Science grade 8

Lesson 1 : wave properties .
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What is a wave?/ T~
e T
Waves are disturbances that transfer en'eﬂv from one place to anothervwﬂ"
without moving matter. -
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All waves originate from an energy source,
typically a vibration. Vibration is the back-and-
forth or up-?aﬁa'fé’gwe A'motion of an obje\ct.\
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For example, raindrops hitting the water create
water waves, while vibrating objects like drums
or guitar strings generate sound waves.

Waves continuously transfer energy away from their source.
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Mechanical Waves:

: 44444
Mechanical waves transfer energy 1999004
without moving matter. They travel

S
through @@ and gasesbut
Fastest in solids Slowest in gases

not in a vacgum.

xamples include spring waves, sound waves, and ocean waves. The
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(@ the sybstance through which the wave moves._—" 1 i
le ALY (as F 1A 8 Gl G815 & lall 5 ALl Abeall 3 gall e il gall Jai salall ey % 52 N&-‘M‘ Gl sal) Jasi
Ao sl WA (e JES A 5l gt a5 Jagmall il pa 5 25 pacll il sl a%w oty




Typesnof Mechanical Waves :
e Transverse Waves dua il Cila sall

e longitudinal waves. e-:yu\ ‘—"Zﬁ“w s Mine R s Xe(oaoe)\

Transverse Waves A transverse wave is a wave in which the disturbance
is perpendicular to the direction of the wave’s ;

travelm """ |

Examples of transverse waves include a flag
being blown in the wind.
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Now, look at the figure below. Notice the repeating pattern of peaks and
troughs as the rope moves up and down away from its resting position.
The wave travels from your hand to a doorknob as the rope moves up
and down.
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When you move the end of a t  — |
coiled spring up and down, it ot &j |
creates a vibration that ‘__L______ t_ ____________ S
produces a transverse wave l\ l sy
with one crest and one trough. $ Sl o N

Trough \)

Repeated movements transfer
energy to the spring, creating multiple waves. When you stop moving your hand,
no new waves are produced, but the existing waves continue to travel along the
spring. This applies to any vibrating object—waves can move even after the object
stops vibrating.
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In longitudinal waves, particles move parallel to the wave's direction.
These waves create areas where the coils of a spring are closer together
(compressions) and areas where they are farther apart (rarefactions).
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A back-and-forth movement of the
hand on the left produces a longitudinal
wave that travels to the right.
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Motion of coil
> The wave makes the coil with the yarn
‘( /j y move to the right as the compression
= = of the wave reaches that coil.
| T I I |
Rarefaction Compression
Wave motion s
Motion of coil
\ ¢ =y The wave makes the coil with the yarn

move to the left as the rarefaction of the
wave reaches that coil.
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1
Rarefaction Compression
Wave motion s

3 The coil with the yarn returns to its
?(6 3 original position after the wave passes.

T
Rarefaction Compression
Wave motion s

Sound Waves One type of longitudinal wave is a sound wave.

Compression

Rarefaction

A wave is a longitudinal
wave that travels only
through matter. The sounds
you may be hearing now
travel through air—a
mixture of solids and gases. | BE RE R
While swimming, you may / \/ \\/ \// WA A |

Transverse Wave
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have gone underwater and SOUND
heard someone calling your

name. The sound waves then »

traveled through a liquid. b = >>
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Sound waves travel through a solid when you knock
on a door. The sound is caused by vibration. When
the door vibrates, the door bumps into nearby air
molecules. The door transfers energy to those
molecules. The air molecules bump into other air
molecules, which carry energy outward from the
source.
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Sound Wave Models

The coiled spring toy demonstrates the properties of longitudinal waves. Sound
wave models show how air molecules move as the energy from the sound wave
travels through the air. When the speaker cone moves forward, it pushes the air
molecules in front of it.

435 paall Gl gall 3l

e A8 JUE) a6 ) sgd) iy S & et (oS A gaall il sall z3lal mn 5 A ghall il sall Gailiad Csilal) & 3 dal a3
Al £ sl il Ja aday aild Y ) Aelandl oy jae @ s Ladie o sgll e 45 gaall da gl



Normal Normal
air pressure Rarefaction Compression . «airpressure

Compression

72 Energy

e " 4

When the speaker cone moves out, it forces particles When the speaker cone moves back, it leaves behind an

in the air closer together. This produces a high-pressure area with fewer particles. This is a low-pressure area
area, or compression. called a rarefaction.
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Water waves are formed when wind transfers e
energy to the water. They are mechanical crecion
waves that move through matter. Though
they appear transverse, water waves
combine both transverse and longitudinal
motion, causing water molecules to move in
circular paths that shrink near the ground.

water particles
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An earthquake occurs when rocks rapidly R
shift along a fault, generating seismic == ' '
waves that travel to the Earth's surface.
Seismic waves are a type of mechanical
wave, meaning they move through
matter, and there are different kinds of
seismic waves.

Wave fronts
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How does energy affect a wave?

When you hear thunder, sometimes it’s a low, soft
rumble. Other times it’s a loud, booming sound that
rattles windows. What makes thunder sound different?
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Amplitude and Energy

When a tuning fork is struck hard, it produces a loud
sound. In water, a loudly vibrating tuning fork creates
waves with higher crests and deeper valleys, indicating
greater amplitude. Amplitude is the maximum
distance a wave travels from its resting position, and
louder vibrations cause waves with greater amplitude.
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Proportional Relationships

The wave at the top has a smaller amplitude and carries less energy than
the wave at the bottom. The amplitude of a wave is directly proportional
to the energy it

Rest
carries, and each * . i rreTn— 7”"”
wave below follows ” ' g
a repeating pattern & e e
With a SpeCifiC This wave has a smaller amplitude and carries less energy.
ampIItUde. ’ Srast = Amplitude poRseitSiton
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This wave has a greater amplitude and carries more energy.



A sound wave is longitudinal, and its energy increases with amplitude,
similar to transverse waves. Amplitude and energy are proportional. For
example, a low rumble of thunder has less energy and a smaller

amplitude than a loud rumble.
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Lower-Amplitude Wave

Here coils are farther
apart than in high
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Higher-Amplitude Wave

Here coils are closer
together than in low
amplitude waves.

amplitude waves.
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Here coils are farther
apart than in low
amplitude waves.

Here coils are closer
together than in high
amplitude waves.

The relationship between wave energy and amplitude can be expressed
using @ mathematical model. it ieu s aa s 280 o 38300 ce el (Ko

x amplitude?

energy

E x A?

Wave energy is nonlinear and is the square of the amplitude. Doubling
the height results in four times the energy, while halving the height gives
a quarter of the energy. Graphical and particle representations illustrate
this relationship
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A tsunami is a wave caused by ocean
disturbances that move large amounts of water
in all directions. While similar in size to regular
waves, they travel quickly and can reach shore
during high tide. Powerful tsunamis can travel
up to 300 m eters inland.
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Amplitude and Loudness

The more energy thunder has, the louder it sounds. Loudness is how you
perceive the energy of a sound wave. Thunder may sound different to
you than to your friend who lives three miles away.
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Amplitude, Intensity, and Loudness 130
120

AS d Smartphone alarm moves away from d 11(;2 Danger Zone: Can result in permanent hearing loss
sound level meter, the sound becomes 90
L 80
guieter because the energy spreads out, 8 70
o 60

reducing the wave's intensity and amplitude.
Sound intensity is the amount of sound 2
energy that passes through a square meter of 203 -
space in one second. Sound intensity is 50 % ,

Moderate Very loud Extremely loud Painful
measured in decibels (dB), with each 10 dB SRt
increase making the sound twice as loud. Higher decibel levels reduce the
safe listening time to avoid hearing damage.

car stereo at full volume
front row at rock concert

jet plane taking off
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How does the wave shape change when the source of the wave changes?

Wavelength is the distance between corresponding points on consecutive
waves, such as crest to crest or trough to trough for transverse waves,
and compression to compression or rarefaction to rarefaction for
longitudinal waves. Wavelength repeats as long as the energy remains
constant and is measured in units of distance, such as meters.
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Transverse Wave Longitudinal Wave
Wavelength
p— Wavelength
@)"
4«#‘
fe————> Wavelengl>\1
Wavelength
Wavelength is the distance from one crest to the Wavelength is the distance from one compression to the next
next crest or from one trough to the next trough. compression or from one rarefaction to the next rarefaction.

Frequency is the number of times a 1
wave's pattern repeats in a given
time, related to the vibration rate of
the source. It is measured in hertz
(Hz), with 1 Hz equaling 1 vibration 2 cycles per second 4 cycles per second

1s

2H 4H
per second. The energy of a wave is - :
directly proportional to its frequency—doubling the frequency doubles
the energy, and halving the frequency halves the energy.
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Wavelength and Frequency

Wave properties, such as wavelength and frequency, are closely related.
Frequency is calculated by dividing the number of wavelengths by time. A
longer wavelength results in a lower frequency, while a shorter
wavelength leads to a higher frequency. As frequency increases,
wavelength decreases.
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i Wave direction sl i Wave direction sl

» Longer wavelength » Shorter wavelength
«» Lower frequency » Higher frequency
» One complete wave passes in four seconds. » Two complete waves pass in four seconds.

You can express the relationship between wavelength and frequency
with ratios. The wave on the left has a 1:4 ratio of wavelength to
frequency. For every one wavelength, four seconds have passed.
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Sound frequency and wavelength are inversely related—when the
wavelength increases, the frequency

decreases. Pitch refers to the perceived
Ranges of Hearing

highness or lowness of a sound, which is | |

human

influenced by factors such as string length

and force. Higher frequencies result in |

higher pitches. Human voices typically

range from 85 Hz to 255 Hz, while thunder
falls between 20 Hz and 120 Hz. The

human ear detects sounds between 20 Hz al
and 20,000 Hz, with frequencies above this . ¢ 2 %, -’ooo ’QOO ’oQO
range classified as infrasound. Different s = 2

animals have unique hearing ranges.
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