Pure Tones and the Sine Wave

Physics of Music
PHY 103 Lecture 2




Trig definition of a sine wave

~Period or wavelength

amplitude

From math learning service U. Adelaide



Harmonic

motion
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Velocity and Position
Sine and Cosine

Sine and Cosine

From www2.scc-fl.com/lvosbury/AnimationsForTrigono...




Pythagorean theorem
Conservation of Energy

a=c Cos(0)

o
¢ Sin(0)

b=

. D
sin®@ +cos’*0 =1

When the spring 1s extended, the
velocity is zero. When the spring 1s
in the middle, the velocity is
maximum. The position is the sine
wave, the velocity 1s the cosine
wave. Kinetic energy (square of
velocity) + Potential energy

(square of position) 1s total energy
1s conserved.
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dt = 0.0001; % sampling

w

routine plots a sine wave and also makes its sound

time
% Here my sample interval is 0.0001sec or a frequency of 10"4Hz
frequency = 440.0; 3% This should he an A note

% note freguency is in units of Hz or cycles/seconds

nu = 2.0%*pi*frecquency; 5 nu is known a3 the angular frequency
¥ = sin(nu*tine); % '
period = 1.0/frequency % per
plotitime, ¥v) 3plot it out!

axis([0 0.01 -1 1]): % set
xlabel('time (seconds)').,

in function with amplitude 1

et
(]
o
ct
oy
= 0
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iod is 1/frecquency and is in seconds

gsound(y, 1/dt) % the second nwdber here is the sampling frecquency

O:dt:2; % from 0 to 2 seconds total with sampling interval dt

the x-axis range 30 only a small piece shown




Period (units time or seconds)

Sine Wave
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Wavelength (units cm) Sine Wave

1 — 3

0.6

0.4

0.2

spmidury

-0.8 F 3

0 0.001 0002 0003 0004 0005 0006 0007 0008 0003 001

» Position x
For a wave on water or on a string -  spatial

variation instead of temporal variation




Amplitude

* Units depend on what 1s measured
* Velocity, pressure, voltage?

Angular frequency

S1n (wt) W angular frequency

. radians per second
SlIl(Qﬂ'ft) f frequency in Hz
cycles per second
2nf = w



Relation between frequency and period

AVAYAVAYA

Suppose the period 1s P=0.2s
I need 5 cycles to add up to 1s
So the frequency 1s f=5Hz.

The number of periods/cycles that add up to 1 second 1s
the frequency

fP=1 f=1/P



Relation between frequency and
period P=1/f

12 cycles 1n 1 second

The frequency 1s 12 Hz

The period (time between each peak
1s 1/12 seconds or 0.083seconds




How does energy/power depend on
the amplitude?



How does energy/power depend on
the amplitude?

* Energy depends on the sum of the square of
velocity and square of position (from equilibrium)

* We expect that the energy or power (energy per

second for a traveling wave) depends on the
square of the amplitude.

Power proportional to square of Amplitude

P« A*






Showing a sine wave on the
oscilloscope
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Signal or waveform generator

Can adjust
« Shape of wave (sine, triangle, square wave)

* Voltage (amplitude of wave)
* Frequency of wave
Oscilloscope
Adjust voltage of display (y—axis)
Adjust time shown 1n display (x-axis)
Adjust trigger
Can also place display in x-y mode so can generator Lissajous
figures




Sine waves — one amplitude/ one
frequency
Sounds as a series of pressure or motion
variations in air.

Sounds as a sum of different signals each with
a different frequency.
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Wavetorm view

Full sound Only lowest harmonic




Touching the string at a
node after plucking

i
¥ |
' 1 ] : : [] r\
I f]f\|].l ,[l,] L r' J] ;lflf],n,, i Il 5,\ﬂf‘r:r”,”"r] ]r"'r]f ﬂ[

il [H ul 1. l WIRGLIMTAR Ju] I ’llll‘l”“’t“ (i L
l “JJ [I | lfll ',lll” ] Jl J [ | “, IJI'“ J“J lJlJUU JlJ[JljJ Jlllljll”ljl
l]lj IJU “'L ]UJlJ l]l'kl““ l H‘ J”‘ ” | ¥ |J'l‘J JJu“'lluthllll Ulll"J-'l'J
A L H IS SR AR v
. ' | ! o | kJ
l.' | |JJ | J‘ | | h :
| | |’ armonic
t



Decomposition 1nto sine waves

 We can look at a sound 1n terms of its pressure variations
as a function of time

OR
 We can look at a sound in terms of its frequency spectrum

This 1s equivalent to saying each segment is equivalent to a
sum of sine waves.

“Fourier decomposition”

Some of the character or “timbre’ of different sounds comes
from 1ts spectrum: which harmonics are present, how
strong they are, and where they are exactly (they can be
shifted from integer ratios)
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Harmonics or Overtones

Wavelengths
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Figure 3-11 The representation of the first six possible standing waves in a stretched
wire or rope.




Wavelengths and frequencies
of Harmonics

TABLE 3-2 WAVELENGTHS AND FREQUENCIES OF THE FIRST SIX POSSIBLE STANDING
WAVES ON A STRING OF LENGTH L
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Relation between frequency and wavelength

quantity wavelength

meaning distance cycles per second
units cm Hz
symbol A f

longer wavelengths = slower motion

Ao 1 / f wavelength of fundamental mode 1s
inversely proportional to frequency

Af ~ constant



Wavelength/Frequency

Af ~ constant

cm x 1/s =cm/s

frequency 1s related to wavelength by a speed -- The
speed that disturbances travel down a string



Traveling waves

Travelmg Wave
—
% -
Inadent Pulse
—
Inverted Reflected Pulse
e |
A aest 15 seen tomove

OX progress across a medium.



Traveling waves

« Right traveling
 Left traveling COS(/{ZL‘ + wt)
Law of cosines

cos(kx + wt) = cos(kx) cos(wt) — sin(kx) sin(wt)



Sums of same amplitude traveling
waves gives you standing waves
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FIGURE 10.2 Multiple-exposure snapshots of string shape for two sinusoidal traveling waves and the standing wave that
results when both are present together. Dashed, light solid, and dark solid lines indicate successively later times. The graph
for the standing wave at each instant is the sum of the two corresponding graphs for the traveling waves, with the addition
being performed the same way as in Figure 9.6 (page 154).



Why the second mode has twice
the frequency of the fundamental

« Exciting the fundamental. Excite a pulse and then wait
until it goes down the string and comes all the way back.

« Exciting the second harmonic. When the first pulse gets to
the end the string, you excite the next pulse. This means
you excite pulses twice as often. You must drive at twice
the frequency to excite the second mode

< : _> N=1| (fundamental)
<~ S = N=2 (2" harmonic)




Adding two traveling waves
one moving left one moving right

cos(kx — wt) = cos(kx) cos(wt) + sin(kx) sin(wt)
cos(kx + wt) = cos(kx) cos(wt) — sin(kx) sin(wt)

cos(kx + wt) + cos(kx — wt)

= 2 cos( k) cos(wt) Standing

wave!



Traveling waves vs standing waves

* (Can think of standing waves as sums of left traveling and
right traveling waves

* The time to go from zero to max depends on the time for
the wave to travel a distance of 1 wavelength—> smaller
wavelengths have faster oscillation periods (frequencies)

A

f
 If the waves move faster on the string then the modes of
oscillation (the standing waves) will be higher frequency

cos(kx + wt) = CUH(QTT(% — ft)) v



Wave speed dimensional analysis

* Only quantities we have available:

— String density (mass per unit length) p
— String length L
— Tension on string T

e Force = mass times acceleration
F=ma (units g cm/s?)

* Tension on a string 1s set by the force |
pulling on the string O

So T'is units of g cm/s?



Wave speed dimensional analysis
continued

We want a velocity (cm/s). How do we combine
the 3 physical quantities to get a velocity?

— String density p (g/cm)

— String length L (cm)

— Tension 7T (g cm/s?)

T/ p has units cm?/s? so a velocity is given byy /[’ / o
To get a quantity in units of frequency we divide a
velocity by a length

When we think about oscillating solids (copper
pipes for example) the thickness is also important.



Spring/String

Spring String

Heavier Slower Heavier slower fundamental

weight frequency mass mode frequency
string

Stronger Higher Tenser Higher fundamental

spring frequency string frequency




