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so your speakers get th em 20 ms aft er the comput er "plays" them . Now, 
if you 're sit t ing 8 feet from your spea kers, assum e that it t akes anothe r 7 
ms for the sound to reach your ear s. (Wh ile we usua lly th ink of overdub s 
empl oying headphon e monitoring, some perform ers, reporte dly including 
Frank Sinatr a , dislike performin g wit h headphon es and favor loudspeaker 
monitorin g for overdub s, allowing a mor e natural performance.) You p lay 
alon g as best you can , but it tak es th e computer anot her 20 ms for the 
soun d from your bass to get thr ough the A-to-D converte r on the way 
back in. Your soun d is now record ed 47 ms aft er the dr um track (not 
unlik e the case with ana log overdub s th at we just spo ke abo ut) . For more 
informati on see Der ek DiFilippo's "Pe rceivable Audi o Lat encies" in Audio 
Anecd otes 1. 

The software designers, in theor y, know how long th e hardwar e con­
vert ers ta ke to pro cess sound, and part of th eir job is to build in a syn­
chronizat ion funct ion t hat sho uld syn chronize your overdu b with the pre­
viously recorded tr ack auto mat ically. Th e only thin g tha t they can 't t ake 
into account is the small delay from th e speakers to your ear becaus e tha t 
will vary from room to room. The hyp othetical 7 ms in our exampl e is 
truly insignificant when it is t he only delay, but it can make a not iceable 
difference when it adds up with oth er sources of delay. Most semipr ofes­
sional and profession al software record ers have a way to minimize, th ough 
not elimina te , convert er delay. Known by names such as low laten cy or 
overdub mode, this options shr inks the buffer size durin g playback to give 
you th e fastest playb ack possib le. Thi s is usually at th e expense of be­
ing able to use larg e amo unts of built -in pro cessing , such as compressors , 
equal izers, reverbs , etc., which ta ke ti me to employ but which can be 
add ed back in dur ing mixdown. Alt ern atively, you can monitor input s 
dir ectl y and not list en th rough the digital device, elimin ating the digit al 
monit orin g delays entir ely. 

3 Summation for the Defense? 

As we are beginning to realize, every technological revision comes with a 
cost . When fuel injection replaced carbur etors in au to mobiles (new cars 
haven 't had carbureto rs since the early 1990s) , it provided a more reli­
able system for delivering fuel. Gon e are th e cold morn ings when the 
car wouldn 't turn over at all, the sudd en sput tering dur ing high alti tu de 
climbs , and much of th e pollution cau sed by imprecis e air/ fuel mixtures. 
Fuel injecti on works well without requiri ng maintenan ce for many tim es 
the miles bet ween carb orator tune-up s, but when the fuel injection com­
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puter fails, it fails all at once and no amount of tin kering will get you back 
on th e road . A carburetor failed gradually, gracefully-you had warning 
coughs and sputt ers as gasket s decayed or springs lost their tension , and 
if you knew what you were doing you could enrich or lean out the mixture 
to accomm odat e changing climat e, elevat ion, or wear. 

Wh en ana log t ap e, or for th at matt er tub e electronics (amps, com­
pr essors) , fail , th ey ofte n do so gra dua lly; th e tub es begin to leak and 
perform an ce is compromised, but th e hardwa re is still useable . Old ana­
log tap es eventu ally wear out as a funct ion of age, poor stora ge conditions , 
or too many playbacks, but on their way to wearin g out th ey are st ill use­
able. T he loss of high-frequency informa t ion or occasional drop-outs are 
often the first clue that a tap e is deterioratin g. But , with digit al record­
ing as found on digital ta pe , har d-disk recordin g, or even CDs and DVDs , 
t he dete riorat ion is masked by err or-correc t ion schemes. Error corr ect ion 
ensures that even imp erfect media (ever hold a CD up to a light source 
and noti ce th e pinho les?) can play back bit -far -bit accur ate sound -that 
is, until th e deteriorat ion exceed s a thr eshold where the erro r corre ction 
can no longer cope, pot entially renderin g th e recordin g utt erly and in­
sta nt ly unusabl e. Whil e some professional gear will report digita l media 's 
bit error rat e to allow an enginee r to monito r pot entia l deter ioration of 
media, this featu re is far from universa l. In a pin ch, we could always use 
a partl y compromised analog t ape (as was done for many CD reissues­
th at 's why some of your favorit e albums don' t sound all that great on 
CD), bu t a digita l recordi ng t ha t has been corrupted cann ot be used 
at all. 

What advantages does digit al recordin g techn ology offer to the mu­
sician? With MIDI-b ased samplin g systems like Tascam's GigaStudio, 
a compos er can hear a close approximat ion of a symphony playing her 
composition using only th e computer. A"musi cian can record music in a 
bedroom studio and expe riment with different arra ngements, perfecting 
songs without requirin g the parti cipati on of ot her musicians. Recordings 
may be edite d to produ ce near-p erfect perfor man ces, and slight timing 
and pitch prob lems may be elimina te d . Bands can record their own al­
bums, taking as much tim e as the y desire without spending a fortun e for 
studio time. Musi cians in far-flun g areas of the world can collaborate 
in recording by sendin g music over th e Int ernet or thr ough the mail for 
others to contribut e to and return . Musician s can now record , master , 
duplicate, and offer for sale at performan ces th eir own CDs. Digital mu­
sic is easily distributed over th e Int ern et , so unknown band s can find an 
audience that they could never meet physically. This represent s a t rue 
democratization of t he recordin g and distrib ution process. 
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Recent developments in Internet technology may result in an even 
more active method of collaboration: real-time interactive performance 
over the network. It is now possible to reduce the time lag associated 
with digital audio systems connected to the Internet to a delay short 
enough to allow musicians around the world to play together. Our re­
search groups at Stanford and McGill have worked on particular algo­
rithms for reducing broadband latency as much as possible, and members 
of the Stanford and McGill jazz community have conducted several live, 
"low latency" internet jam sessions to demonstrate the technology. We 
are still at the beginning of such possibilities, and there are some inherent 
limitations to the process, but digital audio promises to provide new ca­
pabilities to musicians and music lovers in the future that are difficult to 
imagine . 

The Internet and digital music also present a problem for the creators 
of music due to the ease with which sound files can be exchanged. Current 
digital delivery media like the compact disc contain no method of copy 
prevention, so anyone can extract, or rip the digital audio files from a 
commercial CD to their computer and send them over the Internet to 
anyone else with a computer. Preventing unauthorized copying is one 
reason for developing new digital media. It has also helped promote the 
development of new digital techniques of representing music that both 
provide improved sound quality and easier protection from copying. Super 
audio compact discs (SACD) use different encoding of the audio data that 
simplify playback circuitry while preventing computers from reading or 
playing the discs. Future media for music distribution will likely be secure 
from unauthorized copying. While this protects the commercial producers 
of music, it also makes it more difficult for independent musicians to use 
the technology. ' 

While many of the signal-processing devices, synthesizers, and se­
quencers now available provide preset, instant sounds, it is important 
to fight the tendency to overuse them! In most cases, the designers of 
these presets intended them as a starting point for exploration, not an 
end point. The danger of using presets is that music will become increas ­
ingly homogenized as everyone starts to use the same effects, reverbs, or 
synth sounds. It also introduces the danger of music sounding dated: 
as soon as new sounds come out, everyone rushes to be the first to use 
them, and then after several years those sounds become associated with 
a particular era. As always, the best way to make fresh, creative , and 
high-quality recordings is to let your ears guide you. Whether it is a 
digital reverberation device, a new string synthesis program, or a guitar 
amplifier simulator, we recommend that you play around with and modify 
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th e para mete rs to your liking. Even small modifications will give you a 
mor e individu al, customized sound. 

The popul arit y and accessibility of computer-base d recordi ng syste ms 
has increase d the nu mber of people mak ing music recordin gs, grea tly ex­
pandin g th e ma rket for recording equipment. T he demand for inexp en­
sive microphon es, preamplifi ers, mixers and monit or speak ers has been 
met with a new generat ion of manuf acturers who produc e equipment in 
places where labo r is cheap an d who sell devices that look much like t he 
expe nsive equ ipm ent of th e traditional record ing studio. Many of th ese 
look-alikes actu ally perform t heir tas ks well, however some simply re­
semble the original device and fail to sound anyth ing like th e gear after 
which they ar e modeled. Th e availabi lity of decent inexpensive recordin g 
equipme nt has significan tl y increased , but one must know how to evalu ­
at e and select from the plethor a of new devices (and presets) introduced . 
The increased access to sophisticated recording equipment ena bled by 
the personal computer has led to a shift in the way musician s th ink ab out 
recordin g: where once a commercial st ud io was th e only place to make 
recordin gs, many people now favor doing it them selves at home. Several 
larg e and well-known studi os have ceased operati on in par t du e to the 
dwindlin g busine ss caused by t he shift to per sonal and pr oject studi os. 
Since many of th e do-it- your self pra ctitio ners have limited knowledge and 
exp erience, th e avera ge quality of the music recordin gs may have declined. 
However , as mor e and mor e hobbyist recording engineers gain knowledge 
and experience, we may exp ect a posit ive effect on th e quali ty of music 
recordings. 

Whi le a considerable community still regards music record ing as a job 
for an alog tape, th e computer -based recording syst em is here to st ay. The 
flexibilit y, power , and economy that it provides are too comp elling, and 
young recordi st s ado pt th e computer natur ally. Alth ough early digit al 
systems were open to crit icism for inferior soun d quality when compared 
to an alog record ers, significant improv ements have result ed in comparabl e 
sound from compu ter-base d syste ms. Th e convenience of the edit ing and 
mixin g capabilit ies of th ese syste ms are a final impetu s to join th e move 
t o adopt th is recordin g te chnology for ma ny. As we become comfort able 
with the new te chni cal requ irements of digital computer-bas ed studios , 
they will seem as familiar as th e old analog studio. 

Alth ough technology will cont inue to change rap idly, fund amental 
prin ciples do not : the pur pose of music recording has always been t o 
convey th e musi c as expressively as possible. Exc ept for thos e rare cases 
when the purpo se is to demonstrate gear in a hi-fi store, a high qualit y 
record ing of a song no one likes will never ta ke the place of a low qual­
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ity recordin g of a great song . When excellence in both comes together, 
the results are long-lastin g. Learnin g to make good recording s, even with 
high-quality and easy-to-use compute rized equipment, take s time like any­
thin g else. Car e, att ent ion to det ail , and a good ear are as imp ort an t as 
t hey ever were, and th ose ar e thin gs th at are not likely to chan ge in th e 
next five or even fifty years . 


