Physical Science

Chapter 17

Characteristics of Waves



What are waves?

B Wave — when energy moves through a medium as a
vibration

B Medium — the material through which a wave passes

W Waves travel through the medium without actually
moving the medium with it.

. 3 malﬁ types compression
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. LOﬂgltU,diﬁal Figure 1: Lopgitudinal wave
M Surface

amplitude

trough

Figure 2: Transverse Wave
i) Microsoft Corporation. All Rights Reserved,




Transverse Waves

B Cause the medium to
vibrate at right angles to

the direction the wave
travels

B Has a crest (top) and
trough (bottom)

B Draw this!!!

B Example — ripple on a
pond

Transverse Wave

Crest

Direction of travel
§ - 3

/

B Transverse Wave Video «

Trough Pass my ﬂq}-},ﬁ;;_'

B \Xave animation



http://www.youtube.com/watch?v=g49mahYeNgc
http://paws.kettering.edu/~drussell/Demos/waves/wavemotion.html

Longitudinal Waves

B move particles parallel to & ﬁ%ﬁ%ﬂmﬁmﬁ]mm
the direction the wave 1s * Wovetength = |
moving, “push-pull” Wy,
waves.

M Example — sound
waves 1n air

B Draw this! l
B Video clip transverse vs. H‘ ‘

Rarefaction
Direction of travel =]

longitudinal waves

B Has compression and | |
rarc faCtlon Wavelength, A Movement of air molecul es
(decomptession) - -



http://www.youtube.com/watch?v=Rbuhdo0AZDU
http://www.youtube.com/watch?v=Rbuhdo0AZDU

Wave direction se==p

Surface
Waves

M Travel on a surface
separating 2 media

M object on the surface
moves 1n circles - a
combo of transverse and
longitudinal wave
movement

B Example — ocean waves

B Ocean waves animation

Figure 4 As the ocean wave moves to the
right, the bobber moves in a circle,
0 ing to its original position.



http://www.youtube.com/watch?v=7yPTa8qi5X8

Ocean Waves Near Shore

B \Xave simulation

B Waves near shore will
break and carry the
medium with it, which
is why seaweed washes
up on shore

BM\Waves far from shore

continue as usual


http://www.youtube.com/watch?v=jwnRd8B8azY&feature=related

Properties of Waves

B Period (T) B Properties of waves
video clip

B Frequency (f)
B Wavelength (A)
B Speed (v)

B Amplitude


http://videos.howstuffworks.com/discovery/27959-assignment-discovery-wavelength-basics-video.htm
http://videos.howstuffworks.com/discovery/27959-assignment-discovery-wavelength-basics-video.htm

Period and Frequency

B Period (T) - time required to
go through one cycle.
Measured in seconds

B Frequency (f)- number of
cycles in a certain time.

m/=1/T
B measured in s-1 or Hz
B HERTZ, one Hz

ﬁ Frequency = 1.0 hertz

One cycle per second

Rest
position

E Frequency = 2.0 hertz

Two cycles per second
i ——




Wavelength

Long wavelength

B Wavelength (A)-
distance between two
identical points on
consecutive waves

W measured in meters (or

km, cm, etc)

Short wavelength

B Increasing the frequency
of a wave decreases its
wavelength.




Speed

e Speed (v) - how fast the wave 1s moving
Wv=\f

B measured in m/s (or km/s, cm/s, etc)

Speed of Waves

Speed = Wavelength % Frequency




Amplitude

B Amplitude - max displacement from its rest
posttion (also known as wave height)

B measured in meters (or km, cm, etc)

B Example — dropping a pebble in the water vs.
doing a “cannonball” jump into the water

B VERY IMPORTANT: The more energy a

wave has, the oreater is its amplitude!!!
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Speed Frequency & Wavelength

B Speed (meters/sec)= wavelength x frequency
B Frequency (Hz = 1/sec)= speed / Wavelength

O De81gnated by Greek letter lambda -

A funilng fork 1 fraquency of 280 hariz. and th avelength of the scund
prod uced Is 1.5 me 1' 'S, 'iif'-:"_:'u‘ Liate the v -:‘.-:-.':'.-?:I"-.-' r??' me wave

B Wavelength (meters) = speed / Frequelﬁ

C= }\.Xf:1.5mx280Hz: 420 m/s

Wavelength x frequency

h - o [y, = o o | -, - A s T : o e, la= "2 E T
A wiove s moving toward shore with g velocing of 5.0 myfs. IF s frequency 15 2.5 ez,

W 15 1S Wavalan _J B

}L:C/f }LZS.Om/s / 2.5 Hz }LZZm




Qi

1. Awave on a rope has a
wavelength of 2.0 mand a
frequency of 2.0 Hz. What is
the speed of the wave?

2. Amotorboat is tied to a dock
with its motor running. The
spinning propelier makes a
surface wave in the water with a
frequency of 4 Hz and a
wavelength of 0.1 m. What is
the speed of the wave?

3. What is the speed of awave in a
spring if it has a wavelength of
10 cm and a period of 0.2 s7

4. What is the wavelength of an
earthquake wave if it has a

speed of 5 km/s and a frequency
of 10 Hz?

Wavelength x frequency

p.506 in textbook



ound and Hearing
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Properties of Sound Waves

B [ongitudinal waves

B speed- travels at different speeds in different
mediums

M air- 343m/s fresh water- 1510m/s Salt water-
1550m/s

B Aluminum- 5000m/s

B Intensity- rate at which a wave's energy flows
through an area

B measured in Decibels, dB
B Loudness- physical response to sound

B Pitch- frequency of sound as you hear it.
Higher trequency, higher note

B Infrasound and Ultra sound




How Loud Is Too Loud?

Noise-induced hearing damage is related to the duration
and volume of exposure. Government research
suggests the safe exposure limit is 85 decibels for
eight hours a day. Some common decibel levels:

Raindrops Normal Busycity Hair Rock Chain- AniPod Jack- Gunshot,
conversation traffic  dryers concerts saws  al peak hammers fireworks
volumes

Sources: dangerousdecibels.ong; WSJ resaarch



https://www.youtube.com/watch?v=IPLYfC4o3vE

The Doppler Effect

B Change in frequency due to motion of source,
listener, or both

B Ex: When a vehicle sounding a siren or horn
approaches, passes, and recedes from an

observer.
Doppler Effect Research

Center

Sound waves

Moving Bell i)
Wavelength (1) X Frequency (f) = Speed of Sound (a)

Long Wavelength ~ Low Frequency Short Wavelength ~ High Frequency

a
a-U

a

L ing: =
eaving FI ¥ =0

Approaching: Fa =¥

Lower Pitch F, < f Higher Pitch F_ > f



Sonic Boom- breaking of sound
barrier

B Basically the object goes
faster than the speed of
sound

B http:/ /www.kettering.e
du/~drussell/Demos/
doppler/doppler.html

B Sonic boom explained



http://www.kettering.edu/~drussell/Demos/doppler/doppler.html
http://www.kettering.edu/~drussell/Demos/doppler/doppler.html
http://www.kettering.edu/~drussell/Demos/doppler/doppler.html
http://www.youtube.com/watch?v=-d9A2oq1N38

Video Clip

B Sonic Boom

B Sonic boom explained

B Decadliest catch — monster waves

B World’s Biggest Wave ever surfed



http://www.youtube.com/watch?v=QX04ySm4TTk
http://www.youtube.com/watch?v=-d9A2oq1N38
http://www.youtube.com/watch?v=CRO6H8puHF8&feature=fvst
http://www.youtube.com/watch?v=7nS_aR8XX_U

Electromagnetic Wave
@ niagnetic field
A I Elgctric field

k\i

The Electromagnetic
Spectrum and Light



Electromagnetic WWaves

®transverse waves consisting of
alternating electric and magnetic fields.

€ Can travel through a vacuum

& Travel at the speed of light (c)
®v=3x108 m/s =c

®Found by Michelson's experiment
®Pg 535: 1-3

& Michelson-Morley Experiment



https://www.youtube.com/watch?v=7qJoRNseyLQ

Electromagnetic Radiation

®EMR requires no medium to travel-
can travel thru a vacuum

€ Speed
4 300,000 kilometers /sec
€4 186,000 miles /sec

# Consists of changing electric and
magnetic fields



Changing electric and magnetic fields

€ Electric field is a region where particles can be pushed or
pulled.

& \Wherever there is an electric charge there is an
electric field associated w/it.

€A moving electric charge is part of an electric current
€ An electric current is surrounded by a magnetic field

€ A magnetic field is a region in which magnetic forces are
present

® When electric field changes - so does the magnetic field.
Propagation of an Electromagnetic Wave

Elgctric

field -
} Electromagnetic
| Wave

ot | Direcy
Mg 20
e
-

Discharging eld
Spark or Vectors
Oscillating
Molecular




EMR - Wave or Particle?

& Acts like a wave sometimes — ie: Polarizing Filter

Unpalanzed light includes Folarizing filters (onented wertically)
waves oscillating in all
directions ;

« 1)}

Figure 2a: Light from an incandescent bub v ratesin all divections. Two vertically
oriented polarizing lenseswill allow only the vertically polarized light through and will
hlock out the horizontal components.

Unpolarized light P olarizing filters oriented at P0° to one
aniother wrill block all lisht

v K A==

!
- ;
Fizure Zh: When the two polarizing filiers are placed perpendicular to one anoiher, the

firsi will hlock all hui the vertically polarized waves while the second is oriented only to
allow horizontally polarized waves to pass.




EMR - Wave or Particle?

& Acts like a particle, a photon,
sometimes - ie: Photoelectric

Ce I I INCOMING
' PHOTONS

-

QUTGEOMNG

“F _ ELEGTRONS |
& . i

¢ Particle-Wave Duality



https://www.youtube.com/watch?v=Xmq_FJd1oUQ

Is light a Solid?

®EMR travels as a wave but can
behave like a stream of particles

€ Wave model- Young’s Experiment
showed interference

@ Particle model- photoelectric effect is
emission of electrons from light
hitting metal

& Photons



Intensity

€ Rate at which a waves energy flows
through an area

€ Intensity decreases as distance apart
InCreases

® Think about how bright stars are



William Herschel discovered infrared
radiation

He was a German-born astronomer.

He used a prism to separate the
wavelengths present in sualight.

Bill Nye on Light
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https://www.youtube.com/watch?v=gtgBHsSzCPE

EMS waves

€ Long wavelength : Low Frequency & Low Energy
€ Short wavelength : High Frequency & High Energy

Uisible

Microwaves Infrared Utraviolet H-ray Gamma Ray

Low Frequency High Fregquency

Long Wavelength Short Wavelength




The Electromagnetic Spectrum

& Frequency is inversely proportional to
wavelength

®Large Frequency, small wavelength



Look at the size comparison of the wavelengths!!

THE ELECTROMAGNETIC SPECTRUM

Penetrates
Earth [V ] [ v I

Atmosphere?

Wave{lrﬁztg;; Radio Microwave. Infrared Visible Ultraviolet| X-ray Gamma Ray
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Buildings Humans HoneyBee Pinpoint Protozoans  Molecules Atoms  Atomic Nuclei
Frequency
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Temperature
of bodies emitting
the wavelength

Q 1K 100K 10,000K 10 Million K



Notice that microwaves fall into the
Radio spectrum!

Chart of the Eﬂﬁmﬁanﬂ@ Spectrum
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Broadcast and Wireless
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Wavelength
(in meters)

Sire of a
wavelength

Cormmom
nama of wawe

Sourdes

Frequency
(waves per
second)

Energy of
one photon
{electran volts)

NASA EM Spectrum Video
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https://www.youtube.com/watch?v=cfXzwh3KadE

EMS

& Frequency is inversely proportional to
wavelength

®Large Frequency, small wavelength
®Radio- TV, Radios, radar

® Microwaves- Cell phones, Microwave oven,
radar

& Infrared Rays- Heat, night vision

®\Visible light- ROY G BIV

# Ultraviolet light- black lights, tanning beds
& X-rays- reflected by bones

® Gamma Rays- kill cancer, check brain
activity




RADAR & Short bursts of radio

waves are sent

€ Acronym for Radio out..the doppler effect
Detection and is used...the faster the
Ranging car is moving toward

the source, the higher
the frequency of the
radio waves returning.
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Radio Waves

€ Longest wavelengths &
lowest frequency of the
EMS

— Include AM, FM and
Television frequencies

®AM -

: the
frequency stays the
same, but there is a
change in the
amplitude to get
different sounds
etc.(travel further than
FM)

®FM -

AMPLITUDE MODULATED WAVE

: slight
changes in frequency

FREQUENCY MODULATED WAVE



Microwave & Infrared EMR

€ Microwave: used in microwave ovens & cellular
phones

® Infrared: Fast Food Heat Lamps, use as a night
time surveillance tool.




Visible Light

€ White light is a mixture of the entire visible light
spectrum

Visible light

Red Orange  Yellow Green Blue Violet




UV, X-ray & Gamma Rays

€ UV from the Sun helps the body produce vitamin D,
too much exposure can cause skin cancer

€ X-rays: used extensively in medicine to see “into”
the body

€ Gamma Rays: used in medicine to treat cancer or
destructive radiation from nuclear explosions.
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Waves and EMS wrap up

& Electromagnetic spectrum is a range
of wavelengths that can travel
through space and a medium

® Mechanical waves require a medium
such as air, liquid or solid
— Travel fastest in solids
—In space no one can hear you scream
— waves review website



http://www.passmyexams.co.uk/GCSE/physics/basic-waves-theory.html

Demo




