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Physics 199 Physics of Music

Lecture Notes Week Il
[Chapter | — Acoustical Foundations of Music]

3 Fundamental Physical Quantities:

n.b. We use the System International/Metric System Units: kilograms — meters — seconds

Length — meter (m): 1m =39.37 inches = 3.28 ft
1ft=0.3048 m

lcm =1/100 m (centi-meter)
1 mm =1/1000 m (milli-meter)
1 um =1/1,000,000 m (micro-meter)

Mass: — kilogram (kg)
1 kg =1000 grams
1 gm =1/1000 kg

Time: — second (s) (or sec)
1 day = 24 hours = 24 * 60 minutes = 1440 minutes
=24 = 60 * 60 seconds = 86,400 seconds

Additional physical guantities we will need in this course:

Velocity = time rate of change of position, and in which direction the change of position is
occurring.

Speed = time rate of change of position
Thus Velocity = speed in a given direction, e.g. in east direction, or up, or down, etc.

Speed = magnitude of the velocity. (i.e. “length” of velocity)

istan .
Speed, v = M V= d (meters per second, i.e. m/s)
travel time, t t
Distance traveled, d = (speed, v) * (travel time,t) | d=v =t (meters, i.e. m)

Travel time, t = (distance d)/(speed, v) t=d/v | (seconds,i.e.s, or sec)
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Acceleration = time rate of change of velocity, and a direction (up, down, east, west, etc.)
(units = meters per second squared, i.e. m/s?)

Speed increasing with time — accelerating

Speed decreasing with time — decelerating

a = magnitude (size) of acceleration

speed, v v
time interval, t % A

Actual formula(s) for motion of an object in one dimension with constant acceleration:

— 2
X(t) = Xo + Vot + %2 at v(t) = v, + at a(t) = a = constant
Initial Initial speed Initial speed
position  in x-direction in x-direction

Force: — (units = Newtons = kg-m/s®)

Newton’s 2" Law of motion: Force = (mass, m) * (acceleration, a)

F=ma | [metric units of force = Newtons]

A

kg m/ (s.ec)2

1 Newton of force = 1 kg -m/(sec)?
Weight, W = (mass, m) * (gravitational acceleration, g) = Force

Gn * Mearth

g=9.81 m/(sec)® (atsealevel) g= >
(Rearth)

W =mg

Pressure: — Pressure = Force per unit area, A
P=F/A (Newtons/(meter)?

Metric units of pressure = Pascal, Pa (1 Pascal = 1 Newton/m?)
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Work & Energy: — Work = Force, F * Distance, d

L W=F=*d |=energy required to e.g. move an object weighing
Weight, W = mg a distance, d

energy
Metric units of work & energy = Joule = Newton-meter
(Total) Energy is (always) conserved
Energy required to move an object electrical, gravitational, wind, chemical, etc.

Power: Power = time rate of change of energy (units = Watts)

energy expended, E
time interval, t

{Average} Power, P =

Watts = Joules per second

P=E/t

Watts = Joules/sec
1 kilowatt = 1000 watts

1 megawatt = 1 million watts
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Legal Disclaimer and Copyright Notice:

Legal Disclaimer:

The author specifically disclaims legal responsibility for any loss of profit, or any consequential,
incidental, and/or other damages resulting from the mis-use of information contained in this
document. The author has made every effort possible to ensure that the information contained in this

document is factually and technically accurate and correct.

Copyright Notice:

The contents of this document are protected under both United States of America and
International Copyright Laws. No portion of this document may be reproduced in any
manner for commercial use without prior written permission from the author of this
document. The author grants permission for the use of information contained in this
document for private, non-commercial purposes only.
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