Macintosh: Sound Capabilities (9/94)
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The following article provides information on a variety of topics relating to
audi o and t he Maci ntosh.
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COMMON AUDI O TERMVS

DI G Tl ZI NG SOUND (aka, SAMPLI NG
Several thousand times per second, a nunber representing the current anplitude
of the sound wave is recorded.

DI A TAL SOUND
Sound recorded in the above manner.

11KHZ, 22KHZ, 44KHZ SOUND

Refers to how many tinmes per second information is recorded for a sound (11, 000,
22,000, and 44,000 respectively). Mst Macintosh conputers can output at 22KHz,
t hough sone out put at 44KHz. Audio CD s are played at 44KHz.

8-BIT, 16-BI T SOUND
Refers to the bit depth (how many different nunbers are in the "sound palette"
to forma sound). See separate section bel ow about 8-bit vs. 16-bit sound.

STEREO SOUND

The ability to send DI FFERENT sound i nformation simultaneously to both the left
and right channels. Sending the sane sound to two speakers is not stereo; it is
dual - channel nono.

STEREO CAPABI LI TI ES OF DI FFERENT MACI NTCSH MODELS

Mac Plus, SE, dassic
8-bit mono sound to one channel (you'll hear only one side with stereo
headphones, unl ess you use an adapter)

Performa 200, Performa 400-467 (not 47x), Cassic I, LCII



M xed 8-bit nono sound to both channels (you'll hear sound out of both sides

with stereo headphones, but the sound won't be true stereo)

Performa 475, 476, LC 475, Quadra 605

Stereo 8-bit sound, including true stereo fromnon-audio CD s (connected

externally). Audio CD s require external speakers, enhanced Apple Sound Chip

supports stereo

Performa 5xx, 63x, LC 5xx, 630, Quadra 630

Stereo 8-bit sound, including true stereo from audi o and non-audio CD s

(Enhanced Appl e Sound Chip supports stereo).

Performa 600, 600CD except Mac I1vx

M xed 8-bit nono sound to both channels, except true stereo fromaudio CD's (No

ASI C to support stereo from software)

| MPORTANT NOTES:

1) Stereo is the ability to send DI FFERENT sound informati on sinultaneously
to both the left and right channels. Sending the same sound to two
speakers is NOT stereo; it is dual-channel nono.

2) "Stereo sound" in the chart above nmeans that the Maci ntosh SUPPORTS
stereo sound, NOT that all sounds that are played are automatically
stereo. Stereo sound requires that the application software generates
the stereo sound for the Mcintosh to play.

3) All AUDIO CD s play at 16-bit stereo, regardless of which Mcintosh
they're connected to. (If the CD-ROMdrive is external, you'll need
external speakers to hear audio CD s.)

4) For a NON-audio CD (or software on the hard drive) to play sound in
either stereo or at 16-bits, two things are required:

A- The application software nust generate stereo or 16-bit sound
(rare).

B- The Macintosh it is played on nust support stereo or 16-bit sound.
(Recent Maci ntosh nobdels support stereo; only AV, Power Macintosh
and Power Book 500 series computers support 16-bit sound.)

5) Al the Macintosh conputers in the chart above can play sound sanpl ed as
hi gh as 22KHz (except for audio CD s which play at 44KHz).

8-BIT VS, 16-BI T SOUND

8-bit or 16-bit sound refers to the "depth" of the sound (e.g., how many

di fferent possible nunbers are in the "sound palette" to forma sound). Most
Maci nt osh conputers output 8-bit sound, though sone support 16-bit. Audio CD s
are 16-bit.

8-bit: 256 different nunbers can be used to form a sound
16-bit: 65,536 different nunbers can be used to forma sound.

Software CD-ROVs coul d have stereo 8- or 16-bit sound files at any sanpling rate
(11KHz, 22KHz, 44KHz), but nost of themare 8-bit nono 22KHz since that's what
nost Maci ntosh computers can play. Sound Manager 3.0 is capable of converting
16-bit audio to 8-bit audio on machines that don’t support 16-bit audi o output.



Anong desktop Maci ntosh computers, only the 660AV, 840AV, and Power Macintosh
nodel s have 16-bit audi o i nput and output capability because of the AT&T DSP3210
hardware circuitry and the 16-bit Singer codec circuitry in the AVs. The Audio
Waveform Anplifier and Converter (AWAC) chip in the Power Macintosh perforns the
sane 16-bit 1/O functionality. The PowerBook 500 series conputers support

16-bit stereo output, but only nono input.

HOW AUDI O CD''S WORK ON THE MACI NTCSH

Al audio CD s play at 44KHz, 16-bits, and stereo, whether in a stereo system
(conmpact disc player) or conmputer CD-ROMdrive.

On Maci ntosh conputers with internal CD-ROM drives, the Appl eCD Audi o Pl ayer
program controls the CD player, and the CD player sends the sound directly to

t he speaker port, bypassing the logic board. This is why you can play audio
CD s with no conputer perfornance degradation, and why you get 44KHz, 16-bit,
stereo output, even if your Macintosh can't play sounds fromsoftware with that
quality.

For Maci ntosh computers with external CD-ROM drives, external speakers are
required to hear audio CD's. This is because the sound fromaudio CD s is not
sent to the conputer through the SCSI cable as data, but rather the sound is
sent directly to the speaker output port of the CO-ROMdrive

SOUND QUALITY & SI GNAL- TO- ERROR RATI O

In digital audio, the main nmeasurenent of naximum expressible anplitude to error
ratio is called Signal-to-Error (S/E) ratio. This expressible anplitude is also
referred to as the "maxi mum signal™ of the recorded sound. The error is what is
perceived as noise. The S/E ratio specification of a digital systemis closely
related to the Signal-to-Noise (S/N ratio of an anal og system although it is
not identical in nature due to differences between digital and anal og net hods.

The S/E ratio can be expressed specifically by calculating first a maxi mum
signal value, second an error value, and finally creating their ratio. Although
there are intervening steps in the math, the final forrmula to use when
calculating the strength of the audio signal above the noise

(distortion or error) level |looks like this:

6.02 * n + 1.76 dB

Where n is equal to the number of bits in the sanple. The following results are
approxi mate signal above noise ratios for a various nunber of bits in a sanple.
Generally, the calculated results will be slightly

hi gher than the nmeasured results. Al so, specific inmplenentations of hardware
will affect the actual neasured ratios in a downward fashion.

16-bit sanples (nunber in audio CDs) = 98 dB



12-bit sanpl es
8-bit sanples (nobst Macintosh sound)

86 dB
48 dB

To relate the quality of these digital recordings to anal og recordings, think of
the 8-bit recordings as inexpensive cassette recorders with i nexpensive tape.
The 12-bit recordings correlate to high quality cassette recorders w th noise
reduction and netal tape. The 16-bit recordings equate to professional studio
reel -to-reel tape recorders with noise reduction and professional tape at high

t ape speeds.
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