Basic Science:
Analog and Digital Audio



It's an Analog World

Analog - Definitions from
Dictionary.com

If a tree falls in the forest,
does it make a sound? (see

2.1)

Cycle, sine wave (see 2.2) %
Cycles per

second=frequency
Heinrich Hertz (Hz)
kHz (1,000 Hz.)

mHz (1 million Hz.)



http://dictionary.reference.com/search?q=analog&x=44&y=20
http://dictionary.reference.com/search?q=analog&x=44&y=20
http://dictionary.reference.com/search?q=analog&x=44&y=20
http://dictionary.reference.com/search?q=analog&x=44&y=20
http://dictionary.reference.com/search?q=analog&x=44&y=20
http://images.google.com/imgres?imgurl=http://www.nzgeothermal.org.nz/geothermal_energy/education/images/sinewave.gif&imgrefurl=http://www.nzgeothermal.org.nz/geothermal_energy/education/electrical-generators.asp&h=230&w=332&sz=2&hl=en&start=5&tbnid=S5tw9LpQK2ypUM:&tbnh=82&tbnw=119&prev=/images%3Fq%3Dsine%2Bwave%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

| oudness

Sound is created from
vibration, compression (high
pressure) and rarefaction
(minimum pressure) of
molecules

Amplitude — size of sound wave
(see 2.3)

Amplitude i1s measured in
decibels (from Alexander

Graham Bell) ' T '
Dynamic range — difference { ] sumipen
between softest and loudest l

sound of a given item.

Humans hear sounds from O db
to above 120 db (see 2.4)


http://images.google.com/imgres?imgurl=http://www.indiana.edu/~emusic/acoustics/Fig8.gif&imgrefurl=http://www.indiana.edu/~emusic/acoustics/amplitude.htm&h=218&w=288&sz=7&hl=en&start=1&tbnid=ofENUEtW-ngejM:&tbnh=87&tbnw=115&prev=/images%3Fq%3Damplitude%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

Phase

Difference in time in two sound
waves as they travel from one
place to another.

* Waves “in phase” reinforce each
other, amplitude Is increased.

« Wave “out of phase” weaken
each other, amplitude Is
decreased (see 2.7 and 2.8).

* If enough out of phase, waves
may be nearly inaudible.

Out of phase
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http://www.youtube.com/watch?v=YuveKkmeFWg
http://images.google.com/imgres?imgurl=http://www.kevinkemp.com/homerecordingtutorial/images/InPhase.JPG&imgrefurl=http://www.kevinkemp.com/homerecordingtutorial/micing.htm&h=300&w=400&sz=23&hl=en&start=28&tbnid=DlPB9gx7mvFaLM:&tbnh=93&tbnw=124&prev=/images%3Fq%3Din-phase%26start%3D20%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.kevinkemp.com/homerecordingtutorial/images/OutOfPhase.JPG&imgrefurl=http://www.kevinkemp.com/homerecordingtutorial/micing.htm&h=319&w=400&sz=24&hl=en&start=6&tbnid=yBGI7hGuhHnWKM:&tbnh=99&tbnw=124&prev=/images%3Fq%3Dout-of-phase%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

Your ears: How They Work and
How to Take Care of Them

« Quter, middle, inner ear (see
2.9) '
- Compression, rarefaction . KTJ _____ =

push and pull the eardrum back and W : | \\\
forth. '

Compression and rarefaction

. Hammer, anvil and stirrup at back of

eardrum amplify the sound, transfer

sound to cochlea.

. 30,000 hair cells are located in

cochlea; each cell connected to auditory nerve.

. Electrical signals sent to the auditory cortex of
the brain, and perceived as sound.



http://www.youtube.com/watch?v=zKwpv8mZHRM

You only get one set of ears

« Audio production people are
listening to levels 10-15 db higher than
In the past.

« Up to 26% of audio and music
production personnel have hearing
loss.

« Recommended maximum sound pressure

In studio should be no higher than 85 db (for monitors
and headphones).

 Foam ear plugs reduce sound by up to 30 db.

* One of critical listening tests iIs to turn monitors down
to a low level and see if it sounds clear.




It's a Digital World

« Edison invented first (analog) recording
system (the phonograph).
« Analog sound relies on an analogous

relationship between the original sound
wave and its electrical representation;
digital does not.

 Analog sound Is continuous; digital
relies on sampling of the original sound

wave.
Sampling

« Development of transistor in 1947

made digital technology, using integrated
circuits, possible.

Transistor radio video

« Sony released first compact disc
(CD) player in 1982.



http://www.youtube.com/watch?v=W2-FP7twy8s
http://www.youtube.com/watch?v=5KnxSE09EnQ
http://images.google.com/imgres?imgurl=http://www.antiqueradio.com/images/ward_hist_fig2.jpg&imgrefurl=http://www.antiqueradio.com/ward_history_12-98.html&h=299&w=300&sz=28&hl=en&start=42&tbnid=coHqadVucaU_IM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dearly%2Btransistor%26start%3D40%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://antiqueradio.org/art/Emerson888.jpg&imgrefurl=http://antiqueradio.org/emer888.htm&h=1092&w=677&sz=104&hl=en&start=12&tbnid=4U9OktE40TGs1M:&tbnh=150&tbnw=93&prev=/images%3Fq%3Dtransistor%2Bradio%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

Analog-to-digital conversmn

- (s vl bwssennt Nemsimas 00@ \owg iy b e

« AD conversion is done by s
sampling; converter reads samples of the ““' l,'_
analog signal and assigns a binary number '
to each sample (quantization). dlllf
* Nyquist theorum: sampling must be twice
the highest frequency we are recording or nlll“”ll_ Jl.
playing back (which is related to hearing range).

« S0: humans can hear up to about 20,000

Hz.; standard sampling rate for CDs is 44,100

Hz. (44,100 samples per second).

« Higher the sampling rate, more accurate the sound.
Example of sampling rate
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http://www.youtube.com/watch?v=0O8MclLD1d0
http://images.google.com/imgres?imgurl=http://www.teamcombooks.com/mp3handbook/11_files/image012.gif&imgrefurl=http://www.teamcombooks.com/mp3handbook/11.htm&h=487&w=456&sz=21&hl=en&start=174&tbnid=78_Hq3OlMDdo9M:&tbnh=129&tbnw=121&prev=/images%3Fq%3Ddigital%2Bsampling%26start%3D160%26ndsp%3D20%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN

Analog-to-digital conversion (continued)

* Morse code is a binary (digital) system.

« Digital words are assigned to samples. 001 1
« Two-bit systems allow for four digital

“words:” 1-1, 1-0, 0-1, 0-0. 01 10
* Four-bit systems (1-1-1-1, 1-1-1-0,

etc.) allow 16 binary words, still very 1 00 1
crude for reproducing sound (see 2.11).

« Eight-bit systems produce telephone-line quality sound.
« 16-bit systems are standard for recording CDs, and allow
65,536 words (16 to the fourth power).

« Adobe Audition allows up to a 96,000 Hz. sampling rate
and 32-bit words.


http://images.google.com/imgres?imgurl=http://www.engr.udayton.edu/faculty/jloomis/ece314/notes/carch/img76.gif&imgrefurl=http://www.engr.udayton.edu/faculty/jloomis/ece314/notes/carch/node3.html&h=72&w=38&sz=1&hl=en&start=10&tbnid=3PqSVg_iRL0G0M:&tbnh=67&tbnw=35&prev=/images%3Fq%3Dfour-bit%2Bsystem%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DG

