIC�FACILITIES�� )�KNEW� THAT�COMPUTER�MUSIC�
STARTED� IN�ABOUT������WITH�THE�WORK�AT�!4�4�"ELL�,ABS� IN�
!MERICA��4HE������DATE�MUST�HAVE�BEEN�A�@TYPO���)�LET�IT�PASS��
.EVERTHELESS��CURIOSITY�GOT�THE�BETTER�OF�ME�AND�AS�)�WAS�AN�
ALUMNUS� OF� THE� INSTITUTION� AND� DEPARTMENT� INVOLVED� AND� )�
KNEW�THE�PEOPLE� THERE�� )� SENT�OFF� SOME�EMAIL��4IME�PASSED��
4HERE�WERE�RETURN�MAIL�MESSAGES�POINTING�TO�VARIOUS�PEOPLE�
AND�EVENTUALLY� )� EMAILED�0ETER�4HORNE�AND�$OUG�-C#ANN��
4HEY�WERE�ADAMANT�AND�CONlDENT�THAT�#3)2!#�HAD�PLAYED�
MUSIC�IN�������THERE�WAS�EVIDENCEx)�WAS�QUIETLY�ASTONISHED��
)� DISCUSSED� IT� WITH� MY� COLLEAGUES� AND� THEY� WERE� EITHER�
SOMEWHAT�ASTONISHED�OR�FAIRLY�SCEPTICAL�

(OWEVER��UNFORTUNATELY� )�WAS� TOLD� THE�MUSIC�HAD�NEVER�
BEEN�RECORDED��4HERE�WERE�SEVERAL�MENTIONS�IN�THE�EMAILS��IN�
THE�WEEKS�AND�MONTHS�THAT�FOLLOWED��OF�THE�MUSIC�TAPES�BEING�

hAROUND�SOMEWHEREv��BUT�NOBODY�KNEW�WHERE��%VENTUALLY�)�
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UNDERSTOOD�THIS�TO�MEAN�NOT�MAGNETIC�RECORDINGS�OF�#3)2!#�
BUT�PUNCHED
PAPER�PROGRAM�TAPES��)�WOULD�HAVE�TO�GET�USED�
TO�THE�TERMINOLOGY��"UT�APPARENTLY�THE�PROGRAM�TAPES�WERE�
SOMEWHERE�� THAT� IS�� THEY�EXISTED��SO�)�HAD�MORE�EMAIL�WITH�
0ETER� 4HORNE� ABOUT� THE� FEASIBILITY� OF� RECONSTRUCTING� THE�
OUTPUT�OF�THESE�MUSIC�PROGRAMS��0ETER�WAS�HIGHLY�SCEPTICAL��
4HE�COMMUNICATION�WENT�BACK�AND�FORTH�BETWEEN�-ELBOURNE�
AND�4HE�(AGUE�AND�)�STARTED�TO�LEARN�MORE�ABOUT�#3)2!#��ITS�
INTERNAL�WORKINGS�AND�SO�ON��)�WAS�CONVINCED�THAT�SOMEHOW�
IT� MUST� BE� POSSIBLE� TO� RECONSTRUCT� THE� MUSIC� PLAYED� BY�
#3)2!#�ANYTHING�IS�POSSIBLE�IF�WE�APPLY�OURSELVES�ENOUGH�

0ETER� 4HORNE� WAS� LESS� CONVINCED�� BUT� HE� AGREED� TO� BE�
A� PARTNER� IN� A� GRANT� APPLICATION� TO� FUND� THE� ATTEMPTED�
RECONSTRUCTION��7E�WON�THE�GRANT�AND�)�RETURNED�TO�!USTRALIA�
AND�STARTED�THE�PROJECT��)�STILL�HAD�NO�IDEA�HOW�TO�RECONSTRUCT�
THE� MUSIC�� BUT� SHORTLY� BEFORE� )� RETURNED� ONE� OF� THE� MUSIC�
PROGRAM�TAPES�WAS�FOUND�SO�IT�WAS�LOOKING�POSITIVE��!S�THE�
OBVIOUS� TASKS� FOR� THE� PROJECT� WERE� UNDERTAKEN�� THE� WAY�
FORWARD�EVENTUALLY�BECAME�CLEAR��)T�WAS�MUCH�MORE�DIFlCULT�
THAN�)�HAD�lRST�THOUGHT�IN�(OLLAND��0ERHAPS�THIS�HAS�MADE�IT�
ALL�THE�MORE�WORTHWHILE�AND�REMARKABLE��4HE�STORY�UNFOLDS�
IN�WHAT�FOLLOWS�

)� WOULD� LIKE� TO� DEDICATE� THIS� BOOK� AND� PROJECT� TO� ALL� OF�
THOSE�MEN�AND�WOMEN�WHO�WORKED�ON�#3)2!#�DURING�ITS����
OR�SO�YEARS�OF�ACTIVITY��THEY�ARE�A�REMARKABLE�CREW��AND�TO�ALL�
OF�THOSE�BRAVE�AND�PIONEERING�SOULS�WHO�DREAMED�OF�MAKING�
MUSIC�WITH�COMPUTERS�
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)NTRODUCTION

#OMPUTER�MUSIC�HAS�ALWAYS�BEEN�A�RATHER�ILL
DElNED�CONCEPT��
)T�HAS�SOMETHING�TO�DO�WITH�MUSIC�AND�SOMETHING�TO�DO�WITH�
COMPUTERS��*UST�LIKE�BEAUTY��IT�IS�IN�THE�EARS�OF�THE�BEHOLDER�

4HE� USE� OF� COMPUTERS� FOR� MUSIC� PRODUCTION� AND�
REPRODUCTION� IS� NOW� CONSIDERED� COMMONPLACE�� BOTH� BY�
ARTISTS�AND�CONSUMERS��&OR�THE�FORMER��COMPUTER�MUSIC�MAY�
STILL�RETAIN�THE�AURA�OF�A�SEPARATE�lELD�OF�ACADEMIC�OR�ARTISTIC�
ENDEAVOR��&OR�THE�LATTER��IT�IS�A�FACT�OF�LIFE�

)N�BOTH�CASES��THE�PATH�THAT�LED�TO�THIS�USAGE�IS�THE�RESULT�OF�
MANY�VERY�SMALL�STEPS��3TEPS�THAT�WERE�NEITHER�COORDINATED�
NOR� GOAL
ORIENTED�� 3TEPS� THAT� WERE� NOT� LABELED� MERELY�
SCIENTIlC�� CONSUMER
ORIENTED�� OR� ARTISTIC�� )DEAS� CONCERNING�
MICROTONALITY�� EXPERIMENTAL� MUSIC�� COMPLEX� COMPOSITIONAL�
SYSTEMS�� MUSICAL� INSTRUMENT� DESIGN�� AND� THE� ENTHRALLING�
POWER�OF�A�COMPUTATION�MACHINE�ALL�CONTRIBUTED�TO�A�CLIMATE�
WHERE�SOMETHING�CALLED�@COMPUTER�MUSIC��WAS�CREATED�

"ASED� ON� THESE� IDEAS�� AN� HISTORICAL� NARRATIVE� COULD� BE�
PRODUCED�� JOINING� ALL� OF� THESE� ACTIVITIES� IN� A� COMPELLING�
STORY�OF� INEVITABLE�ADVANCES��"UT�PERHAPS�AN�EQUALLY�VIABLE�
NARRATIVE�WOULD�BE�THE�CHRONICLE�OF�ENGINEERING�ACHIEVEMENTS�
THAT� ACCIDENTALLY� BECAME� MUSICALLY� USEFUL�� !CHIEVEMENTS�
THAT� A�MUSICIAN�OR�PERHAPS�AN�ENGINEER� REALISED� COULD�ALSO�
HAVE�SOME�MUSICAL�APPLICATION��3INE�WAVE�GENERATORS��PULSE�
GENERATORS�� NOISE� GENERATORS�� AND� lLTERS� ARE� EXAMPLES� OF�
LABORATORY�EQUIPMENT�THAT�WERE�CONTRAINDICATED�FOR�MUSICAL�
USE�� $IGITAL� COMPUTERS� ARE� ANOTHER� EXAMPLE�� )N� THE� CASE�
OF� #3)2!#�� THE� HOOTER� CIRCUIT� COULD� BE� ADDED� TO� THIS� LIST��
(AVING�A�LOUDSPEAKER�DRIVEN�BY�PULSES�ALLOWED�PEOPLE�WITH�
IMAGINATION�TO�MAKE�MUSICAL�EXPERIMENTS�

4HE�TECHNICAL�CHALLENGES�FACED�BY�ALL�PIONEERS�OF�COMPUTER�
MUSIC� WERE� ENORMOUS�� 3URMOUNTING� THESE� CHALLENGES� WAS�
A� CONTRIBUTION� TO�WHAT� IS�NOW�A�DOMINANT�MUSICAL� ACTIVITY��
!N� ARTISTIC� HISTORY� MIGHT� DISCOUNT� SOME� OF� THESE� @BUZZES�
AND�SQUAWKS���"UT�A�HISTORY�COGNISANT�OF�THE�CURRENT�ARTISTIC��
SCIENTIlC�� AND� CONSUMER
ORIENTED� REALITY�� SHOULD� TAKE� NOTE�
OF�THE�EFFORT�AND�DEDICATION�THAT�NOW�CAN�BE�SEEN�AS�A�PIECE�
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OF� THE� PUZZLE�� PART� OF� THE� GRAND� MUSICAL� ADVENTURE� OF� THE�
4WENTIETH�#ENTURY��THE�USE�OF�COMPUTERS�IN�MUSIC�

0AUL�"ERG�)NSTITUTE�OF�3ONOLOGY��2OYAL�
#ONSERVATORY��4HE�(AGUE
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&ADE�5P

4HE�!USTRALIAN
BUILT�AUTOMATIC�COMPUTER��INITIALLY�KNOWN�AS�
THE�#3)2�-K��AND� LATER�KNOWN�AS�#3)2!#��WAS�ONE�OF� THE�
WORLD�S�EARLIEST�STORED�PROGRAM�ELECTRONIC�DIGITAL�COMPUTERS��
$EVELOPED� IN�3YDNEY� IN� THE� LATE�����S�BY� THE�#OUNCIL� FOR�
3CIENTIlC� AND� )NDUSTRIAL� 2ESEARCH� �#3)2	�� THE� #3)2� -K��
RAN�ITS�lRST�PROGRAM�IN�.OVEMBER�������4REVOR�0EARCEY��AN�
%NGLISH� RADIO� PHYSICIST�� AND� -ASTON� "EARD�� A� RESEARCHER� AT�
THE�#3)2�2ADIOPHYSICS�,ABORATORY� IN�3YDNEY�DESIGNED� THE�
#3)2�-K���4HE�lRST�@PROGRAMMER��OR�REAL�SOFTWARE�ENGINEER�
TO�WORK�WITH�THE�#3)2�-K��WAS�'EOFF�(ILL��A�MATHEMATICIAN�
WHO�ASSISTED�WITH�THE�LOGICAL�DESIGN��(ILL��WHO�CAME�FROM�A�
MUSICAL�FAMILY��PROGRAMMED�THE�#3)2�-K��TO�PLAY�POPULAR�
MUSICAL�MELODIES�FROM�AS�EARLY�AS�������4HE�#3)2�-K��WAS�
MOVED�TO�-ELBOURNE�IN�*UNE������AND�RENAMED�#3)2!#��)T�
PERFORMED�USEFUL�AND�TRAILBLAZING�SERVICE�AT�THE�5NIVERSITY�OF�
-ELBOURNE�UNTIL�������$URING�#3)2!#�S�TIME�IN�-ELBOURNE�
THE� MATHEMATICS� PROFESSOR� 4HOMAS� #HERRY� PROGRAMMED�
#3)2!#�TO�PERFORM�MUSIC��DEVELOPING�A�SYSTEM�AND�PROGRAM�
SUCH�THAT�ANYONE�WHO�UNDERSTOOD�STANDARD�MUSICAL�NOTATION�
COULD�CREATE�A�PUNCHED�PAPER�DATA�TAPE�FOR�#3)2!#�TO�PERFORM�
THAT� MUSIC��7HILST� THE� MUSIC� PERFORMED� BY� THE� #3)2� -K��
MAY� SEEM� CRUDE� AND� UNREMARKABLE� COMPARED� TO� THE� MOST�
ADVANCED� NON
COMPUTER� GENERATED� MUSICAL� DEVELOPMENTS�
OF�THE�TIME�AND�WHAT�IS�POSSIBLE�NOW��IT�IS�AMONGST�THE�lRST�
COMPUTER�MUSIC� IN�THE�WORLD�AND�THE�MEANS�OF�PRODUCTION�
WAS�AT�THE�LEADING�EDGE�OF�TECHNOLOGICAL�SOPHISTICATION�AT�THE�
TIME��4HESE�lRST�STEPS�OF�USING�A�COMPUTER�IN�A�MUSICAL�SENSE�
OCCURRED� IN� ISOLATION�� 4HE� DECISION� TO� CREATE� MUSIC� USING�
THE�mEXIBILITY�OF�A�GENERAL�COMPUTER�REQUIRED�PROGRAMMING�
INGENUITY�AND�A�LEAP�OF�THE�IMAGINATION��#3)2!#�TOOK�SOME�
INITIAL�STEPS�IN�THAT�DIRECTION�
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!N�/VERVIEW�OF�#3)2!#

)N�THE�����S��MODERN�PHYSICS�HAD�ADVANCED�TO�SUCH�A�STAGE�
THAT�THE�CALCULATIONS�REQUIRED�WERE�ENORMOUS��MANIFOLD��AND�
TEDIOUS��4O�OVERCOME�THIS�PROBLEM�CALCULATING�MACHINES�HAD�
BEEN�DEVELOPED��SUCH�AS�THE�@LINEAR�EQUATIONS�MACHINE���THE�

@DIFFERENTIAL� ANALYSER��� AND� THE� @MULTI
REGISTER� ACCOUNTING�
MACHINE���(OWEVER��THE�CALCULATING�MACHINES�STILL�REQUIRED�A�
LOT�OF�HUMAN�INTERVENTION��SO�THERE�WAS�A�DESIRE�TO�BUILD�AN�
AUTOMATIC�CALCULATOR�WITH�SOME�SORT�OF�MEMORY�TO�STORE�THE�
DATA�AND�ALSO�THE�INSTRUCTIONS�OF�WHAT�TO�DO�WITH�THE�DATA�

4HERE� WERE� TWO� MAJOR� TECHNOLOGICAL� ADVANCES� OF� THE�
TIME�THAT�ALLOWED�THE�REALISATION�OF�AN�AUTOMATIC�CALCULATOR�
WITH�MEMORY��/NE�SUCH�ADVANCE�WAS�THE�THERMIONIC�VALVE�
�VACUUM�TUBE	��WHICH�WAS�USED�AS�A�SWITCHING�DEVICE�OR�AS�AN�
ELECTRONIC�RELAY��4HE�OTHER�WAS�MERCURY�DELAY�LINE�@MEMORY���
WHICH�HAD�BEEN�USED�IN�RADAR�SYSTEMS�DURING�7ORLD�7AR�))��
4HIS�MEMORY�SYSTEM�COULD�BE�ADAPTED�FOR�USE�IN�AN�AUTOMATIC�
CALCULATOR�� SUCH� AS� THE� %LECTRONIC� $ELAY� 3TORAGE�!UTOMATIC�
#OMPUTER��%$3!#	�OR�THE�#3)2�-K��

4REVOR� 0EARCEY� WORKED� IN� %NGLAND� ON� ADVANCED� RADAR�
SYSTEMS�FROM������TO�������$URING�THIS�TIME�HE�BECAME�WELL

ACQUAINTED� WITH� THE� �ELECTRO	� MECHANICAL� CALCULATORS� THAT�
WERE�AVAILABLE��(IS�WORK�lNISHED�AFTER�7ORLD�7AR�))�AND�HE�
TRAVELLED�VIA�.ORTH�!MERICA�TO�!USTRALIA�TO�TAKE�UP�A�POSITION�
WITH� THE� !USTRALIAN� #OUNCIL� FOR� 3CIENTIlC� AND� )NDUSTRIAL�
2ESEARCH��#3)2	�IN�THEIR�2ADIOPHYSICS�,ABORATORY��7HILE�IN�
!MERICA�HE�HAD�CONTACT�WITH�OTHER�RADIO�RESEARCHERS��SOME�OF�
WHOM�WERE�USING�LARGE�UNIVERSITY�CALCULATORS�IN�THEIR�WORK��
(E�ALSO�HAD�A�CHANCE�MEETING�WITH�(OWARD�!IKEN��WHO�HAD�
RECENTLY�COMPLETED�A�MACHINE�CALLED�THE�!UTOMATIC�3EQUENCE�
#ONTROLLED�#ALCULATOR��!3##�AND�ALSO�KNOWN�AS�THE�(ARVARD�
-K�	�FOR�)"-�AT�(ARVARD�5NIVERSITY��4HE�!3##�WAS�A�VERY�
LARGE� AND� COMPLEX� CALCULATOR�� USING� RELAYS� AND� PARTIALLY�
CONTROLLED� BY� A� PUNCHED� PAPER� TAPE�� (AVING� LEFT� %NGLAND�
4REVOR� 0EARCEY� IN� THE� LAST� FEW� MONTHS� OF� ����� ARRIVED� IN�
!USTRALIA�ON����$ECEMBER������

4HE�#3)2�2ADIOPHYSICS�DIVISION�WAS�ACTIVE�DURING�7ORLD�
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7AR�))��DEVELOPING�RADAR�SYSTEMS�FOR�!USTRALIAN�SERVICEMEN�
IN�UNIQUE�SITUATIONS��SUCH�AS�PORTABLE�RADAR�FOR�JUNGLE�WARFARE��
)N�������A�TALENTED�ELECTRONICS�ENGINEER��-ASTON�"EARD��JOINED�
THE�2ADIOPHYSICS�,ABORATORY��(E�WOULD�BE� INSTRUMENTAL� IN�
THE� DEVELOPMENT�� WITH� 4REVOR� 0EARCEY�� OF� !USTRALIA�S� lRST�
COMPUTER��!FTER� THE� WAR�� THE� 2ADIOPHYSICS� ,ABORATORY� HAD�
TO� DECIDE� WHAT� TASKS� IT� SHOULD� PURSUE� IN� PEACETIME�� 4HE�
MANAGEMENT� DECIDED� THAT� 2ADIOPHYSICS� SHOULD� CONCERN�
ITSELF� WITH� 2ADIO� !STRONOMY�� 2AIN� 0HYSICS� AND� 2ADIO�
0ROPAGATION�� 0EARCEY� CONVINCED� THE� MANAGEMENT� TO� DROP�
2ADIO�0ROPAGATION�AND�PURSUE�%LECTRONIC�#OMPUTATION��4HIS�
MAY� SEEM� NOW� TO� BE� A� STRANGE� AREA� FOR� THE� 2ADIOPHYSICS�
DEPARTMENT� TO� BE� INVOLVED� IN�� BUT� THEY� WERE� THE� LEADING�
EXPERTS�IN�PULSE�TECHNOLOGY�AND�@VALVE��ELECTRONICS�

4REVOR� 0EARCEY� BEGAN� TO� ASSEMBLE� THE� BASIC� CONCEPTS�
FOR� BUILDING� AN� ELECTRONIC� CALCULATOR� THAT� OPERATED� AT� HIGH�
SPEED�COMPARED�WITH�AVAILABLE� TECHNOLOGY��$ETAILS�OF�OTHER�
ELECTRONIC�CALCULATORS�OF�THE�TIME��FOR�EXAMPLE�THE�%LECTRONIC�
.UMERIC� )NTEGRATOR� AND� #ALCULATOR� �%.)!#	�� WERE� SECRET�
AND�UNAVAILABLE� TO�0EARCEY��BUT� THEIR�EXISTENCE�PROVED� THAT�
SUCH�TECHNOLOGY�WAS�POSSIBLE��&OR�MEMORY�STORAGE��MERCURY�
ACOUSTIC� DELAY� LINES� COULD� BE� USED�� )NSTRUCTIONS� COULD� BE�
INPUT�TO�THE�CALCULATOR�VIA�A�PUNCHED�PAPER�TAPE��AS�USED�BY�
THE�!3##��ALLOWING�THE�EXECUTION�OF�A�PRE
DElNED�SEQUENCE�
OF�OPERATIONS��4HIS�WAS�HOWEVER��INmEXIBLE��BUT�SOME�RECENT�
THEORIES�AND�WORK�POINTED�TO�A�SOLUTION��)N������AT�#AMBRIDGE�
5NIVERSITY�� !LAN� 4URING� PRODUCED� A� NEW� THEORY� OF� WHAT��
HYPOTHETICALLY��COULD�BE�COMPUTED��!�@4URING�MACHINE��CAN�
THEORETICALLY� PERFORM� ANY� CALCULATION�� *OHN� VON� .EUMANN��
IN�ABOUT������AT�0RINCETON�5NIVERSITY��PROVIDED�A�PRACTICAL�
SOLUTION�FOR�4URING�S�THEORY�WHERE�THE�COMMANDS�AND�DATA�
�NUMBERS	�WERE�CODED�IN�THE�SAME�MANNER�AND�STORED�IN�THE�
SAME�MEMORY��4HIS�PROVIDED�MAXIMUM�EFlCIENCY��SPEED�AND�
mEXIBILITY��DELIVERING�THE�BEST�SOLUTION�FOR�4REVOR�0EARCEY��)N�
EARLY�������THE�@%LECTRONIC�#OMPUTER��PROJECT�WAS�OFlCIALLY�
COMMENCED�BY�4REVOR�0EARCEY�AND�-ASTON�"EARD��)N�ADDITION��
IN� THIS� YEAR� THE� 5NIVERSITY� OF� 0ENNSYLVANIA� PUBLISHED� THE�
DETAILS�OF�%.)!#�

)N� !PRIL� AND� *UNE� ������ 4REVOR� 0EARCEY� COMPLETED� AND�
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PUBLISHED� THE� FUNDAMENTAL� LOGICAL� DESIGN� OF� THE� COMPUTER�
IN� TWO�PAPERS��4HE�OVERRIDING� CONSIDERATIONS�OF� THE� LOGICAL�
DESIGN�WERE�ENGINEERING�AND�PROGRAMMING�SIMPLICITY��AS�THIS�
WAS� INTENDED�TO�BE�A�COMPREHENSIVE�PROTOTYPE�FOR�A� LARGER�
AND�MORE� CAPABLE�MACHINE��4HUS�� THE�DESIGNERS�DECIDED�ON�
A� RELATIVELY� SMALL� ��
BIT� WORD� LENGTH�� A� SERIAL� ARCHITECTURE�
AND� A� MODERATE� CLOCK� FREQUENCY�� 4HE� CONSTRUCTION� OF� THE�
!UTOMATIC� #OMPUTER� �INITIALLY� KNOWN� AS� THE� #3)2� -K���
LATER�KNOWN�IN�-ELBOURNE�AS�#3)2!#	�COMMENCED�IN�������
DIRECTED� BY� -ASTON� "EARD� WHO� DESIGNED� THE� ELECTRONIC�
CIRCUITS�TO�IMPLEMENT�THE�LOGICAL�DESIGN��4HE�lRST�PROGRAM��A�
SIMPLE�MULTIPLICATION�OF�TWO�NUMBERS��WAS�RUN�LATE�IN�������
PROBABLY�IN�.OVEMBER�BUT�NOBODY�RECORDED�THE�EXACT�DATE��
4REVOR�0EARCEY�RECALLS��@7E�ALL�SHOUTED�h(OORAY�v�AND�WENT�
BACK�TO�WORK��

4HE�#3)2�-K��USED�ELECTRONIC�VALVES�OR�VACUUM�TUBES�AS�
ITS�SWITCHING�AND�LOGIC�ELEMENTS��/NLY�A�FEW�TYPES�OF�VALVES�
WERE�USED��MOSTLY��3.����6����3*����!#���%!���AND�+4����
2EGINALD�2YAN�ADDED�THE�PRIMARY�MEMORY�STORE��WHICH�COULD�
CONTAIN�UP�TO����RECIRCULATING�MERCURY�ACOUSTIC�DELAY�LINES��
%ACH�DELAY�LINE�WAS�A�lVE�FOOT�LONG�SPECIAL�METAL�TUBE�COATED�
WITH� LACQUER� AND� lLLED� WITH� MERCURY�� WHERE� INFORMATION�
COULD�BE�STORED�AS�A�SEQUENCE�OF�PULSES�OF���-(Z�SINE�WAVES��
��� CYCLES� FOR� �� BIT�� 4HE� ORIGINAL� MEMORY� COULD� STORE� ���
INSTRUCTIONS�OR�@WORDS���EACH����BINARY�DIGITS��OR�BITS��LONG	�
PER� MEMORY
TUBE�� PROVIDING� A� MAXIMUM� MEMORY� OF� ����
WORDS��2YAN�LATER�DOUBLED�THIS�BY�INTERLEAVING�TWO����WORD�
PULSE�STREAMS�IN�EACH�TUBE�TO�GIVE�A�MAXIMUM�OF������WORDS�
OF�MEMORY��(OWEVER��ALL�OF� THE�MEMORY
TUBES�WERE�NEVER�
COMPLETELY� FUNCTIONAL� OR� INSTALLED�� ALTHOUGH� THE� RELIABILITY�
WAS� IMPROVED� IN� -ELBOURNE� BY� USING� INTERNALLY� POLISHED�
STAINLESS�STEEL�TUBES��!CCORDING�TO�THE�ORIGINAL�ENGINEERS��IN�
TYPICAL�OPERATION�THE�MACHINE�HAD�����WORDS�OF�FUNCTIONAL�
MEMORY�
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$ETAIL�OF�THE�INSIDE�OF�ONE�OF�THE�RACKS�FROM�THE�SIDE�OF�THE�VALVES�

"RIAN�#OOPER�STARTED�THE�DEVELOPMENT�OF�A�MAGNETIC�DRUM�
MEMORY�IN�������)T�WAS�RUNNING�IN������WITH�A�CAPACITY�OF�
����� WORDS�� AN� AVERAGE� ACCESS� TIME� OF� �� MILLISECONDS� AND�
A� ROTATIONAL� SPEED� OF� ����� 20-� PROVIDED� BY� AN� AIRCRAFT�
GYROSCOPE�MOTOR��4HE�#3)2�-K��OPERATED�AT�����OPERATIONS�A�
SECOND�WITH�A�CLOCK�FREQUENCY�OF������(Z��A�FAIR�SPEED�IN�ITS�
DAY�BUT�NOT�AS�FAST�AS�SOME�OTHER�MACHINES�OF�THE�TIME��AS�SPEED�
WAS� SACRIlCED� FOR� DESIGN� ELEGANCE� AND� SIMPLICITY�� (OWEVER��
THE� #3)2� -K�� WAS� VERY� DIFFERENT� FROM� TODAY�S� COMPUTERS�
BECAUSE� IT�WAS�A� SERIAL�MACHINE��$ATA�WAS� SENT� AROUND� THE�
COMPUTER�FROM�@SOURCES��TO�@DESTINATIONS���FOR�EXAMPLE�TO�AND�
FROM�MEMORY��ONE�BIT�AT�A�TIME��-ODERN�COMPUTERS�TYPICALLY�
MOVE�AROUND����OR����BITS�IN�PARALLEL��4HIS�DIFFERENCE�IN�THE�
#3)2�-K��S�ARCHITECTURE�HAD�CONSEQUENCES�FOR�PROGRAMMING�
THE�MACHINE�AND�IT�IS�ESPECIALLY�SIGNIlCANT�FOR�TIMING�CRITICAL�
PROGRAMS�SUCH�AS�THOSE�THAT�MAY�PLAY�MUSIC�IN�REAL�TIME��
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4HE�-ELBOURNE�DISK��ALSO�CALLED�THE�DRUM��BEING�CLEANED�FOR�DISPLAY��.OTE�
THE�WASHING�MACHINE�DRIVE�BELT�AND�PULLEY�ON�THE�RIGHT�HAND�SIDE��IT�WAS�
DRIVEN�BY�A�WASHING�MACHINE�MOTOR�

4HE�#3)2�-K��WAS�NOTABLE�BECAUSE�OF�THE�mEXIBILITY�AND�
ECONOMY� OF� ITS� INSTRUCTION� SET��4HIS� WAS� ACHIEVED� THROUGH�
AN� INSTRUCTION� PARTITIONING� SCHEME� THAT� WAS� OF� MEDIUM�
COMPLEXITY�� BEING� MORE� COMPLEX� THAN� THE� %$3!#� OR� THE�
4ELECOMMUNICATIONS� 2ESEARCH� %STABLISHMENT� !UTOMATIC�
#OMPUTER��42%!#	��BUT�LESS�SO�THAN�THE�%$6!#�OR�THE�!#%��
4HE�SIMPLICITY�AND�ELEGANCE�OF�THE�INSTRUCTION�FORMAT�RESULTED�
IN�A�mEXIBILITY�AND�ECONOMY�OF�INSTRUCTIONS��WHICH�BENElTED�
THE�DEVELOPMENT�OF�COMPLEX�PROGRAMS�THAT�PERFORMED�USEFUL�
AND�COMPLEX�TASKS�IN�A�MINIMUM�OF�MEMORY�SPACE�

$ETAIL�OF�A�PART�OF�THE�RACKS�SHOWING�THE�CONSTRUCTION�TECHNIQUES�
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4O� UNDERSTAND� SOMETHING� OF� THE� OPERATION� OF� THE� #3)2�
-K��� IT� IS� IMPORTANT� TO�APPRECIATE� THAT� ALL�OPERATIONS�WERE�
CONSIDERED� AS� SERIAL� TRANSFERS� OF� NUMBERS�� OR� DATA�� FROM� A�

@SOURCE��TO�A�@DESTINATION���!�SOURCE�COULD�BE�SOMETHING�LIKE�
A�REGISTER��THERE�WERE����GENERAL�PURPOSE�OR�@$��REGISTERS	��A�
MEMORY�LOCATION��THE�ACCUMULATOR�AND�SO�ON��!�DESTINATION�
COULD�BE�A�MEMORY�LOCATION��A�REGISTER��THE�PAPER�TAPE�PUNCH�
OR�THE�SPEAKER��AND�SO�ON��$URING�THE�TRANSFER�THE�DATA�COULD�
UNDERGO�TRANSFORMATION��SUCH�AS�BEING�SUBTRACTED��OR�ADDED��
4HE�INSTRUCTION�SET�PARTITIONED�THE���
BIT�DIGITAL�WORDS�INTO�
THREE�COMPONENTS��A��
BIT�@DESTINATION���A��
BIT�@SOURCE��AND�
A���
BIT�DATA�ADDRESS��4HE���
BIT�DATA�ADDRESS��IF�IT�APPLIED�TO�
THE�MAIN��MERCURY�DELAY�LINE	�STORE�WAS�FURTHER�SUB
DIVIDED�
INTO�TWO��
BIT�COMPONENTS��ONE�TO�SELECT�WHICH�MERCURY�DELAY�
LINE�THE�DATA�WAS�IN�AND�ANOTHER�TO�SELECT�THE�POSITION��OR�TIME��
OF� THE� DATA� IN� THAT� DELAY� LINE�� "ECAUSE� THE� MEMORY� WAS� A�
RECIRCULATING�DELAY�LINE�AND�THE�WHOLE�MACHINE�ARCHITECTURE�
WAS�SERIAL��IT�WAS�REQUIRED�TO�WAIT�UNTIL�A�PARTICULAR�MEMORY�
LOCATION�WAS�AVAILABLE�FOR�READING��4HE�SHORT�WORD�LENGTH�WAS�
LIMITED�IN�ITS�MATHEMATICAL�PRECISION��BUT�IT�WAS�GOOD�ENOUGH�
FOR�MOST�OF�THE�ENGINEERING�CALCULATIONS�THAT�THE�#3)2�-K��
WAS� TO� PERFORM�� &OR� FURTHER� PRECISION�� MULTIPLE� WORD� AND�
mOATING�POINT�ARITHMETIC�REPRESENTATIONS�AND�ROUTINES�WERE�
DEVELOPED��4HESE�OCCUPIED�MORE�OF�THE�LIMITED�MEMORY�SPACE�
AND�TOOK�LONGER�TO�COMPUTE�THAN�THE�SIMPLER�SYSTEM�

"ECAUSE� OF� THE� SERIAL� ARCHITECTURE�� THERE� IS� NO� SIMPLE�
EQUIVALENT� IN� THE� #3)2� -K�� TO� THE� COMMON� MODERN�
COMPUTER�CONCEPT�OF�@CLOCK�FREQUENCY���WHICH�IS�USUALLY�THE�
HIGHEST�FREQUENCY�OF�DATA�TRANSFER�OR�OPERATION��4HERE�WERE�
SEVERAL�TIMING�CLOCKS��OR�PULSES��USED�IN�THE�#3)2�-K���-OST�
IMPORTANT�FOR�THE�PURPOSES�OF�THE�MEMORY�ACCESS�TIMES�AND�
SOUND�PRODUCTION�IS�THE��M3��REALLY����«3�OR�ALMOST�����(Z	�
MAJOR
CYCLE�PULSE��4HIS�IS�THE�TIME�REQUIRED�FOR�ONE�WORD�TO�
TRANSVERSE� THE�MEMORY�DELAY� LINE��&OR� THE�#3)2�-K��� AT� A�
MINIMUM��ONE�MAJOR
CYCLE�WAS�REQUIRED�TO�FETCH�A�DATA�WORD�
AND�ANOTHER�MAJOR
CYCLE�WAS�REQUIRED�TO�EXECUTE�OR�TRANSFER�
IT��4HUS��TWO�MAJOR
CYCLES�IS�THE�MINIMUM�TIME�TO�EXECUTE�
AN� INSTRUCTION�� BUT� IF� AN� OPPORTUNITY� IS� MISSED� TO� ACCESS� A�
MEMORY�ADDRESS�THEN�IT�COULD�TAKE��M3�OR��M3�
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!S� A� RESULT� OF� THE� #3)2� -K��S� SERIAL� ARCHITECTURE�� THE�
TIMING� OF� INSTRUCTIONS� AND� MEMORY� ACCESS� COULD� VARY� AND�
THIS� WAS� CRITICAL� TO� SOME� APPLICATIONS�� SUCH� AS� PRODUCING� A�
REPEATABLE�SOUND��5NDERSTANDING�THE�MACHINE�TIMING�ISSUES�
IS� THE� KEY� TO� UNDERSTANDING� HOW� THE� MUSIC� WAS� PRODUCED��
%ACH� MEMORY� TUBE� WAS� A� DELAY� LINE�� SO� THE� DATA� IN� EACH�
POSITION�IN�A�MEMORY�TUBE�REQUIRED�A�DIFFERENT�TIME�TO�ACCESS��
)T�WAS�POSSIBLE�TO�CALCULATE�THIS�TIME�AND�DETERMINE�HOW�LONG�
AFTER� THE� START� OF� A� CLOCK� OR� ACCESS� CYCLE� THE� DATA� WAS� READ��
.UMBERS�WERE�PLACED�IN�SPECIlC�MEMORY�LOCATIONS�IN�SUCH�
A�WAY�THAT�WHEN�THEY�WERE�READ�OUT�AND�SENT�TO�THE�SPEAKER��
THEY�WERE�PULSES�WITH�A�PRE
DETERMINED�PERIOD��)N�THIS�WAY�
A�PREDICTABLE�PITCH�WAS�PRODUCED�AND�USED�TO�CREATE�MUSICAL�
MELODIES��

4WO�OF�THE�#3)2�-K��RACKS�OPENED�TO�SHOW�THE�WIRING�

2ON�"OWLES�� A� LONG
TIME�MAINTENANCE� ENGINEER� AND� THE�
PERSON�WHO�ACCOMPANIED�THE�#3)2�-K��TO�-ELBOURNE��KNOWS�
MOST�ABOUT�THE�MEMORY�AND�MACHINE�TIMING��
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@7ELL�� SOMETHING� WE� CALLED� hSPEED
UPv� OCCURRED� AT� VARIOUS�
TIMES� IN� THE� PROCESSING� OR� FETCHING� OF� DATA� OR� INSTRUCTIONS��
3PEED
UP� OCCURRED� IN� BOTH� HALVES� OF� THE� COMPUTER� CYCLE��
4HE�CYCLE�WAS�SPLIT� IN�HALF�� )N�THE�lRST�HALF�� THE� INSTRUCTION�
WAS� EXTRACTED� FROM� THE� MEMORY� AND� THE� DECODING� PROCESS�
WAS� SET� UP�� )N� THE� SECOND� HALF� OF� THE� CYCLE� THE� INSTRUCTION�
WAS�DECODED�TO�DETERMINE�WHAT�WAS�REQUIRED�TO�BE�DONE�AND�
THE�INSTRUCTION�WAS�EXECUTEDx�)N�THE�lRST�HALF�OF�THE�CYCLE��
THE� POSITION� OF� THE� INSTRUCTION� IN� THE� ��� DIFFERENT� POSSIBLE�
TIMING� POSITIONS� IN� THE� MEMORY
TUBE� DETERMINES� HOW� FAR�
ALONG� IN� THE� COMPUTER� CYCLE� THE� MACHINE� MUST� BE� BEFORE�
THE� INSTRUCTION� IS� AVAILABLE�� 2EMEMBER� THAT� #3)2!#� IS� A�
SERIAL�COMPUTER��)F�THE�INSTRUCTION�OCCURS�EARLY�ENOUGH�IN�THE�
MEMORY��THE�FETCHING�OF�IT�CAN�BE�COMPLETED�IN��M3�INSTEAD�
OF��M3��!LSO��WHILE�DECODING�AND�EXECUTING�THE�INSTRUCTION�
THERE�MAY�BE�SPEED
UP�BECAUSE�WITHIN�THE�INSTRUCTION�ITSELF�
IS� AN� ADDRESS� x� THAT� COULD� BE� THE� MEMORY� OR� A� REGISTER��
.OW�DEPENDING�ON�THAT�ADDRESS�� IF� IT�S�EARLY�ENOUGH� IN�THE�
COMPUTER�S�CYCLE��THEN�THE�INSTRUCTION�WILL�BE�lNISHED�IN��M3��
�!CTUALLY��IT�S����«3��BUT�WE�ALWAYS�SAID��M3�	�4HUS��THERE�S�A�
TOTAL�TIME�OF��M3�TO�FETCH��DECODE�AND�EXECUTE�AN�INSTRUCTION��
WHICH�IS�AS�FAST�AS�THE�COMPUTER�COULD�OPERATE��!�COMPUTER�
CYCLE�COULD�THUS�TAKE��M3���M3�OR��M3�TO�COMPLETE�BEFORE�
THE� NEXT� INSTRUCTION� COULD� BE� UNDERTAKEN� x� 3O� THE� MAIN�
THING�AFFECTING� THE� TIMING� IS�WHERE� THE� INFORMATION�OCCURS�
IN�MEMORY�� IN�WHICH�OF� THE����POSITIONS��4HUS�� THE�WAY�TO�
VARY�THE�TIME�IN�WHICH�THE�INSTRUCTION�ACTUALLY�TAKES�PLACE�IS�
BY�VARYING�THE�ADDRESS�PART�OF�THE�INSTRUCTION�FOR�WHATEVER�
YOU�ARE�USING�FOR�THE�SOURCE��3O��EVEN�WITH�A�CONSTANT�TIME�
FOR�THE�WHOLE�OPERATION��THE�TIME�FOR�A�PULSE�TO�BE�SENT�TO�THE�
SPEAKER�COULD�BE�VARIED�BACKWARDS�AND�FORWARDS��3OMETIMES��
SUCCESSIVE�0��SPEAKER	� INSTRUCTIONS�WOULD�BE�IN�A� LOOP�WITH�
DIFFERENT�ADDRESSES�SO�THAT�COMBINED�TOGETHER�THEY�GAVE�THE�
DESIRED�RESULT��4HIS�IS�HOW�THE�HIGH�NOTES�WERE�ACHIEVED�WITH�
ANY�PRECISION�AT�ALL�x�4HE�NOTES�PRODUCED�BY�THE�SPEAKER�ARE�
DETERMINED�BY�THE�TIME�INTERVALS�BETWEEN�SUCCESSIVE�SPEAKER�
INSTRUCTIONS�RATHER�THAN�THE�COMPUTER�CYCLE�TIMES�IN�THAT�SET�
OF�INSTRUCTIONS��/F�COURSE��THESE�TIME�INTERVALS�ARE�INTIMATELY�
ASSOCIATED�WITH�THE�COMPUTER�CYCLE�TIMES��

4HE�THREE�ARITHMETIC�REGISTERS�� TWO�CONTROL�REGISTERS�AND�
THE� HALF� �(	� REGISTER�� SHOWN� BELOW� IN� THEIR� FOUR
FOOT� LONG�
WOODEN� BOX�� WERE� ALSO� MERCURY� ACOUSTIC� DELAY� LINES�� %ACH�
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ONE�STORED�A�SINGLE���
BIT�WORD��EXCEPT�THE�(�REGISTER��WHICH�
STORED�ONLY����BITS��

4HE�ARITHMETIC�REGISTERS��CONTROL�REGISTERS�AND�(�REGISTER�MERCURY�DELAY�
LINES�

4HERE�WERE�ABOUT������ELECTRONIC�VALVES�USED�IN�THE�#3)2�
-K���WHICH�FORMED�ITS�LOGIC�CIRCUITS��4HESE�ELECTRONIC�DEVICES�
WERE� NOT� AS� RELIABLE� AS� THE� SOLID
STATE� DEVICES� USED� TODAY��
4HEIR�MEAN� TIME�BETWEEN� FAILURE�WAS�ABOUT������HOURS�� )T�
IS�EASY�TO�SEE�THAT�IN�THEORY�THE�#3)2�-K��WAS�NOT�LIKELY�TO�
RUN�FOR�MORE�THAN�AN�HOUR�WITHOUT�A�BREAKDOWN��)N�PRACTICE��
IT�WAS�CONSIDERABLY�BETTER�THAN�WOULD�BE�EXPECTED��4HIS�WAS�
LARGELY� DUE� TO� AN� ELABORATE� SYSTEM� OF� AUTOMATIC� POWER
ON�
DELAYS�IN�THE�START
UP�SEQUENCE��/CCASIONALLY��THE�lRST�TIME�
THE�MACHINE�WAS�TURNED�ON�IN�THE�MORNING��THERE�WOULD�BE�
ONE�OR�MORE�FAULTY�VALVES��4HE�MACHINE�WOULD�BE�POWERED�
UP� AND� STRESS� TESTED� BY� VARYING� THE� MAIN� VOLTAGES� ON� THE�
VALVES��7HEN�THE�ENGINEERS�HAD�lNISHED�WITH�THE�MORNING�
DIAGNOSTICS��IT�WOULD�PROVIDE�SEVERAL�HOURS�OF�FAULT
FREE�SERVICE��
(OWEVER��AS�IT�WOULD�SOMETIMES�BREAK�DOWN�DURING�THE�DAY��
IT�WAS�COMMON�TO�RUN�PROGRAMS�MORE�THAN�ONCE�TO�CHECK�THE�
RESULTS��)MPORTANT�PROGRAMS�WERE�RUN�SEVERAL�TIMES��,UCKILY��
THE�MAINTENANCE�ENGINEERS�BECAME�VERY�SKILFUL�AND�ADEPT�AT�
QUICKLY�DIAGNOSING�AND�lXING�THE�PROBLEMS��4HE�#3)2�-K��
WAS�NEVER�LEFT�ON�OVERNIGHT�TO�IMPROVE�RELIABILITY�BECAUSE�IT�
WOULD�HAVE�BEEN�UNATTENDED�FOR�TWELVE�HOURS�AND�HAVE�POSED�
A�lRE�HAZARD��BESIDES�WHICH� IT�WAS�UNNECESSARY�DUE� TO� THE�
CONTROLLED�POWER
ON��4HE�AMBIENT�TEMPERATURE�AND�THE�HEAT�
GENERATED�BY�THE�#3)2�-K���OR�#3)2!#��AFFECTED�THE�LENGTH�
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OF�THE�MEMORY�DELAY
LINE�TUBES�AND�THUS�THE�PROPAGATION��OR�
CIRCULATION��TIME�OF�THE�TUBES��4O�HELP�OVERCOME�THIS�PROBLEM�
THERE�WAS�A�SPECIAL�ADDITIONAL�DELAY�LINE�THAT�HELD�ONE�PULSE�IN�
THE�THERMALLY�INSULATED�MAIN�MEMORY�BOX��CALLED�THE�COFlN	�
WHICH� WAS� USED� FOR� CLOCK� TIMING� ADJUSTMENT�� 7HEN� THERE�
WAS�VARIATION�IN�THE�MEMORY�PROPAGATION�TIME�AS�A�FUNCTION�
OF�TEMPERATURE��THIS�DELAY�LINE��KEPT�AT�THE�SAME�TEMPERATURE�
AS�THE�MEMORY��WOULD�COMPENSATE�FOR�IT�AND�ADJUST�THE�CLOCK�
FREQUENCY��4HIS�KEPT�THE�REST�OF�THE�MACHINE�IN�SYNC�WITH�THE�
TIMING�OF�THE�MEMORY�DELAY
LINES��

4HE�#3)2�-K��WAS��IN�MANY�WAYS��OPERATED�LIKE�A�MODERN

DAY� PERSONAL� COMPUTER�� 4HE� OPERATOR� SAT� AT� THE� COMPUTER�
CONSOLE��PRESSED�SWITCHES��AND�WATCHED�DISPLAYS��4HERE�WAS�A�
SWITCH�PANEL�THAT�CONTAINED�THREE�REGISTERS�OF�SWITCHES��START�
AND�STOP�SWITCHES�AND�SO�ON��/N�#3)2!#�S�GREATLY�ENHANCED�
CONSOLE�� POST
������ THERE� WAS� ALSO� A� ROW� OF� #24� DISPLAYS�
THAT�SHOWED�SUCH�THINGS�AS�THE�STATE�OF�VARIOUS�PARTS�OF�THE�
MACHINE�AND�ANY�BANK�OF����WORDS�IN�THE�MAIN�MEMORY��4HE�
SPEAKER�HAD�VARIOUS�LOCATIONS��IN�-ELBOURNE�IT�WAS�SITUATED�
IN� THE� DOOR� OF� THE� CONSOLE�� IN� 3YDNEY� IT� WAS� ULTIMATELY�
SITUATED�IN�THE�MUCH�SMALLER�CONSOLE��BUT�IN�THE�����n�����
PERIOD� IT� WAS� ATTACHED� TO� A� RACK�� /F� COURSE�� THE� #3)2� -K��
HAD�NO�OPERATING�SYSTEM��7HEN�IT�WAS�SWITCHED�ON�ONE�HAD�
A�VERY�BLANK�MACHINE��AND�A�FEW�INGENIOUS�SOLUTIONS�TO�THE�
PROBLEM� OF� HOW� TO� BOOTSTRAP� THE� MACHINE� WERE� DEVELOPED��
4HESE� INVOLVED� VARIOUSLY�� ENTERING� CODES� MANUALLY� ON� THE�
CONSOLE��A�TELEPHONE�EXCHANGE�UNISELECTOR��A�SPECIALISED�TAPE�
INSTRUCTION�THAT�COULD�BE�STEPPED�THROUGH�FROM�THE�CONSOLE�
AND�THE�LIKE�
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4WELVE�HOLE�PUNCHED�PAPER�TAPE�READER��USED�TO�LOAD�PROGRAMS�AND�DATA�
INTO�#3)2!#�

!�FEW�#3)2!#�FACTS�AND�lGURES�
�� 5SED�OVER������VALVES
�� 2EQUIRED��������WATTS
�� 7EIGHED�����KG
�� ����WORDS�OF�MAIN�MEMORY��ONE�STORAGE�@WORD��IS�IN�EFFECT�

EQUAL�TO�TWO�BYTES	
�� �����WORDS�OF�DISK�STORAGE
�� �����-(Z�MAJOR
CYCLE�FREQUENCY��ACHIEVING�������-)03
�� /CCUPIES����SQUARE�METRES
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$IAGRAM�OF�THE�#3)2�-K��ARCHITECTURE�AS�ORIGINALLY�CONCEIVED��C��
������-UCH�OF�THIS�WAS�NEVER�IMPLEMENTED��SUCH�AS�HARDWARE�FOR�
MATHEMATICAL�DIVISION�AND�ROOTS��MAGNETIC�WIRE�INPUT�AND�PHOTOGRAPHIC�
lLM�OUTPUT�
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-USIC�AND�4ECHNOLOGY�IN�THE�4IME�OF�#3)2!#

)T�IS�USEFUL�TO�PUT�THE�ACTIVITIES�OF�THE�#3)2�-K��INTO�HISTORICAL�
CONTEXT�� 4HERE� WAS� SIGNIlCANT� ACTIVITY� IN� ELECTRONIC� MUSIC�
BEFORE�THE�DEVELOPMENT�OF�THE�#3)2�-K��AND�BEFORE�THE�MORE�
EXPERIMENTAL� AND� ADVENTUROUS� MUSICAL� DEVELOPMENTS� AFTER�
7ORLD�7AR� ))��!T� ABOUT� THE� TURN�OF� THE� CENTURY��4HADDEUS�
#AHILL� CREATED� THE� lRST� MAJOR� ELECTRONIC� INSTRUMENT�� THE�
@4ELHARMONIUM���(IS�INSTRUMENT��PLAYED�VIA�A�KEYBOARD��WAS�
QUITE� LARGE� AND� IMMOBILE�� 4HE� 4ELHARMONIUM� GENERATED�
SINE�TONES�WITH�ROTATING�ELECTRIC
DYNAMOS�AND�IT�DISTRIBUTED�
THE� OUTPUT�� WITHOUT� AMPLIlCATION�� OVER� TELEPHONE� LINES� TO�
SPEAKERS�IN�HOTELS��RESTAURANTS�AND�PRIVATE�HOMES��

$URING�THE�����S� IN�-OSCOW��,EON�4HEREMIN��WHO�HAD�
BEEN� WORKING� AS� A� +'"� AGENT	�� DEVELOPED� THE� INSTRUMENT�
NAMED�AFTER�HIM��WHICH�WAS�PLAYED�BY�THE�PERFORMER�MOVING�
HIS�HANDS�NEAR�TWO�ANTENNAE��4HE�TONE�GENERATION�TECHNIQUE�
OF�THE�4HEREMIN�WAS�A�FAIRLY�SINUSOIDAL�VALVE
OSCILLATOR��WHICH�
SOUNDED�SOMETHING�LIKE�A�CONTINUOUS�VIOLA��CLARINET�OR�VOCAL�
TONE��)T�WAS�CAPABLE�OF�CONTINUOUS�PITCH�CHANGE�BECAUSE�THE�
CAPACITIVE�COUPLING�OF� THE�HANDS� TO�ONE�ANTENNA�CONTROLLED�
THE� PITCH� OF� AN� OSCILLATOR�� 4HE� OTHER� ANTENNA� CONTROLLED�
VOLUME��4HE�4HEREMIN� WAS� THE� lRST� ELECTRONIC� INSTRUMENT�
WITH�A�UNIQUE�PERFORMANCE�TECHNIQUE�

4HROUGHOUT� THE� ����S� AND� ����S�� MANY� OTHER� ELECTRIC�
AND� ELECTRONIC� INSTRUMENTS� WERE� DEVELOPED� SUCH� AS� THE�

@3PHËROPHON�������	��THE�@$YNAPHONE�������n����	�AND�SO�ON��
4WO�THAT�WERE�POPULAR�AT�THE�TIME�ARE�THE�@/NDES�-ARTENOT��
�����	� AND� THE� @4RAUTONIUM�� �����	�� 4HESE� ACHIEVED� SOME�
ENDURING� REPUTATION� BECAUSE� MAJOR� COMPOSERS� COMPOSED�
WORKS� FOR� THEM�� OR� WORKS� THAT� INCLUDED� THESE� INSTRUMENTS��
4HE�4HEREMIN�IS�STILL�POPULAR��BUT�THAT�IS�POSSIBLY�BECAUSE�OF�
ITS�UNIQUE�PERFORMANCE�TECHNIQUE��(OWEVER��APART�FROM�THE�
4HEREMIN��THESE�INSTRUMENTS�WERE�PREDOMINANTLY�KEYBOARD�
ORIENTED��!LL�OF�THEM�WERE�CAPABLE�OF�MONOPHONIC�MELODIC�
OUTPUT��BUT�MOST�OF�THEM�WERE�SHORT
LIVED��4HEY�WERE�ALSO�
MOSTLY�USED� TO�PERFORM� TRADITIONAL�MUSIC��4HE�@(AMMOND�
/RGAN�� �����	� WAS� A� DIFFERENT� AND� COMMERCIALLY� MORE�
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SUCCESSFUL� DEVELOPMENT� WHICH� WAS� ALSO� USED� LARGELY� IN� A�
MUSICALLY�TRADITIONAL�MANNER��

4HE� @%LECTRONIC� 3ACKBUT�� WAS� DEVELOPED� BY� (UGH� ,E�
#AIN� IN�#ANADA�� JUST�AFTER�7ORLD�7AR� ))�� )T�HAD�A�PRESSURE

SENSITIVE�KEYBOARD�THAT�WOULD�ALLOW�THE�PITCH�TO�BE�VARIED��OR�
SMOOTHLY�SLIDE��FROM�ONE�NOTE�TO�ANOTHER��OVER�A�RANGE�OF�UP�
TO�AN�OCTAVE��4HERE�WAS�ALSO�THE�FACILITY�WITH�THE�ELECTRONIC�
3ACKBUT�TO�ADD�VARIOUS�BUZZING�AND�OTHER�NOISES�TO�AID�MUSICAL�
AND� TIMBRAL� VARIETY�� #3)2!#� WAS� SIMILAR� TO� MOST� OF� THESE�
INSTRUMENTS�IN�THAT�IT�WAS�ALSO�USED�IN��BUT�NOT�RESTRICTED�TO��
A�MUSICALLY�TRADITIONAL�SENSE�BECAUSE�IT�PLAYED�MELODIES�FROM�
THE�STANDARD�REPERTOIRE�OF�INSTRUMENTAL�MUSIC�

4HERE� WERE� OTHER� DEVELOPMENTS� AT� THIS� TIME� THAT� USED�
ELECTRONICS��WHICH�TOOK�A�FRESH�AND�LESS�MUSICALLY�RESTRICTIVE�
APPROACH� TO� BOTH� SOUNDS� AND� MUSIC� ITSELF�� 0ERCY� 'RAINGER��
AFTER� WRITING� @&REE� -USIC�� FOR� MULTIPLE� 4HEREMINS� AND�
BECAUSE� OF� HIS� INTEREST� IN� FREE� MUSIC�� DEVELOPED� HIS� OWN�
ELECTRONIC�MUSICAL�INSTRUMENTS�WITH�THE�ASSISTANCE�OF�"URNETT�
#ROSS��4HE�#ROSS
'RAINGER�@&REE�-USIC�-ACHINES���ONE�WAS�
CALLED�THE�@+ANGAROO
0OUCH�	��DEVELOPED� IN�THE�EARLY�����S�
THROUGH�TO�THE�END�OF�THE�����S��TYPICALLY�USED�GRAPHS�DRAWN�
ON�A�CONTINUOUS�ROLL�OF�PLASTIC�OR�CUT�OUT�OF�A�ROLL�OF�PAPER�TO�
CONTROL�EIGHT�OSCILLATORS�SYNCHRONOUSLY��4HESE�COULD�PLAY�ANY�
PITCH�AND�ANY�RHYTHM�WITHIN�THEIR�RANGE��3IMILARLY��(UGH�,E�
#AIN�S�@#ODED�-USIC�!PPARATUS�������	��ALLOWED�THE�CONTROL�
OF� SOUND� SYNTHESIS� BY� lVE� CURVES�� ONE� EACH� FOR� PITCH� AND�
AMPLITUDE�AND�THREE�FOR�TIMBRE�

-OST�EARLY�ELECTRONIC�MUSICAL� INSTRUMENTS�WERE�USED�TO�
PLAY�ELECTRONIC�RENDITIONS�OF�STANDARD�REPERTOIRE�AND�NOT�TO�
CREATE�NEW�MUSIC��4HE�REAL�HISTORY�AND�LEGACY�OF�ELECTRONIC�
MUSIC� COMES� FROM�DEVELOPMENTS�WHICH�HAPPENED�AT� ABOUT�
THE�SAME�TIME�THAT�#3)2!#�WAS�BEING�PLANNED�AND�BUILT�AND�
AGAINST�THE�BACKGROUND�OF�THE�GREAT�ARTISTIC�EXPANSION�AFTER�
7ORLD�7AR�))�� *UST�BEFORE� THAT�WAR�� IN������� THE� INmUENTIAL�
!MERICAN� COMPOSER� AND� MUSICAL� THINKER� *OHN� #AGE��
DELIVERED�A�SPEECH�WHICH�ARTICULATED�THE�IDEAS�AND�AESTHETIC�
WHICH�WOULD�SHAPE�MUCH�OF�MUSIC��INCLUDING�ELECTRONIC�AND�
COMPUTER� MUSIC�� FROM� THAT� TIME� AND� PARTICULARLY� AFTER� THE�
END�OF�7ORLD�7AR�))��)N�PART��#AGE�PROPHETICALLY�SAID��
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@)�BELIEVE�THAT�THE�USE�OF�NOISE�TO�MAKE�MUSIC�WILL�CONTINUE�AND�
INCREASE�UNTIL�WE�REACH�A�MUSIC�PRODUCED�THROUGH�THE�AID�OF�
ELECTRICAL�INSTRUMENTS�WHICH�WILL�MAKE�AVAILABLE�FOR�MUSICAL�
PURPOSES�ANY�AND�ALL�SOUNDS�THAT�CAN�BE�HEARD��0HOTOELECTRIC��
lLM��AND�MECHANICAL�MEDIUMS�FOR�THE�SYNTHETIC�PRODUCTION�
OF�MUSIC�WILL�BE�EXPLORED��7HEREAS��IN�THE�PAST��THE�POINT�OF�
DISAGREEMENT�HAS�BEEN�BETWEEN�DISSONANCE�AND�CONSONANCE��
IT� WILL� BE�� IN� THE� IMMEDIATE� FUTURE�� BETWEEN� NOISE� AND� SO

CALLED�MUSICAL�SOUNDS��4HE�PRESENT�METHODS�OF�WRITING�MUSIC��
PRINCIPALLY�THOSE�WHICH�EMPLOY�HARMONY�AND�ITS�REFERENCE�TO�
PARTICULAR�STEPS�IN�THE�SOUND�lELD��WILL�BE�INADEQUATE�FOR�THE�
COMPOSER��WHO�WILL�BE�FACED�WITH�THE�ENTIRE�lELD�OF�SOUND��

!GAINST� THIS� BACKGROUND� AND� WITH� THE� SPIRIT� OF� FREEDOM��
RECONSTRUCTION�AND�LIBERATION�ARTISTS�FELT�AFTER�7ORLD�7AR�))��
ELECTRONIC�MUSIC�BLOSSOMED��)N�THE�lELD�OF�ELECTRONIC�MUSIC��
THERE�WERE�TWO�SIGNIlCANT�EMERGING�DEVELOPMENTS��@-USIQUE�
CONCRÒTE�� WAS� ESTABLISHING� ITSELF� IN� THE� LATE� ����S� THROUGH�
THE� ACTIVITIES� OF�0IERRE�3CHAEFFER� AND�0IERRE�(ENRY�� &RENCH�
2ADIO��2ADIODIFFUSION�4ÏLÏVISION�&RAN AISE��24&	�SET�UP�THE�
lRST� ELECTRONIC� MUSIC� STUDIO� IN� ����� FOR� USE� BY� 3CHAEFFER�
AND� (ENRY�� -USIQUE� CONCRÒTE� USES� MICROPHONE
RECORDED�
SOUNDS�� COMPARED� TO� THE� SYNTHETICALLY� GENERATED� SOUNDS�
OF� PURE� ELECTRONIC� MUSIC�� 4HESE� EVERYDAY� SOUNDS�� SUCH� AS�
VOICES��NOISES��INSTRUMENTS�AND�THE�LIKE��ARE�OFTEN�USED�WITH�
MODIlCATIONS��INCLUDING�BEING�PLAYED�BACKWARDS��AT�DIFFERENT�
SPEEDS��OR�WITH�lLTERING��!�MONTAGE�OF�THE�SOUNDS�IS�RECORDED�
TO�TAPE�FOR�PERFORMANCE��4HIS�CAN�BE�SEEN�AS�A�PRE
CURSOR�OF�
MODERN�DAY�MUSICAL�@SAMPLING���)NITIALLY��THE�TECHNOLOGY�USED�
TO�RECORD�AND�MANIPULATE�THE�SOUNDS�WAS�DIRECT�DISC
CUTTING�
LATHES��4APE�RECORDERS�BECAME�MORE�READILY�AVAILABLE�IN�THE�
LATE�����S�AND�MUSIQUE�CONCRÒTE�TOOK�GREAT�ADVANTAGE�OF�THE�
mEXIBLE� EDITING� AND� MANIPULATION� THAT� THEY� MADE� POSSIBLE��
/THER�COMPOSERS��SUCH�AS�$ARIUS�-ILHAUD��0AUL�(INDEMITH��
0ERCY�'RAINGER�AND�%RNST�4OCH�HAD�ALSO�USED�MANIPULATION�
OF�RECORDED�SOUNDS�IN�COMPOSITIONS�AND�IN�CONCERTS�AS�EARLY�
AS�THE�����S��4HEY�HAD�ONLY�VARIABLE
SPEED�PHONOGRAPHS�TO�
WORK�WITH��4HE�TECHNOLOGY�OF�THE�DAY��SUCH�AS�SOUND�RECORDING�
EQUIPMENT�� MADE� THE� TECHNIQUES� OF� MUSIQUE� CONCRÒTE� AND�
THESE�ARTISTIC�DEVELOPMENTS�POSSIBLE�
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!NALOG� ELECTRONIC� MUSIC� WAS� THE� OTHER� AREA� OF� INTENSE�
INTEREST� WHERE�� AS� DISTINCT� FROM� MUSIQUE� CONCRÒTE�� SOUNDS�
ARE�GENERATED�PURELY�BY�ELECTRONIC�MEANS��5SING�OSCILLATORS��
lLTERS� AND� ELECTRONIC� MODIlCATION� OF� THE� DEVELOPED� SOUNDS��
MUSIC� IS� CREATED� AND� RECORDED� TO� AUDIO� TAPE�� OFTEN� USING�
MONTAGE�TECHNIQUES��3INE�WAVE�GENERATORS�WERE�THE�INITIALLY�
FAVOURED� SOURCE� OF� SIGNALS� AND� ONE� FREQUENCY� WOULD� BE�
RECORDED� TO� EACH� TRACK� OF� A� MULTI
TRACK� TAPE� RECORDER��4HIS�
WAS� THEN� COMBINED� THROUGH� A� MIXER� ONTO� A� SINGLE� TRACK�
OF� ANOTHER� TAPE� RECORDER�� /THER� EFFECTS� AND� MODIlCATIONS��
SUCH� AS� lLTERING�� REVERBERATION� AND� SO� ON� COULD� BE� ADDED�
LATER��3OUNDS�CREATED�IN�THIS�WAY�WERE�THEN�COMBINED�WITH�
EDITING� AND� MIXING� TECHNIQUES� TO� CREATE� A� MUSICAL� WORK��
3OME�OF� THE�MAIN�COMPOSERS�WHO�PIONEERED�THIS�WORK�ARE�
'OTTFRIED� -ICHAEL� +OENIG�� +ARLHEINZE� 3TOCKHAUSEN�� +AREL�
'OEYVAERTS�� AND� (ERBERT� %IMERT�� 4HE� #OLOGNE� ELECTRONIC�
MUSIC�STUDIO�WAS�IN�DEVELOPMENT�AT�7ESTDEUTCHER�2UNDFUNK�
�7$2	� CIRCA� ������ AND� SIMILAR� EXPERIMENTS� WERE� TAKING�
PLACE� IN� MOST� TECHNOLOGICALLY� ADVANCED� COUNTRIES�� 3UCH�
A� MUSICAL� DEVELOPMENT� WAS� SIMILARLY� DEPENDENT� ON� THE�
AVAILABLE�TECHNOLOGY�OF�ELECTRONIC�OSCILLATORS��lLTERS�AND�TAPE�
RECORDERS��

-USICAL� SEQUENCE� PLAYING�� WHICH� IS� EFFECTIVELY� WHAT�
#3)2!#� DID�� HAS� A� HISTORY� THAT� DATES� BACK� TO� THE� ����S�
WITH� MECHANICAL� CARILLONS�� 4HIS� CONTINUED� THROUGH� OTHER�
INSTRUMENTS� SUCH� AS� THE� MECHANICAL� ORGAN� �FOR� WHICH�
-OZART� WROTE� SEVERAL� PIECES	�� CLOCKWORK� mUTES�� ELABORATE�
MUSIC� BOXES� AND� EVEN� SOME� INSTRUMENTS�� FOR� EXAMPLE� THE�

@0ANHARMONICON��� TO� REPRODUCE� AN� ENTIRE� ORCHESTRA�� ,ATE� IN�
THE���TH�CENTURY��PERFORATED�PAPER�ROLLS�WERE�USED�TO�CONTROL�
VARIOUS�INSTRUMENTS��INCLUDING�THE�PLAYER�PIANO��TO�VERY�GOOD�
EFFECT��

!�SYNTHESISER�WHICH�HAD�SOME�SIMILARITIES�TO�#3)2!#�WAS�
THE� 2#!� @%LECTRONIC� -USIC� 3YNTHESISER�� OF� THE� MID� ����S��
WHICH�WAS�CONTROLLED�WITH�TWO�PUNCHED�PAPER�TAPES��)T�WAS�
REPORTED� THAT� THE� INFORMATION� WAS� ENCODED� BY� A� lENDISH�
COMBINATION�OF��
BIT�BINARY�SWITCHES��4HE�2#!�SYNTHESISER�
WAS� ROOM
SIZED�� HAD� ���� VALVES�� COULD� PLAY� FOUR
PART�
POLYPHONY� AND� HAD� CONTROLS� FOR� PORTAMENTO� AND� TREMOLO��
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4HE� PUNCHED� PAPER� TAPE� CONTROL� ALLOWED� FOR� THE� PRECISE�
CONTROL� AND� VARIATION� OF� NOT� ONLY� PITCH� AND� TIME�� BUT� ALSO�
OTHER�PARAMETERS�SUCH�AS�TIMBRE�

)N�ADDITION��AS�AN�ARTISTIC�MUSICAL�DEVELOPMENT�AT�THE�TIME�
#3)2!#� WAS� BEING� DESIGNED� AND� BUILT�� *OHN� #AGE�� 0IERRE�
"OULEZ�AND�OTHERS�WERE�WRITING�ADVANCED�INSTRUMENTAL�MUSIC��
DEVELOPING�NEW�COMPOSITION�THEORIES�AND�CERTAINLY�BECOMING�
INTERESTED�IN�ELECTRONIC�MUSIC��)T�IS�AGAINST�THIS�BACKGROUND��
BUT� IN� ISOLATION��THAT�#3)2!#�lRST�PLAYED�MUSIC��7HILE�THE�
MUSICAL�OUTPUT�OF�#3)2!#�WAS�UNIMAGINATIVE�COMPARED�TO�
MANY�OF�THE�MUSICAL�DEVELOPMENTS�EMERGING�DURING�ITS�EARLY�
YEARS��THERE�WAS�CONSIDERABLE�IMAGINATION�REQUIRED�TO�USE�A�
GENERAL�COMPUTING�MACHINE�TO�PLAY�MUSIC�AND�THERE�WAS�A�
GREAT�DEAL�OF�INGENUITY�REQUIRED�IN�DEVISING�THE�TECHNIQUES�
AND�PROGRAMS�TO�PLAY�IT��

#OMPUTER�MUSIC�DEVELOPED�QUICKLY�IN�OTHER�AREAS�WHERE�
COMPOSERS� WERE� INVOLVED� FROM� THE� EARLY� DEVELOPMENTS��
)NTERESTINGLY�� THESE� DEVELOPMENTS� TOOK� PLACE� AT� ABOUT� THE�
SAME� TIME�AS�4HOMAS�#HERRY�DEVELOPED�HIS�0ARAMETERISED�
-USIC� 0ROGRAMME� FOR� #3)2!#�� #OMPUTER� MUSIC� HAD� TWO�
MAIN� STREAMS� OF� ACTIVITY�� COMPUTER
ASSISTED� COMPOSITION�
AND�SOUND�SYNTHESIS��#OMPUTER
ASSISTED�COMPOSITION��WHERE�
THE� COMPUTER� PRODUCES� �DATA� FOR	� A� SCORE�� DEVELOPED� FROM�
THE� EARLY� WORK� OF� ,EJAREN� (ILLER� AND� ,EONARD� )SAACSON�
WHICH� STARTED� LATE� IN� ����� AT� THE� 5NIVERSITY� OF� )LLINOIS��
4HIS� RESULTED� IN� THE� LANDMARK�PIECE�@)LLIAC�3UITE� FOR�3TRING�
1UARTET�� IN� ������ /THER� COMPOSERS� QUICKLY� FOLLOWED� THIS�
WORK�WITH�DEVELOPMENTS�OF�THEIR�OWN��)N�0ARIS�FROM�ABOUT�
������ )ANNIS� 8ENAKIS� DEVELOPED� MUSIC� PROGRAMS� THAT�
MODELLED�HIS�COMPOSITIONAL�PROCESSES��WHICH�USED�STATISTICS�
AND�PROBABILITY�THEORY�TO�CHOOSE�MUSICAL�PARAMETERS��3IMILAR�
WORK�WAS�UNDERTAKEN�NEARBY�A�COUPLE�OF�YEARS�LATER�BY�0IERRE�
"ARBAUD�AND�2OGER�"LANCHARD�AT�#OMPAGNIE�DES�-ACHINES�
"ULL��A�&RENCH�COMPUTER�COMPANY��)N�THE�EARLY�TO�MID�����S�
IN�%NGLAND��3TANLEY�'ILL��$��#HAMPERNOWNE�AND�$��0APWORTH�
WERE�FOLLOWING�COMPARABLE�OBJECTIVES��)N�'ERMANY�AND�THE�
.ETHERLANDS�DURING�THIS�TIME��FROM�����	��'OTTFRIED�-ICHAEL�
+OENIG�WAS�DEVELOPING�HIS�COMPUTER�COMPOSITION�PROGRAM�
0ROJECT����)N�������AT�ABOUT�THE�SAME�TIME�AS�THE�@)LLIAC�3UITE���
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-AX�-ATTHEWS�AT�"ELL�,ABORATORIES�WAS�DEVELOPING�HIS�-USIC�
��PROGRAM��THAT�PRODUCED�COMPLETED�MUSIC�AS�A�DIGITAL�AUDIO�
lLE�WITH�A�TRIANGLE�WAVEFORM��4HIS�WAS�PLAYED�BACK�WITH�A�
DIGITAL
TO
ANALOG� CONVERTER�� "Y� ������ AND� WITH� THE� HELP� OF�
COMPOSERS��THIS�WORK�HAD�EVOLVED�TO�ALLOW�TIMBRAL�VARIATION�
AND�MODIlCATION�OF�THE�SOUNDS�THROUGH�SOUND�SYNTHESIS�

&ROM� A� COMPUTING� POINT� OF� VIEW�� HOWEVER�� IT� IS� NOT� AS�
SIMPLE�TO�PUT�ACTIVITIES�INTO�HISTORICAL�CONTEXT�AS�IT�WOULD�AT�
lRST�SEEM��4HERE�IS�A�PROBLEM�OF�DElNITIONnWHAT�COMBINATION�
OF�HARDWARE�AND�SOFTWARE�CAPABILITIES�CONSTITUTES�A�COMPUTER��
#HARLES�"ABBAGE�CREATED�SOME�EARLY�MECHANICAL�CALCULATORS��
+ONRAD�:USE�CREATED�SOME�EARLY�ELECTROMECHANICAL�CALCULATORS��
(IS�:��OF�������BECAUSE� IT�USED�RELAYS��HAS�BEEN�CALLED� THE�
lRST� ELECTROMECHANICAL� PROGRAMABLE� CALCULATOR� AND� DIGITAL�
COMPUTER��!LAN�4URING�S�@#OLOSSUS��WAS�OPERATIONAL�IN������
AND�IT�HAS�BEEN�CALLED�THE�lRST�ALL
ELECTRONIC�PROGRAMMABLE�
CALCULATOR�AS�IT�HAD�NO�MEMORY�AND�WAS�DRIVEN�BY�A�PUNCHED�
PAPER�TAPE��%.)!#�WAS�DESIGNED�AS�A�CALCULATOR�BUT�WAS�LATER�
GIVEN�PROGRAMABLE�CONTROL��7ALLACE�%CKERT�S�33%#�� IN�������
WAS�A�CONlGURABLE�CALCULATOR�WHICH�COULD�EXECUTE�PROGRAMED�
INSTRUCTIONS��4HIS�LIST�COULD�CONTINUE�AND�lLL�SEVERAL�VOLUMES��
�4HERE�ARE�EXCELLENT�INTERNET�REFERENCES�FOR�THOSE�INTERESTED�	�
(OWEVER�� IF� ONE� ACCEPTS� THE� GENERAL� DElNITION� OF� A� DIGITAL�
COMPUTER� AS� AN� ALL
ELECTRONIC� DEVICE� CAPABLE� OF� CALCULATING�
AND�BRANCHING�OPERATIONS��WHERE�THE�DATA�AND�INSTRUCTIONS�ARE�
HELD�IN�SOME�SORT�OF�REWRITABLE�MEMORY��THEN�THE�FOLLOWING�
SERIES�OF�EVENTS�IS�AN�APPROXIMATE�GUIDE�TO�WHEN�THE�lRST�ALL

ELECTRONIC�DIGITAL�COMPUTERS�RAN�THEIR�lRST�TEST�PROGRAMS�

4IME�LINE�OF�COMPUTING�EVENTS�
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4HE�3PEAKER

)N� COMMON� WITH� SEVERAL� OTHER� lRST� GENERATION� COMPUTERS��
THE�#3)2�-K��HAD�A�BUILT
IN�SPEAKER��4HE�SPEAKER��OR�@HOOTER��
AS�IT�WAS�KNOWN��WAS�AN�OUTPUT�DEVICE�USED�BY�PROGRAMMERS�
TO� SIGNAL� THAT� A� PARTICULAR� EVENT� HAD� BEEN� REACHED� IN� THE�
PROGRAM�� )T� WAS� COMMONLY� USED� FOR� WARNINGS�� OFTEN� TO�
SIGNIFY�THE�END�OF�THE�PROGRAM�AND�SOMETIMES�AS�A�DEBUGGING�
AID��4HIS�WAS�NOT�UNIQUE�TO�#3)2!#�AS�SEVERAL�COMPUTERS�OF�
THAT�ERA��FOR�EXAMPLE�THE�-ANCHESTER�-ARK�)�AND�#AMBRIDGE�
5NIVERSITY�S�%$3!#��HAD�SPEAKERS�THAT�WERE�USED�IN�THIS�WAY��
7ITH�MANY�OF�THE�EARLIEST�COMPUTERS��BECAUSE�OF�THE�LACK�OF�
VISUAL�FEEDBACK��THERE�WAS�NO�DISPLAY�AS�IS�NORMAL�TODAY	�IT�
WAS�COMMON�TO�INCLUDE�A�@HOOT��INSTRUCTION�AT�THE�END�OF�A�
PROGRAM�TO�SIGNAL�THAT�IT�HAD�ENDED��OR�ELSEWHERE�IF�A�SIGNAL�
WAS� NEEDED� FOR� THE� OPERATOR��4HIS� SOUNDED� SOMETHING� LIKE�
A� ROUGHER�OR�MORE�DISTORTED�VERSION�OF� THE�@BEEP��WHICH� IS�
STILL� COMMON� ON� COMPUTERS� TODAY�� 7ITH� EARLY� COMPUTERS��
IT� WAS� ALSO� COMMON� TO� KEEP� A� RADIO� HANDY�� BECAUSE� IF� THE�
MACHINE�STOPPED�WORKING�THE�OPERATOR�COULD�TELL�BY�THE�LACK�
OF� INTERFERENCE�ON�THE�RADIO��4HE�HOOTER�WAS�A�@DESTINATION��
FOR�DATA�WITHIN�THE�MACHINE�AND�IT�WAS�EFFECTIVELY�TREATED�AS�
A�REGISTER��4HE�DESIGN�OF�THE�#3)2�-K��HAD�SEVERAL�@SOURCES��
AND� @DESTINATIONS�� FOR� DATA� UNDER� PROGRAMATIC� CONTROL�� AS�
SHOWN�IN�THE�ORIGINAL�#3)2�-K��ARCHITECTURE�DIAGRAM�IN�@!N�
/VERVIEW�OF�#3)2!#@��

4HE������DESIGN�OF�THE�#3)2�-K��MAKES�NO�MENTION�OF�
A�SPEAKER�OR�HOOTER��#AREFUL�CHECKING�OF�THE�ORIGINAL�DESIGN�
DOCUMENTS�SHOW�THAT�THE�REGISTER�FOR�THE�SPEAKER��DESTINATION�
���OR�SYMBOL�0	�IS�NOT�IN�THE�ORIGINAL�LIST�OF�DESTINATIONS��)T�IS�
RECORDED�THAT�4REVOR�0EARCEY�TRAVELLED�TO�%NGLAND�IN�.OVEMBER�
AND�$ECEMBER�OF������AFTER�COMPLETING�THE�DESIGN��7HILST�IN�
%NGLAND�HE�SAW�OTHER�COMPUTERS�WHICH�CERTAINLY�HAD�HOOTERS��
FOR�EXAMPLE� THE�-ANCHESTER�-ARK�)�AND�%$3!#��(OWEVER��
SOME� OTHER� lRST� GENERATION� COMPUTERS� APPARENTLY� DID� NOT�
HAVE�PROGRAMMABLE�FREQUENCY�HOOTERS��IT�WAS�A�REGISTER�THAT�
TRIGGERED�A�lXED�FREQUENCY�OSCILLATOR�CONNECTED�TO�A�SPEAKER��
4HE�FREQUENCY�OF� THE�OSCILLATOR�WAS�NOT�UNDER�PROGRAMATIC�
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CONTROL��$OCUMENTATION� FOR� THE�#3)2�-K��SPEAKER�APPEARS�
IN�PAPERS�FROM�ABOUT�������)T�IS�POSSIBLE�THAT�4REVOR�0EARCEY�
ADDED�THE�SPEAKER�TO�THE�#3)2�-K��AFTER�SEEING�THEM�ON�THE�
EARLY� COMPUTERS� IN�%NGLAND��BUT� THIS�PROBABLY�WOULD�HAVE�
BEEN�SOME�TIME�IN�������SO�IT�IS�STILL�CONSIDERED�PART�OF�THE�
ORIGINAL�MACHINE��

)T�IS�DIFlCULT�TO�KNOW�NOW�WHY�THE�#3)2�-K��WAS�GIVEN�
A�HOOTER�THAT�COULD�PRODUCE�A�PROGRAMMABLE�FREQUENCY��)T�IS�
UNCLEAR� IF� THE�HOOTER�ON� THE�-ANCHESTER�-ARK� )� �-!$-	�
COULD� PRODUCE� A� VARIABLE� FREQUENCY�� #ERTAINLY� THE� HOOTER�
ON�THE������&ERRANTI�-ARK�)��THE�PRODUCTION�VERSION�OF�THE�
-!$-��WAS�SIMILAR�TO�THAT�ON�THE�#3)2�-K���BUT�0EARCEY�
SAW�THE�-!$-��OR�ITS�PREDECESSOR�THE�33%-��LATE�IN������
SO�HE�DID�NOT�SEE�THE�&ERRANTI�MACHINE��7ITH�A�DESIRE�TO�GET�
THE� MACHINE� lNISHED�� IT� IS� POSSIBLE� THAT� IT� WAS� DECIDED� TO�
GIVE�THE�#3)2�-K��A�SIMPLE��BUT�ULTIMATELY�PROGRAMMABLE

FREQUENCY��HOOTER��!LTERNATIVELY��IT�COULD�HAVE�BEEN�BECAUSE�
OF�THE�DESIGN�PHILOSOPHY�ADOPTED��TO�CREATE�A�SIMPLE��ELEGANT�
AND� VERY� mEXIBLE� MACHINE��4HIS� EXPLANATION� PROBABLY� BEST�
lTS�THE�EVIDENCE�AND�PERSONNEL�INVOLVED�

4HE�ORIGINAL�SPEAKER�ON�THE�CONSOLE�FRAME�
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4HE�SPEAKER�ON�THE�#3)2�-K��WAS�BUILT�INTO�THE�COMPUTER�
IN�SUCH�A�WAY�THAT�IT�WAS�A�DESTINATION�FOR�DATA��EFFECTIVELY�ON�
A�REGISTER�OF�THE�MACHINE�AND�IT�RECEIVED�THE�RAW�PULSE�DATA�
OFF�THE�@BUS���4HIS�WOULD�WORK�TO�CREATE�SOME�SORT�OF�SOUND��
BUT� IT�WOULD�REQUIRE�A� LITTLE�MORE�EFFORT�ON�THE�PART�OF� THE�
PROGRAM�TO�GET�A�SOUND�OUT�OF�IT�AS�A�SINGLE�PULSE�WOULD�BARELY�
MAKE�A�CLICK��4HEREFORE��MULTIPLE�PULSES�WOULD�BE�REQUIRED�
TO� ACHIEVE� AN� AUDIBLE� RESULT�� POSSIBLY� AS� SEVERAL� IN� LINE� @0��
STATEMENTS�OR�AS�A�SHORT�LOOP�OF�INSTRUCTIONS��4HE�TIMING�OF�
THE�LOOP�OF�INSTRUCTIONS�WOULD�HAVE�CAUSED�A�CHANGE�IN�THE�
FREQUENCY�OF� THE�SOUND� FROM�THE�HOOTER��!NY�PROGRAMMER�
WITH�AN�INTEREST� IN�SOUND�OR�MUSIC�WOULD� IMMEDIATELY�SEE�
THE�POTENTIAL�AVAILABLE�

4HE� SEQUENCE� OF� INSTRUCTIONS� COULD� LOOK� LIKE� THIS�� FOR�
EXAMPLE�

start of note

 set counter to x

 loop start, send pulse to speaker

  wait time t1

  send pulse to speaker

  wait time t1

  send pulse to speaker

  wait time t2

  send pulse to speaker

  wait time t3

  send pulse to speaker

  decrement x

 if x equal to zero then exit, else return to loop start

end of note

!LTHOUGH�THE�MUSICAL�DEVELOPMENTS�WITH� THE�#3)2�-K��
WERE� ACCOMPLISHED� IN� ISOLATION� AND� WITH� NO� PRECEDENCE�� IT�
WAS�NOT�UNIQUE�AT�THAT�TIME��4HE�&ERRANTI�-ARK�)�HAD�A�HOOTER�
ARRANGEMENT�VERY�SIMILAR�TO�THAT�ON�THE�#3)2�-K��AND�IT�WAS�
USED�TO�PLAY�MUSIC�IN�������4HE�MUSIC�PLAYED�BY�THE�&ERRANTI�
-ARK� )� WAS� RECORDED� BY� THE� ""#� IN� AN� /UTSIDE� "ROADCAST�
VAN�FOR�A�CHILDREN�S�RADIO�SHOW�IN�3EPTEMBER�������)N�������
&RANK�#OOPER�WAS�AN�ENGINEER�WORKING�ON�THE�&ERRANTI�-ARK�
)�INSTALLED�IN�-ANCHESTER�5NIVERSITY��#HRISTOPHER�3TRACHEY��A�
MATHEMATICIAN��WROTE�THE�PROGRAM�TO�PLAY�MUSIC�UNDER�THE�
TUTELAGE�OF�!LAN�4URING��WHO�HAD�SUPPLIED�3TRACHEY�WITH�A�
PROGRAMMING�MANUAL��4HE�lRST�MUSIC�PLAYED�BY�THE�&ERRANTI�
-ARK�)�WAS�THE�%NGLISH�NATIONAL�ANTHEM��@'OD�3AVE�THE�+ING�	��
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AND� THE� PROGRAMMING� TECHNIQUES� USED� WERE� APPARENTLY�
SIMILAR�TO�THAT�DESCRIBED�ABOVE�WHICH�WERE�USED�ON�THE�#3)2�
-K��IN�3YDNEY�AND�-ELBOURNE��.EWS�OF�THIS�DEVELOPMENT�
SPREAD��4HE�RECORDING�CREW�OF�THE�""#�#HILDREN�S�(OUR�HEARD�
ABOUT�THE�-ANCHESTER�COMPUTER�PLAYING�MUSIC�AND�ARRIVED�
TO�RECORD�IT�ON���3EPTEMBER�������&RANK�#OOPER�OPERATED�THE�
COMPUTER� FOR� THAT� RECORDING�AND� THE�""#�RECORDED� SEVERAL�
PIECES�OF�MUSIC��3IMILARLY�WITH�THE�#3)2�-K���THE�MUSIC�WAS�
CREATED�BY�ENGINEERS�AND�IT�TOOK�THE�FORM�OF�POPULAR�MELODIES�
OF�THE�TIME��4HE�ORIGINAL�RECORDING�BY�THE�""#�WAS�DIRECTLY�
TO�ACETATE�DISK��&RANK�#OOPER�ASKED�IF�HE�COULD�HAVE�A�COPY�
OF�THE�RECORDING��BUT�THE�""#�WOULD�NOT�PROVIDE�A�COPY�FOR�
COPYRIGHT� REASONS�� (OWEVER�� THE� ""#� RECORDING� CREW� VERY�
KINDLY�RE
RAN�THEIR�RECORDING�APPARATUS�WITH�A�SCRAP�DISK�FOR�
-R�#OOPER�ON�THE�SPOT�AND�PRESENTED�HIM�WITH�IT�AS�A�GIFT��4HE�
COMPUTER�WAS�NOT�AS�RELIABLE�AS�WOULD�HAVE�BEEN�DESIRABLE�
AND�THE�RE
RUN�OF�THE�MUSIC�PROGRAM�OFTEN�STOPPED�BECAUSE�
OF�MACHINE�PROBLEMS��4HE�""#�DISK�HAS�VERY�UNFORTUNATELY�
BEEN� LOST�� ,UCKILY�� THE� �"RITISH	� #OMPUTER� #ONSERVATION�
3OCIETY� IS� NOW� THE� CUSTODIAN� OF� THE� DISK� ORIGINALLY� OWNED�
BY�&RANK�#OOPER�AND�IT�HAS�BEEN�TRANSCRIBED�TO�$!4�BY�THE�
.ATIONAL� 3OUND� !RCHIVE� �ARCHIVE� NUMBER� (����	�� SO� THAT�
THIS�EARLY�EXAMPLE�OF�A�COMPUTER�PLAYING�MUSIC��UNLIKE�WITH�
THE�#3)2�-K���WAS�NOT�LOST�
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7HEN�#3)2!#�0LAYED�-USIC

4HERE� IS� A� BODY� OF� EVIDENCE� THAT� POINTS� TO� THE� #3)2� -K��
PLAYING�MUSIC� IN� THE�VERY�EARLY�����S��4HIS� LARGELY� COMES�
FROM� ANECDOTAL� SOURCES�� AS� SEARCHES� OF� THE� ARCHIVES� OF� THE�
#3)2�AND�THE�INDIVIDUALS�INVOLVED�AT�THE�TIME�HAVE�NOT�YET�
TURNED�UP�ANY�WRITTEN�DOCUMENTS��4HIS�IS�NOT�SURPRISING�AS�
IT� WAS� AN� UNOFlCIAL� ACTIVITY��4HIS� SITUATION� MAY� CHANGE�� AS�
VARIOUS�OTHER�ITEMS�OF�IMPORTANCE�HAVE�BEEN�UNCOVERED�OVER�
THE� LAST�SEVERAL�YEARS��$OUG�-C#ANN�IS� THE�MAIN�HISTORIAN�
WHO� HAS� STUDIED� THE� #3)2� -K�� AND� WHO� HAS� INTERVIEWED�
MOST�OF�THE�ORIGINAL�PERSONNEL�INVOLVED�WITH�THE�PROJECT��(E�
RECALLS�HEARING�ABOUT�THE�MUSIC�

@)�WAS�DOING�RESEARCH�ON�A�TOPIC�IN�THE�HISTORY�OF�!USTRALIAN�
SCIENCE�WHEN�0ETER�4HORNE�ASKED�ME�TO�BECOME�INVOLVED�IN�
A�PROJECT�ON�#3)2��!S�AN�HISTORIAN�OF�THE�NATURAL�SCIENCES��)�
DIDN�T�KNOW�IF�)�WOULD�BE�ABLE�TO�DO�THE�TOPIC�JUSTICE�WITHOUT�
HAVING�A�BACKGROUND�IN�THE�TECHNICAL�SIDE�OF�COMPUTING��)�WAS�
INTRIGUED� THOUGH��BECAUSE�EVEN� THOUGH� )�HAD�WORKED� FOR�A�
COUPLE�OF�YEARS�AT�THE�-USEUM�OF�6ICTORIA�WHERE�#3)2!#�IS�
HOUSED��)�HAD�NEVER�EVEN�HEARD�OF�IT��7HEN�)�FOUND�OUT�ABOUT�
IT�FROM�0ETER�4HORNE��)�WAS�REALLY�ASTOUNDED��7HY�WAS�SUCH�
AN�IMPORTANT�ITEM�SO�LITTLE�PUBLICLY�KNOWN�

)�lRST�BECAME�AWARE�OF�THE�POSSIBILITY�THAT�#3)2!#�PLAYED�
MUSIC� WHEN� )� SAW� IT� FOR� THE� lRST� TIME� DURING� A� VISIT� ON�
��� !PRIL� ����� TO� A� -USEUM� STORE� IN� -ARIBYRNONG�� )� WAS�
WITH� OTHERS�� INCLUDING� %DWIN� 0ARSONS�� A� COLLECTOR� OF� EARLY�
COMPUTER� HARDWARE� AND� SOFTWARE�� %D� WAS� WELL� VERSED� IN�
COMPUTER� HISTORY� AND� IMMEDIATELY� NOTICED� THE� SPEAKER� ON�
THE�COMPUTER�CONSOLE��)�COULD�SEE�HE�WAS�RATHER�SURPRISED�BY�
IT�AND�HE�STARTED�ASKING�QUESTIONS�ABOUT�IT��(E�INFORMED�ME�OF�
THE�EARLY�COMPUTER�MUSIC�DEVELOPMENTS�IN�THE�5NITED�3TATES��
!CCORDING�TO�ANSWERS�HE�ELICITED�FROM�'EORGE��*URIJ	�3EMKIW��
IT� APPEARED� LIKELY� THAT� #3)2!#� PLAYED� THE� MUSIC� MUCH�
EARLIER�THAN�THIS��BUT�HE�WAS�UNABLE�TO�GIVE�US�DElNITE�DATES��)�
REMEMBER�%D�SAYING�@7E�MUST�TALK�TO�4REVOR�0EARCEY�ABOUT�
THIS���)�HAD�ALREADY�MADE�PRELIMINARY�CONTACT�WITH�0EARCEY�SO�
TOGETHER�%D�AND�)�WENT�TO�HAVE�AN�INFORMAL�INTERVIEW�WITH�
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HIM��)�STILL�HAVE�NOTES�FROM�THAT�INTERVIEW�WHERE�THE�MUSIC�IS�
MENTIONED��THE�DATE�OF�THE�INTERVIEW�IS����!PRIL������

%D� WAS� PARTICULARLY� INTERESTED� IN� ASCERTAINING� IF� AND� WHEN�
#3)2!#�HAD�PLAYED�MUSIC��7E�BOTH�QUESTIONED�0EARCEY�ABOUT�
IT��0EARCEY�WAS�VERY�LUCID�AND�SAID�HE�CLEARLY�REMEMBERED�IT�
PLAYING�MUSIC�IN�������(E�TRIED�TO�RECALL�IF�IT�WAS�ANY�EARLIER�
THAN�THAT�BECAUSE�HE�SAID�THE�COMPUTER�STARTED�DOING�REGULAR�
WORK� IN������SOMETIME��(E�SAID� IT�DElNITELY�PLAYED�MUSIC�
IN�!UGUST�����AT�THE�lRST�!USTRALIAN�#OMPUTER�#ONFERENCE��
AND�THAT�IT�HAD�lRST�PLAYED�IT�SOME�TIME�BEFORE�THAT�

0EARCEY�TRIED�TO�GIVE�US�A�DElNITE�EVENT�TO�DATE�IT�FROM�AND�HE�
WAS�lRM�ABOUT�THE�!USTRALIAN�#OMPUTER�#ONFERENCE��(E�DID�
NOT�APPEAR�TO�BE�THE�SORT�OF�PERSON�TO�EXAGGERATE��IF�ANYTHING�
HE� WAS� MORE� LIKELY� TO� BE� CONSERVATIVE� IN� HIS� ESTIMATIONS�
FOR�THE�SAKE�OF�ACCURACY��)F�HE�WAS�NOT�SURE�OF�SOMETHING�HE�
WOULD�SAY�SO��4HERE�WAS�NO�HESITATION�IN�HIS�ASSERTIONS�THAT�
THE�COMPUTER�PLAYED�MUSIC��AT�THE�LATEST��IN�!UGUST�������(E�
WAS� JUST�NOT�SURE�HOW�HE�COULD�DATE� IT�ANY�EARLIER��(E�SAID�
IT�WAS�AN�EARLY�PROGRAMMING�EXERCISE�AND�SUGGESTED�IT�WAS�
lRST�DONE�SOMETIME�IN�������7E�INTERVIEWED�0EARCEY�SEVERAL�
TIMES��ONCE�ON�VIDEO�AND�HE�WAS�CONSISTENT�AND�VERY�DElNITE�
ABOUT�THE�FACT�THAT�#3)2!#�PLAYED�MUSIC�IN�!UGUST������AT�
THE�LATEST��AND�PROBABLY�SOMEWHAT�EARLIER�THAN�THAT�

!� FRAGMENT� OF� THE� VIDEOTAPED� INTERVIEW� WITH� 0EARCEY��
WHICH�OCCURRED�SEVERAL�YEARS�AFTER� THE�ONE� JUST� RECALLED�BY�
$OUG�-C#ANN��IS�TRANSCRIBED�BELOW��)N�A�LATER�SECTION��THERE�
IS� A� MORE� EXTENSIVE� TRANSCRIPTION�� )T� CONlRMS� -C#ANN�S�
RECOLLECTION� OF� WHAT� 0EARCEY� COULD� REMEMBER� ABOUT� THE�
MUSIC�AND�ALSO�ADDS�SOME�MORE�DETAIL��&ROM�THE�VIDEOTAPED�
INTERVIEW� WITH� 0EARCEY� IN� /CTOBER� ������ 4REVOR� 0EARCEY�
SAID�

)�BELIEVE�#3)2!#�WAS�A�VERY�EARLY�MACHINE�TO�PROVIDE�TONES�
THROUGH�A�LOUDSPEAKER�x�7E�PLAYED�@'IRL�WITH�&LAXEN�(AIR���

@#OLONEL�"OGEY�� AND�ONE�OR� TWO�OTHER� THINGS� LIKE� THAT�x� )�
HAD�SUGGESTED�THAT�WE�RECORD�THE�TUNES�AND�GET�&RANK�,EGG�
WHO�WAS�THEN�ON��",��RADIO�STATION	�TO�PLAY�IT�OVER�THE�RADIO��
(OWEVER��$R�"OWEN�WHO�WAS�THEN�CHIEF�DID�NOT�THINK�THIS�WAS�
GOOD�ENOUGH��)�THINK�HE�DIDN�T�REALISE�THE�INTELLECTUAL�SKILL�AND�
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EFFORT�THAT�HAD�GONE�INTO�ACTUALLY�GETTING�THE�MACHINE�TO�PLAY�
SPECIlC�MUSICAL�SEQUENCES��4HIS�WAS�IN������OR������)�CANNOT�
GIVE�A�PRECISE�DATE��)T�WAS�CERTAINLY�A�VERY�EARLY�PROGRAMMING�
EXERCISE��7E�PLAYED�IT�AT�THE�CONFERENCE�

3ADLY��MOST�OF� THE�PEOPLE�WHO�WERE�ASSOCIATED�WITH� THE�
EARLY�DAYS�OF� THE� COMPUTER�ARE�NO� LONGER� LIVING�� INCLUDING�
4REVOR� 0EARCEY�� -ASTON� "EARD�� 'EOFF� (ILL� AND� &RANK� ,EGG�
WHO�WAS�A�RADIO�ANNOUNCER�WHO�WAS�APPARENTLY�WILLING�TO�
BROADCAST�THE�MUSIC��(OWEVER��SOME�OTHER�PEOPLE�CAN�VERIFY�
THAT�THE�#3)2�-K��lRST�PLAYED�MUSIC�IN�������2EG�2YAN��WHO�
STARTED�WITH�THE�PROJECT�IN�������CAN�RECALL�THE�MUSIC�AT�THE�
�����CONFERENCE��

)�CAN�REMEMBER�IT�PLAYING�MUSIC�AT�THE�PUBLIC�OPENING��THE�
CONFERENCE�������)�THINK�IT�WAS��)�CAN�T�RECALL�IF�IT�PLAYED�MUSIC�
BEFORE�THAT��IT�MUST�HAVE�DONE�SO�BUT�)�CAN�T�RECALL�IT�NOW�

4HIS� IS� A� FAIR� CORROBORATION� THAT� THE� #3)2� -K�� PUBLICLY�
PLAYED�MUSIC�AT�THE�lRST�#ONFERENCE�OF�!UTOMATIC�#OMPUTING�
-ACHINES�AT�3YDNEY�5NIVERSITY�ON��n��!UGUST�IN�������BUT�
THERE�IS�A�LITTLE�MORE�INFORMATION�TO�BACK�THIS�UP��$ICK�-C'EE��
WHO�STARTED�WITH�THE�#3)2�IN�!PRIL�������ALSO�REMEMBERS�THE�
MUSIC�FROM�THAT�TIME�

)� CAN� REMEMBER� HEARING� THE� MUSIC� SOON� AFTER� )� STARTED�
THERE��)T�WAS�SOMETHING�SIMPLE�THEY�PLAYED��3OMETHING�LIKE�

@4WINKLE�4WINKLE�� )� THINK��!NYWAY�� )� CAN� REMEMBER� THAT� IT�
WAS� ������ BECAUSE� )� STARTED� IN�!PRIL�� )� WENT� TO� ONE� OR� TWO�
LECTURES�AT�THE�CONFERENCE��)�DON�T�REMEMBER�THE�EVENT�WHERE�
THEY� PLAYED� THE� MUSIC�� THEY� MUST� HAVE� WALKED� EVERYBODY�
OVER�TO�THE�OTHER�BUILDING��BUT�)�CAN�REMEMBER�THEM�TALKING�
ABOUT�IT�SOON�AFTER�THE�CONFERENCE��(OW�SURPRISED�EVERYONE�
WAS�AND�SO�ON�

'EOFF�(ILL�lRST�PROGRAMMED�THE�#3)2�-K��TO�PLAY�MUSIC��
-RS�(ILL��THE�WIFE�OF�'EOFF�(ILL��CAN�REMEMBER�HEARING�ABOUT�
THE�MUSIC�IN������BEFORE�SHE�lRST�MET�'EOFF�IN�������

)T� WAS� WHILE� )� WAS� A� RESIDENT� AT� 3ANCTA� 3OPHIA� �STUDENT	�
#OLLEGE� AT� 3YDNEY� 5NIVERSITY� THAT� )� lRST� HEARD� ABOUT� THE�
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COMPUTER� PLAYING� MUSIC�� )� DIDN�T� KNOW� 'EOFF� AT� THE� TIME��
BUT�-ARY�4HURLING��ALSO�A�RESIDENT�AT�THE�COLLEGE�KNEW�HIM��
3HE�AND�'EOFF�WERE�GOOD�FRIENDS�AND�UNIVERSITY�COLLEAGUES��
/THER� STUDENTS� STAYING� AT� 3ANCTA� 3OPHIA� ALSO� KNEW� 'EOFF��
4HE�$IVISION�OF�2ADIOPHYSICS�WHERE�'EOFF�WORKED�WAS�IN�THE�
UNIVERSITY�GROUNDS�AND�SINCE�AT�THE�SAME�TIME�HE�WAS�IN�THE�
PROCESS� OF� WRITING� HIS� -3C� THESIS� �0ROGRAMMING� FOR� (IGH�
3PEED�#OMPUTERS	�HE�WAS�VERY�MUCH�INVOLVED�IN�UNIVERSITY�
LIFE��-ARY�STATED�ONE�NIGHT�AT�THE�DINNER�TABLE��@$ID�YOU�KNOW�
THAT�'EOFF�(ILL�HAS�THAT�MACHINE�PLAYING�MUSIC���4HAT�WAS�
MY�lRST�KNOWLEDGE�OF�IT��)�REMEMBER�REMARKING�AT�THE�TIME��

@7HO�S�'EOFF�(ILL���3O�IT�MUST�HAVE�BEEN�IN������BECAUSE�BY�
�����)�KNEW�HIM��)�DID�NOT�MEET�'EOFF�UNTIL������WHEN�WE�
WERE�BOTH�ON�THE�COMMITTEE�OF�THE�)NTERNATIONAL�#LUB�AT�THE�
UNIVERSITY�

-RS� (ILL� STILL� HAS� 'EOFF� (ILL�S� -ASTER� OF� 3CIENCE� THESIS�
FROM�4HE�5NIVERSITY�OF�3YDNEY��DATED�-ARCH�������/N�PAGE�
���OF�THE�THESIS�THE�MUSIC�IS�MENTIONED�

%XTENSION� TO� SEMANTIC� ANALYSIS� OF� LANGUAGE� HAS� LED� TO�
DESIGN�OF�@LANGUAGE
TRANSLATION�� PROGRAMMES��3UB
ROUTINES�
GENERATING�NOTES�OF�THE�CHROMATIC�SCALE�BY�SENDING�PULSES�TO�
A�LOUD�SPEAKER�CAN�BE�USED�IN�AN�INTERPRETIVE�PROGRAMME�FOR�
PLAYING�MUSIC�FROM�A�CODED�SCORE�x�THE�TECHNIQUES�OF�MUSIC�
AND�@TRANSLATION��PROGRAMMES�WERE�ADAPTED�AS�THE�BASIS�OF�THE�
POWERFUL�INTERPRETIVE�APPROACH�TO�COMPLICATED�ARITHMETIC�

)N�ADDITION�TO�THIS��2ON�"OWLES�HAS�EXAMINED�THE�3YDNEY�
MUSIC�PUNCHED�PAPER�TAPE�AND�CAN�ESTABLISH�THE�DATE�FOR�IT�AS�
THE�lRST�HALF�OF�������4HIS�IS�MOSTLY�BECAUSE�OF�THE�PARTICULAR�
TYPE�OF�TAPE�READER�NEEDED�FOR�THIS�TAPE��4HE�INPUT�AND�OUTPUT�
DEVICES� ON� THE� COMPUTER� CHANGED� SEVERAL� TIMES� AND� THESE�
INCLUDED�PUNCHED�CARDS�����HOLE�TAPE�WITH�EDGE�SPROCKETS�����
HOLE�TAPE�WITHOUT�EDGE�SPROCKETS�THAT�SELF�SYNCHRONISED�AND�
��HOLE�TAPE��4HERE�ARE�ALSO�OTHER�SPECIlCS�OF�THE�MACHINE��FOR�
EXAMPLE�� THE�PRIMARY�PROGRAM�OR�BOOTSTRAP� LOADER�AND�THE�
IMPLEMENTATION� OR� DETAILED� WORKINGS� OF� SOME� INSTRUCTIONS��
WHICH�VARIED�FROM�TIME�TO�TIME�AND�ARE�THEREFORE�USEFUL�TO�
DATE�PROGRAMS��4HERE�ARE�NINE�MUSICAL�ITEMS�ON�THE�3YDNEY�
MUSIC�TAPE�FROM�EARLY�������%ACH�OF�THESE�WOULD�HAVE�TAKEN�
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A�CONSIDERABLE�TIME�TO�PROGRAM��'IVEN�THIS�AND�THE�SECONDARY�
PRIORITY�OF�THE�MUSIC��IT�WOULD�SEEM�THAT�THE�EARLIEST�ITEMS�
ON�THIS�TAPE�WOULD�HAVE�EXISTED�A�SIGNIlCANT�AMOUNT�OF�TIME�
BEFORE������

4AKING� INTO� ACCOUNT� THE� CORROBORATING� EVIDENCE� OF� -RS�
(ILL�AND�'EOFF�(ILL�S������THESIS�� THE�DATE�OF� THE�SURVIVING�
PUNCHED�PAPER�TAPE�OF�THE�MUSIC�FROM�3YDNEY��THE�CORRELATION�
OF�THE�RECOLLECTIONS�AND�ALSO�THAT�MOST�OF�THESE�PEOPLE�HAVE�
OFTEN�NOT�COMMUNICATED�AT�ALL�SINCE�������IT�IS�REASONABLE�TO�
ACCEPT�THE�RECOLLECTIONS�OF�0EARCEY��2YAN�AND�-C'EE�THAT�THE�
#3)2�-K��DID�PUBLICLY�PLAY�MUSIC�IN�THE�lRST�WEEK�OF�!UGUST�
IN� ������ 3IMILARLY� WITH� THE� MUSIC� PLAYED� ON� THE� &ERRANTI�
-ARK� )� A� FEW� WEEKS� LATER�� THE� COMPUTER� MUST� HAVE� BEEN�
PLAYING�MUSIC�FOR�SOME�PERIOD�BEFORE�THAT�NOTABLE�DATE��BUT�
IT�IS�IMPOSSIBLE�TO�ACCURATELY�DETERMINE�A�DATE�FOR�THAT�NOW�

)N�-ELBOURNE��CIRCA�������4HOMAS�#HERRY�WROTE�A�MUSIC�
PROGRAM�THAT�EXTENDED�THE�PITCH�AND�DYNAMIC�RANGE�POSSIBLE�
WITH� THE� MACHINE�� #HERRY� GENERALISED� THE� STRUCTURE� OF� THE�
MUSIC�PROGRAM�SUCH�THAT�IT�COULD�ACCEPT�A�DATA�TAPE�OF�NOTE�
PITCH� AND� DURATION� DATA�� 7ITH� SOME� SIMPLE� INSTRUCTIONS��
SOMEONE�COULD�PRODUCE�A�DATA�TAPE�OF�SOME�MUSIC�SO�THAT�IT�
COULD�BE�PLAYED�BY�#3)2!#��4ERRY�(OLDEN��2ON�"OWLES�AND�
+AY�4HORNE�ARE�THE�MAIN�SOURCE�OF�THE�DATE�FOR�THIS��4HEY�CAN�
REMEMBER�IT�AT�ABOUT�THAT�TIME�AND�AS�THEY�SAY��IT�COULD�HAVE�
BEEN� LATE� IN������ THAT�#HERRY�lRST�HAD�RECOGNISABLE�MUSIC�
COMING�FROM�THE�MACHINE��BUT�IT�WAS�MOST�LIKELY�IN�������4HE�
WRITTEN�RECORDS�HAVE�ONLY�A�LITTLE�INFORMATION�THAT�CAN�DATE�
THE�WORK��#HERRY�USED�A�FORM�OF�NOTATION�IN�HIS�PRIVATE�NOTES�
THAT�WAS�NOT�USED�AFTER�������SO�THIS�SUPPORTS�THE�MEMORIES�
OF�+AY�4HORNE��2ON�"OWLES�AND�4ERRY�(OLDEN��)N�ADDITION�TO�
THIS��A�LITTLE�SUPPORT�CAN�BE�GLEANED�FROM�THE�FACT�THAT�#HERRY�
USED� THE� -ELBOURNE� ��� HOLE� PAPER� TAPE� EXCLUSIVELY�� AS�
#3)2!#�HAD���HOLE�EQUIPMENT�ATTACHED�AT�ABOUT�THE�MIDDLE�
OF�ITS�SERVICE�IN�-ELBOURNE��4HIS�POINTS�TO�EARLY�WORK�ON�THE�
COMPUTER�IN�-ELBOURNE��AS�DOES�#HERRY�S�ACTIVITIES�BECAUSE�
HE� WAS� PROGRAMMING� ONLY� VERY� EARLY� IN� THE� -ELBOURNE�
PERIOD��AFTER�WHICH�HIS�DUTIES�WERE�IN�ADMINISTRATION�
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4HE�-USIC

4HE�#3)2�-K��HAD�A�HOOTER�CIRCUIT�THAT��UNLIKE�SOME�OTHER�
COMPUTERS� OF� THE� DAY�� COULD� BE� PROGRAMMED� TO� PRODUCE�
A� VARIABLE� FREQUENCY� BY� SENDING� PULSES� TO� THE� SPEAKER� AT�
VARYING� RATES�� "ECAUSE� THE� SPEAKER� WAS� SENT� RAW� PULSES�
THROUGH�AN�AMPLIlER��FROM�THE�DATA�BUS��SEVERAL�PULSES�WOULD�
NEED�TO�BE�SENT�EITHER�AS�MULTIPLE�IN�LINE��0	�STATEMENTS�OR�
IN�A�LOOP��)T�IS�A�SMALL�STEP�THEN�TO�IMAGINE�THAT�IF�ONE�COULD�
CONTROL� THIS� PROCESS� THEN� A� CONTROLLED� PITCH� WOULD� BE� THE�
RESULT��4HE�lRST�PROGRAMMERS�OF�THE�#3)2�-K��WERE�'EOFF�
(ILL� AND� 4REVOR� 0EARCEY�� 'EOFF� (ILL� HAD� PERFECT� PITCH� AND�
CAME�FROM�A�VERY�MUSICAL�FAMILY��BOTH�HIS�MOTHER�AND�SISTER�
TAUGHT�MUSIC�THROUGHOUT�THEIR�LIVES��'EOFF�(ILL�WAS�THE�lRST�
PERSON�TO�PROGRAM�THE�#3)2�-K��TO�PLAY�A�MUSICAL�MELODY��
)NITIALLY�� THIS�WAS�PROBABLY�AS�A�PROGRAMMING�EXERCISE�AND�
FOR� HIS� OWN� INTEREST�� )T� WAS� PLAYED� PUBLICLY� FOR� THE� lRST�
PUBLIC� EXHIBITION� OF� THE� COMPUTER� BETWEEN� �n��!UGUST� IN�
������AT�THE�INAUGURAL�#ONFERENCE�OF�!UTOMATIC�#OMPUTING�
-ACHINES�IN�3YDNEY��2EG�2YAN��WHO�JOINED�THE�COMPUTING�
TEAM�IN������AND�THE�ENGINEER�RESPONSIBLE�FOR�THE�MEMORY�
SYSTEM�ON�THE�#3)2�-K���CAN�REMEMBER�THE�MUSIC�FROM�HIS�
EARLIEST�DAYS��

)�ALWAYS�THOUGHT�THAT�THE�mASHING�LIGHTS�ON�THE�CONSOLE��WHEN�
DEBUGGING� THE� MACHINE� OR� RUNNING� A� PROGRAM�� MAY� HAVE�
GIVEN�'EOFF�THE�IDEA�TO�MAKE�MUSIC�WITH�IT��4HE�LIGHTS�ALWAYS�
REMINDED�ME�OF�MUSIC�WHEN�THEY�WERE�GOING��)�CAN�REMEMBER�
IT�PLAYING�MUSIC�AT�THE�PUBLIC�OPENING��THE�CONFERENCE�������
)�THINK�IT�WAS��)�CAN�T�RECALL�IF�IT�PLAYED�MUSIC�BEFORE�THAT��IT�
MUST�HAVE�DONE�SO�BUT�)�CAN�T�RECALL�IT�NOW�

4HE� lRST� PUBLIC� DEMONSTRATION� OF� THE� #3)2� -K�� TOOK�
PLACE�DURING�THE�lRST�#ONFERENCE�ON�!UTOMATIC�#OMPUTING�
-ACHINES��4HERE�WAS� SOMETHING�OF� A�POLITICAL� TUSSLE� AT� THE�
TIME�BETWEEN�THE�ANALOGUE
COMPUTING�PROTAGONISTS�AND�THE�
DIGITAL
COMPUTING�PROTAGONISTS��4REVOR�0EARCEY�QUITE�PROBABLY�
KNEW�THAT�HE�WOULD�NEED�TO�ATTRACT�SOME�POSITIVE�ATTENTION�
TO�THE�#3)2�-K���'EOFF�(ILL��POSSIBLY�IN�COLLABORATION�WITH�
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0EARCEY�� CREATED� A� PROGRAM� TO�PLAY�@#OLONEL�"OGEY���WHICH�
WAS�USED�AT�THAT�DEMONSTRATION�ACCORDING�TO�THE�RECOLLECTIONS�
OF�0EARCEY��(OWEVER��THE�DIGITAL�WORLD�MUST�HAVE�LOST�ON�THAT�
DAY� BECAUSE� NEWSPAPER� REPORTS� OF� THE� CONFERENCE� MOSTLY�
MENTION� THE� ANALOGUE
COMPUTING� MACHINE�� A� DIFFERENTIAL�
ANALYSER�AND�BARELY�ACKNOWLEDGE�THE�EXISTENCE�OF�THE�#3)2�
-K��� )NDEPENDENT� EYEWITNESS� ACCOUNTS�� HOWEVER�� CONlRM�
THAT� THIS� EVENT� DID� TAKE� PLACE�� AS� DESCRIBED� PREVIOUSLY� AND�
BELOW�

4REVOR� 0EARCEY� RECALLED� THE� MUSIC� OF� #3)2!#� IN� AN�
INTERVIEW�IN�/CTOBER�������

)�BELIEVE�#3)2!#�WAS�A�VERY�EARLY�MACHINE�TO�PROVIDE�TONES�
THROUGH� A� LOUDSPEAKER�� 4HE� LOUDSPEAKER�� OF� COURSE�� WAS�
INITIALLY�INSTALLED�SO�THAT�WITH�A�PARTICULAR�INSTRUCTION��AS�THE�
LOUDSPEAKER�WAS�A�DESTINATION	�CODED�INTO�A�PROGRAM��A�PULSE�
COULD�BE�SENT�TO�THE�LOUDSPEAKER�WHEN�THAT�INSTRUCTION�WAS�
EXECUTED� AND� THEREBY� PROVIDE� THE� USER� WITH� AN� INDICATION�
AS�TO�WHERE�THE�PROGRAM�WAS�AT�ANY�PARTICULAR�MOMENT�BY�
PROVIDING�HIM�WITH�APPROPRIATE�CLICKS��4HE�USER�COULD�MORE�
OR� LESS� FOLLOW� THE� RUNNING� OF� A� PROGRAM� SO� THAT� WHEN� THE�
PROGRAM� WENT� WILD�� BECAUSE� A� SPURIOUS� ELECTRONIC� FAULT�
OCCURRED�� HE� WOULD� THEN� BE� WARNED� BY� A� CHANGE� IN� THE�
RHYTHM�OF�THE�LOUDSPEAKER�NOISE��&ROM�THERE�OF�COURSE�IT�WAS�
NOT�A�VERY�GREAT�EXTENSION�TO�PROGRAM�REGULAR�TONES�AND�WE�
MANAGED�TO�PROVIDE�A�PROGRAM�WHICH�WOULD�PASS�IMPULSES�TO�
THE�LOUDSPEAKER�IN�A�DIATONIC�SCALE�AND�THEREAFTER�TO�EXTEND�
THE�PROGRAM�TO�CONTROLLED�EXECUTION�OF�TONES�AND�THE�PLAYING�
OF�WHAT�MIGHT�BE�CALLED�MUSIC��4HIS�WAS�OF�COURSE�A�PURELY�
EXPERIMENTAL� PROGRAM� TO� SEE� WHETHER� THIS� COULD� BE� DONE��
4HIS�WAS�IN�FACT�DONE�SUCCESSFULLY�OVER�A�FAIRLY�SMALL�RANGE�OF�
A�COUPLE�OF�OCTAVES�OF�A�DIATONIC�SCALE�AND�THE�lRST�TUNES�WERE�
PLAYED� AFTER� A� FEW� FAULTY� PASSES� AND� MISTAKES�� 7E� PLAYED�

@'IRL�WITH�&LAXEN�(AIR���@#OLONEL�"OGEY��AND�ONE�OR�TWO�OTHER�
THINGS�LIKE�THAT��)�REMEMBER�CALLING�THE�#HIEF�OF�THE�DIVISION�
AT�THAT�STAGE�TO�COME�AND�LISTEN�TO�IT�AND�)�HAD�SUGGESTED�THAT�
WE�RECORD�THE�TUNES�AND�GET�&RANK�,EGG�WHO�WAS�THEN�ON��",�
�RADIO�STATION	�TO�PLAY�IT�OVER�THE�RADIO��(OWEVER��$R�"OWEN�
WHO�WAS� THEN� CHIEF� DID�NOT� THINK� THIS�WAS�GOOD� ENOUGH�� )�
THINK� HE� DIDN�T� REALISE� THE� INTELLECTUAL� SKILL� AND� EFFORT� THAT�
HAD�GONE� INTO�ACTUALLY�GETTING�THE�MACHINE�TO�PLAY�SPECIlC�
MUSICAL� SEQUENCES��4HIS� WAS� IN� ����� OR� ����� )� CANNOT� GIVE�
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A� PRECISE� DATE�� )T� WAS� CERTAINLY� A� VERY� EARLY� PROGRAMMING�
EXERCISE��7E�PLAYED�IT�AT�THE�CONFERENCE��4HE�LOUDSPEAKER�WAS�
MOUNTED�ON�ONE�OF�THE�CABINETS��/F�COURSE�AT�THAT�STAGE�ALL�
THE�CABINETS�WERE�OPEN�AND�THE�DOORS�HAD�NOT�BEEN�PUT�ON��

4HE� SOUND�PRODUCTION� TECHNIQUE�USED�ON� THE�#3)2�-K��
WAS� AS� CRUDE� AS� IS� POSSIBLE� TO� IMAGINE� ON� A� COMPUTER��4HE�
RAW� PULSES� OF� THE� COMPUTER�S� DATA� WORDS�� THE� BIT� STREAM�
PULSES�� WERE� SENT� DIRECTLY� TO� AN� AUDIO� AMPLIlER� WITH� A�
SPEAKER� ATTACHED�� (OWEVER�� IT�S� ALSO� WORTH� REMEMBERING�
THAT�THIS�OCCURRED�WHEN�THERE�WAS�NO�SUCH�THING�AS�DIGITAL

TO
ANALOG�CONVERTERS��THERE�WAS�NO�DIGITAL�AUDIO�PRACTICE�AND�
LITTLE� IN� THE� WAY� OF� COMPLETE� DIGITAL� AUDIO� THEORIES� AT� THIS�
TIME�� )N� ADDITION�� THE� #3)2� -K�� PRODUCED� MUSIC� IN� REAL

TIME��4HE�LIMITATION�AND�LACK�OF�MASS�STORAGE�ALSO�FORCED�THIS�
REAL
TIME�SOUND�PRODUCTION�APPROACH��AS�THERE�WAS�NOTHING�
SUCH�AS�MAGNETIC�COMPUTER�TAPE�TO�STORE�DIGITISED�AUDIO�AND�
NO� DIGITAL
TO
ANALOG� CONVERTERS� FOR� PLAYBACK�� 4HERE� WERE�
ENORMOUS� TIMING� SUBTLETIES� OF� THE� COMPUTER� AND� SOUND�
GENERATION�PROCESS� TO�BE�UNDERSTOOD�AND�ACCOMMODATED� TO�
ACHIEVE�A�STABLE��PRE
DETERMINED�FREQUENCY�OUTPUT��

4HIS� WORK� TOOK� PLACE� IN� ISOLATION� AND� WITHOUT�
PRIOR� EXAMPLE�� EVENTUALLY� FOR� THE� PURPOSE� OF� PUBLIC�
DEMONSTRATION� AND� ENTERTAINMENT�� BUT� INITIALLY� IT� WAS�
PROBABLY�A�PERSONAL� INTEREST�� )T�WAS�ALSO�POSSIBLY�USED�AS�A�
SIGNIlCANT� PROGRAMMING� CHALLENGE� BECAUSE� OF� THE� TIMING�
AND� PROGRAMMING� INTRICACIES� THAT� NEEDED� TO� BE� NEGOTIATED��
%NGINEERS��NOT�COMPOSERS��UNDERTOOK�THIS�MUSICAL�ENDEAVOUR��
SO�THE�MUSICAL�IMPLICATIONS�OF�THE�COMPUTER�WERE�NOT�FULLY�
EXPLORED��3IGNIlCANT�ADVANCES�IN�COMPUTER�SOUND�GENERATION�
THEORY� AND� PRACTICE� WOULD� HAVE� TO� WAIT� FOR� SOME� FURTHER�
TECHNICAL�DEVELOPMENTS�AND� THE�WORK�OF�-AX�-ATTHEWS�AT�
"ELL�4ELEPHONE�,ABORATORIES��*OHN�0IERCE��WHO�AT�THE�TIME�WAS�
EXECUTIVE�DIRECTOR�OF�THE�#OMMUNICATION�3CIENCES�DIVISION�AT�
"ELL�,ABS��SAYS�IN�THE�BOOKLET�ACCOMPANYING�@4HE�(ISTORICAL�
#$�OF�3OUND�3YNTHESIS��THAT�THERE�WERE�COMPUTERS�MAKING�
MUSIC� WITH� @BUZZES� AND� SQUAWKS�� BEFORE� THE� WORK� OF� -AX�
-ATTHEWS��!LTHOUGH� IT� WAS� LITTLE� REPORTED� AT� THE� TIME�� THE�
#3)2�-K��WAS�ONE�OF�THESE��
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)T� IS�NOW�POSSIBLE�TO�HEAR�AGAIN�THIS�PARTICULAR�� TENTATIVE��
BEGINNING� OF� THE� APPLICATION� OF� COMPUTING� TECHNOLOGY� TO�
MUSIC��4HE�MUSICAL�PIECES�PLAYED�BY�THE�#3)2�-K��ARE�NOT�
AS�MUSICALLY�INSPIRING�AS�THEY�MIGHT�HAVE�BEEN�IF�COMPOSERS�
HAD�BEEN�INVOLVED�IN�CREATING�THE�MUSIC��4HE�COMPUTER�HAD�
A�LOT�TO�OFFER�COMPOSERS�OF�THE�TIME��ANY�FREQUENCY�AND�ANY�
RHYTHM�COULD�HAVE�BEEN�PROGRAMMED�SO�THE�MANY�COMPOSERS�
INTERESTED� IN� MICROTONAL� WORKS�� OR� MUSIC� WITH� NO� RHYTHM�
OR� VERY� COMPLEX� RHYTHMS�� COULD� HAVE� CREATED� SOME� VERY�
INTERESTING�MUSIC��!S�IT�STANDS��THE�MUSIC�IS�MOST�INTERESTING�
FROM�THE�POINT�OF�VIEW�OF�THE�APPLICATION�OF�COMPUTERS�TO�MUSIC�
AS�A�GENERAL�PRINCIPLE�AND�AS�AN�EXAMPLE�OF�THE�EARLY�PRACTICE�
OF�COMPUTER�PROGRAMMING�TO�CREATE�MUSIC��4HE�ACHIEVEMENT�
IS�SIGNIlCANT�BECAUSE�OF�THE�IMAGINATION�OF�THE�PRACTITIONERS��
TO�CONCEIVE�OF�USING�THE�mEXIBILITY�OF�A�DIGITAL�COMPUTER�TO�
MAKE� MUSIC� AND� BECAUSE� OF� THE� INGENUITY� REQUIRED� OF� THE�
PROGRAMMERS� TO� DEVISE� MEANS� TO� PRODUCE� RELIABLE� SOUNDS�
FROM�THE�COMPUTER��)T�IS�DIFlCULT�TO�APPRECIATE�NOW�JUST�HOW�
SKILFUL� THESE� PEOPLE� WERE�� )T� IS� SIGNIlCANT� THAT� IT� WAS� ONLY�
TWO�OF�THE�BEST�PROGRAMMERS�WHO�MANAGED�TO�PROGRAM�THE�
#3)2�-K��TO�PLAY�MUSIC��4HESE�PROGRAMMERS�WERE�THE�ONES�
WHO�WROTE�THE�SOFTWARE�LIBRARY�ROUTINES��THE�BOOT�OR�PRIMARY�
SEQUENCES�AND�SO�ON��4HE�PROGRAMMING�TECHNIQUES��TIMING��
AND�MACHINE�ISSUES�INVOLVED�IN�PROGRAMMING�THE�#3)2�-K��
TO�PLAY�MUSIC�HAVE�BEEN�DISCUSSED�IN�GENERAL�AND�ARE�DISCUSSED�
LATER�IN�MORE�DETAIL��/VERCOMING�THESE�ISSUES��WHEN�THERE�WAS�
NO�PRIOR�PRACTICE�TO�WORK�FROM��IS�WHAT�SHOWS�THE�INGENUITY�
AND� SKILL� NEEDED� TO� COMPLETE� THE� TASK�� AND� DEMONSTRATES�
THE� SIGNIlCANCE� OF� THE� PROGRAMMING� ACHIEVEMENT�� 3EVERAL�
PEOPLE�HAVE�COMMENTED�THAT�WHEN�THEY�lRST�HEARD�THE�MUSIC��
IN�THE�����S� IT�WAS�PERCEIVED�AS�SOMETHING�MAGICAL�� IT�WAS�
ASTONISHING�

4HOMAS�#HERRY��IN�-ELBOURNE��ALSO�PROGRAMMED�#3)2!#�
TO�PLAY�MUSIC�AND�HE�ALSO�WROTE�SOME�OF�THE�MAIN�ARITHMETIC�
ROUTINES� IN� THE� SOFTWARE� LIBRARY� SUCH� AS� THE� DIVISION� AND�
TRIGONOMETRIC� ROUTINES�� 4HE� METHODS� HE� ADOPTED� IN� THE�
PROGRAMMING�WERE�MODIlCATIONS�OF�'EOFF�(ILL�S�PRACTICE�IN�
3YDNEY�AND�THE�RANGE�OF�NOTES�AND�DYNAMICS�WAS�EXTENDED��
(ARDWARE�CHANGES�ALLOWED�THE�PROGRAMMING�OF�SOME�NOTES�
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TO�EXTEND�THE�RANGE��#HERRY�ALSO�DESIGNED�THE�STRUCTURE�OF�THE�
MUSIC�PROGRAM�AND�GENERALISED�IT�SUCH�THAT�IT�COULD�ACCEPT�A�
DATA�TAPE�OF�NOTE�PITCH�AND�DURATION�DATA�SO�THAT�OTHERS�COULD�
CREATE�DATA�TAPES�OF�MUSIC�TO�BE�PLAYED�
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3YDNEY�-USIC������n����

"ECAUSE�THE�#3)2�-K��HAD�A�CAREER�SPLIT�BETWEEN�TWO�CITIES�
WITH�LARGELY�DIFFERENT�PERSONNEL��IT�IS�CONVENIENT�TO�SEPARATE�
THE�MUSICAL�ACTIVITIES�ALONG�THE�SAME�DIVISION��4HE�#3)2�-K��
OPERATED�IN�3YDNEY��!USTRALIA��FROM�ABOUT�.OVEMBER������TO�
*UNE�������'EOFF�(ILL�WAS�THE�MAIN�PROGRAMMER�AT�THAT�TIME�
AND� HE� USED� THE� MACHINE� TO� PLAY� MUSICAL� MELODIES��4HESE�
MELODIES��MOSTLY�FROM�POPULAR�SONGS��WERE��@#OLONEL�"OGEY���

@"ONNIE�"ANKS���@'IRL�WITH�&LAXEN�(AIR���@!ULD�,ANG�3YNE���A�
#HOPIN�-ARCH��@4HANKS�FOR�THE�-EMORY���THE�@3AUL��ARIA�FROM�
(ANDEL�S� @-ESSIAH��� SOME� SCALES� AND� A� HUMOROUS� VARIATION�
ON�@3AUL���TITLED�@3AUL�WITH�"LURTS���4HERE�ARE�A�FEW�REPORTED�
PIECES� THAT� HAVE� NOT� SURVIVED�� SUCH� AS� @'REENSLEEVES���4HE�
MUSIC�RECONSTRUCTED�FROM�THIS�TIME�COMES�FROM�A�PUNCHED�
PAPER� PROGRAM� TAPE� THAT� DATES� FROM� EARLY� ������4HIS� TAPE�
APPEARS�TO�HAVE�BEEN�A�WORK
IN
PROGRESS�AS�THERE�ARE�A�FEW�
CORRECTIONS�AND�NOTES�ON�THE�PAPER�TAPE��BUT�THEN�PERHAPS�IT�
WAS�POSSIBLE�TO�ENDLESSLY�@TWEAK��THESE�MUSIC�PROGRAMS��4HIS�
PROGRAM� TAPE� CONTAINED� A� SELECTION� OF� MELODIES� THAT� COULD�
BE�PLAYED��APPARENTLY�AS�A�COLLECTION�OF�PIECES�PROGRAMMED�
UP� UNTIL� THAT� TIME�� )T� WAS� LABELLED� SIMPLY� @-USIC� 4APE���
SUGGESTING� THAT� THERE� WAS� PROBABLY� ONLY� ONE�� ALTHOUGH�
EXPERIMENTS�TO�PROGRAM�OTHER�PIECES�WOULD�POSSIBLY�BE�ON�
OTHER� PROGRAM� TAPES��4HE� @-USIC�4APE�� WAS� A� COLLECTION� OF�
PIECES�FOR�PERFORMANCE��4HE�OPERATOR�COULD�SELECT�WHICH�PIECE�
WAS�PLAYED�BY�SETTING�SWITCHES�ON�THE�CONSOLE�

!LL�OF�THESE�PIECES�USE�LOOPS�OF�PULSES�SENT�TO�THE�SPEAKER�
TO�CREATE�THE�PITCHES��4HE�DYNAMICS�OR�VOLUME�OF�EACH�NOTE�
COULD�BE�VARIED�BY�THE�NUMBER�OF�PULSES�OR�@ON
BITS��IN�THE�
DATA� WORD� THAT� WAS� SENT� TO� THE� SPEAKER�� FROM� A� MAXIMUM�
OF�lVE� BITS� TO� A�MINIMUM�OF� ONE�BIT�� ZERO�BITS� ON�BEING� A�
REST�� %ACH� WORD� SENT� TO� THE� SPEAKER� BECAME� A� SINGLE� PULSE�
REPEATED�AT�AUDIO�FREQUENCIES��SO�THE�NUMBER�OF�@ON
BITS��IN�
THE� WORD� CHANGED� THE� AMPLITUDE� OF� THE� RESULTANT� PULSE� TO�
THE� SPEAKER� AND� THUS� THE� VOLUME�� 4HIS� SOUND� GENERATION�
TECHNIQUE� CIRCUMVENTED� THE� NEED� FOR� A� DIGITAL
TO
ANALOG�
CONVERTER��WHICH�WAS�USEFUL�BECAUSE� THERE�WERE�NOT�ANY�AT�
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THIS� TIME�� 4HE� PULSE� SHAPE� IS� FUNDAMENTALLY� A� @SAWTOOTH��
TRIANGULAR�WAVE��WHICH�IS�NOW�A�FAMILIAR�WAVEFORM�IN�SOUND�
SYNTHESIS�� !LTHOUGH� THE� TIMBRE� OR� WAVEFORM� OF� THE� NOTE�
COULD�NOT�BE�VARIED��THE�PITCH��DURATION�AND�VOLUME�OF�A�NOTE�
WERE� UNDER� PROGRAMATIC� CONTROL�� 4HIS� IS� NOT� DISSIMILAR� TO�
-AX�-ATTHEWS��-USIC�)�PROGRAM�WHICH�USED�AN�EQUILATERAL�
TRIANGLE�WAVEFORM��4HE�RANGE�OF�NOTES�AVAILABLE� IN�3YDNEY�
WAS�ALMOST�TWO�OCTAVES�

$IAGRAM�OF�#3)2�-K��SPEAKER
PULSE�AMPLITUDE�VARIATION�

)T� IS� SPECULATION� TO� ASK� WHY� THESE� PARTICULAR� MELODIES�
WERE�CHOSEN��BUT�ANECDOTAL�EVIDENCE�SUGGESTS�THAT�@#OLONEL�
"OGEY��WAS�CHOSEN�BECAUSE�IT�WAS�SUCH�A�POPULAR�FAVOURITE�
AND�4REVOR�0EARCEY�WAS�AWARE�OF�THE�NEED�TO�MAKE�A�POSITIVE�
IMPRESSION�AT�THE�PUBLIC�UNVEILING�OF�THE�#3)2�-K��IN�������
!S�2EG�2YAN�RECALLS��

%VERYBODY� REMEMBERED� HEARING� @#OLONEL� "OGEY��� )T� WAS�
POPULAR�AND�IT�HAD�PEOPLE�INTRIGUED�THAT�THE�COMPUTER�COULD�
PLAY�MUSIC��IT�WAS�SOMETHING�THEY�COULD�GRAB�HOLD�OF��

@"ONNIE� "ANKS�� WAS� APPARENTLY� PROGRAMMED� FOR� THE�
THEN� 0RIME� -INISTER� OF�!USTRALIA�� 3IR� 2OBERT� -ENZIES�� ON�
HIS� REQUEST� TO� HEAR� SOMETHING� 3COTTISH�� ACCORDING� TO� THE�
RECOLLECTIONS�OF�'EOFF�(ILL�S�FAMILY��0EARCEY�WANTED�THE�0RIME�
-INISTER�TO�BE�INTERESTED�IN�THE�COMPUTING�PROJECT�AND�SUPPORT�
IT��4HE�UPGRADING�OF�THE�#3)2�-K��S�MEMORY�WAS�SUPPOSEDLY�
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COMMEMORATED� WITH� @4HANKS� FOR� THE� -EMORY�� AND� @!ULD�
,ANG�3YNE��WAS�EVENTUALLY�USED�FOR�THE�DECOMMISSIONING�IN�
3YDNEY�BUT�IT�WAS�PROGRAMMED�WELL�BEFORE�THAT�

4HERE�ARE�MANY�STORIES�SURROUNDING�THIS�WORK��-RS��%ILEEN�
(ILL�REMEMBERS��RECALLING�THE�MUSIC�AND�STORIES�SURROUNDING�
IT�AFTER�SHE�lRST�HEARD�ABOUT�IT�IN�������

x�3OME�TIME� LATER��-RS��(ILL� �'EOFF�S�MOTHER	� TOLD�ME�THAT�
'EOFF� WAS� APPARENTLY� WORKING� ON� THE� SONG� @'REENSLEEVES��
LATE�ONE�NIGHT�VERY�EARLY�ON�IN�HIS�MUSICAL�EXPERIMENTS�WITH�
THE� COMPUTER�� PROBABLY� BECAUSE� IT� HAD� MOSTLY� SMALL� STEPS�
BETWEEN�SUCCESSIVE�NOTES�AND�IT�SHOULD�HAVE�BEEN�EASY��'EOFF�
HAD�PERFECT�PITCH��BUT�HE�WAS�NOT�SURE�OF�THE�ACCURACY�OF�ONE�OF�
THE�NOTES��4O�GET�A�SECOND�OPINION��HE�TELEPHONED�HIS�MOTHER�
TO�HAVE�A�LISTEN��3HE�WAS�A�BIT�ANNOYED�ABOUT�BEING�CALLED�SO�
LATE� AND� 'EOFF� SAID� WITH� NO� PRELIMINARIES� @#AN� YOU� PLEASE�
HAVE�A�LISTEN�TO�THIS�AND�CHECK�THE�PITCH�OF�ONE�OF�THE�NOTES���
WHILE�HE�HELD�THE�TELEPHONE�HANDSET�TO�THE�SPEAKER�FOR�HER�TO�
HEAR�THE�PIECE��7HEN�THE�PIECE�HAD�lNISHED�AND�HE�ASKED�IF�
IT�HAD�ANY�WRONG�NOTES�SHE�REPLIED��@4HAT�SOUNDS�LIKE�TISSUE�
PAPER�BEING�PLAYED�THROUGH�A�COMB��)T�S�A�BIT�LATE�TO�BE�FOOLING�
AROUNDnWHAT�S�GOING�ON�THERE���@.O�� IT�S�THE�COMPUTER���(E�
TOLD�HER��'EOFF�TOLD�ME�LATER�THAT�THE�PIECE�OF�MUSIC�HE�PLAYED�
ON�THAT�OCCASION�WAS�@'REENSLEEVES��AND�)�BELIEVE�THAT�IT�MAY�
WELL� HAVE� BEEN� THE� lRST� MUSIC� TO� BE� PROGRAMMED� FOR� THE�
MACHINE�
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-ELBOURNE�-USIC������n����

4HE� #3)2� -K�� WAS� DISMANTLED� MID
������ PLACED� UNDER� A�
TARPAULIN� ON� A� LARGE� ARTICULATED� TRUCK� AND� DRIVEN� ����KM�
TO� ITS� NEW� HOME�� THE� 5NIVERSITY� OF� -ELBOURNE� 0HYSICS�
$EPARTMENT��4HERE�IT�WAS�UNDER�THE�DIRECTION�OF�&RANK�(IRST�
AND� IT� WAS� RENAMED� #3)2!#�� 'EOFF� (ILL� DID� SPEND� QUITE�
SOME� TIME� IN� -ELBOURNE� WITH� #3)2!#�� BUT� APPARENTLY� HE�
DID�NOT�ADD�TO�THE�MUSICAL�REPERTOIRE�OF�THE�MACHINE�DURING�
THIS�PERIOD��(OWEVER��THERE�WAS�A�0ROFESSOR�OF�-ATHEMATICS�
NAMED�4HOMAS�#HERRY��LATER�3IR�4HOMAS�#HERRY�&23��WHO�
HAD� A� GREAT� INTEREST� IN� PROGRAMMING� AND� MUSIC� AND� HE�
CREATED�MUSIC�WITH�#3)2!#��)N�-ELBOURNE�THE�PRACTICE�OF�HOW�
#3)2!#�WAS�PROGRAMMED�FOR�MUSIC�WAS�ALTERED�AND�RElNED�
SOMEWHAT��&OR�EXAMPLE��TO�INCREASE�THE�DYNAMIC�RANGE�OF�THE�
TONES��ALL�OF�THE�BITS�OF�THE�DATA�WORD�SENT�TO�THE�SPEAKER�WERE�
USED��INSTEAD�OF�ONLY�lVE�AS�IN�THE�3YDNEY�MUSIC��4HE�DATA�
WORD�SENT�TO�THE�SPEAKER�COULD�VARY�IN�RANGE�FROM�HAVING�ALL�
���BITS�ON�TO�ONLY�ONE�BIT�ON��WITH�NO�BITS�ON�BEING�A�REST��4HE�
PITCH�RANGE�WAS�ALSO�EXTENDED��ALTHOUGH�THE�ACCURACY�OF�THE�
HIGHEST�NOTES�LEFT�A�LOT�TO�BE�DESIRED�

#HERRY� PROGRAMMED� SEVERAL� PIECES� FOR� #3)2!#�� 4HE�
-ELBOURNE� 5NIVERSITY� SONG� @'AUDEAMUS� )GITUR�� WAS�
APPARENTLY�PROGRAMMED�AND�PERFORMED�IN�������POSSIBLY�FOR�
THE�OFlCIAL�UNIVERSITY�OPENING�OF�#3)2!#��4HIS�PROGRAM�TAPE�
NO�LONGER�EXISTS�AND�IT�IS�MORE�LIKELY�THAT�IT�WAS�PROGRAMMED�
BY�'EOFF�(ILL��!LTHOUGH�#HERRY�HAD�MENTIONED�DURING�THE�
OPENING�CEREMONY�THAT�#3)2!#�COULD�PLAY�MUSIC��HE�WOULD�
PROBABLY�HAVE�BEEN�TOO�UNFAMILIAR�WITH�#3)2!#�AT�THAT�EARLY�
STAGE�TO�PROGRAM�IT�FOR�THAT��+AY�4HORNE�AGREES��

9ES�� 'EOFF� PROBABLY� DID� PROGRAM� @'AUDEAMUS��� )T� WAS� JUST�
LIKE�HIS�SENSE�OF�HUMOUR�TO�DO�THAT��WITH�IT�GOING�FROM�THE�
#3)2/�TO�THE�UNIVERSITY��4HAT�WOULD�BE�VERY�@'EOFF�� TO�DO�
THAT��HE�HAD�QUITE�A�SENSE�OF�HUMOUR��

!�NEWSPAPER�REPORT�OF�THE�OCCASION�VIVIDLY�DESCRIBED�IT�AS�
SOUNDING��@,IKE�A�REFRIGERATOR�DEFROSTING�IN�TUNE���
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4HE�PROGRAM�TAPES�FOR�A�COUPLE�OF�TEST�SCALES�STILL�EXIST��ALONG�
WITH�THE�POPULAR�MELODIES�@3O�EARLY�IN�THE�-ORNING��AND�@)N�
#ELLAR�#OOL���WHICH�WAS�A�POPULAR�DRINKING�SONGnIT�APPEARS�
THAT�THE�PURSUIT�OF�COMPUTER�MUSIC�AND�SOCIAL�DRINKING�HAVE�
BEEN�INTIMATELY�LINKED�SINCE�THE�EARLIEST�YEARS��

#HERRY�ALSO�PROGRAMMED�A�PIECE�OF�MUSIC��A� THEME�AND�
VARIATIONS� FOR� BASSOON�� FOR� #3)2!#� TO� PERFORM��4HIS� MUST�
HAVE� BEEN� BY� ����� AT� THE� LATEST�� OR� POSSIBLY� EARLIER� BUT�
UNFORTUNATELY� THERE� IS� NO� lRM� DATE��4HE� NOTATION� USED� BY�
#HERRY��FOR�EXAMPLE�USING�THE�@�0��SYMBOL��DATES�IT�TO������
OR�EARLIER�AS� THIS�NOTATION�WAS�NO� LONGER�USED�BY� THE� START�
OF�������4HE�THEME�AND�VARIATIONS��CALLED�@,UCY�,ONG���WAS�
CHOSEN�BY�#HERRY�BECAUSE�APPARENTLY�THE�TIMBRE�AND�RANGE�
OF�#3)2!#�REMINDED�HIM�OF�THE�BASSOON��4HE�SIGNIlCANT�POINT�
OF�THIS�WORK�IS�THAT�#HERRY�HAD�GENERALISED�THE�REQUIREMENTS�
OF�PLAYING�MUSIC�WITH�#3)2!#�AND�HAD�WRITTEN�A�PROGRAM�FOR�
IT�WITH�@,UCY�,ONG��AS�THE�DATA�FOR�THAT�PROGRAM�

4HE� GENERALISATION� OF� PLAYING� MUSIC� WITH� THE� COMPUTER�
WAS�PROBABLY�THE�MOST�SIGNIlCANT�CONTRIBUTION�BY�#HERRY�TO�
COMPUTER�MUSIC�PRACTICE�WITH�#3)2!#��)N�ABOUT������#HERRY�
WROTE� A� MUSIC� PERFORMANCE� PROGRAM� THAT� WOULD� ALLOW� A�
COMPUTER� USER� WHO� UNDERSTOOD� SIMPLE� STANDARD� MUSIC�
NOTATION� TO� ENTER� IT� EASILY� INTO� #3)2!#� FOR� PERFORMANCE��
WITHOUT�HAVING�TO�NEGOTIATE�ALL�OF�THE�USUAL�TIMING�PROBLEMS��
4HE� @-USIC� 0ROGRAMME�� COULD� PLAY� MUSIC� FROM� MEMORY�
OR� FROM� PUNCHED� PAPER� TAPE�� %ACH� HAD� ADVANTAGES� AND�
DISADVANTAGES��0LAYING�FROM�TAPE�ALLOWED�THE�PERFORMANCES�
OF�VERY�LONG�PIECES��TOO�LARGE�TO�lT�INTO�MEMORY��BUT�THE�SPEED�
OF�SUCCESSIVE�NOTES�WAS�LIMITED�BY�THE�SPEED�OF�THE�PAPER�TAPE�
READER��)N�PRACTICE�THIS�WAS�A�SMALL�LIMITATION�AS�IT�COULD�PLAY�
ABOUT� TEN� NOTES� A� SECOND�� 0LAYING� FROM� MEMORY� HAD� THE�
ADVANTAGE�THAT�FASTER�NOTES�COULD�BE�PLAYED��BUT�BECAUSE�OF�
THE�LIMITED�SIZE�OF�THE�MEMORY�THE�PIECE�COULD�NOT�BE�LARGE��

#3)2!#�HAD�A�MUSICAL�RANGE�OF�ABOUT�TWO�AND�A�HALF�OCTAVES�
AS� PROGRAMMED� BY� #HERRY� AND� EACH� @NOTE�� WAS� ASSIGNED� A�
NUMBER�� 3IMILARLY�� EACH� DURATION� WAS� ASSIGNED� A� NUMBER��
(ENCE��THERE�WAS�A�NUMERICAL�DESCRIPTION�OF�THE�MUSIC�TO�BE�
PLAYED��4HE�PROCEDURE�TO�HAVE�#3)2!#�PLAY�A�PIECE�OF�MUSIC�
WAS� FOR� A�USER� TO�PUNCH�A�PAPER� TAPE� ACCORDING� TO� A� SET� OF�
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INSTRUCTIONS�� READING� THE� MUSIC� NOTATION� AND� ENTERING� THE�
CORRECT�NUMBERS�FOR�THE�PITCH��DURATION�AND�DYNAMIC��VOLUME�
OR�INTENSITY	�FOR�EACH�NOTE�AFTER�LOOKING�THEM�UP�IN�A�TABLE��
!N� INTENSITY�NUMBER�WAS�PUNCHED� �DENOTED�BY� A�9�PUNCH�
ON� THE� PAPER� TAPE	�� THEN� NOTE� AND� DURATION� NUMBERS�� 4HE�
INTENSITY� WOULD� APPLY� TO� ALL� NOTE� PITCH
DURATION� NUMBERS�
THAT� CAME� AFTER� IT��4HIS� WAS� APPROPRIATELY� CALLED� A� @PIANOLA�
TAPE���7HEN�THE�APPROPRIATE�-USIC�0ROGRAMME��@PLAY�FROM�
TAPE��OR�@PLAY�FROM�STORE���WAS�LOADED�INTO�THE�COMPUTER�AND�
EXECUTED��IT�WOULD�STOP��WAITING�FOR�THE�DATA�TAPE��4HE�PIANOLA�
TAPE�WAS�LOADED�AND�STEPPED�INTO�POSITION��)F� IT�WAS�TO�PLAY�
FROM� TAPE�� EXECUTION� COULD�BEGIN� AND� THE�PIECE�HEARD�� )F� IT�
WAS�TO�PLAY�FROM�STORE��THE�TAPE�WOULD�BE�READ�INTO�MEMORY�
AND� THE� PROGRAM� WOULD� AGAIN� STOP�� 4HEN� EXECUTION� COULD�
BEGIN� TO� PLAY� THE� MUSIC� DATA� FROM� THE� MERCURY� DELAY
LINE�
MEMORY��

4HIS�WORK�BY�#HERRY�BEARS�SOME�COMPARISON�WITH�OTHER�
COMPUTER�MUSIC�RESEARCH�OF�THE�TIME��4HE�-USIC�0ROGRAMME��
WHICH� ALLOWED� FOR� A� HIGH
LEVEL� �NUMERICAL	� DESCRIPTION� OF�
THE�MUSIC��HAS�SEVERAL�SIMILARITIES�TO�-AX�-ATTHEWS��WORK�
FROM� ������ CALLED� -USIC� )�� -ATTHEWS� WAS� WORKING� AT� "ELL�
,ABS� THEN�� WHEN� HE� STARTED� HIS� EXPERIMENTS� OF� APPLYING�
COMPUTERS� TO�MUSICAL� GOALS��4HERE� IS�NO�VARIABLE� SYNTHESIS�
COMPONENT�IN�EITHER�PROGRAM��4HE�SOUND�SYNTHESIS�METHOD�
USED� ON� #3)2!#� WAS� NOT� STRUCTURED� IN� A� WAY� TO� ALLOW� A�
MODIlCATION�OF�THE�TIMBRE��(OWEVER��-USIC�)�WAS�DESIGNED�
TO� OUTPUT� A� TAPE� OF� DIGITAL� @SAMPLES�� THAT� WOULD� BE� PLAYED�
BACK� LATER� THROUGH� DIGITAL
TO
ANALOG� CONVERTER� HARDWARE��
SO� IT�WOULD� SOON�ACHIEVE� A� SYNTHESIS� COMPONENT� �-USIC� ))��
����	�TO�ALLOW�MODIlCATION�OF�THE�SOUND�WAVEFORM�AND�IT�DID�
NOT�NEED�TO�DEAL�WITH�THE�PROBLEMS�OF�REAL
TIME�PERFORMANCE�
OF� THE�WORK��4HE�ABILITY� TO�OUTPUT� SOUNDlLES�WITH�-USIC� )�
AND�-USIC�))�WAS�THE�RESULT�OF�SEVERAL�TECHNOLOGICAL�ADVANCES�
THAT� #3)2!#�� BEING� A� PREVIOUS� GENERATION� OF� COMPUTING�
TECHNOLOGY��DID�NOT�HAVE�ACCESS�TO��4O�GENERATE��STORE�AND�PLAY�
BACK�SOUNDlLES�REQUIRES��ONLINE�MASS�STORAGE�THAT�CAN�STORE�
SOUNDlLES�SUCH�AS�MAGNETIC�TAPE��DIGITAL
TO
ANALOG�CONVERTERS�
TO� CONVERT� THE� SOUNDlLES� TO� AUDIO�� SIGNIlCANT� ELECTRONIC�
MEMORY�CAPACITY��AND��A�HIGH�ENOUGH�BANDWIDTH�DIGITAL
BUS�
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TO�TRANSFER�THE�DATA�TO�THE�DIGITAL
TO
ANALOG�CONVERTERS��4HE�
HIGH
LEVEL�� NUMERICAL� SPECIlCATION� FOR� MUSICAL� PARAMETERS�
WAS� IMPORTANT� FOR� BOTH� -ATTHEWS�� -USIC� )� AND� #HERRY�S�
-USIC�0ROGRAMME��)T�WAS�ALSO�PROBABLY�A�NATURAL�STEP�FROM�
OTHER�MUSIC�TECHNOLOGY�SUCH�AS�PUNCHED�PAPER�TAPE��OR�ROLL��
FOR�CONTROL�OF�PLAYER�PIANOS��HOWEVER�IT�IMPLIES�A�DEGREE�OF�
SOPHISTICATION� IN� THE� SOFTWARE� TO� GENERALISE� THE� INPUT� DATA��
4HE�USE�OF�DIGITAL�SOUND�lLES�WAS�SIGNIlCANT�FOR�-USIC�)�AND�
LATER�DEVELOPMENTS�BECAUSE�IT�ALLOWED�FOR�ARBITRARY�TIMBRAL�
VARIATION��OF�WHICH�#3)2!#�WAS�NOT�CAPABLE��4HUS��-USIC�))�
�����	�WAS�CAPABLE�OF�FOUR�INDEPENDENT�PARTS�WITH�ANY�OF����
TIMBRES�� 4HIS� IS� AN� ORDER
OF
MAGNITUDE� IMPROVEMENT� OVER�
NOT�BEING�ABLE�TO�MODIFY�A�TIMBRE��ALTHOUGH�IT�DID�FORCE�A�NON

REAL
TIME�APPROACH�BECAUSE�OF�THE�LIMITS�OF�COMPUTING�POWER��
4HE�MORE�RECENT�DEVELOPMENTS�OF� THE�@-USIC�.�� LANGUAGES��
FOR�EXAMPLE�@#SOUND���DID�NOT�ACHIEVE�REAL�TIME�OUTPUT�UNTIL�
ABOUT�������SUCH�IS�THE�PROCESSING�POWER�REQUIRED��(OWEVER��
GIVEN� ALL� OF� THE� FOREGOING�� THE� SIGNIlCANT� INNOVATIONS� AT�
"ELL�,ABS�WERE�THE�CONCEPTS�OF�THE�@UNIT�GENERATOR��THAT�WAS�
INTRODUCED�IN������WITH�-USIC�)))�AND�THE�@STORED�FUNCTION���
OR� @FUNCTION� TABLE��� OSCILLATOR�� 4HE� UNIT� GENERATOR� CONCEPT�
IS� SIMILAR� TO� THE� CONCEPT� OF� BUILDING� A� SOUND� IN� AN� ANALOG�
ELECTRONIC� STUDIO� OR� SYNTHESISER�� WHERE� DIFFERENT� MODULES�
OR�UNIVERSAL� BUILDING�BLOCKS�� FOR� EXAMPLE�OSCILLATORS��lLTERS�
AND�ENVELOPE�GENERATORS��ARE�CONNECTED�TOGETHER�TO�CREATE�A�
SOUND��7ITH�A�-USIC�)))�UNIT�GENERATOR�THIS�IS�ACCOMPLISHED�
WITH� A� lLE� OF� TEXT� INSTRUCTIONS� TO� THE� PROGRAM��4HE� STORED�
FUNCTION� OSCILLATOR� DIRECTLY� SYNTHESISES� A� WAVEFORM� BY�
SAMPLING�A�STORED�FUNCTION�THAT�REPRESENTS�A�SINGLE�CYCLE�OF�
THE�SOUND�AND�IT� IS�SIMILARLY�CONTROLLED�BY�PARAMETERS� IN�A�
TEXT� lLE�� 4HESE� CONCEPTS�� WHICH� WERE� DEVELOPED� LARGELY� IN�
RESPONSE� TO� THE� REQUIREMENTS� OF� COMPOSERS� WORKING� WITH�
THE� TOOLS�� PERMITTED� THE� mEXIBILITY� THAT� COMPOSERS� WANTED�
TO� GENERATE� NEW� MUSICAL� STRUCTURES� AND� THEY� CONTINUE� TO�
INmUENCE�COMPUTER�MUSIC�TODAY�

"OTH�#HERRY�S�-USIC�0ROGRAMME�AND�-ATTHEWS��-USIC�)�
ALLOWED�FOR�A�SIMILAR�HIGH
LEVEL�AND�NUMERICAL�SPECIlCATION�
OF� MUSICAL� EVENTS�� (OWEVER�� WHAT� #HERRY�S� PROGRAM� LOST�
IN� TIMBRAL� MANIPULATION� IT� MADE� UP� FOR� WITH� REAL
TIME�
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PERFORMANCE� OF� A� PIECE� OF� MUSIC� AND� LIMITED� RUN
TIME�
TRANSPOSITION� �SET� VIA� A� REGISTER� ON� THE� CONSOLE	� AND� SPEED�
VARIATION�OF�THE�PIECE�

!S�WITH�THE�#3)2�-K��PLAYING�MUSIC�IN�3YDNEY��THERE�ARE�
SEVERAL�PEOPLE�WHO� REMEMBER� EVENTS� SURROUNDING�#3)2!#�
PLAYING�MUSIC�IN�-ELBOURNE��4ERRY�(OLDEN��AN�EARLY�USER�OF�
#3)2!#�IN�-ELBOURNE�REMEMBERS�#HERRY�S�MUSIC�PROGRAM��

4HE�MOST�SUCCESSFUL�MUSIC�PROGRAM�WAS�WRITTEN�BY�0ROFESSOR�
4OM�#HERRY��9OU�VE�GOT�TO�REMEMBER�THAT�THIS�MACHINE�WAS�
FAIRLY� SLOW�� WITH� A� MILLISECOND� SORT� OF� REPETITION� RATE��4OM�
#HERRY� WROTE� A� MUSIC� PROGRAM� THAT� HE� WENT� TO� A� LOT� OF�
TROUBLE�TO�MAKE�QUITE�SOPHISTICATED�SO�THAT�YOU�COULD�CHANGE�
�TRANSPOSE	� THE�PITCH�AND�SO�ON��(OWEVER�� THE�SORT�OF�NOISE�
THAT�HE�MANAGED�TO�GET�OUT�OF�IT�REMINDED�HIM�OF�A�BASSOON��
)T�WAS�A�FAIRLY�LOW�PITCH��3O�HE�PROGRAMMED�A�BASSOON�SOLO�
CALLED� @,UCY� ,ONG��� WHICH� )� REMEMBER� HIM� PLAYING�� )T� WAS�
A� MOURNFUL� SORT� OF� DIRGE�� )T� WAS� GOOD� FUN� REALLY�� )� THINK�
HIS� MUSIC� PROGRAM� WAS� PROBABLY� WRITTEN� IN� ABOUT� ����� OR�

����� IT�WAS�QUITE�EARLY�� IT�MIGHT�HAVE�BEEN�EARLIER�� )�ACTUALLY�
FOUND�A�COPY�OF�THE�INSTRUCTIONS�FOR�THE�MUSIC�PROGRAM�AND�
FOUND�SUCH�GEMS�AS��@)F�TRANSPOSITION�BEYOND�THESE�LIMITS�IS�
ATTEMPTED��THE�COMPUTER�WILL�BE�ASKED�FOR�NOTES�THAT�ARE�NOT�
IN�ITS�REPERTOIRE�AND�IT�WILL�GO�BERSERK���7HICH�IS�A�BEAUTIFUL�
WAY�OF�PUTTING�THINGS�)�THINK�

+AY�4HORNE��WHO�WORKED�DAILY�WITH�#3)2!#�FROM�-ARCH�
������RECALLS�SEVERAL�EVENTS�CONCERNING�THE�MUSIC��

4HE� MUSIC� WAS� PLAYED� QUITE� A� LOT� ON� UNIVERSITY� OPEN� DAYS��
BUT�AFTER�A�WHILE�WE�STOPPED�DOING�IT�AS�MUCH�BECAUSE�OF�THE�
DIFlCULTY�OF�EXPLAINING�IT�TO�PEOPLE��)F�YOU�GO�BACK�TO�THE�MIND�
SET�IN�THOSE�DAYS��PEOPLE�FELT�THAT�COMPUTERS�WERE�GOING�TO�BE�
ALL
POWERFUL�THINGS��4HERE�WAS�NO�KNOWLEDGE�IN�THE�GENERAL�
PUBLIC�OF�HOW�THEY�WORKED��3O�THERE�WAS�A�FEELING�THAT�YOU�
COULD� ASK� THE� COMPUTER� ANYTHING�� 0EOPLE� USED� TO� RING� UP�
ON�THE�@PHONE�TO�ASK�THE�COMPUTER�QUESTIONS��7E�EVEN�HAD�
PEOPLE�RINGING�UP�WITH�CROSSWORD�CLUES�TO�ASK�THE�COMPUTER��
LIKE�@#AN�YOU�ASK� THE�COMPUTER�WHAT� IS�A�PLANT�NAME�WITH�
SIX�LETTERS�THAT�STARTS�WITH�!���3O�WITH�THAT�PERCEPTION��IF�WE�
PLAYED�THE�MUSIC�ON�AN�OPEN�DAY�FOR�THE�GENERAL�PUBLIC��WHO�
MOSTLY�DIDN�T�KNOW�ANYTHING�ABOUT�COMPUTERS��YOU�HAD�TO�
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TRY�AND�EXPLAIN�WHY�THE�COMPUTER�WAS�PLAYING�MUSIC��4HE�
SKILL�INVOLVED�IN�GETTING�THE�COMPUTER�TO�PLAY�MUSIC�JUST�WENT�
STRAIGHT�OVER�THEIR�HEADS��3O�ALTHOUGH�WE�USED�TO�PLAY�IT�FOR�
OPEN�DAYS�AND�PEOPLE�OFTEN�REQUESTED�IT�AND�THEN�WE�WOULD�
PLAY�IT��AFTER�A�WHILE�WE�ONLY�PLAYED�IT� FOR�PEOPLE�WHO�HAD�
SOME�KNOWLEDGE�OF�PROGRAMMING�AND�SOME�KNOWLEDGE�OF�THE�
MACHINE�WHO�COULD�APPRECIATE�WHAT�WAS�INVOLVED��"UT�IF�YOU�
WORKED�THERE�AS�)�DID�YOU�WERE�FAMILIAR�WITH�THAT�MUSIC��)T�
WAS�ONE�OF�THOSE�THINGS�THAT�WAS�PLAYED��NOT�ONCE�A�YEAR��BUT�
PROBABLY�A�COUPLE�OF� TIMES�A�MONTH�� )T�WAS� FAIRLY� FREQUENT��
4HE�REASON�WAS�THAT�WE�WERE�DOING�A�TREMENDOUS�AMOUNT�OF�
TRAINING�OF�UNIVERSITY�PEOPLE��INDUSTRY�PEOPLE��EVEN�MEMBERS�
OF�THE�PUBLIC��3O�WE�HAD�GROUPS�OF�VISITORS�THROUGH�THE�PLACE�
QUITE�FREQUENTLY��4HEN�EACH�ONE�OF�THE�PROGRAMMERS�WOULD�
BRING�ALONG�A�GROUP�OR�FRIENDS�AND�SO�ON��SO�THERE�WERE�ALWAYS�
VISITORS�AROUND��

)T�S�4OM�#HERRY�WHO�EVERY�ONE�WILL�REMEMBER�FOR�THE�MUSIC��
HE�WAS�THE�ONE�WHO�WAS�MOST�PROUD�OF�IT��BUT�)�HAVE�A�FEELING�
THERE� MAY� HAVE� BEEN� ONE� OR� TWO� OTHERS� WHO� ALSO� DID� IT�� )�
BELIEVE�HIS�MUSIC�PROGRAM�WAS�ALREADY�FUNCTIONING�WHEN�)�
STARTED�THERE�IN�-ARCH�������)T�WAS�QUITE�EARLY��4OM�#HERRY�
DID�MOST�OF�HIS�PROGRAMMING� IN� THE�EARLY�DAYS�BECAUSE�HE�
WAS�ONE�OF�THE�GROUP�THAT�RAN�THE�PLACE��(E�DIDN�T�DO�A�LOT�OF�
HANDS�ON�WORK�BY�THE�STAGE�THAT�)�WAS�THERE��)�THINK�IT�WAS�
DONE�IN�ABOUT�����OR�SO��4HE�MUSIC�WAS�JUST�PART�OF�OUR�LIVES�
AND� IT�WAS� JUST�@THERE��� IT�WAS�SOMETHING�WE�NEVER�THOUGHT�
ABOUT�� )T� ALWAYS�HAD� A� RATHER�NICE� SOUND� )� THOUGHT�� )T� DID��
)T�WAS�ODD�MUSIC�BUT�IT�WAS�QUITE�NICE�TO�HAVE�THAT�BECAUSE�
THERE�WAS�NO�@PIPED��MUSIC� OR� ANYTHING� LIKE� THAT�� SO� IF� THE�
MUSIC�STARTED�UP�EVERY�ONE�WOULD�TURN�AROUND�AND�LOOK�AND�
LISTEN��

4HE� DOCUMENT� BELOW� CONTAINS� THE� INSTRUCTIONS� FOR�
OPERATING�THE�-USIC�0ROGRAMME�AND�PUNCHING�PIANOLA�TAPES��
AS�TYPED�BY�#HERRY��4HE�-USIC�0ROGRAMME�DID�NOT�TAKE�UP�
MUCH�SPACE�IN�MEMORY��4HIS�IS�IMPORTANT�TO�REMEMBER�FOR�
LATER� ANALYSIS� OF� THE� NOTE� FREQUENCIES�� BECAUSE� THERE� IS� NOT�
MUCH�MEMORY�SPACE�FOR�THE�NOTE�PULSE�DATA��4HE�WHOLE�MUSIC�
PROGRAM� AND� @PRIMARY�� �BOOTSTRAP� LOADER	�� WITHOUT� DATA��
OCCUPIED�ABOUT�����WORDS�IN�MEMORY��4HE�lRST����WORDS�WERE�
TAKEN�UP�WITH�THE�@PRIMARY���WITH�THE�MUSIC�PROGRAM�STARTING�
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AT�POSITION�����4HERE�WAS�SPACE�IN�MEMORY�FOR�ANOTHER�����
TAPE�ROWS��7ITH�THIS�SORT�OF�MEMORY�RESTRICTION��IT�IS�EASIER�
TO�APPRECIATE�WHY�SHORT�MUSICAL�PIECES�WERE�THE�NORM�AND�
HOW�MUCH�MORE�OF�AN�ACHIEVEMENT�THE�-USIC�0ROGRAMME�
AND�@,UCY�,ONG��WERE�

0ETER�4HORNE�RECALLS�HEARING�THE�MUSIC�IN�-ELBOURNE��

)�lRST�SAW�#3)2!#�IN�THE�LATE�����S�ON�A�SCHOOL�VISIT��)�NEXT�
SAW� #3)2!#� IN� ABOUT� ����� AND� )�M� SURE� )� lRST� HEARD� THE�
MUSIC�AT�A�5NIVERSITY�OPEN�DAY��)T�PLAYED�MUSIC�EVERY�OPEN�
DAY�UNTIL�IT�WAS�CLOSED�DOWN��0EOPLE�CAME�IN�AND�WE�WOULD�
PLAY�THE�MUSIC��)T�WAS�ALMOST�INVARIABLY�THE�LONG�PIECE�THAT�
#HERRY�PROGRAMMED�� )T�WAS� THE�PARTY�PIECE�AND� IT�WAS� THE�
DEMONSTRATION�PIECE��BUT�MOST�OF�THE�TIME�THE�COMPUTER�WOULD�
BE�DOING�OTHER�THINGS��3O�MY�MAIN�RECOLLECTIONS�OF�THE�MUSIC�
IS�LARGELY�@,UCY�,ONG���LARGELY�OPEN�DAYS�AND�LARGELY�PEOPLE�
STANDING� AROUND� WITH� A� HALF� BEMUSED� SMILE� ON� THEIR� FACES��
0EOPLE�DIDN�T�REACT�TO�IT�THAT�WELL��)�DON�T�THINK�PEOPLE�WERE�AS�
IMPRESSED�WITH�THE�MUSIC�AS�THEY�WERE�WITH�THE�MATHEMATICAL�
CAPABILITIES��"ECAUSE��)�THINK�THEY�LOOKED�AT�THAT�AND�THOUGHT�
THAT�A�MUSIC�STUDENT�COULD�PLAY�THAT��7HEREAS�YOU�COULD�LOOK�
AT�THE�MATHEMATICS�BEING�PERFORMED�AND�REALISE�THAT�IT�WAS�
MUCH�FASTER�THAN�ANY�PEOPLE�WHO�COULD�DO�lGURES�AND�ALSO�
MUCH�FASTER�THAN�A�PERSON�WITH�A�DESK�CALCULATOR��)T�WAS�MUCH�
FASTER�THAN�THAT��3O�THAT�WAS�EXTRAORDINARY��WHEREAS�TO�PLAY�
MUSIC�WAS�NOT�EXTRAORDINARY��0EOPLE�OF�COURSE�DID�NOT�REALISE�
HOW�CLEVER�IT�WAS�TO�PLAY�MUSIC�AND�)�ACTUALLY�THINK�THAT�AT�THE�
TIME��IF�YOU�THINK�HOW�MANY�PEOPLE�KNEW�HOW�CLEVER�IT�WAS�
TO�DO�THAT��TO�HAVE�ANY�UNDERSTANDING�OF�THE�PROCESS�INVOLVED�
IN�GENERATING�DIGITAL�MUSIC��IT�WAS�PROBABLY�VERY�FEW��IT�WAS�
LIMITED� TO� THE� PEOPLE� WHO� WERE� PROGRAMMERS� OF� #3)2!#��
0ROBABLY�MORE�PEOPLE�NOW�REALISE�HOW�CLEVER�IT�WAS�THAN�WAS�
REALISED�AT�THE�TIME��)T�S�NOT�OBVIOUS�HOW�CLEVER�IT�WAS�THEN�
AND�PEOPLE�WERE�MORE�IMPRESSED�BY�THE�CALCULATION�OF�LOAN�
REPAYMENTS��"Y�THIS�TIME��FOR�THE�MUSIC��IT�WAS�PERCEIVED�AS�
DOING�SOMETHING�THAT�A�PHONOGRAPH�COULD�DO�
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#HERRY�S�INSTRUCTIONS�FOR�THE�-USIC�0ROGRAMME��.���.��AND�)�ARE�
REGISTERS�THAT�ARE�SET�WITH�CONSOLE�SWITCHES�
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7HILE� RECONSTRUCTING� THE� MUSIC�� 4OM� #HERRY�S� ORIGINAL�
SKETCHES� AND� NOTES� WERE� FOUND� FOR� THE� -USIC� 0ROGRAMME��
4HE� PROGRAM� LISTING� FOUND� AMONGST� #HERRY�S� NOTES� WAS�
USED�TO�CHECK�THE�ACCURACY�OF�THE�PROGRAM�FROM�THE�PUNCHED�
PAPER�TAPE�AND�THEY�WERE�FOUND�TO�BE�THE�SAME��"ELOW�ARE�A�
FEW�EXTRACTS�FROM�HIS�HANDWRITTEN�NOTES��)T�IS�INTERESTING�TO�
OBSERVE�THE�MANY�CORRECTIONS�TO�THE�DETAILS�OF�SOME�OF�THE�
MUSICAL�PITCHES��3EVERAL�OF� THE�PITCH�ANNOTATIONS�ALSO�HAVE�
NUMBERS�COUNTING�THE�MINOR
CYCLES��BIT�TRANSFER�TIME	��THUS�
REPRESENTING�THE�PERIODS�AND�DELAYS�OF�THE�INSTRUCTIONS�USED�
IN� THE� PULSE� LOOPS�� /THER� NUMBERS�� BEFORE� THE� INSTRUCTIONS��
REPRESENT�MEMORY�LOCATIONS�USED�IN�THE�PROGRAM�FOR�STORAGE�
AND� DATA� TRANSFER� AND� SO� ON�� 2ECENT� ANALYSIS�� AFTER� THE�
MUSIC�WAS�ACCURATELY�RECONSTRUCTED��REVEALED� THAT�DIFFERENT�
FREQUENCIES�RESULTED�FROM�THOSE�THAT�WERE�EXPECTED��4HIS�IS�
EXAMINED�IN�DETAIL�LATER�IN�THE�SECTION�ON�RECONSTRUCTING�THE�
MUSIC�
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4HE�lRST�PAGE�OF�#HERRY�S�NOTES�FOR�THE�-USIC�0ROGRAMME��0ART�OF�THE�
PROGRAM�IS�ON�THE�LEFT�AND�THE�NOTE�DATA�IS�ON�THE�RIGHT�HAND�SIDE�OF�THE�
PAGE��4HE�LIST�OF�NOTES�AT�THE�BOTTOM��0ITCH�#ODE	�IS�CORRECT��BUT�IN�THE�
PREVIOUS�INSTRUCTIONS�FOR�THE�PROGRAM�THEY�ARE�TRANSPOSED�
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%ARLY�NOTE�DATA�STRUCTURES�FOR�THE�SPEAKER�PULSES��4HE�SYMBOL�0�MEANS�
@SEND�THE�PULSE�IN�THE�SOURCE���HERE�IT�IS�REGISTER�(,��@TO�THE�SPEAKER���4HIS�
IS�AN�EARLY�EXAMPLE�OF�THE�PROGRAM�AS�LATER�#HERRY�FOUND�IT�BETTER�TO�USE�
REGISTER�#�AS�THE�SOURCE�FOR�THE�DATA�TO�BE�SENT�TO�THE�SPEAKER�
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!�SEPARATE�SHEET�OF�NOTE�DATA�STRUCTURES�DETAILING�THE�TIMING�OF�THE�
VARIOUS�LOOPS�OF�PULSES�AND�THE�INSTRUCTIONS�TO�PRODUCE�THE�NOTES��4HE�
NUMBERS�SHOW�THE�COUNT�OF�MINOR
CYCLES�FOR�THE�INSTRUCTION�AND�THUS�THE�
TIMING�
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!�LISTING�OF�THE�lRST�PART�OF�THE�-USIC�0ROGRAMME��4HE�HANDWRITTEN�
SECTION�@3PECIAL�0RIMARY��IS�THE�SPECIAL�BOOTSTRAP�LOADER��4HERE�ARE�TWO�
COLUMNS�OF�CODE��
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-USIC�2ECONSTRUCTION

4HE�MUSIC�PLAYED�BY�#3)2!#�WAS�NEVER�RECORDED�ONTO�ANY�
AUDIO�STORAGE�FORMAT�SUCH�AS�TAPE�OR�DISK��,ITTLE�WAS�KNOWN�
ABOUT�THE�MUSIC��AND�SEVERAL�PEOPLE�WHO�HAD�HEARD�IT�IN�THE�
����S� AND� ����S� WERE� STILL� AROUND� TO� TELL� THE� TALES�� BUT� IT�
WAS� IMPOSSIBLE� TO� HEAR� IT� ANY� MORE��4HIS� WAS� UNFORTUNATE�
AS� IT� SEEMED� THAT� A� PART� OF� COMPUTER� MUSIC� HISTORY�� WHICH�
HAD�OCCURRED�IN�ISOLATION�IN�!USTRALIA��HAD�BEEN�LOST��!LSO��AN�
ISOLATED�PIECE�OF�!USTRALIAN�MUSIC�HISTORY�WAS�LOST��4HEREFORE��
A�PLAN�WAS�DEVELOPED� TO� RECONSTRUCT� THE�MUSIC��!S� FORTUNE�
WOULD� HAVE� IT�� THREE� KEY� PEOPLE� WHO� WOULD� BE� NEEDED� FOR�
THIS�ENDEAVOUR��2ON�"OWLES��*OHN�3PENCER�AND�*URIJ��'EORGE	�
3EMKIW�� WERE� CURRENTLY� INVOLVED� WITH� A� PROJECT� AT� THE�
5NIVERSITY�OF�-ELBOURNE� TO� THOROUGHLY�DOCUMENT�#3)2!#�
AS� IT� IS� NOW� A� MUSEUM� PIECE� AND� ONE� OF� THE� OLDEST�� INTACT��
lRST� GENERATION� COMPUTERS� IN� THE� WORLD�� -OST� OTHER� lRST�
GENERATION�COMPUTERS�WERE�OFTEN�@CANNIBALISED��FOR�PARTS�OR�
SIMPLY�DUMPED��ALTHOUGH� THERE� IS�NOW�A� RECONSTRUCTION�OF�
THE�-ANCHESTER�-ARK�)��#3)2!#�WAS�IN�SERVICE�LONG�ENOUGH�
THAT�ITS�VALUE�WAS�APPRECIATED�WHEN�IT�WAS�DECOMMISSIONED�IN�
������#3)2!#�S�CIRCUIT�DIAGRAMS��MANUALS�AND�DOCUMENTATION�
STILL�EXIST��AS�DOES�ALL�OF�ITS�PROGRAM�LIBRARY��WHICH�MAKES�IT�NOT�
ONLY�ONE�OF�THE�SOLE�SURVIVING�lRST�GENERATION�COMPUTERS��BUT�
ONE�OF�THE�BEST�DOCUMENTED�OLD�COMPUTERS��*OHN�3PENCER�WAS�
A�PROGRAMMER�ON�#3)2!#��4O�THIS�DAY��HE�NOT�ONLY�REMAINS�
HIGHLY�SKILLED�WITH�#3)2!#�PROGRAMS��BUT�HE�HAS�ALSO�WRITTEN�
A�VERY�COMPREHENSIVE�EMULATOR�FOR�#3)2!#�THAT�RUNS�ON�A�
MODERN�0#��2ON�"OWLES�AND�'EORGE�3EMKIW�WERE�#3)2!#�
MAINTENANCE� ENGINEERS� WHO� HAVE� INTIMATE� EXPERIENCE� AND�
UNDOCUMENTED� KNOWLEDGE� OF� THE� INTERNAL� WORKINGS� OF� THE�
MACHINE��4HE�UNIQUE�SKILLS�OF�THESE�THREE�PIONEERS�MADE�THE�
RECONSTRUCTION�OF�THE�MUSIC�POSSIBLE�
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2ON�"OWLES��*OHN�3PENCER�AND�*URIJ�3EMKIW�EXAMINING�THE�3YDNEY�
MUSIC�PUNCHED
PAPER�TAPE�FOR�THE�lRST�TIME�

)NITIALLY�� UNTIL� JUST� BEFORE� THE� PROJECT� TO� RECONSTRUCT�
THE� MUSIC� HAD� BEGUN�� ONLY� A� FEW� OF� THE� -ELBOURNE� MUSIC�
PUNCHED�PAPER�PROGRAM�TAPES�HAD�BEEN�LOCATED��4HERE�WERE�
NO�PROGRAM�TAPES�OF�THE�3YDNEY�MUSIC��&ORTUNATELY�FOR�THE�
PROJECT�� A� COUPLE� OF� BOXES� OF� ARTEFACTS� TURNED� UP� THAT� HAD�
BEEN� FORGOTTEN� IN� AN� OBSCURE� ARCHIVE�� /NE� BOX� CONTAINED�
ARTICLES� COLLECTED�BY�4REVOR�0EARCEY�AND�ANOTHER�HAD� ITEMS�
THAT�BELONGED�TO�4OM�#HERRY��!MONGST�OTHER�THINGS�SUCH�AS�
MANUALS� AND� DOCUMENTS�� THERE� WAS� AN� EARLY� PROGRAM� TAPE�
OF�THE�3YDNEY�MUSIC�IN�4REVOR�0EARCEY�S�BOX�AND�THERE�WERE�
SOME� MUSIC� PROGRAM� TAPES� FROM� THE� -ELBOURNE� TIME� IN�
THE�#3)2!#�PROGRAM�LIBRARY��4HIS�WAS�A�VERY�LUCKY�TURN�OF�
EVENTS��

7E�WERE� INTERESTED� IN� REPRODUCING� THE�MUSIC�AS�EXACTLY�
AS�POSSIBLE��#ERTAINLY� TO�WITHIN� AN� ACCURACY�OF�BETTER� THAN�
ONE�PER�CENT�OF�THE�WAVEFORMS�THAT�WOULD�HAVE�BEEN�HEARD�
AT� THE� TIME� THE� PIECES� WERE� ORIGINALLY� PLAYED�� 4HE� PULSE�
SHAPE�AS�REPRODUCED�WAS�WELL�WITHIN�ONE�PER�CENT�ACCURACY�
OF�THE�#3)2!#�PULSE�SHAPE��BUT�THE�PULSE�TIMING�WAS�AT�LEAST�
��� TIMES�MORE�ACCURATE� THAN� THAT��4HIS�WAVEFORM�ACCURACY�
WOULD�ENSURE�A�LISTENING�EXPERIENCE�FAITHFUL�TO�THE�ORIGINAL�
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AND� WOULD� ALSO� ENSURE� THAT� ANY� TECHNICAL� ANALYSIS� OF� THE�
WAVEFORM�WOULD�BE�VALID��3EVERAL�STREAMS�OF�ACTIVITY�WERE�
TAKING� PLACE� IN� PARALLEL� AND� A� GOOD� PLAN� EMERGED� TO� TIE�
THEM� TOGETHER�� )T� BECAME� INCREASINGLY� CLEAR� THAT� THE� BEST�
RECONSTRUCTION�OF�THE�MUSIC�WOULD�BE�ACHIEVED�BY�SEPARATING�
THE� RECONSTRUCTION� OF� THE� TIMING� OF� THE� PULSES� FROM� THE�
RECONSTRUCTION� OF� THE� PULSE� SHAPES��4HE� AIM�� SIMPLY� STATED��
WOULD�BE�TO�REPRODUCE�PRECISELY�THE�PULSE�STREAM�AND�THUS�
THE�SOUND�THAT�EMERGED�FROM�#3)2!#�S�SPEAKER��!FTER�SOME�
EXPERIMENTATION� IT� EMERGED� THAT� THE� BEST� COURSE� OF� ACTION�
WOULD�BE�TO�READ�THE�PROGRAM�AND�DATA�TAPES��AND�GET�THEM�
WORKING�� A� NON
TRIVIAL� MATTER	�� USE� SEVERAL� PROGRAMS� *OHN�
3PENCER�DEVELOPED�FROM�HIS�EMULATOR�TO�GENERATE�THE�SPEAKER�
PULSE�TIMING�DATA��REPRODUCE�WITH�HARDWARE�THE�PULSE�SHAPES�
THAT�APPEARED�AT�THE�SPEAKER�TERMINALS��AND�COMBINE�THESE�TO�
REPRODUCE�THE�PULSE�STREAM��4HIS�PULSE�STREAM�COULD�THEN�BE�
PLAYED�THROUGH�A�SPEAKER�AND�RECORDED�IF�NECESSARY�

4HE�FORMAT�OF�THE�#3)2!#�PUNCHED
PAPER�TAPES�CHANGED�
WHEN� THE� MACHINE� WAS� SHIPPED� TO� -ELBOURNE�� 2EADING�
THE� PROGRAM� TAPES� WAS� NOT� DIFlCULT�� BUT� IT� WAS� TEDIOUS��
&ORTUNATELY��THERE�WAS�A�MECHANICAL�READER�FOR�THE�-ELBOURNE�
TAPES� THAT� WAS� BUILT� BY� *OHN� (ORVATH� OF� THE� -ELBOURNE�
5NIVERSITY� #OMPUTER� 3CIENCE� $EPARTMENT�� *OHN� 3PENCER�
WAS�USING�THIS�TO�STORE�THE�CONTENTS�OF�ALL�OF�THE�PAPER�TAPES��
THE� SUBROUTINE� LIBRARY� AND� SO� ON�� AS� DISK� lLES� AND� HE� ALSO�
RAN�THE�MUSIC�PROGRAM�TAPES�THROUGH�THE�READER��4HERE�WERE�
A� FEW� PROBLEMS�� MOSTLY� WITH� PAPER� TAPES� THAT� HAD� BECOME�
TORN�ON�THE�EDGES��AS�THESE�TENDED�TO�TEAR�MORE�AND�JAM�AS�
THEY�WENT�THROUGH�THE�READER��4HE�TAPES�WERE�READ�MULTIPLE�
TIMES�TO�ENSURE�AN�ACCURATE�READING��4HERE�WAS��HOWEVER��NO�
AUTOMATED�READING�DEVICE�FOR�THE�3YDNEY�PAPER�TAPE�FORMAT��
7E�PREPARED�FOR�THE�TASK�OF�READING�THE�3YDNEY�PAPER�TAPE�BY�
HAND��4O�PROTECT�THE�PROGRAM�TAPE�IT�WAS�PHOTOCOPIED�WITH�
A� BLACK� BACKGROUND�� THIS� MADE� THE� HOLES� IN� THE� PAPER� TAPE�
EASILY�VISIBLE��7E�DECIDED�THAT�WE�SHOULD�EACH�DECODE�THE����
OR�SO�PAGES�OF�DOTS�AND�THEN�COMPARE�OUR�RESULTS��!FTER�A�FEW�
CORRECTIONS��WE�HAD�AN�ACCURATE�READING�OF�THE�3YDNEY�TAPE�
AND�ALL�OF�THE�MUSIC�TAPES�AS�TEXT�lLES�ON�A�0#�
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4HE�RECONSTRUCTED�READER�FOR�THE�-ELBOURNE�TAPES��4HE�READING�
MECHANISM�IS�ATTACHED�TO�AN�OLD�PRINTER�TO�PULL�THE�TAPES�THROUGH�
SMOOTHLY��4HE�0#�ON�THE�LEFT�CONTROLS�THE�READER�AND�STORES�THE�DATA�AS�
AN�!3#))�lLE�

%XAMPLE�OF�PUNCHED�PAPER�TAPE�AS�USED�IN�3YDNEY��ARROWS�POINT�TO�
SPROCKET�HOLES	�

4HE�#3)2!#�EMULATOR�THAT�HAD�PREVIOUSLY�BEEN�DEVELOPED�
BY�*OHN�3PENCER�WAS�NOW�GOING�TO�BE�USED�TO�RUN�THE�MUSIC�
PROGRAMS�� 4HE� EMULATOR� COULD� NOT� OUTPUT� SOUND� THE� WAY�
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#3)2!#�DID�BECAUSE�OF�THE�LIMITATIONS�OF�THE�0#�ARCHITECTURE�
AND�IT�COULD�NOT�BE�MODIlED�TO�DO�SO��(OWEVER��WHILE�IT�COULD�
BE�MODIlED�TO�PRODUCE�A�lLE�OF�SPEAKER�PULSES� THIS�WAS�AN�
UNWIELDY�SOLUTION�AND�IT�WAS�DECIDED�THAT�THE�SIMPLEST�WAY�
TO�PROCEED�WAS�TO�DEVELOP�PROGRAMS�FROM�THE�EMULATOR�CORE�
THAT�WOULD�WRITE�A�lLE�OF� THE� TIMING� OF� THE� SPEAKER�PULSES��
4HIS�lLE� CONTAINED�DETAILS�OF�WHEN�PULSES�WERE�SENT� TO� THE�
SPEAKER��WHICH�PULSES�WERE�SENT�AND�THE� INTER
PULSE� TIMING�
DETAILS�� 4HE� CORE� #3)2!#� EMULATOR� CODE� WAS� NOT� DESIGNED�
FOR� THIS� AND� 2ON� "OWLES� WORKED� EXTENSIVELY� WITH� *OHN�
3PENCER� ON� THE� NEW� PROGRAM� TO� RElNE� THE� TIMING� OF� EACH�
INSTRUCTION� IN� THE� NEW� PROGRAM� THAT� WOULD� GATHER� THE�
CORRECT�TIMING�DETAILS�OF�THE�PULSES�SENT�TO�THE�SPEAKER��2ON�
STILL�HAS�IN�HIS�HEAD�THE�PRECISE�DETAILS�OF�THE�TIMING�OF�EACH�
MEMORY�LOCATION�ACCESS��THE�TIMINGS�OF�ACCESSING�THE�VARIOUS�
SOURCES� AND� DESTINATIONS� AND� THEIR� INTERDEPENDENCIES��4HIS�
CRUCIAL�INFORMATION�FOR�A�REAL
TIME�ACTIVITY��SUCH�AS�PLAYING�
MUSIC��IS�NOT�DOCUMENTED�ANYWHERE�WITH�ANY�PRECISION��2ON�
"OWLES�DREW�UP�TABLES�OF�THE�EXACT�TIMING�OF�EACH�MEMORY�
LOCATION�ACCESS��REGISTER�ACCESS�AND�INSTRUCTION��INCLUDING�HOW�
THESE�VARIED�WITH�PREVAILING�CONDITIONS�WITHIN�THE�MACHINE��
4HIS� INFORMATION� WAS� THEN� INCORPORATED� INTO� THE� PROGRAM�
DEVELOPED�FROM�THE�CORE�CODE�OF�THE�EMULATOR�TO�GATHER�THE�
PULSE�TIMING�DATA��!FTER�THE�TIMING�DETAILS�WERE�RElNED�IT�WAS�
A�RELATIVELY�SIMPLE�MATTER�TO�PUT�IN�PLACE�A�DATA�lLE�OUTPUT�FOR�
THE�PULSES�BEING�SENT�TO�THE�SPEAKER�DESTINATION�

7HILE� THE� TAPES� WERE� BEING� READ� AND� THE� PULSE� TIMING�
PROGRAMS�DEVELOPED�� *URIJ� �'EORGE	�3EMKIW�WAS�DESIGNING�
AND� BUILDING� SOME� LOGIC� CIRCUITRY� TO� RECONSTRUCT� #3)2!#�S�
PULSE�SHAPE��4HE�LOGIC�DESIGN�ALLOWED�FOR�THE�REPETITION�OF�A�
SINGLE�WORD��WITH�THE�EXACT�TIMING�OF�THE�BITS�AS�IN�#3)2!#�S�
LOGIC�CIRCUITS��%ACH�OF�THE�BITS�THEMSELVES�COULD�BE�TURNED�ON�
OR� OFF� WITH� INDIVIDUAL� SWITCHES��4HE� REPETITION� OF� THE� DATA�
WORD�WAS�CONTROLLED�BY�AN�OSCILLATOR��*OHN�3PENCER�HAD�BUILT�
AN�EXACT�REPRODUCTION�OF�THE�VALVE�OUTPUT�AMPLIlER�BASED�ON�
#3)2!#�S�CIRCUITS�AND�TO�ACHIEVE�AN�ACCURATE�PULSE�SHAPE��THE�
OUTPUT�WAS�SENT�THROUGH�THIS�AMPLIlER�WITH�THE�SAME�SORT�OF�
SPEAKER�ATTACHED�AS�WAS�USED�ON�#3)2!#�

0ULSES� WERE� PLAYED� AT� VARIOUS� FREQUENCIES� AND� WITH� ALL�
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COMBINATIONS� OF� BITS� TURNED� ON��4HIS� WAS� CHECKED� WITH� AN�
OSCILLOSCOPE� TO� VERIFY� THAT� THE� PULSE� SHAPES� ON� THE� OUTPUT�
MATCHED� THE� ORIGINAL� PULSES� GENERATED� BY� #3)2!#�� )T� WAS�
ALSO�CHECKED�AUDIBLY�WITH�A�SPEAKER��BY�LISTENING�TO�THE�PULSE�
STREAM� TO� CHECK� THAT� IT� SOUNDED� THE� SAME�AS� #3)2!#��4HIS�
OUTPUT�WAS�RECORDED�ONTO�A�$!4��DIGITAL�AUDIO�TAPE	�RECORDER�
FROM�ACROSS�THE�SPEAKER�TERMINALS�

/SCILLOSCOPE�SCREEN�IMAGE�OF�THE�RECONSTRUCTED�SPEAKER�PULSES�AS�
PROGRAMMED�IN�-ELBOURNE��4HE�FOUR�TRACES�ARE�FOR�SIX�BITS�ON��FOUR�BITS�
ON��THREE�BITS�ON�AND�ONE�BIT�ON�

4HE� DIGITISED� PULSES� WERE� ACCURATELY� TRANSFERRED� TO� A�
COMPUTER�VIA�A�DIGITAL�LINK�AND�THE�PULSE�WAVEFORMS�EXAMINED�
IN� A� DIGITAL� AUDIO� EDITOR�� 4HE� PULSE� SHAPES� FOR� ANY� GIVEN�
COMBINATION� OF� BITS� HAD� LITTLE� VARIATION� FROM� ONE� MOMENT�
TO� ANOTHER�� WHICH� WAS� APPARENTLY� THE� SAME� FOR� #3)2!#�
WHEN�IT�WAS�OPERATIONAL�ACCORDING�TO�THE�ENGINEERS��&OR�EACH�
COMBINATION�OF�BITS�IN�A�WORD��A�SINGLE�PULSE�WAS�ISOLATED��

4HE�LOGIC�CIRCUITRY�USED�TO�RECREATE�#3)2!#�S�PULSE�SHAPES��
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4HE�VALVE�AMPLIlER��BUILT�TO�THE�ORIGINAL�DESIGN�AND�USED�TO�RECREATE�THE�
SPEAKER�PULSES�

*OHN�3PENCER�WROTE�A�PROGRAM�THAT�CONTAINED�THE�DIGITISED�
PULSES� AS� DATA� ARRAYS�� )T� WOULD� READ� THE� lLE� OF� SPEAKER�
PULSE
TIMING�DATA�AND�APPLY� THE�CORRECT�PULSES� IN� THE� TIME�
RELATIONSHIP�SPECIlED�IN�THE�TIMING�lLE��4HIS�PROGRAM�WROTE�
AN�OUTPUT�lLE�OF�THE�PULSES�AT�THE�CORRECT�TIMES�� IN�EFFECT�A�
DIGITAL�AUDIO�lLE�OF�WHAT�#3)2!#�WOULD�HAVE�PRODUCED�AT�THE�
TIME�IF�A�DIGITAL�RECORDING�DEVICE�WERE�CONNECTED�ACROSS�THE�
SPEAKER�TERMINALS�

4HESE� lLES� OF� THE� MUSIC� AS� PLAYED� BY� #3)2!#� ARE� AN�
EXTREMELY�ACCURATE�REPRESENTATION�OF� THE�PULSE�STREAM�THAT�
WAS�SENT�TO�THE�SPEAKER�AND�A�VERY�GOOD�REPRESENTATION�OF�HOW�
#3)2!#�WOULD�HAVE�SOUNDED��4HIS�WAS�CHECKED�BY�PLAYING�THE�
PIECES�TO�PEOPLE�WHO�HAD�HEARD�#3)2!#�PLAY�MUSIC�AND�THEY�
ALL�AGREED�THAT�IT�SOUNDED�THE�SAME��(OWEVER��ONE�FURTHER�STEP�
WOULD� PROVIDE� THE� GREATEST� AUTHENTICITY�� -USEUM� 6ICTORIA��
WHICH�NOW�OWNS�#3)2!#��AGREED�TO�ALLOW�ACCESS�TO�#3)2!#�
AND�THE�CONSOLE�SO�THAT�THE�MUSIC�COULD�BE�PLAYED�THROUGH�THE�
SPEAKER�AND�RECORDED��4HE�ORIGINAL�SPEAKER�USED�IN�#3)2!#��
A� �� INCH� 2OLA� MODEL� �#�� HAD� A� SOMEWHAT� TORN� PAPER� CONE�
SO�ANOTHER�HAD�TO�BE�FOUND��!FTER�CALLING�MANY�RADIO�REPAIR�
BUSINESSES�IT�WAS�DISCOVERED�THERE�WERE�lVE�AVAILABLE�OF�THE�
SAME�MODEL�AND�VINTAGE��!FTER�EXAMINATION��A�REPLACEMENT�
SPEAKER�WAS�SELECTED�THAT�WAS�CLOSEST�IN�MANUFACTURING�SERIAL�
NUMBER�TO�THE�ORIGINAL�AND�WAS�ALSO� IN�EXCELLENT�CONDITION��
4HIS�SPEAKER�WAS�PLACED�IN�THE�#3)2!#�CONSOLE�DOOR�AND�THE�
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MUSIC�WAS�PLAYED�THROUGH�IT�FROM�AN�EXCELLENT�QUALITY�(I
&I�
#$�PLAYER�AND�AMPLIlER�WITH�A�LOW�OUTPUT�IMPEDANCE�SO�AS�TO�
HAVE�THE�MINIMUM�INmUENCE�ON�THE�SOUND�AND�THE�WAVEFORM��
4HE�MUSIC�WAS�RECORDED�WITH�A�3OUNDlELD�MICROPHONE��IN�A�
NARROW� CARDIOID� CONlGURATION�� DIRECTLY� TO� $!4��7HEN� THE�
SOUND�OF�THIS�RECORDING�IS�COMPARED�TO�THE�DIGITAL�AUDIO�lLES�
WHICH�RESULTED�FROM�THE�RECONSTRUCTION��IT�SOUNDS�MORE�ALIVE�
AND�ANIMATED�BECAUSE�OF�THE�VARIOUS�RESONANCES�AND�NOISES�
FROM�THE�SPEAKER�AND�CONSOLE�

#3)2!#�AGAIN�PLAYING�MUSIC�AND�THE�RECORDING�OF�IT��4HE�STOREROOM�
WAS�A�CLOSE�ACOUSTIC�APPROXIMATION�OF�THE�#OMPUTATION�,ABORATORY��4HE�
#$�PLAYER�AND�AMPLIlER�ARE�ON�THE�LEFT�
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4HE�REPLACEMENT�SPEAKER�AS�USED�IN�THE�RECORDING��MOUNTED�IN�THE�
CONSOLE�DOOR�

4HE�ULTIMATE�TEST�OF�THIS�PROCESS�CAME�IN�.OVEMBER������
WHEN� THERE� WAS� A� CELEBRATION� IN� -ELBOURNE� FOR� ��� YEARS�
OF� COMPUTING� IN�!USTRALIA�� 0EOPLE� CAME� FROM� ALL� OVER� THE�
COUNTRY� TO� BE� THERE�� MANY� OF� THEM� HAD� ORIGINALLY� WORKED�
WITH�#3)2!#�AND�SOME�OF�THEM�HAD�NOT�SEEN�IT�SINCE�������
)T�WAS�GRATIFYING� TO�WITNESS� THEIR�ASTONISHMENT�WHEN�THEY�
HEARD�THE�MUSIC��3EVERAL�COMMENTED�THAT�THEY�HAD�NOT�HEARD�
IT� SINCE� THE�����S� AND� THAT� THEY�DID�NOT� THINK� IT�HAD�BEEN�
RECORDED�THEN��4HEY�WERE�SURPRISED�TO�lND�THE�RECONSTRUCTION�
SO�CONVINCING��/NE�PERSON�ALSO�COMMENTED�THAT�EVEN�THE�OUT�
OF�TUNE�OR�@OFF��NOTES�SOUNDED�AUTHENTIC��4HIS�WAS�REASSURING�
AS� THE� NOTES� THAT� DID� NOT� SOUND� PERFECTLY� IN� TUNE� WERE�
QUESTIONED��BUT�THE�PROCESS�HAD�BEEN�CHECKED�MANY�TIMES�FOR�
ACCURACY�AND�NO�ERRORS�COULD�BE�FOUND�
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*OHN�3PENCER��2ON�"OWLES�AND�*URIJ�3EMKIW�AT�THE�#3)2!#���TH�
BIRTHDAY�CELEBRATION��.OVEMBER��������0HOTO�COURTESY�-USEUM�6ICTORIA	
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3OUND��0ITCH�AND�.OTE�!NALYSIS

4HE�SOUNDS�MADE�BY�#3)2!#�WERE�THE�RESULT�OF�DATA�WORDS�
BEING�SENT�DIRECTLY�TO�THE�SPEAKER��4HE�TIMING�OF�THE�DATA�WORDS��
OR�THE�TIME�PERIODS�BETWEEN�THEM��DETERMINED�THE�FREQUENCY��
OR�FREQUENCIES��OF�THE�RESULTANT�SOUND��%VERYTHING�ABOUT�THE�
TUNING� AND� PITCHES� IN� THE� NOTES� IS� RELATED� TO� THE� MACHINE�
ARCHITECTURE��"ECAUSE�OF�THE�MACHINE�ARCHITECTURE��THE�TIMING�
OF�INSTRUCTIONS�COULD�VARY��5NDERSTANDING�HOW�AND�WHY�THIS�
INSTRUCTION� TIMING� OCCURS� IS� CRUCIAL� TO� UNDERSTANDING� HOW�
THE� SOUNDS� WERE� MADE� AND� WHY� THE� PROGRAMMING� WAS� SO�
DIFlCULT��AS�THIS�WAS�CRITICAL�FOR�PRODUCING�A�REPEATABLE�SOUND��
2ON� "OWLES�� THE� LONGEST� SERVING� MAINTENANCE� ENGINEER�
KNOWS�MORE�ABOUT�THIS�THAN�ANYONE��

7ELL�� SOMETHING� WE� CALLED� @SPEED
UP�� OCCURRED� AT� VARIOUS�
TIMES� IN� THE� PROCESSING� OR� FETCHING� OF� DATA� OR� INSTRUCTIONS��
3PEED
UP�OCCURRED�IN�BOTH�HALVES�OF�THE�COMPUTER�CYCLE��4HE�
CYCLE�WAS�SPLIT� IN�HALF�� )N�THE�lRST�HALF�� THE� INSTRUCTION�WAS�
EXTRACTED� FROM� THE� MEMORY� AND� THE� DECODING� PROCESS� WAS�
SET� UP�� )N� THE� SECOND� HALF� OF� THE� CYCLE� THE� INSTRUCTION� WAS�
DECODED�TO�DETERMINE�WHAT�WAS�REQUIRED�TO�BE�DONE�AND�THE�
INSTRUCTION�WAS�EXECUTED��4HE�SOURCE�GATE�OF�THE�INFORMATION�
WAS� OPENED� AND� THE� DESTINATION� GATE� WAS� OPENED� FOR� THE�
INFORMATION�TO�GO�TO��)N�THE�lRST�HALF�OF�THE�CYCLE��THE�POSITION�
OF�THE�INSTRUCTION�IN�THE����DIFFERENT�POSSIBLE�TIMING�POSITIONS�
IN� THE� MEMORY
TUBE� DETERMINES� HOW� FAR� ALONG� IN� THE�
COMPUTER�CYCLE�THE�MACHINE�MUST�BE�BEFORE�THE�INSTRUCTION�
IS� AVAILABLE�� 2EMEMBER� THAT� #3)2!#� IS� A� SERIAL� COMPUTER��
)F� THE� INSTRUCTION� OCCURS� EARLY� ENOUGH� IN� THE� MEMORY�� THE�
FETCHING�OF�IT�CAN�BE�COMPLETED�IN��M3�INSTEAD�OF��M3��!LSO��
WHILE�DECODING�AND�EXECUTING�THE�INSTRUCTION�THERE�MAY�BE�
SPEED
UP�BECAUSE�WITHIN�THE�INSTRUCTION�ITSELF� IS�AN�ADDRESS�
�ALL� INSTRUCTIONS� CONTAIN� ONE� EVEN� IF� IT�S� NOT� NEEDED	� THAT�
COULD�BE�OF�THE�MEMORY�OR�A�REGISTER��.OW�DEPENDING�ON�THAT�
ADDRESS��IF�IT�S�EARLY�ENOUGH�IN�THE�COMPUTER�S�CYCLE�THEN�THE�
INSTRUCTION�WILL�BE�lNISHED�IN��M3���!CTUALLY��IT�S����«3��BUT�
WE� ALWAYS� SAID��M3�	�4HUS�� THERE�S� A� TOTAL� TIME�OF� �M3� TO�
FETCH��DECODE�AND�EXECUTE�AN�INSTRUCTION��WHICH�IS�AS�FAST�AS�
THE�COMPUTER�COULD�OPERATE��!�COMPUTER�CYCLE�COULD�THUS�TAKE�
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�M3�� �M3�OR� �M3� TO� COMPLETE� BEFORE� THE� NEXT� INSTRUCTION�
COULD� BE� UNDERTAKEN�� "UT�� THERE�S� MORE�� ALSO�� WITHIN� THE�
TIMING�OF� THE� INSTRUCTION� ITSELF��WHILE� IT�S�BEING�DONE��%ACH�
INSTRUCTION�IS�A���
BIT�WORD�AND�IN�EACH�OF�THOSE�THERE�IS��«3�
BETWEEN�EACH�SUCCESSIVE�DIGIT��SO�IT�CAN�TAKE���«3�FOR�THAT�TO�
GO�THROUGH��3O�YOU�HAVE�THAT���«3�TO�PLAY�AROUND�WITH�AGAIN��
BUT�THIS�COULD�NOT�HAVE�BEEN�USED�IN�THE�MUSIC�PROGRAM��3O�
THE�MAIN�THING�AFFECTING�THE�TIMING�IS�WHERE�THE�INFORMATION�
OCCURS�IN�MEMORY��IN�WHICH�OF�THE����POSITIONS��%VEN�WHEN�AN�
INSTRUCTION�COULD�TAKE��M3�TO�COMPLETE��THE�TIMING�OF�EXACTLY�
WHEN�THE�INSTRUCTION�TAKES�PLACE�IN�THE�SECOND�HALF���M3	�OF�
THAT��COULD�STILL�VARY�BECAUSE�THE�ADDRESS�OF� THE� INSTRUCTION�
COULD�BE�IN�ANY�ONE�OF����DIFFERENT�TIME�POSITIONS�IN�MEMORY�
AND�THAT�COULD�VARY�THE�TIMING�BY�����M3��4HUS��THE�WAY�TO�
VARY�THE�TIME�IN�WHICH�THE�INSTRUCTION�ACTUALLY�TAKES�PLACE�IS�
BY�VARYING�THE�ADDRESS�PART�OF�THE�INSTRUCTION�FOR�WHATEVER�
YOU�ARE�USING�FOR�THE�SOURCE��3O�EVEN�WITH�A�CONSTANT�TIME�
FOR�THE�WHOLE�OPERATION��THE�TIME�FOR�A�PULSE�TO�BE�SENT�TO�THE�
SPEAKER�COULD�BE�VARIED�BACKWARDS�AND�FORWARDS��3OMETIMES��
SUCCESSIVE�0��SPEAKER	� INSTRUCTIONS�WOULD�BE�IN�A� LOOP�WITH�
DIFFERENT� ADDRESSES� SO� THAT� COMBINED� TOGETHER� THEY� GAVE�
THE�DESIRED�RESULT��4HIS�IS�HOW�THE�HIGH�NOTES�WERE�ACHIEVED�
WITH�ANY�PRECISION�AT�ALL��4HERE�WERE�THREE�POSITIONS�IN�THE�
MEMORY�AND�THE�INSTRUCTION�ADDRESSES�THAT�ALWAYS�TOOK��M3�
TO�ACCESS��4HOSE�WERE�THE�MEMORY�POSITIONS��������OR����MOD�
����4HE�NOTES�PRODUCED�BY�THE�SPEAKER�ARE�DETERMINED�BY�THE�
TIME�INTERVALS�BETWEEN�SUCCESSIVE�SPEAKER�INSTRUCTIONS�RATHER�
THAN�THE�COMPUTER�CYCLE�TIMES�IN�THAT�SET�OF�INSTRUCTIONS��/F�
COURSE�� THESE� TIME� INTERVALS� ARE� INTIMATELY� ASSOCIATED� WITH�
THE�COMPUTER�CYCLE�TIMES�

4HE�TUNING�OF�THE�NOTES�PLAYED�BY�#3)2!#�WAS�AS�CLOSE�TO�
THE�DIATONIC��EQUAL
TEMPERED��SCALE�AS�IT�WAS�POSSIBLE�TO�MAKE�
THEM�AT�THE�TIME��(OWEVER��BEING�AS�CLOSE�AS�POSSIBLE�MAY�NOT�
ALWAYS� MEAN� BEING� ACCURATE� ENOUGH� TO� SOUND� PERFECTLY� IN�
TUNE��ESPECIALLY�FOR�THE�HIGHEST�NOTES��WHICH�WERE�NOTORIOUSLY�
DIFlCULT� TO� GET� RIGHT�� 5PON� HEARING� THE� MUSIC�� A� MODERN�
LISTENER�WILL�BE�ALERTED�TO�SEVERAL�TUNING�ANOMALIES��"ELOW�IS�
AN�ANALYSIS�OF�THE�NOTES�#3)2!#�WAS�PROGRAMMED�TO�PLAY�IN�
BOTH�3YDNEY�AND�IN�-ELBOURNE��
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Pitch
Note 

Number

Equal 

Tempered 

Frequency 

(Hz)

#3)2!# Note 

Frequencies and 

Number of Pulses 

- Sydney (Hz)

#3)2!# Note 

Frequencies and 

Number of Pulses - 

Melbourne (Hz)

C2 0 65.41 65.1

C#2 1 69.3 69.4

D2 2 73.42 (73.1) x 4

D#2 3 77.78 (77.2) x 2

E2 4 82.41 (81.7) x 4

F2 5 87.31 86.8

F#2 6 92.5 183.2, 92.1

G2 7 98 196.1, 97.5

G#2 8 103.8 104.2 104.2

A2 9 110 (108.7) x 2 (109.6) x 6

A#2 10 116.5 115.7 115.7

B2 11 123.5 (122.5) x 2 (122.5) x 2

C3 12 130.8 (130.2) x 2 130.2

C#3 13 138.6 138.8, 160.3 (138.9) x 2

D3 14 146.8 (144.9) x 4, 143.7 (146.2) x 7

D#3 15 155.6 157.2, (155.7) x2 (154.3) x 6

E3 16 164.8 (163.4) x2 , 166.7 (165.0) x 2, 163.4

F3 17 174.6 175.4, 171.8 (173.6) x 2

F#3 18 185 183.2, 222.2, 185.2 185.2, (183.2) x 2

G3 19 196 (196.1) x 2, 193.8 (196.1) x 16

G#3 20 207.6 (208.3) x 3 208.3

A3 21 220 (219.3) x 4 (219.3) x 4

A#3 22 233.1 (231.5) x 4 (231.5) x 2

B3 23 246.9 (245.1) x 4 (245.1) x 4

C4 24 261.6 (260.4) x 3 260.4

C#4 25 277.2 (277.8) x 3, 219.3 (277.8) x 2, 138.9

D4 26 293.7
282.5, 287.5, 282.5, 

142.5, 222.2
(292.4) x 5, 127.2

D#4 27 311.1
248.8, (326.8) 

x 3, 166.7
(308.6) x 6, 154.3

E4 28 329.6
(326.8) x 3, 

333.3, 165.0

F4 29 349.2 (347.2) x 6, 173.6

F#4 30 370
(370.4) x 2, 362.3, 

370.4, 182.0

G4 31 392
(387.6, 793.7) 

x 3, 260.4

4HE�TABLE�SHOWS�THE�STANDARD�NOTE�NAME�WHICH�INCLUDES�
THE�PITCH�NAME�AND�THE�OCTAVE��THE�NOTE�NUMBER�IN�#HERRY�S�
PROGRAM�� THE� FREQUENCY�OF� THE�NOTE� IN� THE�EQUAL
TEMPERED�
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SCALE�AND�FOR�3YDNEY�AND�-ELBOURNE�IT�SHOWS�THE�FUNDAMENTAL�
FREQUENCIES�IN�EACH�NOTE�AND�THE�NUMBER�OF�PULSES�USED�AT�THAT�
FREQUENCY�WHEN�#3)2!#�PLAYED�MUSIC��4HESE�FREQUENCIES�ARE�
BASED�ON�THE�PERIODS�OF�THE�PULSE�LOOPS�IN�THE�MUSIC�PROGRAM�
TAPES��4HUS��THEY�ARE�FUNDAMENTAL�FREQUENCIES�FOR�THE�FAIRLY�
SAWTOOTH�WAVEFORM�USED�TO�CREATE�THE�SOUNDS��NOT�THE�RESULT�
OF�&OURIER�ANALYSES�OF�THE�NOTES��WHICH�IS�INVESTIGATED�LATER��
4HERE�ARE�MANY�NOTES�THAT�USE�MULTIPLE�PULSE�TIMINGS��OFTEN�
REPEATED��TO�APPROXIMATE�A�NOTE��!LSO��THERE�IS�ANYTHING�FROM�
ONE�TO�SIXTEEN�PULSES�IN�A�LOOP�TO�PRODUCE�A�PITCH�

)T�CAN�ALSO�BE�SEEN�THAT�SOME�NOTE�LOOPS�COMBINED�UP�TO�
lVE�DIFFERENT�PULSE�TIMINGS�TO�TRY�TO�PRODUCE�A�SINGLE�NOTE��
/THER�NOTE�LOOPS�USED�UP�TO�SIXTEEN�PULSES�IN�A�LOOP�BUT�WITH�
SEVERAL�OF�THE�SAME�PERIOD��SEE�FOR�EXAMPLE�THE�NOTES�FROM�$��
ONWARDS�IN�THE�ABOVE�TABLE��4HE�NOTE�'���AS�PROGRAMMED�IN�
-ELBOURNE��USES�SIXTEEN�IDENTICAL�PULSES�TO�PRODUCE�THE�NOTE��
4HE�COMBINATION�OF�MULTIPLE�DIFFERENT�PULSE�TIMINGS�WAS�USED�
TO� APPROXIMATE� SOME� NOTES� BECAUSE� OF� THE� TROUBLES� CAUSED�
BY�#3)2!#�S� TIMING� LIMITATIONS��4HE�VARIATION� IN�TIMING�OF�
SPEAKER�PULSES�WAS�CAUSED�BY�THE�VARIATION�IN�MEMORY�ACCESS�
TIMES��THE�MACHINE�ARCHITECTURE�AND�THE�TIMING�GRANULARITY�
CAUSED�BY�THE�RELATIVELY�LOW�CLOCK�SPEED��4HUS��THIS�APPROACH�
TO� PRODUCING� THE� NOTES� WAS� FORCED� UPON� THE� PROGRAMMER��
3EVERAL�OF�THE�NOTES�USE�HARMONICS�OR�SUB
HARMONICS�OF�THE�
DESIRED�FREQUENCY��3OME�OTHERS��SUCH�AS�&��AS�PROGRAMMED�
IN�3YDNEY��HAVE�TWO�COMPONENTS�WHICH�ARE�A�LITTLE�EACH�SIDE�
FROM�THE�DESIRED�FREQUENCY��WHICH�WAS�POSSIBLY�AN�ATTEMPT�TO�
PSYCHOACOUSTICALLY�TRICK�THE�EAR�INTO�BELIEVING�IT�WAS�HEARING�
THE�PITCH�BETWEEN�THE�TWO�THAT�EXISTED��5NFORTUNATELY��THIS�WILL�
NOT��WORK�AS�IT�WILL�LEAD�TO�A�PERCEPTION�OF�DISSONANCE�BECAUSE�
DIFFERENT�TONES�WILL�BE�MIXED�WITH�THE�TWO�FREQUENCIES��4HERE�
IS�ALSO�FREQUENT�USE�OF�SUB
HARMONICS��TYPICALLY�AT�HALF�OF�THE�
FUNDAMENTAL� FREQUENCY� REQUIRED��!S� THOSE� INVOLVED� AT� THE�
TIME�REPORT�THAT�THERE�WAS�NO�ATTEMPT�TO�MODIFY�THE�TIMBRE�
OF� #3)2!#�� IT� WAS� DECIDED� THAT� THE� USE� OF� SUB
HARMONICS�
WAS�FORCED�ON�THE�PROGRAMMER�BY�MACHINE�LIMITATIONS��4HE�
#3)2!#� PULSE� WAVEFORM� HAS� STRONG� HARMONIC� COMPONENTS�
AT�INTEGER�MULTIPLES�OF�THE�FUNDAMENTAL�FREQUENCY��SEE�LATER�
SPECTRAL� GRAPHS	�� SO� SUB
HARMONICS� AN� OCTAVE� BELOW� THE�

#3)2!#?-USIC
���INDD����� ������������������0-



� 0AUL�$OORNBUSCH� ��

REQUIRED�FREQUENCY�HAVE�STRONG�COMPONENTS�OF�THE�REQUIRED�
FREQUENCY��

7ITHIN�#HERRY�S�PROGRAM�AND�ALSO�FROM�HIS�HANDWRITTEN�
NOTES��THERE�ARE�INDICATIONS�OF�EXTREMELY�DEEP�KNOWLEDGE�OF�
THE� TIMING� OF� #3)2!#� AND� SEVERAL� CLEVER� TRICKS� TO� PRODUCE�
PITCHES�AT�THE�CORRECT�FREQUENCY��"Y�INVENTIVE�AND�RESOURCEFUL�
PROGRAMMING�� IT�COULD�BE�ENSURED�THAT�A�SINGLE� INSTRUCTION�
COULD� BE� EXECUTED� MULTIPLE� TIMES� WITHOUT� JUMPS�� 4HIS�
TECHNIQUE�WAS�USEFUL�BECAUSE�OF�THE�MEMORY�LIMITATIONS��BUT�
IT�WAS�UNAVAILABLE�IN�3YDNEY�BECAUSE�OF�A�DIFFERENCE�IN�THE�
WORKINGS�OF� THE�SEQUENCE��3	�REGISTER��7HEN�THE�3�REGISTER�
WAS�INCREMENTED��-�03	�AND�IT�CARRIED�FROM�THE�LOWER�HALF

WORD� TO� THE�UPPER�HALF
WORD�� IT� COULD� CHANGE� THE�PROGRAM�
mOW�BY�REPEATING� ITSELF�� THUS�PROVIDING�A�TIMING�DELAY�AND�
SAVING� MEMORY� SPACE�� 4HE� MAIN� USE� OF� THIS�� COUNTING� IN�
THE�LOWER�HALF�OF�THE�3�REGISTER��WAS�TO�ALLOW�THE�FUNCTIONS�
OF� INCREMENTING�� TESTING� AND� JUMPING� TO�BE� COMBINED� IN� A�
SINGLE�INSTRUCTION��4HIS�ADVANCE�IN�#3)2!#�S�DESIGN�WAS�WELL�
EXPLOITED�BY�#HERRY�AND�IT�IS�PROBABLY�THE�MAIN�REASON�FOR�
THE�EXTENDED�RANGE�OF�THE�MACHINE�IN�-ELBOURNE��)N�3YDNEY��
FOUR� INSTRUCTIONS�WOULD�HAVE�BEEN�NEEDED� �INCREMENT�� TEST��
JUMP�TO�EXIT��JUMP�TO�START	�FOR�THE�SAME�RESULT�AND�THIS�WOULD�
HAVE�TAKEN�TOO�LONG�FOR�THE�HIGHER�NOTES�TO�BE�PRODUCED��4HE�
ROOT� OF� THE� PROBLEM� IS� THAT� WHILE� IT� IS� USUALLY� POSSIBLE� TO�
CREATE�A�SEQUENCE�OF�APPROPRIATELY�TIMED�PULSES��THERE�MUST�
BE�A� LOOP�RETURN��OR�EXIT��AT� THE�END�OF� THE�GROUP�OF�PULSES��
4HE�TIMING�OF�THE�LOOP�RETURN�CAN�BE�INmUENCED�MOSTLY�BY�ITS�
POSITION�IN�MEMORY��THE�INSTRUCTION�ADDRESS�AND�SLIGHTLY�BY�
A�PRECEDING�PULSE��0	�INSTRUCTION��(OWEVER��IT�WILL�INEVITABLY�
ADD�AN�EXTRA�DELAY�OF�AT� LEAST��M3� �SEE�PREVIOUS� INTERVIEW�
WITH�2ON�"OWLES	�BETWEEN�THE�LAST�0�INSTRUCTION�IN�THE�LOOP�
AND� THE� lRST� 0� INSTRUCTION�� 2EMARKABLY�� WITH� CAREFUL� AND�
RESOURCEFUL�PROGRAMMING��#HERRY�WAS�OFTEN�ABLE� TO� JUGGLE�
THE�TIMING�OF�INSTRUCTIONS��THEIR�POSITION�IN�MEMORY�AND�SO�
ON�SUCH�THAT�THE�TIME�INTERVAL�BETWEEN�THE�LAST�PULSE�IN�A�LOOP�
AND�THE�lRST�PULSE��INCLUDING�THE�LOOP�RETURN�INSTRUCTION��WAS�
EXACTLY�EQUAL�TO�THE�TIME�INTERVAL�BETWEEN�THE�0�INSTRUCTIONS�
WITHIN�THE�LOOP�

&ROM�THE�PRECEDING�TABLE��IT�CAN�BE�SEEN�THAT�SOME�NOTES��
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FOR� EXAMPLE� $��� HAVE� CLEARLY� NON
HARMONIC� COMPONENTS��
0ARTICULARLY� FOR� THE� NOTE� $��� ONE� WOULD� THINK� THAT� IF� lVE�
PULSES�CAN�BE�CREATED�IN�SEQUENCE�THAT�ARE�VERY�CLOSE�TO�THE�
DESIRED�FREQUENCY�THEN�ONE�MORE�SHOULD�BE�POSSIBLE��BUT�AN�
UNDERSTANDING�OF�THE�MACHINE�SHOWS�THAT�IT�WAS�NOT�POSSIBLE��
(OWEVER�� THE� LAST� PULSE�� PROVIDING� A� FREQUENCY�OF������(Z��
HAS�NO�HARMONIC�RELATIONSHIP�TO�THE�NOTE�$���#AREFUL�ANALYSIS�
OF� #HERRY�S� MUSIC� PROGRAM� REVEALS� WHY� HE� DID� THIS�� )T� IS�
BECAUSE�OF�THE�VARIOUS�MACHINE�LIMITATIONS�OR�IDIOSYNCRASIES��
(E� MUST� HAVE� REALISED� THROUGH� EXPERIMENTATION� THAT� THE�
LOW�FREQUENCIES�WERE�BEING�PRODUCED�AND�WHY��SO�HE�MADE�
ADJUSTMENTS� TO� MINIMISE� THEIR� DISSONANCE�� 7ITH� THE� NOTE�
$���HE�ACHIEVED�THE�BEST�RESULT�POSSIBLE��4HE�STRUCTURE�OF�THE�
NOTE� LOOP� IS�SEVERAL�PULSES�WITH�THE�CORRECT�PERIOD��BUT� THE�
MEMORY� WAS� LIMITED� AND� THERE� WERE� INSUFlCIENT� MEMORY�
LOCATIONS�WITH�THE�APPROPRIATE�TIMING�TO�STORE�ANOTHER�PULSE��
SO�AN�INEXACT�DELAY�HAD�TO�BE�INTRODUCED�AND�THIS�CAUSED�THE�
INHARMONIC�PULSE��4HERE�WERE�ALSO�OTHER�SIGNIlCANT�OBSTACLES�
TO� BE� AVOIDED� WITH� THE� TIMING� GRANULARITY� AND� MEMORY�
LIMITATIONS�

7ITHIN�#HERRY�S�-USIC�0ROGRAMME�THERE�IS�AN�APPARENTLY�
UNUSED�DATA�SECTION�OF�UPWARD�AND�DOWNWARD�GLISSANDO��!S�
PROGRAMMED�� THIS�WOULD�HAVE�BEEN�TOO� FAST� TO�BE�OF�MUCH�
USE��(OWEVER��IT�SHOWS�THAT�THERE�HAD�BEEN�WORK�ON�GLISSANDO�
OR�ATTEMPTS�AT�MORE�EXPRESSIVE�OUTPUT��WHICH�IS�REQUIRED�TO�
AVOID�THE�MUSIC�SOUNDING�@MECHANICAL���OR�TO�MORE�ACCURATLEY�
SIMULATE� A� PERSON� PLAYING� AN� INSTRUMENT�� 4HE� -USIC�
0ROGRAMME�COULD�REPORTEDLY�ALSO�PROVIDE�FOR�RALLENTANDO��)T�
IS�MOST�PROBABLE�THAT�THE�IN
HARMONIC�FREQUENCIES�IN�SOME�
NOTES� ARE� A� DIRECT� RESULT� OF� PURELY� PROGRAMMING� ARTEFACTS�
FORCED� ON� THE� PROGRAMMER� BY� THE� HARDWARE� IDIOSYNCRASIES��
4HE� EXPLANATION� FOR� SOME� OF� THE� VERY� LOW� FREQUENCIES�
OBSERVED� IN� THE� HIGHER� NOTES� �SEE� LATER� SPECTRAL� ANALYSES	�
IS� THAT� FOR�SOME�NOTES�#3)2!#�WAS�RUNNING�PULSE� LOOPS� TO�
PRODUCE�NOTES�CLOSE�TO�THE�CLOCK�FREQUENCY�AND�THERE�WAS�NO�
lNE�TIMING�CONTROL�OVER�THE�RETURN�OR�LOOP�INSTRUCTION��4HIS�
WOULD� MODULATE� THE� PULSES� AND� RESULT� IN� A� FREQUENCY� THAT�
HAD�A�PERIOD�THAT�WAS�THE�SUM�OF�THE�DELAYS�OF�THE�PULSES�IN�
THE� LOOP��4HIS� WOULD� UNQUESTIONABLY� RESULT� IN� INHARMONIC�
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FREQUENCIES��4HERE�WERE�CERTAINLY�CASES�WHERE�IT�WAS�SIMPLY�
UNAVOIDABLE� THAT�SOME� INHARMONIC�PULSES�WERE�SENT� TO� THE�
SPEAKER�� )T� IS� CLEAR� FROM� THE� INFORMATION� IN� THE� TABLE� THAT�
FOR� THE�UPPER�NOTES� THERE�MUST�HAVE�BEEN�MANY�PROBLEMS�
IN�PRODUCING�AN�ACCURATE�PITCH��4ODAY��THERE�ARE�MUCH�BETTER�
PROGRAM�ANALYSIS�TOOLS�THAN�AT�THAT�TIME��!�COMPLETE�ANALYSIS�
IS� READILY� AVAILABLE� NOW� BECAUSE� OF� THE� TOOLS� AVAILABLE��
WHEREAS�AT� THE� TIME� IT�WOULD�HAVE�BEEN�A� TIME�CONSUMING�
PROCEDURE�TO�PRODUCE�ONE�BY�HAND��%XAMINATION�OF�#HERRY�S�
HANDWRITTEN� NOTES� FROM� THE� DEVELOPMENT� OF� THE� -USIC�
0ROGRAMME�� SHOW� THAT� PROBABLY� SUCH� A� DETAILED� ANALYSIS�
WAS�NOT�READILY�AVAILABLE�THEN�AND�THAT�FREQUENCIES�RESULTED�
OTHER�THAN�THOSE�THAT�WERE�EXPECTED��2ON�"OWLES�COMMENTED�
DURING�THE�MUSIC�RECONSTRUCTION��

)�DON�T�KNOW�WHY�THE�0ROF��HAS�PROGRAMMED�THESE�COUPLE�OF�
NOTES�LIKE�THIS��REFERRING�TO�&���AND�'�	��)�HAVE�WORKED�OUT�
A�BETTER�WAY� TO�PROGRAM�THEM�THAT�WOULD� RESULT� IN�A�PURE�
TONE��BUT�)�SUPPOSE�YOU�RE�MORE� INTERESTED� IN�AUTHENTICALLY�
REPRODUCING�THE�ORIGINAL�

)T� IS� WORTH� EXAMINING� THE� IMPROVEMENTS� DEVELOPED� BY�
2ON� "OWLES�� AS� IT� SHOWS� HOW� NON
TRIVIAL� THIS� IS�� "ELOW� IS�
A� COMPARISON�OF� THE�ORIGINAL� CODE�BY�4OM�#HERRY�AND� THE�
IMPROVED�CODE�BY�2ON�"OWLES�FOR�THE�NOTE�&����2ON�"OWLES�
SPENT� MANY� HOURS� DEVELOPING� THIS� AND� MANAGED� TO� lT� THE�
IMPROVEMENTS� FOR� BOTH� NOTES� INTO� THE� -USIC� 0ROGRAMME��
WITHOUT�INCREASING�ITS�SIZE��BY�SLOTTING�THEM�INTO�SOME�UNUSED�
SPACE��4HE�PROGRAMMING�OF�#3)2!#�CANNOT�BE�FULLY�DESCRIBED�
HERE��(OWEVER��IN�THE�CODE�FRAGMENTS�BELOW��COMMENTS�COME�
AFTER�A�DOUBLE�FORWARD�SLASH�����
�A�MODERN�CONVENTION	��THE�
lRST� TWO� COLUMNS� OF� CODE� REPRESENT� THE� MEMORY� STORAGE�
LOCATION��THE�NEXT�TWO�COLUMNS�REPRESENT�THE�HIGH�AND�LOW�
PARTS�OF� THE� INSTRUCTION�ADDRESS� AND� THE�NEXT� TWO� COLUMNS�
ARE� THE� SOURCE� AND�DESTINATION� RESPECTIVELY��4HE� COMMENTS�
EXPLAIN�WHAT�THE�CODE�MEANS�AND�THEY�ALSO�GIVE�THE�CONTENTS�
OF�THE�SEQUENCE�REGISTER�AT�IMPORTANT�POINTS�
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5 5 15 D S // exit when outer loop ends

5 6 9 C P // entry point, send to speaker

5 7 14 M M // move memory, ie wait

5 8 14 C P // send word in C to speaker

5 9 12 14 M PS // (12,14)’ holds 31 31 16 0

5 10 11 13 M PS // (11 13)’ holds 31 26 31 31

4OM�#HERRY�S�CODE�FOR�NOTE�&����C�����

4 0 15 D S // exit when outer loop ends

4 1 1 C P // entry point for note 6

4 2 12 14 M PS // (12,14)’ holds 31 31 16 0

4 3 14 M M // move memory, ie wait

4 4 13 C P // send word in C to speaker

4 5 12 14 M PS // add M contents to S register

4 6 14 M M // move memory, ie wait

4 7 9 C P // send word in C to speaker

4 8 12 14 M PS // add M contents to S register

4 9 14 M M // move memory, ie wait

4 10 5 C P // send word in C to speaker

4 11 12 14 M PS // add M contents to S register

4 12 8 3 M PS // (8,3)’ holds 31 19 31 31

2ON�"OWLES��CODE�FOR�NOTE�&����������

4HE�CODE�FRAGMENTS�ABOVE�SHOW�THAT�IT�WAS�NOT�A�SIMPLE�
TASK�TO�PRODUCE�A�PURE�NOTE�FROM�#3)2!#��EVEN�WITHIN�THE�
FREQUENCY� RANGE� WHERE� IT� REQUIRED� LEAST� EFFORT�� 4HE� MANY�
ADDRESSES� USED� WHEN� MOVING� MEMORY� �WAITING	� AND� FOR�
SENDING�DATA� TO� THE� SPEAKER� INDICATE� THE� COMPLEXITY�OF� THE�
TASK��$IFFERENT�ACCESS�TIMES�AND�PULSE�TIMINGS�ARE�ACHIEVED�
THROUGH� DIFFERENT� MEMORY� ADDRESSES�� 4HE� TIMING� OF� ALL�
INSTRUCTIONS�WAS�RElNED�BY�2ON�"OWLES�IN�THE�PROGRAMS�THAT�
GATHERED� THE� PULSE� TIMING� DATA��4HE� CHANGES� TO� PRODUCE� A�
PURE�TONE�FOR�THE�NOTE�'��ARE�SIMILARLY�COMPLEX�

4HE� DIAGRAM� BELOW� DISPLAYS� THE� PULSE� PERIODS� FOR� THREE�
NOTES��)T�CAN�BE�SEEN�HOW��AS�DESCRIBED�ABOVE��DIFFERENT�PULSES�
IN�A�NOTE�NEED�A�DIFFERENT�TIMING�OFFSET��OR�DELAY��FROM�A�CLOCK�
DIVISION��4HIS�IS�A�GRAPHICAL�DISPLAY�OF�WHAT�THE�TYPICAL�CODE�
FOR�A�NOTE�PRODUCES��4HE�PULSES�THAT�RESULT�IN�THE�INHARMONIC�
�����(Z�FREQUENCY�FOR�THE�NOTE�$��CAN�ALSO�BE�SEEN�
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#3)2!#�MAJOR�CYCLE�TIMING�WITH�PULSES�FOR�NOTES�#���$��AND�$����4HIS�
SHOWS�THE�VARIOUS�DELAYS�REQUIRED�FROM�THE�ONSET�OF�EACH�INSTRUCTION�
CYCLE�TO�PRODUCE�A�PULSE�WITH�A�SPECIlC�PERIOD�THAT�IS�NOT�NECESSARILY�
SIMPLY�RELATED�TO�THE�MACHINE�CYCLE�TIME��4HE�DIFFERENT�DELAYS�REQUIRED�
BETWEEN�PULSES�WERE�ACHIEVED�BY�USING�DIFFERENT�MEMORY�LOCATIONS�AND�
INSTRUCTION�ADDRESSES�

4O� SHOW� THE� ERRORS� IN� THE� TUNING�OF� THE�NOTES�� BELOW� IS�
A�GRAPHICAL�REPRESENTATION�OF�THE�DATA�IN�THE�PREVIOUS�TABLE�
OF�PULSE�FREQUENCIES��4HIS�SHOWS�THE�ERROR�OF�THE�FREQUENCY��
OR�FREQUENCIES��OF�THE�NOTE�FROM�THE�DESIRED�PITCH��4HE�ERROR�
IS� EXPRESSED� IN� CENTS� �HUNDREDTHS�OF� A� SEMITONE	� FROM� THE�
DESIRED� NOTE�� )T� IS� DIFlCULT� TO� SAY� HOW� MUCH� DEVIATION� IS�
PERCEIVED�AS�@OUT�OF�TUNE��AS�THE�PERCEPTION�DEPENDS�HEAVILY�
ON� THE� CONTEXT� AND� THE� WAVEFORM� INVOLVED�� (OWEVER�� AS�
DISCUSSED�� SEVERAL� OF� THE� NOTES� HAVE� MULTIPLE� DISSONANT�
FREQUENCIES�� WHICH� WOULD� CERTAINLY� BE� PERCEIVED� AS� NOT� IN�
TUNE�EITHER�WITH�THE�NOTE�ITSELF�OR�WITH�THE�SCALE��)N�ADDITION��
THERE� ARE� A� FEW� NOTES�� FOR� EXAMPLE� %��� "��� $��� AND� $����
THAT�WHILE�PURE�IN�PITCH�AND�WITHOUT�DISSONANT�ARTEFACTS�ARE�
PROBABLY�OUT�OF�TUNE�ENOUGH�WITH�THE�SCALE�TO�BE�NOTICEABLE��
ESPECIALLY�BY�A�TRAINED�LISTENER�
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!CCURACY�OF�NOTE�TUNING�EXPRESSED�IN�CENTS��-ULTIPLE�VERTICALLY�ALIGNED�
POINTS�SHOW�NOTES�WITH�MULTIPLE�FREQUENCY�COMPONENTS��&OR�NOTES�WITH�
MULTIPLE�PARTS��THE�lRST�COMPONENT�IS�MARKED�WITH�A�CIRCLE��THE�SECOND�
WITH�A�DIAMOND�AND�THE�THIRD�WITH�A�TRIANGLE��/CTAVE�DISPLACEMENTS�HAVE�
BEEN�COLLAPSED�TO�A�SINGLE�OCTAVE�

7HEN� LISTENING� TO� THE� SOUNDS� GENERATED� BY� #3)2!#� IT�
BECOMES�CLEAR�THAT�THERE�ARE�PITCHES�IN�THE�SOUND�THAT�DO�NOT�
APPEAR� IN� THE� TABLE�OF�HOW� THE�NOTES�WERE�PROGRAMMED��!�
SPECTRUM�ANALYSIS�OF� THE�NOTES�CAN�SHOW�THESE�PITCHES�AND�
HELP�TO�EXPLAIN�THE�SOUND�OR�TIMBRE�OF�THE�VARIOUS�NOTES��4HE�
SPECTRUM� GRAPHS� BELOW� WERE� TAKEN� OF� THE� PULSE� STREAM� AS�
DELIVERED�TO�THE�SPEAKER��THAT�IS��AS�DELIVERED�TO�THE�SPEAKER�
TERMINALS�� 4HE� SPEAKER� WOULD� lLTER� THIS� STREAM�� MOSTLY�
BY� REDUCING� THE�HIGHER�PARTIALS��4HE�VERTICAL� SCALE� IS� LINEAR�
AMPLITUDE��THE�HORIZONTAL�SCALE�IS�LOGARITHMIC�FREQUENCY�WITH�
��(Z�ON�THE�LEFT�AXIS�AND���K(Z�ON�THE�RIGHT�AXIS��

4HE�HARMONICS�FOR�THE�NOTE�#��SHOW�THE�SPECTRUM�PRODUCED�
BY� #3)2!#�S� NEAR� SAWTOOTH� PULSE� SHAPE�� 4HIS� SPECTRUM�
IS� HIGHLY� REPRESENTATIVE� OF� MOST� OF� THE� NOTES� THAT� #3)2!#�
PLAYED��CERTAINLY�FROM�#��TO�#���THE�LOWER�TWO�OCTAVES�OF�THE�
TWO�AND�A�HALF�OCTAVE�RANGE��AS�MOST�OF�THE�NOTES�HAVE�SIMPLE�
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HARMONIC�COMPONENTS��4HERE�ARE�STRONG�HARMONICS�TO�OVER����
TIMES�THE�FUNDAMENTAL�FREQUENCY��4HIS�IS�SOMEWHAT�DIFFERENT�
FROM�THE�SPECTRUM�OF�A�CLASSIC�SAWTOOTH�WAVEFORM�WHICH�HAS�
A�REGULAR�HARMONIC�DISTRIBUTION�OF���X��&������X��&������X��&��
����X��&�AND�SO�ON��WHERE�&� IS� THE� FUNDAMENTAL� FREQUENCY��
)T� CAN� BE� SEEN� THAT� THE� UPPER� HARMONICS� ARE� CONSIDERABLY�
STRONGER�THAN�WOULD�BE�EXPECTED�FROM�A�SAWTOOTH�WAVEFORM��
4HIS�WOULD�MOSTLY�BE�CAUSED�BY�THE�NONLINEAR�DECAY�OF�THE�
PULSE��MAKING�IT�MORE�LIKE�A�SHORT�IMPULSE�WITH�THE�RESULTING�
INCREASE� IN� HIGHER� HARMONICS�� 4HE� FORMANT
LIKE� BANDS��
CENTRED� AT� APPROXIMATELY� THE� �TH�� ��TH�� ��TH�� ��RD� AND� SO� ON�
HARMONICS�ARE�A�FUNCTION�OF�THE�WAVE�SHAPE�AND�REMAIN�IN�
SUCH�A�HARMONIC�RELATIONSHIP�IN�OTHER�NOTES�

3PECTRUM�OF�NOTE�#���FUNDAMENTAL������(Z��4HIS�IS�REPRESENTATIVE�OF�
MOST�OF�THE�NOTES�PLAYED�BY�#3)2!#��SUCH�AS�THE�NOTES�IN�THE�TWO�
OCTAVES�FROM�#��TO�#��

4HE�UPPER�NOTES�OF�#3)2!#�S�RANGE�WERE�THE�MOST�DIFlCULT�
TO�PROGRAM��AS�DISCUSSED�PREVIOUSLY	��WHICH�IS�CLEARLY�AUDIBLE�
FROM� LISTENING� TO� THEM��4HE� NOTE� $��� WITH� A� FUNDAMENTAL�
FREQUENCY�OF������(Z��HAS�A�PULSE�TIMING�THAT�GIVES�RISE�TO�AN�
ADDITIONAL�FREQUENCY�COMPONENT�OF����(Z��(OWEVER��THIS�DOES�
NOT�EXPLAIN�ALL�OF�THE�FREQUENCIES�THAT�APPEAR�IN�THE�OUTPUT��
4HE� UPPER� NOTES� �AS� ALL� OTHERS	� SOUND� LIKE� A� VERY� ACCURATE�
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RECONSTRUCTION�TO�THOSE�WHO�HEARD�THEM�WHEN�#3)2!#�WAS�
OPERATING��4HERE�ARE�CLEARLY�AUDIBLE�LOWER�FREQUENCIES�IN�THE�
OUTPUT��WHICH�SOUND�DISSONANT�OR�INHARMONIC��4HE�SPECTRUM�
SHOWS�� SURPRISINGLY�� NOT� ONLY� THE� EXPECTED� FREQUENCIES� AT�
���(Z�AND����(Z�AND�THEIR�ASSOCIATED�HARMONICS��BUT�ALSO�A�
FREQUENCY�COMPONENT�AT�ABOUT���(Z��4HE���(Z�COMPONENT�
ALSO�APPEARS�TO�GIVE�RISE�TO�MANY�ODD�SIDEBAND�FREQUENCIES�
OF� ALL� OF� THE� HARMONICS��4HIS� WOULD� EXPLAIN� WHY� THE� NOTE�
SOUNDS�QUITE�@ROUGH��AND�INHARMONIC��(OWEVER��THE�EXISTENCE�
OF�THE���(Z�COMPONENT�TOOK�SOME�INVESTIGATION�TO�EXPLAIN��
4HE�DIFFERENCE�BETWEEN�THE�PLANNED�FUNDAMENTAL�OF����(Z�
AND�THE�SECOND�HARMONIC�OF�THE�SPURIOUS����(Z�FREQUENCY�
����(Z	� IS� ��(Z��4HIS� IS� QUITE� CLOSE� TO� THE� MYSTERY� ��(Z�
BUT� THE� SPECTRUM� ANALYSIS� SHOWS� NOT� ONLY� A� CLEAR� ��(Z�
COMPONENT� BUT� ALSO� CLEAR� HARMONICS� OF� IT� AT� ��(Z�� ���(Z�
AND� SO� ON�� 4HE� PRECISION� OF� THE� MEASUREMENT� MAKES� IT�
UNLIKELY�THAT�IT�IS�A�DIFFERENCE�FREQUENCY��!FTER�CONSIDERABLE�
INVESTIGATION�� THE� REASON� FOR� THE� ��(Z� COMPONENT� BECAME�
CLEAR�� )T� EMERGED� THAT� FOR� ALL� NOTES� THE� PROGRAM� STRUCTURE�
WAS�A�LOOP�TO�SEND�MULTIPLE�PULSES�TO�THE�SPEAKER�AT�ACCURATE�
PERIODS�� IF� SOMETIMES� NOT� THE� DESIRED� PERIOD�� 4HIS� LOOP� IS�
EXECUTED� A� NUMBER� OF� TIMES� TO� PROVIDE� CONTROL� OVER� THE�
DURATION� OF� THE� NOTE�� &OR� THE� NOTE� $�� THE� PERIODS� OF� THE�
PULSE� LOOP� ARE� ����M3�� ����M3�� ����M3�� ����M3�� ����M3��
AND�����M3��4HE�SUM�OF�THE�LOOP�PULSE�PERIODS�IS������M3��
WHICH�GIVES�A�FREQUENCY�OF������(Z��4HE�LOOP�RETURN�CAUSES�
A�MODULATION�OF�THE�PULSES�AT�THE�PERIOD�OF�THE�EXECUTION�OF�
THE�LOOP��4HIS�GIVES�THE���(Z�COMPONENT�IN�THE�OUTPUT��4HE�
SEVEN�HIGHEST�NOTES�PLAYED�BY�#3)2!#�ALL�HAVE�THIS�STRUCTURE�
AND�THEY�ALSO�HAVE�THE�SPURIOUS�LOW�FREQUENCY�COMPONENT�IN�
THEIR�OUTPUT��7ITH�SOME�OF�THE�OTHER�NOTES�IT�WAS�POSSIBLE�TO�
CAUSE�THIS�LOW�FREQUENCY�COMPONENT�TO�HAVE�SOME�HARMONIC�
RELATIONSHIP�TO�THE�DESIRED�NOTE��THUS�REDUCING�SOMEWHAT�THE�
DISSONANCE�CREATED�BY�ITS�UNAVOIDABLE�PRESENCE�
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3PECTRUM�OF�NOTE�$���FUNDAMENTAL������(Z��.OTE�THE�LOW�FREQUENCY�
ARTEFACTS�AS�DISCUSSED�ABOVE�

4HE�TWO�HIGHEST�NOTES��&���AND�'��SHARE�SOME�COMMON�
ELEMENTS��4HE� SECOND� HARMONIC� IS� STRONGEST� IN� BOTH� NOTES�
AND� THE� FORMANT� CHARACTER� IS� MISSING� FROM� BOTH�� 4HIS� IS�
PROBABLY�BECAUSE�THE�PULSES�DO�NOT�GET�THE�TIME�TO�DECAY��AS�
IN�THE�LOWER�PITCHED�NOTES��BEFORE�ANOTHER�PULSE�IS�GENERATED�
AND� THE� FORMANTS� ARE� MOST� LIKELY� CAUSED� BY� THE� NONLINEAR�
DECAY�OF�THE�PULSES��&���HAS�THE�EXPECTED�PEAK�AT����(Z�AND�
A�SLIGHTLY�STRONGER�SECOND�HARMONIC�AT����(Z��"EYOND�THIS��
THE�AMPLITUDES�OF�THE�UPPER�HARMONICS�DROP�OFF�MORE�RAPIDLY�
THAN�THE�LOWER�NOTES��!S�WITH�ALL�SEVEN�OF�THE�HIGHEST�NOTES�
PLAYABLE� BY� #3)2!#�� &��� ALSO� HAS� A� STRONG� LOW� FREQUENCY�
COMPONENT�� CAUSED�BY� THE� SUM�OF� THE�PERIODS� IN� THE�PULSE�
LOOP�OF�THE�NOTE��4HIS�IS��HOWEVER��UNLIKE�THAT�OF�$��IN�THAT�
IT� IS� HARMONICALLY� RELATED� TO� THE� NOTE�� 4HE� LOW� FREQUENCY�
COMPONENT�IS�BASED�AT�ABOUT���(Z��4HIS�IS�CLOSE�ENOUGH�TO�
THE�NOTE�"��TO�MAKE�&���SOUND�NOT�QUITE�AS�DISSONANT�AS�$��
DOES�WITH�THE�INHARMONIC�LOW�FREQUENCY�COMPONENT��4HERE�
IS�ALSO�A�STRING�OF�HARMONICS�THAT�APPEAR�TO�BE���(Z�SUM
AND

DIFFERENCE� SIDEBANDS� OF� THE� MAIN� FREQUENCIES��4HESE� SOUND�
VERY�DISSONANT�IN�THE�MIX�OF�FREQUENCIES�
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3PECTRUM�OF�NOTE�&����FUNDAMENTAL������(Z��4HE�SECOND�HARMONIC�IS�THE�
STRONGEST�

4HE�TWO�STRONGEST�FREQUENCIES�FOR�'��ARE����(Z�AND�THE�
���(Z�SECOND�HARMONIC��4HE�FUNDAMENTAL�OF����(Z�IS� LOW�
IN�AMPLITUDE�AND�THE�SECOND�HARMONIC�IS�THE�MAIN�FREQUENCY�
INDICATING� THE� PITCH� '��� 4HE� INTENTIONALLY� PROGRAMMED�
FREQUENCY�AT����(Z�IS�HARMONICALLY�RELATED�TO�'��� IT�BEING�
THE� NOTE� #��� AND� THE� FREQUENCY� OF� ���(Z� IS� THE� SECOND�
HARMONIC� OF� THAT�� 4HE� REASON� FOR� THE� REQUIREMENT� OF� THE�
���(Z� COMPONENT� IS�� HOWEVER�� SOMETHING� OF� A� MYSTERY��
0ROBABLY�THE�BEST�EXPLANATION�IS�THAT�IT�WAS�USEFUL�TO�ADJUST�
THE�LOW�FREQUENCY�COMPONENT�TO�A�LESS�DISSONANT�PITCH��4HE�
LOW� FREQUENCY� COMPONENT�� WHICH� IS� A� RESULT� OF� THE� NOTE�
PROGRAMMING� STRUCTURE� AS� IN� $��� IS� ��(Z� AND� IT� IS� ALSO�
HARMONICALLY�RELATED�TO�THE�FUNDAMENTAL��4HE�LOW�FREQUENCY�
COMPONENT� IS� ALMOST� PRECISELY� THE� PITCH� #��� TWO� OCTAVES�
AND� A� FOURTH� BELOW� THE� FUNDAMENTAL� OF� THE� NOTE�� !GAIN��
THERE�APPEARS� TO�BE�A�NUMBER�OF�SIDEBANDS�ABOUT�THE�MAIN�
HARMONICS�CAUSED�BY�THE� LOW�FREQUENCY�COMPONENT��WHICH�
WOULD�ADD�DISSONANCE�TO�THE�SOUND�
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3PECTRUM�OF�NOTE�'���FUNDAMENTAL������(Z��

4HE�SPECTRUM�ANALYSIS�OF�THE�NOTES�IS�USEFUL�FOR�EXPLAINING�
THE�SOUND�AND�TIMBRE�OF�THE�VARIOUS�NOTES�#3)2!#�PLAYED��4HE�
LOW�FREQUENCY�COMPONENTS�OF�THE�UPPER�NOTES�APPEAR�TO�HAVE�
BEEN�A�PROGRAMMING�ARTEFACT�THAT�WAS�UNAVOIDABLE�BECAUSE�OF�
THE�TIMING�GRANULARITY�AND�THE�LOOP�STRUCTURE�OF�THE�NOTES��AS�
DESCRIBED�ABOVE��4HEY�DO�NOT�APPEAR�IN�#HERRY�S�HANDWRITTEN�
PLANNING�OF�THE�PROGRAM��)N�ADDITION��WHEN�'EOFF�(ILL�WAS�IN�
3YDNEY�AND�lRST�WRITING�MUSIC�PROGRAMS��HE�APPEARS�TO�HAVE�
BEEN�FORCED�INTO�A�SIMILAR�SITUATION�TO�GET�HIGHER�NOTES�FROM�
THE�HARDWARE��4HE�LOW�FREQUENCY�COMPONENTS�APPEAR�TO�BE�
MOSTLY�ARTEFACTS�OF�THE�MACHINE��#HERRY�WAS�ABLE�TO�MANAGE�
A� COMPROMISE�� AMONGST� THE� MYRIAD� THAT� WERE� REQUIRED�� TO�
GET�MANY�OF�THE�SPURIOUS�LOW�FREQUENCY�COMPONENTS�TO�HAVE�
AT�LEAST�SOME�SIMPLE�MUSICALLY�HARMONIC�RELATIONSHIP�TO�THE�
INTENDED�NOTE��4HIS�IS�PROBABLY�AN�ASPECT�OF�HIS�PROGRAMMING�
SKILL�THAT�IS�DIFlCULT�TO�APPRECIATE�NOW�

4O�ASSESS�THE�ACHIEVEMENT�OF�THE�PROGRAMMERS�WE�NEED�TO�
REMEMBER�THE�STATE�OF�TECHNOLOGY�AT�THE�TIME�TO�APPRECIATE�THE�
CHALLENGE��#3)2!#�WAS�lRST�OPERATIONAL�WHEN�THERE�WAS�ONLY�
A�HANDFUL�OF�COMPUTERS�IN�THE�WORLD�AND�THERE�WAS�NO�SUITABLE�
DIGITAL
TO
ANALOG�OR�ANALOG
TO
DIGITAL�CONVERSION�TECHNOLOGY��
4HERE�WAS�NO�COMPUTER�MUSIC�PRACTICE�TO�BASE�THEIR�WORK�ON��
%VERY�PROBLEM�APPEARED�ORIGINAL�AND�HAD�TO�BE�CONQUERED�FOR�
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THE�lRST�TIME��4HE�TASK�OF�GENERATING�A�CONSISTENT�TONE�WITH�
PULSES�SENT� TO�A�SPEAKER�AND�CONTROLLING�THIS� TO�PLAY�MUSIC�
IS�THEORETICALLY�SIMPLE��BUT�IN�PRACTICE�IT�PROVED�ENORMOUSLY�
DIFlCULT�� )T� IS� IN� THE� DETAILS� OF� THE� PROGRAMMING� THAT� THE�
SKILL�OF� THE�PROGRAMMER�EMERGES��4HE�lRST�PROBLEM�IS� THAT�
THERE�ARE�ONLY�����MEMORY�LOCATIONS�AVAILABLE�FOR�USE��!LSO��
THE�ACCESS�TIME�OF�VARIOUS�MEMORY�LOCATIONS�VARIED��4HIS�IS�
WHAT�MADE� IT� POSSIBLE� TO� SEND�PULSES�WITH�VARYING�PERIODS��
4HE�PREVIOUS�PULSE�TIMING�DIAGRAM�GRAPHICALLY�DISPLAYS�THE�
PROBLEM��0ULSES�WERE�REQUIRED�TO�BE�SENT�TO�THE�SPEAKER�WITH�
A�REGULAR�PERIOD�THAT�HAD�NO�RELATIONSHIP�TO�THE�PERIOD�OF�THE�
CLOCK��!�CLOSER�EXAMINATION�OF�THE�PREVIOUS�CODE�EXAMPLE�WILL�
ALSO�HELP��&OR�EXAMPLE��A�SEQUENCE�OF�INSTRUCTIONS�TO�PRODUCE�
A�NOTE�OF�MEDIUM�COMPLEXITY�COULD�LOOK�LIKE�THIS�

start of note

 set counter to N

 loop start, send pulse in memory location M1 to speaker

  wait time t1

  send pulse in memory location M2 to speaker

  wait time t1

  send pulse in memory location M3 to speaker

  wait time t2

  send pulse in memory location M4 to speaker

  wait time t3

  send pulse in memory location M5 to speaker

 decrement N

 if N equal to 0 then exit, else return to loop start

end of note

)N�THIS�EXAMPLE��-��TO�-��ARE�DIFFERENT�MEMORY�LOCATIONS�
WITH� DIFFERENT� TIMING� DELAYS�� )T� IS� OFTEN� A� LACK� OF� MEMORY�
LOCATIONS�WITH�SUITABLE�TIMING�THAT�CAUSES�THE�ARTEFACTS�IN�THE�
NOTES��4IME�WAITING��SAY�T��TO�T���ALSO�USES�MEMORY�ACCESS�FOR�
THE� INSTRUCTION�EXECUTION�AND�OCCURS�AT�VARIABLE�TIMES��4HE�
TIME�WAITING�WAS�OFTEN�DIFlCULT�TO�JUGGLE�WITH�THE�AVAILABLE�
MEMORY� AND� THE� MEMORY� TIMING� REQUIRED�� 4HIS� IS� WHAT�
WOULD�LEAD�TO�HAVING�SEVERAL�PULSES�WITH�THE�CORRECT�PERIOD�
AND�ONE�OR�TWO�PULSES�WITH�DIFFERENT�PERIODS��4HEN�THERE�WAS�
THE�TEST�AND�LOOP�SECTION��WHICH�WAS�REQUIRED�TO�PLAY�THE�NOTE�
FOR�THE�SPECIlED�DURATION��.	��!S�THIS�DETERMINES�THE�PERIOD�
BETWEEN�THE�LAST�PULSE�IN�THE�LOOP�AND�THE�lRST��IT�IS�CRUCIAL�TO�
PROGRAM�THE�TIMING�OF�THIS�ACCURATELY�FOR�THE�NOTE�TO�SOUND�
CORRECT��)T�WAS�VERY�DIFlCULT�TO�JUGGLE�THIS�INSTRUCTION�SECTION�
SUCH�THAT�IT�EXECUTED�IN�THE�CORRECT�TIME�AND�SOMETIMES�THERE�
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WAS�A�COMPENSATING�DELAY�ADDED�BEFORE�THE�lRST�PULSE�IN�THE�
LOOP��3UCH�A�STRUCTURE�WAS�NEEDED�FOR�EVERY�NOTE�AND�THERE�
WAS� ALSO� THE� NEED� TO� IMPLEMENT� A� PROGRAM� TO� CONTROL� THE�
EXECUTION�OF� THE�NOTES�� READ� THE� TAPE� AND� SO�ON�� ALL� IN�����
WORDS�OF�MEMORY��4HIS�HELPS�TO�SHOW�THE�SKILL� INVOLVED� IN�
THE�PROGRAMMING�

)T� IS� NOTEWORTHY� THAT� PROlCIENT� PROGRAMMERS� COULD�
PROGRAM� #3)2!#� TO� DESIGN� STUDIES� FOR� LARGE� PARABOLIC�
ANTENNAS�� PERFORM� CALCULATIONS� FOR� ASTRONOMICAL� FUNCTIONS�
AND� IONOSPHERIC� REFRACTION�� PERFORM� ANALYSES� OF� CLOUD�
DROPLET�DYNAMICS��MAKE�CALCULATIONS�FOR�AIRCRAFT�DESIGN�AND�
OPTICS�� PERFORM� 8
RAY� CRYSTALLOGRAPHY� ANALYSES�� PERFORM�
THE�CALCULATIONS�FOR�MAJOR�ENGINEERING�PROJECTS�SUCH�AS� THE�
3NOWY� -OUNTAINS� (YDROELECTRICITY� PROJECT� AND� PERFORM�
CALCULATIONS� FOR� LARGE� BUILDING� THERMODYNAMICS�� (OWEVER��
PROGRAMMING�#3)2!#�TO�PLAY�MUSIC�WAS�AN�ALTOGETHER�MORE�
DIFlCULT�TASK��WHICH�REQUIRED�SPECIALISED�PROGRAMMING�SKILLS�
AND�KNOWLEDGE�OF�THE�MACHINE��4HAT�IS�WHY��IN�THE�VERY�����S��
THE�COMPUTER�PLAYING�MUSIC�WAS�ASTONISHING�NOT�ONLY�TO�THE�
PUBLIC�BUT�TO�OTHER�PROGRAMMERS�TOO�
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&INALE

#3)2!#�WAS�A�UNIQUE�TECHNOLOGICAL�ACHIEVEMENT�IN�!USTRALIA��
5NRECOGNISED�UNTIL�NOW��IT�WAS�ALSO�PART�OF�A�UNIQUE�MUSICAL�
ACHIEVEMENT��#3)2!#��OR�THE�#3)2�-K���WAS�ONE�OF�THE�VERY�
lRST� COMPUTERS� IN� THE�WORLD� TO�MAKE�MUSIC�� POSSIBLY�EVEN�
THE�lRST��)T�ACCOMPLISHED�THIS�THROUGH�A�HAPPY�CONmUENCE�OF�
EVENTS�AND�THE�VERY�INTELLIGENT�AND�DILIGENT�WORK�OF�A�COUPLE�
OF�PEOPLE��4HE�TECHNOLOGICAL�FEAT�WAS�EXTRAORDINARY�GIVEN�THE�
STATE�OF�THE�HARDWARE�USED�TO�SUPPORT�THE�PROGRAMMING�AND�
PRODUCE�THE�SOUNDS��

4HE� MUSIC� ITSELF� MAY� NOW� SEEM� VERY� CRUDE� UNLESS� IT� IS�
UNDERSTOOD�IN�THE�CONTEXT�OF� ITS�CREATION��)T�WAS�CREATED�BY�
ENGINEERS�WHO�WERE�NOT�KNOWLEDGABLE�OF�THE�LATEST�IN�MUSICAL�
COMPOSITION� PRACTICE� AND� AT� A� TIME� WHEN� THERE� WAS� LITTLE�
THOUGHT�OF�DIGITAL�SOUND��4HE�IDEA�OF�USING�A�COMPUTER��THE�
WORLD�S�MOST�mEXIBLE�MACHINE��TO�CREATE�MUSIC�WAS�CERTAINLY�
A�LEAP�OF�IMAGINATION�AT�THE�TIME��)T�IS�A�PITY�THAT�COMPOSERS�
WERE�NOT� INVITED� TO�USE�#3)2!#� AND�DISCOVER�HOW� IT� COULD�
HAVE�SOLVED�SEVERAL� COMPOSITIONAL�PROBLEMS��#3)2!#�HAD�A�
LOT� TO�OFFER� COMPOSERS�� )T� COULD�PLAY�ALMOST� ANY� FREQUENCY�
WITHIN�ITS�RANGE��SO�THOSE�INTERESTED�IN�MICROTONAL�MUSIC��OR�
ALTERNATE�SCALES�AND�TUNINGS��WOULD�HAVE�FOUND�IT�INVALUABLE��
)T�COULD�ALSO�POSSIBLY�HAVE�BEEN�PROGRAMMED�TO�PLAY�MORE�
THAN�ONE�FREQUENCY�AT�A�TIME�ALTHOUGH�IT�WOULD�HAVE�BEEN�
A� SIGNIlCANT� PROGRAMMING� CHALLENGE�� !DDITIONALLY�� WITH�
SUITABLE� PROGRAMMING�� #3)2!#� WOULD� HAVE� PLAYED� ANY�
RHYTHM� AND� COULD� HAVE� PRODUCED� RHYTHMICALLY� COMPLEX�
PIECES�OR� EVEN�ARHYTHMIC�MUSIC��4HERE� IS� ALSO� THE� ISSUE�OF�
USING�IT�AS�A�COMPOSITION�TOOL��WHICH�SOME�COMPOSERS�WERE�
INTERESTED�IN�AND�SOME�OF�THE�PROGRAMMERS�WOULD�HAVE�BEEN�
HAPPY� TO� HELP� WITH� THE� PROGRAMMING�� 0ERHAPS� WE� WOULD�
HAVE�HAD�VERY�EARLY�EXAMPLES�OF�COMPUTER
BASED�MICROTONAL�
MUSIC�AND�ALGORITHMIC�COMPOSITION��4HERE�WERE�COMPOSERS�
NEARBY�WHO�WERE�INTERESTED�IN�THESE�THINGS��0ERCY�'RAINGER�
WAS�AT�-ELBOURNE�5NIVERSITY�AT�THE�TIME�AND�HE�WAS�ALREADY�
KNOWN�AS�AN�EXPERIMENTAL�COMPOSER�WHO�WAS�INTERESTED�IN�
NEW�SOUNDS��@FREE�MUSIC���ELECTRONIC�MUSIC�AND�SO�ON��0ETER�

#3)2!#?-USIC
���INDD����� ������������������0-



��� 4HE�-USIC�OF�#3)2!#

4HORNE�RECALLS��

)�CAN�REMEMBER�0ERCY�'RAINGER�WALKING�PAST�THE�#OMPUTATION�
,ABORATORY� AT� THE� TIME� #3)2!#� WAS� RUNNING�� !CTUALLY�
WALKING�DOWN�THE�ALLEYWAY�BETWEEN�WHAT�WOULD�HAVE�BEEN�
THE� CYCLOTRON� AND� 0HYSICS�� 4HE� OTHERS� IN� THE� LABORATORY�
POINTED�OUT�OF�THE�WINDOW�AND�SAID��@4HERE�S�0ERCY�'RAINGER���
(E�WAS�GOING�TOWARDS� THE�'RAINGER�-USEUM��(E�WAS� THAT�
CLOSE��)T�MUST�HAVE�BEEN�IN�ABOUT�������'RAINGER�WAS�AT�THE�
5NIVERSITY�WHEN�#3)2!#�WAS�OPERATING��

4HIS� LACK� OF� PROFESSIONAL� MUSICAL� INPUT� TO� THE� MUSICAL�
WORK�� CONSISTENTLY� THE� CASE� FOR�#3)2!#� FROM������ TO�������
IS� IN� STARK� CONTRAST� TO� THE� APPROACH� UNDERTAKEN� AT� "ELL�
,ABS�� -AX� -ATTHEWS� AND� *OHN� 0IERCE� WERE� BOTH� SCIENTISTS�
BUT� THEY�QUICKLY�RECOGNISED� THE�NEED� TO� INVOLVE�MUSICIANS�
IN� THEIR� COMPUTER� MUSIC� WORK� AND� THEY� MADE� A� CONCERTED�
EFFORT� TO� SEEK� OUT� APPROPRIATE� PEOPLE�� 4HE� INVOLVEMENT� OF�
COMPOSERS�AT�"ELL�,ABS�LED�TO�SOME�OF�THE�CRUCIALLY�IMPORTANT�
DESIGN�DECISIONS�THAT�HAVE�LED�TO�THE�DEVELOPMENT�OF�CURRENT�
COMPUTER� MUSIC�� ,AMENTABLY�� THIS� DID� NOT� HAPPEN� WITH�
#3)2!#�� PERHAPS� BECAUSE� OF� ITS� UNFORTUNATE� ISOLATION� BOTH�
GEOGRAPHICALLY�AND�CULTURALLY��)T�HAD�BEEN�SHOWN�THAT�#3)2!#�
COULD�BE�PROGRAMMED�TO�PLAY�SOUNDS��IT�HAD�BEEN�DEVELOPED�
AS� AN� INSTRUMENT� AND� IT� OFFERED� NEW� MUSICAL� POSSIBILITIES��
BUT�IT�WAS�NOT�USED�TO�EVOLVE�MUSIC�AS�AN�ART��)F�COMPOSERS�
HAD� BECOME� INVOLVED� FROM� THE� EARLIEST� DEVELOPMENT�� THE�
FUNDAMENTAL� QUESTIONS� OF� WHY� ANYONE� WOULD� WANT� TO� USE�
A� COMPUTER� TO� GENERATE� MUSIC� AND� WHAT� THE� APPLICATION� OF�
TECHNOLOGY� MEANS� FOR� THE� AESTHETICS� OF� MUSIC�� WOULD� HAVE�
BEEN� ADDRESSED�� %VEN� IF� THERE� WAS� NO� SPECIlC� OUTCOME� OR�
AN�UNDERSTANDING�OF� THE�APPLICATION�OF�COMPUTERS� TO�MUSIC��
THE�MUSICAL�COMMUNITY�WOULD�HAVE�BEEN�ACTIVELY�THINKING�
ABOUT�IT�AND�ENGAGED�WITH�IT��!S�IT�HAPPENED��THIS�WOULD�HAVE�
TO�WAIT�UNTIL�THE�EVENTS�IN�THE�53!�BECAME�PUBLIC�

)T�APPEARS�THAT�THE�MUSICAL�PROGRAMMING�OF�#3)2!#��BOTH�
IN� 3YDNEY� AND� IN� -ELBOURNE�� WAS� NOT� AS� APPRECIATED� AS� IT�
COULD�HAVE�BEEN�AND�THUS�NOT�AS�WELL�PROMOTED�AS�IT�DESERVED�
TO� BE�� 7ITH� SOME� MORE� ENTHUSIASM� OR� IMAGINATION� FROM�
MOSTLY� SOME� ADMINISTRATORS�� BUT� ALSO� THE� PUBLIC�� OR� WITH�
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SOME� JOINT� RESEARCH� AND� DEVELOPMENT� INVOLVING� SCIENTISTS�
AND�MUSICIANS��COMPOSERS�COULD�EASILY�HAVE�BECOME�INVOLVED�
WITH�#3)2!#�AND�THERE�COULD�HAVE�BEEN�SOME�MORE�EXCITING�
MUSICAL� DEVELOPMENTS�� WITH� A� MORE� ENDURING� MUSICAL�
CONTRIBUTION�

!S� IT� STANDS�� THERE� IS� NO� ENDURING� LEGACY� OF� THE� MUSIC�
MADE� WITH� #3)2!#�� )T� IS� NOTABLE� BECAUSE� OF� THE� LEAP� OF�
IMAGINATION�THAT�WAS�REQUIRED�TO�CONCEIVE�OF�USING�THIS�VERY�
EARLY�COMPUTER�TO�MAKE�MUSIC��WHEN�THERE�WAS�NO�PREVIOUS�
PRACTICE�� OR� AT� LEAST� NO� KNOWN� PRACTICE�� )T� IS� ALSO� NOTABLE�
FOR� THE� PROGRAMMING� SKILL� REQUIRED� TO� PRODUCE� THE� MUSIC��
/VERCOMING�THE�MANY�TECHNICAL�PROBLEMS�ALONG�THE�WAY�TO�
THAT�GOAL�SHOWED�THE�INGENUITY�AND�CREATIVITY�OF�THOSE�WHO�
TOOK� THESE� lRST� STEPS�� #3)2!#� ALWAYS� SUFFERED� FROM� BEING�
ISOLATED��)T�WAS�POLITICALLY�ISOLATED�WITHIN�THE�#3)2�WITH�FEW�
OTHER� DEPARTMENTS� KNOWING� MUCH� OF� IT� OR� USING� IT�� WHICH�
HELPED�LEAD�TO�THE�PROJECT�BEING�CANCELLED��)T�WAS�ALSO�CULTURALLY�
ISOLATED��EVEN�THOUGH�ITS�SERVICE�WAS�RUN�AS�AN�@OPEN�SHOP��IN�
-ELBOURNE�� ACHIEVING� COMPARATIVELY� LITTLE� PUBLICITY�� )T� WAS�
PROBABLY� THE� ISOLATION� THAT� WAS� RESPONSIBLE� FOR� COMPOSERS��
SUCH�AS�'RAINGER��NOT�BECOMING�INVOLVED�WITH�THE�COMPUTER�
AND�USING�IT�TO�CREATE�SIGNIlCANT�MUSICAL�DEVELOPMENTS��4HE�
ISOLATION�WAS�ALSO�MOST�PROBABLY�RESPONSIBLE�FOR�THE�MUSIC�OF�
#3)2!#�BEING�LOST�UNTIL�NOW��SO�THAT�IT�IS�A�BLIP�IN�!USTRALIAN�
MUSICAL� HISTORY� AND� THE� HISTORY� OF� COMPUTER� MUSIC�� 4HE�
MUSIC�IS��HOWEVER��AN�INTERESTING�AND�VERY�EARLY�BLIP�

4HE�APPLICATION�OF� COMPUTERS� TO� THE�ARTS� IN�GENERAL��NOT�
JUST� THE� AUDITORY� OR� MUSICAL� ARTS�� CONTINUES� TO� BE� ONE� OF�
THE� GREATEST� CHALLENGES� CONFRONTING� ARTISTS�� THE� PUBLIC� AND�
COMPUTER�SCIENTISTS�
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!PPENDIX�!��.EWSPAPER�REPORTS

#3)2!#�OCCASIONALLY�MADE�NEWS�HEADLINES��"ELOW�ARE�THE�TWO�
ARTICLES�THAT�MENTION�THE�MUSIC��4HEY�SHOW�A�DIFFERENT�ATTITUDE�
TO�COMPUTERS�THAN�IS�COMMON�TODAY��)T�WAS�COMMON�AT�THE�
TIME�TO�REFER�TO�COMPUTERS�AS�@ELECTRONIC�BRAINS��AND�ATTRIBUTE�
ASPECTS�OF�REAL�INTELLIGENCE�TO�THEM��4HESE�PHOTOGRAPHS�ALSO�
SHOW�HOW�#3)2!#�WAS�OPERATED�WITH�A�PERSON�SITTING�AT�THE�
CONSOLE�

&ROM�4HE�!GE��7EDNESDAY����*ULY������

#3)2!#� n� THE� 5NIVERSITY�S� GIANT� ELECTRONIC� BRAIN� n� HAS�
,%!2.%$�4/�3).'�

3CIENTISTS�HAVE�RE
CHRISTENED�IT�@THE�BRAIN�WITH�THE�BEAT���
AS�IT�HUMS��IN�BATHROOM�STYLE��THE�LIVELY�DITTY��@,UCY�,ONG��

#3)2!#�S�SONG�IS�THE�RESULT�OF�SEVERAL�DAYS��MATHEMATICAL�
AND� MUSICAL� GYMNASTICS� BY� 0ROFESSOR�4�� -�� #HERRY�� )N� HIS�
SPARE� TIME� 0ROFESSOR� #HERRY� CONCEIVED� A� COMPLICATED�
PUNCHED
PAPER� PROGRAMME� FOR� THE� COMPUTER�� ENABLING� IT�
TO� HUM� SWEET� MELODIES� THROUGH� ITS� SPEAKER�� @#3)2!#� WAS�
REALLY�NO�MORE�MADE�FOR�MUSIC�THAN�A�MERRY
GO
ROUND�WAS�
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MADE�FOR�MATHEMATICS���0ROFESSOR�#HERRY�SAYS��@"UT�THE�BRAIN�
MAKES�A�BETTER�JOB�OF�MUSIC�THAN�A�MERRY
GO
ROUND�MAKES�
OF�MATHS���
3PEAKING�(OPES
!� BIGGER� COMPUTER�� 0ROFESSOR� #HERRY� SAYS�� COULD� BE�
PROGRAMMED�IN�SOUND
PULSE�PATTERNS�TO�SPEAK�WITH�A�HUMAN�
VOICE�� @"UT� IT� WOULD� BE� A� LABORIOUS� PROCESS�� SERVING� LITTLE�
APPARENT�PURPOSE���HE�ADDS��
0LAYS�'AMES
#3)2!#� �WHEN� NOT� ENGAGED� IN� SERIOUS� COMPUTATION	� PLAYS�
GAMES�WITH�THE�CUNNING�OF�A�TWO
TON�CHILD��-R�'��7��(ILL��WHO�
HELPS�TEND�THE�BRAIN�IN�THE�UNIVERSITY�S�PHYSICS�DEPARTMENT��
INVITED�ME�TO�MATCH�WITS�WITH�THE�COMPUTER�IN�A�MATCH�GAME��
4EN�MATCHES�WERE�PLACED�ON�A�TABLE��#3)2!#�REPRODUCED�THEM�
AS� POINTS� OF� EERIE� BLUE� LIGHT� ON� ONE� OF� ITS� TINY�46� SCREENS��
4HE�WINNER�WOULD�BE�HE�IT�WHO�PICKED�UP�THE�LAST�MATCH��-Y�
MATCH�MOVES�WERE�RELAYED�TO�THE�BRAIN�VIA�A�SIGNAL�SWITCH��)N�
REPLY��THE�BRAIN�BLOTTED�UP�WITH�DARKNESS�SEVERAL�BLUE�LIGHT�
POINTS� ON� ITS� SCREEN��7E� PLAYED� MANY� MATCH� GAMES� n� BUT�
THE�BRAIN��WITH�DEVILISH�SCIENTIlC�CUNNING�n�WON�EVERY�TIME��
4HEN�-R��(ILL�SHOWED�ME�HOW�TO�BEAT�THE�BRAIN��(E�THREW�A�
SWITCH�n�AND�A�SECOND�46�SCREEN�LIT�UP��4HE�SCREEN�SHOWED��IN�
PIN
PRICKS�OF�LIGHT��THE�ADVANCE�MOVES�#3)2!#�WAS�PLANNING��
"Y� PEEPING�� UNFAIRLY�� INTO� THE� BRAIN�S� BRAIN�� WE� WON� EVERY�
GAME��$ESPITE�ITS�SONGS�AND�GAMES��#3)2!#�HAS�BEEN�TAUGHT�
TO�REJECT�SILLY�TRIVIALITIES�x

�/PPOSITE�PAGE	�&ROM�����DOWN��x�7HEN�#3)2!#�BEGAN�
SPORTING�ITS�MUSICAL�GIFTS��WE�JUMPED�ON�HIS�lRST�INTELLECTUAL�
mAW�� 7HEN� HE� PLAYED� h'AUDEAMUS� )GITUR�v� THE� UNIVERSITY�
ANTHEM��IT�SOUNDED�LIKE�A�REFRIGERATOR�DEFROSTING�IN�TUNE��"UT�
THEN��AS�0ROFESSOR�#HERRY�SAID�YESTERDAY��h4HIS�MACHINE�PLAYS�
BETTER�MUSIC�THAN�A�7URLITZER�CAN�CALCULATE�A�MATHEMATICAL�
PROBLEMxv

#3)2!#?-USIC
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&ROM�4HE�(ERALD��&RIDAY����*UNE�������4HE�CHESS�GAME�WAS�STAGED�FOR�
THE�NEWSPAPER�REPORTER�
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!PPENDIX�"��0ULSE�CURVES�AND�CIRCUITS

4HE�FOLLOWING�TABLES�AND�GRAPHS�SHOW�DETAILS�OF� THE�PULSES�
GENERATED� BY� THE� RECONSTRUCTED� #3)2!#� HARDWARE�� 4HE�
VALUES�ARE�THE���
BIT�SIGNED�DATA�VALUES�FOR�EACH�SAMPLE��4HE�
OUTPUT� WAS� SAMPLED� DIRECTLY� TO� $!4� RUNNING� AT� ������(Z��
TAKEN�FROM�ACROSS�THE�SPEAKER�TERMINALS�OF�THE�VALVE�OUTPUT�
AMPLIlER��4HERE�IS�A�PREVIOUS�OSCILLOSCOPE�SCREEN�SHOT�OF�THE�
PULSES�FOR�COMPARISON��4HE�SCHEMATIC�DIAGRAM�OF�THE�OUTPUT�
AMPLIlER�IS�BELOW��/NE�POINT�THAT�MAY�REQUIRE�EXPLANATION�
IS�THE�@GATE��INPUT��%ACH�HARDWARE�SOURCE�AND�DESTINATION�HAD�
A�GATE�LINE�TO�ENABLE�IT�TO�RECEIVE�OR�SEND�DATA�TO�AND�FROM�
THE�BUS��4HIS�WAS�PERMANENTLY�ENABLED�IN�THE�RECONSTRUCTED�
AMPLIlER�

3CHEMATIC�DIAGRAM�OF�THE�#3)2!#�@HOOTER��CIRCUIT�

#3)2!#?-USIC
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Sydney 5-bit Sydney 4-bit Sydney 3-bit Sydney 2-bit Sydney 1-bit

0 0 0 0 0

1323.919 3641.778 288.982 460.972 208.987

5864.642 5993.634 3192.805 2729.833 1516.907

7212.560 5800.646 4776.708 3457.789 1980.879

6936.577 5569.660 4589.720 3319.797 1905.884

6468.605 5020.693 4374.733 3109.810 1785.891

5907.640 4684.714 3954.759 2825.828 1623.901

5465.667 4262.740 3676.776 2612.841 1495.909

5020.693 3965.758 3348.796 2389.854 1371.916

4645.716 3633.778 3107.810 2205.865 1260.923

4294.738 3379.794 2848.826 2022.876 1153.930

3977.757 3106.810 2641.839 1869.886 1061.935

3680.775 2881.824 2425.852 1718.895 971.941

3411.792 2657.838 2253.862 1583.903 896.945

3159.807 2462.850 2069.874 1455.911 819.950

2930.821 2274.861 1914.883 1343.918 756.954

2713.834 2113.871 1767.892 1237.924 693.958

2525.846 1953.881 1636.900 1141.930 636.961

2347.857 1812.889 1513.908 1052.936 584.964

2177.867 1669.898 1397.915 968.941 535.967

2019.877 1539.906 1286.921 886.946 489.970

1863.886 1414.914 1182.928 811.950 445.973

1716.895 1291.921 1084.934 734.955 401.975

1575.904 1173.928 989.940 663.959 364.978

1435.912 1062.935 895.945 597.964 321.98

1297.921 951.942 806.951 533.967 283.983

1173.928 851.948 715.956 468.971 246.985

1054.936 752.954 633.961 403.975 209.987

936.943 658.960 561.966 352.978 180.989

834.949 575.965 484.970 302.982 149.991

737.955 497.970 422.974 254.984 123.992

646.961 430.974 362.978 210.987 97.994

565.965 363.978 303.981 169.990 78.995

493.970 302.982 255.984 128.992 50.997

424.974 249.985 209.987 97.994 32.998

354.978 198.988 167.990 67.996 17.999

299.982 154.991 123.992 39.998 4.000

247.985 111.993 91.994 15.999 2.144

191.988 70.996 59.996 8.999 0

144.991 27.998 23.999 3.783 0

100.994 11.999 5.932 1.347 0

57.996 3.062 2.847 0 0

12.999 1.031 1.025 0 0

2.041 0 0 0 0

0 0 0 0 0

3AMPLE�VALUES�FOR�THE�PULSES�RECONSTRUCTED�FOR�THE�3YDNEY�MUSIC�
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Melb 

12-bit

Melb 7-

bit

Melb 

5-bit

Melb 4-

bit

Melb 3-

bit

Melb 2-

bit

0 0 0 0 0 0

4516.724 1008.938 515.969 850.948 1041.936 613.963

11021.327 5434.668 3356.795 2965.819 2172.867 1797.890

13372.184 8382.488 5649.655 4779.708 4118.749 2722.834

14314.126 9721.406 7398.548 6423.608 5269.678 3751.771

13382.184 9360.429 7516.541 6255.618 4945.698 3629.778

12380.244 8653.472 6948.576 5874.642 4696.713 3438.790

11321.309 7963.514 6448.606 5376.672 4234.742 3130.809

10448.362 7313.554 5889.641 4959.697 3956.759 2897.823

9623.412 6755.588 5457.667 4552.722 3601.780 2647.838

8912.456 6227.620 5016.694 4211.743 3354.795 2454.850

8234.497 5764.648 4654.716 3885.763 3071.812 2245.863

7634.534 5329.675 4287.738 3590.781 2859.825 2078.873

7073.568 4931.699 3974.757 3314.798 2620.840 1903.884

6557.600 4569.721 3673.776 3063.813 2439.851 1761.892

6082.629 4231.742 3408.792 2832.827 2240.863 1622.901

5654.655 3919.761 3152.808 2623.840 2077.873 1502.908

5252.679 3641.778 2927.821 2429.852 1916.883 1375.916

4884.702 3377.794 2711.834 2244.863 1778.891 1277.922

4528.724 3132.809 2515.846 2077.873 1642.900 1170.928

4196.744 2903.823 2322.858 1924.883 1519.907 1079.934

3879.763 2682.836 2151.869 1764.892 1389.915 992.939

3576.782 2470.849 1976.879 1622.901 1280.922 904.945

3279.800 2268.862 1810.889 1481.910 1169.929 825.950

2992.817 2071.874 1660.899 1349.918 1062.935 741.955

2718.834 1878.885 1508.908 1222.925 954.942 663.959

2455.850 1693.897 1362.917 1095.933 856.948 589.964

2201.866 1522.907 1221.925 979.940 760.954 520.968

1962.880 1354.917 1088.934 860.947 674.959 453.972

1741.894 1198.927 962.941 760.954 590.964 396.976

1537.906 1059.935 843.948 663.959 512.969 333.980

1342.918 927.943 736.955 572.965 439.973 282.983

1173.928 809.951 646.961 493.970 378.977 234.986

1013.938 694.958 549.966 409.975 313.981 186.989

864.947 592.964 467.971 345.979 259.984 147.991

730.955 498.970 386.976 276.983 208.987 110.993

605.963 410.975 319.980 219.987 161.990 80.995

491.970 331.980 254.984 165.990 117.993 46.997

382.977 259.984 196.988 113.993 80.995 16.999

273.983 186.989 139.991 67.996 40.997 2.999

172.989 116.993 83.995 19.999 14.624 1.050

74.995 53.997 31.998 10.999 4.074 0

16.999 17.021 15.999 3.650 1.515 0

4.732 4.010 3.970 1.530 0 0

0 0 0 0 0 0

3AMPLE�VALUES�FOR�THE�PULSES�RECONSTRUCTED�FOR�THE�-ELBOURNE�MUSIC�
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'RAPH�OF�THE�PULSE�SAMPLE�VALUES�AS�USED�FOR�THE�3YDNEY�MUSIC�

'RAPH�OF�THE�PULSE�SAMPLE�VALUES�AS�USED�FOR�THE�-ELBOURNE�MUSIC�
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!PPENDIX�#��#$�#ONTENTS

4HE� #$� CONTAINS� TWO� PARTS�� AN� AUDIO� PART� AND� A� DATA� PART��
TITLED�#$�%XTRAS���4HE�AUDIO�#$�CAN�BE�PLAYED�IN�A�NORMAL�
#$�PLAYER�AND� THE� TRACK� LISTING� IS�BELOW�� �(OWEVER�� IF� IT� IS�
PLACED�INTO�A�COMPUTER��THERE�IN�A�MOVIE�AND�A�SLIDE�SHOW�OF�
IMAGES�THAT�CAN�BE�VIEWED�

4HE�AUDIO�PART�CONTAINS�ALL�OF�THE�MUSICAL�MATERIAL�FOUND�
ON�THE�MUSIC�TAPES��AS�DESCRIBED�IN�THE�TEXT��4HE�TRACKS�ARE�

4RACK� 4ITLE $URATION

��� 3YDNEY�3CALE �����

��� #OLONEL�"OGEY �����

��� "ONNIE�"ANKS �����

��� 'IRL�WITH�&LAXEN�(AIR �����

��� !ULD�,ANG�3YNE �����

��� #HOPIN�-ARCH �����

��� 4HANKS�FRO�THE�-EMORIES �����

��� 3AUL��FROM�(ANDEL	� �����

��� 3AUL�WITH�"LURTS��'EOFF�(ILL�S�HUMOUR	 �����

��� 3O�%ARLY�IN�THE�-ORNING �����

��� 3CALE�� �����

��� 3CALE�� �����

��� )N�#ELLAR�#OOL �����

��� ,UCY�,ONG �����

��� ,UCY�,ONG�ALTERNATE�VAR�� �����

��� )N�#ELLAR�#OOL�WITH�#3)2!#�ENVIRONMENT �����

4RACK� ��� IS� AN� EXAMPLE� OF� THE� MUSIC� WITH� AN� ACCURATE�
SIMULATION�OF�THE�ENVIRONMENTAL�NOISE�THAT�#3)2!#�MADE�OR�
HAD�AROUND�IT��BASED�ON�RECOLLECTIONS�OF�USERS�AND�TECHNICAL�
DETAILS� OF� THE� MOVING� PARTS�� NOISES� OF� SUCH� EQUIPMENT� AND�
THE�AIR�CONDITIONING���4HIS�IS�OF�COURSE�MUCH�LIKE�IT�WAS�HEARD�
IN� THE� TIME� #3)2!#� WAS� OPERATING�� AND� IMPLIES� A� LEVEL� OF�
MASKING�OF�THE�SOUNDS�FROM�THE�SPEAKER�

#3)2!#?-USIC
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4HE�#$�%XTRAS�PART�CONTAINS�TWO�COMPONENTS��A�SLIDE�SHOW�
OF�#3)2!#�IMAGES�NAMED�@CSIRAC
SLIDES�MP���AND�A�VIDEO�CLIP�
OF�AN�INTERVIEW�WITH�4REVOR�0EARCEY�TITLED�@CSIRAC
INTERVIEW�
MP���� "OTH� OF� THESE� lLES� ARE� PLAYABLE� BY� MOST� COMPUTERS���
4HE� SLIDE� SHOW� RUNS� FOR� APPROXIMATELY� SIX� MINUTES� AND�
THE� INTERVIEW� RUNS� FOR� lVE� MINUTES�� �4HE� SLIDES� ARE� MANY�
HIGH� RESOLUTION� PHOTOGRAPHS� OF� #3)2!#� AND� THE� PERSONNEL�
INVOLVED� IN� THE� PROJECT�� �4HE� INTERVIEW� IS� A� VIDEO� CLIP� OF� A�
MUCH�LARGER�INTERVIEW�WITH�4REVOR�0EARCEYnTHE�SELECTION�IS�
WHEN�HE�DISCUSSES�THE�MUSIC�

#3)2!#?-USIC
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3OURCES

-UCH�OF�THE�ANECDOTAL�AND�ORAL�MATERIAL�WAS�GATHERED�OVER�
LONG�PERIODS�OF�CASUAL�AND�PERSONAL�CONTACT�WITH�THE�PEOPLE�
INVOLVED��&OR�EXAMPLE��THERE�WERE�SEVERAL�PIECES�OF�THE�PUZZLE�
THAT�CAME�OUT�DURING�THE�#3)2!#���TH�BIRTHDAY�CELEBRATIONS�
IN� .OVEMBER� ����� AND� THERE� WERE� REGULAR� MEETINGS� ON� A�
4UESDAY�WITH�*OHN�3PENCER��*URIJ�3EMKIW��2ON�"OWLES��0ETER�
4HORNE��$OUG�-C#ANN�AND�OTHERS�

s� )NTERVIEW� WITH� 4REVOR� 0EARCEY�� RECORDED� ON� �ST� /CTOBER�
������INTERVIEW�CONDUCTED�BY�3TEVEN�0ASS��$OUG�-C#ANN�
AND�0ETER�4HORNE�

s� )NTERVIEW�WITH�2EGINALD�2YAN�� CONDUCTED�BY� THE�AUTHOR��
���*ANUARY������

s� )NTERVIEW� WITH� 4ERRY� (OLDEN�� RECORDED� �� *UNE� ����� BY�
3TEVEN�0ASS�

s� )NTERVIEW�WITH�+AY�4HORNE��CONDUCTED�BY�THE�AUTHOR�����
&EBRUARY������

s� )NTERVIEW�WITH�0ETER�4HORNE��CONDUCTED�BY�THE�AUTHOR�����
&EBRUARY������

s� )NTERVIEW�WITH�2ON�"OWLES��CONDUCTED�BY�THE�AUTHOR�����
&EBRUARY������

s� )NTERVIEW� WITH� %ILEEN� (ILL�� CONDUCTED� BY� THE� AUTHOR�� ��
-ARCH������

s� )NTERVIEW�WITH�$OUGLAS�-C#ANN��CONDUCTED�BY�THE�AUTHOR��
��TH�-AY������

s� )NTERVIEW�WITH�$ICK�-C'EE��CONDUCTED�BY�THE�AUTHOR�����
-AY������

s� 0RIVATE� CORRESPONDENCE� WITH� #HRIS� 0�� "URTON�� #OMPUTER�
#ONSERVATION�3OCIETY�

#3)2!#?-USIC
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"IRD��*��������h0ERCY�'RAINGERv�3YDNEY��!USTRALIA��#URRENCY�
0RESS�

#AGE�� *�� ������ h3ILENCEv� #AMBRIDGE�� -ASSACHUSETTS�� 53!��
4HE�-)4�0RESS�

#HADABE�� *�� ������h%LECTRIC� 3OUND� THE� 0AST� AND� 0ROMISE� OF�
%LECTRONIC�-USICv�.EW�*ERSEY��53!��0RENTICE
(ALL��)NC�

#3)2!#� !RCHIVE�� 4HE� 5NIVERSITY� OF� -ELBOURNE� #OMPUTER�
3CIENCE�$EPARTMENT�

$EAN��*��������h#3)2!#�!USTRALIA�S�&IRST�#OMPUTERv�+ILLARA��
.EW� 3OUTH� 7ALES�� !USTRALIA�� !USTRALIAN� #OMPUTER�
-USEUM�3OCIETY�

%RNST�� $�� ������ h4HE� %VOLUTION� OF� %LECTRONIC� -USICv� .EW�
9ORK�� 53!�� 3CHIRMER� "OOKS�� -ACMILLAN� 0UBLISHING� #O���
)NC�

(ILL��'��7��������h0ROGRAMMING�FOR�(IGH
3PEED�#OMPUTERSv�
3YDNEY��!USTRALIA��-3C�THESIS��4HE�5NIVERSITY�OF�3YDNEY�

(ILLER��,��!��AND�)SAACSON��,��-��������h%XPERIMENTAL�-USICv�
.EW�9ORK��53!��-C'RAW
(ILL�"OOK�#OMPANY��)NC�

,EHR��!��������h"EIAARD�+UNST�IN�DE�,ANGE�,ANDENv�"ELGIUM��
,ANNOO�N�V���4IELT�

-ANNING��0��������h%LECTRONIC�AND�#OMPUTER�-USICv�/XFORD��
%NGLAND��/XFORD�5NIVERSITY�0RESS�

-C#ANN�� $�� AND� 4HORNE�� 0�� ������ h4HE� ,AST� OF� THE� &IRST��
#3)2!#��!USTRALIA�S�&IRST�#OMPUTERv�-ELBOURNE��6ICTORIA��
!USTRALIA��-ELBOURNE�5NIVERSITY�#OMPUTER�3CIENCE�

0IERCE��*��������h2ECOLLECTIONS�BY�*OHN�0IERCEv�0ART�OF�h4HE�
(ISTORICAL� #$� OF� $IGITAL� 3OUND� 3YNTHESIS�� #OMPUTER�
-USIC� #URRENTS� ��v� -AINZ�� 'ERMANY�� 3CHOTT� 7ERGO�
-USIC�-EDIA�'MB(�

2OADS��#��������h)NTERVIEW�WITH�-AX�-ATTHEWSv�#OMPUTER�
-USIC�*OURNAL����	��2EPRINTED�IN�#��2OADS��ED��������h4HE�
-USIC� -ACHINEv� #AMBRIDGE�� -ASSACHUSETTS�� 53!�� 4HE�
-)4�0RESS�

2OADS��#��������h4HE�#OMPUTER�-USIC�4UTORIALv�#AMBRIDGE��
-ASSACHUSETTS��53!��4HE�-)4�0RESS�

7ILLIAMS��-��2��������h!�(ISTORY�OF�#OMPUTING�4ECHNOLOGYv�
#ALIFORNIA��53!��)%%%�#OMPUTER�3OCIETY�0RESS�

#3)2!#?-USIC
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4HERE� ARE� MANY� INTERNET� RESOURCES� FOR� COMPUTER� MUSIC��
ELECTRONIC�MUSIC��#3)2!#�AND�HISTORICAL�COMPUTING��HERE�ARE�
A�FEW�

HTTP���WWW�COMPUTERMUSIC�ORG

HTTP���WWW�EMF�ORG

HTTP���WWW�EMF�ORG�GUIDETOTHEWORLD�INTERNETDIRECTORY�HTML

HTTP���DARKWING�UOREGON�EDU�^DLO�LIST�HTML

HTTP���WWW�CS�MU�OZ�AU�CSIRAC�

HTTP���WWW�CS�MU�OZ�AU�CSIRAC�MUSIC

HTTP���WWW�ASAP�UNIMELB�EDU�AU�PUBS�ARTICLES�ASA���CSIRAC�HTM

HTTP���ARCHIVE�COMLAB�OX�AC�UK�OTHER�MUSEUMS�COMPUTING�HTML

HTTP���WWW�IINET�NET�AU�^DAVEB�HISTORY�HTML

HTTP���COLUMBIA�DIGIWEB�COM�^HANSP�CCC�CCLIST��HTM

HTTP���WWW�CS�MAN�AC�UK�CCS

HTTP���WWW�COMPUTER�ORG�HISTORY

HTTP���ARCHIVE�COMLAB�OX�AC�UK�OTHER�MUSEUMS�COMPUTING�HTML

HTTP���WWW�DAVROS�ORG�MISC�CHRONOLOGY�HTML

HTTP���WWW�CS�VIRGINIA�EDU�BROCHURE�MUSEUM�HTML

!BBREVIATIONS

!#%� !UTOMATIC�#OMPUTING�%NGINE
!3##� !UTOMATIC�3EQUENCE�#ONTROLLED�#ALCULATOR
#24� #ATHODE�2AY�4UBE
#3)2� #OUNCIL�&OR�3CIENTIlC�AND�)NDUSTRIAL�2ESEARCH
#3)2!#� #OUNCIL�&OR�3CIENTIlC�AND�)NDUSTRIAL�

2ESEARCH�!UTOMATIC�#OMPUTER
#3)2/� #OMMONWEALTH�3CIENTIlC�AND�

)NDUSTRIAL�2ESEARCH�/RGANISATION
%$3!#� %LECTRONIC�$ELAY�3TORAGE�!UTOMATIC�#OMPUTER
%$6!#� %LECTRONIC�$ISCRETE�6ARIABLE�!UTOMATIC�#OMPUTER
%.)!#� %LECTRONIC�.UMERICAL�)NTEGRATOR�AND�#ALCULATOR
-!$-� -ANCHESTER�!UTOMATIC�$IGITAL�-ACHINE��ALSO�

-ANCHESTER�-ARK�)��ALSO�THE�PRODUCTION�
VERSION�n�THE�&ERRANTI�-ARK�)

3%!#� 3TANDARD�%ASTERN�!UTOMATIC�#OMPUTER
33%#� 3ELECTIVE�3EQUENCE�%LECTRONIC�#ALCULATOR
33%-� 3MALL�3CALE�%XPERIMENTAL�-ACHINE
42%!#� 4ELECOMMUNICATIONS�2ESEARCH�

%STABLISHMENT�!UTOMATIC�#OMPUTER

#3)2!#?-USIC
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)NDEX

!#%���
!IKEN��(OWARD���
!NALOGUE�COMPUTING����
!UTOMATIC�3EQUENCE�#ONTROLLED�#ALCULATOR��!3##	���
"ABBAGE��#HARLES����
"ARBAUD��0IERRE����
"EARD��-ASTON���
�
"OULEZ��0IERRE����
"OWLES��2ON��������������������������������������������
#AGE��*OHN����
#AHILL��4HADDEUS����
#HERRY��4HOMAS�����������
����������
������
#OLOSSUS����
#OOPER��"RIAN���
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