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Oscillation vs. Wave

» An oscillation is a periodic disturbance in time.
> A wave is a periodic disturbance in space and time.

> A wave has an amplitude and a period, like an oscillation, but
a wave also has a wavelength.



If we sit at one point in space, a wave looks like an
oscillation.
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» A is amplitude, T is period



Period, frequency, and angular frequency are related in the
same way for waves that they are for oscillations.

Quantity Symbol  Unit
Period T s
Frequency f Hz = cycle/s = rev/s
Angular frequency w rad/s
1
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Animation of a 1D traveling wave



A wave moves in space and time
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» This wave moves in the positive = direction.



Wavelength is the distance between crests.
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> A is amplitude, A is wavelength



A traveling wave has a wave speed

A
V= —.
T
(You can remember this because a speed is a length divided by a

time.)

» How are wavelength and frequency related? Since
1
f - T?

we know that
v=Af.

So, wavelength times frequency is wave speed.



Traveling waves and standing waves

> A traveling wave appears to travel.
P> A standing wave has nodes.

» Animation of a standing wave.



Kinds of waves

Sound waves (piano is 27.5 Hz to 4186 Hz)
Ultrasound waves (2 MHz to 15 MHz)
Light waves (400 THz to 790 THz)
Microwaves (like the oven, 2.45 GHz)
Radio waves (like WXPN, 88.5 MHz)

Water waves
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Waves on a string (like a guitar string, 82 Hz to 330 Hz)



Animals hear in different frequency ranges.
10Hz  100Hz 1kHz 10kHz 100kHz 1MHz

Tuna 50Hz1.1kHz (4.58va ——
Chicken 125Hz2kHz  (4.08va, EE——
Goldfish 20Hz3kHz  (7.28va
Bullfrog 100Hz3kHz (4.9 8va ——
Catfish 50Hz4kHz  (6.38va
Tree frog 50Hz4kHz  (6.38va
Cana 250Hz8kHz  (5.08va
Cockatiel 250Hz8kHz  (5.08va
Parakeet 200 Hz85kHz (5.4 8va
EIthant 17 Hz10.5 kHz (9.3 8va
ow 200Hz12kHz (5.9 8va
Human 31Hz19kHz (9.3 8va
Chinchilla 52Hz33kHz (9.38va
Horse 55 Hz-335 kHz (9.3 8va
Cow 23 Hz-35kHz (10.6 8va
Raccoon 100 Hz40kHz (8.6 8va
Sheep 125 Hz-42.5 kHz (8.4 8va
Dog 64 Hz-44kHz (9.4 8va
Ferret 16 Hz44 kHz (114 8va
Hedgehog 250Hz-45kHz  (7.58va
Guinea pig 47 Hz-49KkHz (10.0 8va

abbi 96 Hz-49 kHz :9.0 8va
Sea lion 200 Hz50kHz (8.0 8va
Gerbil 56 Hz60 kHz (10.18va,
Opossum 500 Hz64kHz (7.0 8va
Albino rat 390Hz72kHz (758va
Hooded rat 530Hz-75kHz  (7.18va
Cat 55Hz-77kHz (105 8va

900 Hz-79kHz (6.4 8va

thtle brown bat 10.3kHz115kHz (3.58va, ———
Beluga whale 1kHz123 6.9 8va
Bottlenose dolphin 150 Hz-150 kHz $10 .0 8va,
Porpoise 75 Hz-150 kHz(11.0 8va,
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Speeds of waves

Wave type speed

Sound mechanical (3D) ~ 340 m/s (in air)
Ultrasound ~ mechanical (3D) ~ 1500 m/s (in water)
Light electromagnetic 3% 10% m/s
Microwaves  electromagnetic 3 x 108 m/s

Radio electromagnetic 3% 10% m/s

Water waves mechanical (2D/surface) =~ 2 m/s
Guitar string  mechanical (1D) ~ 250 m/s



Mechanical waves need a medium

» Sound waves can't travel in empty space.

» Sound waves have a different speed in air than in water.
(Speed depends on medium.)



Electromagnetic waves don’t need a medium

P> Light waves can travel in empty space.

> Light waves have a different speed in air than in water.



Sound wave: What determines wave speed, wavelength,
and frequency?

» Wave speed in air near Earth's surface is about 340 m/s. The
speed changes a little with atmospheric pressure, temperature,
and humidity.

» The frequency of the wave is determined by the source (voice,
guitar, clap, gun shot, etc.).

> Wavelength is determined by
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Guitar string: What determines wave speed, wavelength,
and frequency?

» String ends are fixed 65 cm from each other, so A = 130 cm

for all of the strings.
Fr
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depends on tension F7 in the string and mass per unit length
1h.

» Each guitar string has a different heaviness (different p). So,
wave speed is different on each string.

> Wave speed

» When we tune the guitar, we adjust the tension, changing the
wave speed, changing the frequency.

> We want 196 Hz for the G string on the guitar.



Guitar waves on string and in air

» We pluck G string on guitar. Pluck produces wave on string
with fundamental frequency 196 Hz.

» Air transmits frequency of 196 Hz, with a different speed and
wavelength than the string.

medium  speed wavelength  frequency
on string 255 m/s 130 cm 196 Hz
in air 340 m/s 173 cm 196 Hz




A wave can exhibit interference



Wave summary

Property Symbol  Unit

Wavelength A m
Period T s
Frequency  f Hz
Speed v m/s

Amplitude  depends depends

f=



