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Analog signals @ 250 Hz
(approximately middle C)

Source
A i forth

-

back
Air Pressure
Wave

B¢ higher

-

lower
Microphone
Diaphram
c 4 forth

Microphone |y pqck
Output Signal
(Voltage)
D¢ higher

-

|
Phonograph ower

LP groove
E i up

-

. down
Magnetic

Field on Tape
Fi north

Power amp |y south

Output

(Volt * current = Power)
G A positive

Loudspeaker y i
Cone | Negative
H 4 forh

¥ back
Your Eardrum
|4

¥ out

5

=

- ]250= 4 msec =
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phase (important only

~4+—— period —» : 5 :
pe in comparing two signals)

1
(frequency = period )
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A complex signal...

can be made of simple ones like this...

\/\/\/\/\/\/\/\/\

...and a pinch of this
ANANANNNNANNANNANNANANNANANNANNNN

...and a dash of that.
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waveshape = pattern of change through time

A short time - audio signal
long time

B

C « 6centuries P

not so long time

2 days
< >

audio signal

not audio
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Spectrum = the sine-wave component of a signal
@250Hz
sine
wave |
saw
10(?“1 | | | | I I L s
ESJ#;LOY immediately
9 °
A aerpich | | | | I LLL L i s
= just before
% dying out I I I I I
/8 %
ulse
e g | | | TR ——
2
1 2 3 4 5 6 7 8 9 10
Increasing Pitth  ——»  (octaves)
middle C
=250Hz
0 0 1 0010 T T R
00 . T 0 0
dooiboionocooonn

I o [ U W
8 0 A T A ] [
N T 00 A A s A [
0o0inoooo

A harmonic series is composed of
numerically equal frequency intervals,
and that means decreasing pitch intervals

N 2N 4N 8N 16N 32N 64 128 256

Increasing Frequency —p

1 2 3 45678910112

Increasing Power

512 1024
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The first couple of octaves’ worth of a harmonic
series make useful musical intervals: octaves, 5ths,
4ths, 3rds and so on. Beyond the 16th, they get too
close together to sound good.

l— octave —p]

¢—5th —Pp]

maj [ min
3rd | 3rd

Increasing Power
A
v

i 8
|

v

*16

I T R o O
] 0 M R
8 T M

ANY ANY*2 *3 *4 *8

Increasing Pitch ——p

Pick any frequency; the multiples of that are a harmonic
series. A, B, and C are all harmonic series.

A
1250
A 1500
|7
|
250Hz 500 750 1K 2K
o
B
% etc.
a
2 100Khz 200 300 400
‘©
o}
o}
I}
e C

etc.

2Khz 4K 6K 8K

Increasing Pitth ———p

8 0 0 )




M-AUDIO

I o A W M A
A 0 O 0
0 0 0 0
(00010000000 DNroOIno0iiniiOoo0bonoorobonooooooobomob 0o ooniooooNoont O ooroooan o
0 T

Not all spectra are harmonic. An Arbitrary collection of
sines at unrelated frequencies is "unharmonic”.

1.47 2725

/ 2.43
N x

3.157

etc.

Increasing Power

ANY  +17
Increasing Pitch ——p

0 0 A
0ooomon
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There are a lot of different ways
to be unpredictable...

...these are all noise signals,
but they have different spectral
balance characteristics
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“white” noise has equal energy in any
two equal frequency bands. .

0 2 4 6 8 10 12 14 16 18 20K
so it's NOT equal in equal pitch infervals...

20 40 80 160 32064012525 5 10K 20K
— octave infervals

...even when you use dB for the vertical axis. ..

odg 6 3
0dB 2 9dB

-30dB ' )
N

THIS is why white noise sounds so shrill
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distant hum of traffic

passing car

the cell phone ringing

YW MY

me answering if

Wil

the person on the other end

NN AN
church bell
Me—

neighbor calling his dog

the dog barks

left ear signal

right ear signal
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transient part  (ATTACK) transient part  (DECAY)
of event
+—>

A
v

steady-state-part
(sort of)

time —p
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A harmonic series is composed of numerically
equal frequency intervals, and that means
decreasing pitch intervals

10KHz

Each division  ¢—p

is one octave.
To add an octave, you have
to multiply F x 2.

Frequency in cycles / seconds

5KHz

>

31oHz  625Hz 2500Hz

20Hz  40Hz 1250Hz

0 1 2 3 middle C 6 7 8 9 10
——— P Pitch by octaves

78Hz  156Hz

O
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A 3dB rise or fall in sound level is noticeable, but it's not
much; it represents a factor of 2 change in signal power.

Reference
Power level

!

decreasing
Power level

-33 -30 -27 -24 -21 -18  -15dB -12dB -6dB Ref-3dB Reference
Sound level

decreasing ¢
sound level (any

0001000 000N oo0I00o0ooI 0O 0mo00 Drol o0 o000 000 oonNooiboobrbnNobooboon 0onioooo oom
08 0 o A [ A

A
8 0
1 0T ] T 0 0 10 0 o

0001000000100l Co0mItnn0NbobI0nnm 0N 01 0b0b0 ANl Ibo0IoOnm 0 0000000 000D DObol Dol 0000000l
0O0CmNoO100000 0060000000 b 0071 DOBOIbOM Mo b00 J000 100 00mnmo ko 00 0000 boitib 000 I0bal bboboon O 0o00IonEn
00o0oon

0 A 00 0
1 00 0 T 0t o o
8 T 00 0 0 A R B

I M A

0 0 0t i ot o o
O 0 1 1 0 R
00000Io0ooI0O0no000oroo00No00IEnI00 00000 bNooroo0Ib 0 o0 0o0000I0 0001000000000 00000000 B 00mot
10mmom




