Science Final Revision: Introduction to Waves
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Q1) Understand and apply the relationship between wave amplitude and energy, specifically recognizing that energy is
proportional to the square of amplitude.

Amplitude is the maximum distance that the wave moves from its rest position.

Rest Crest Rest
f Crest position > Arnplm.n:‘.t_ .. position
Amphlude / }' /
Lower I\Ampnuca Higher ’\ ~ Amplitude i Higher
‘ amplitude ™" ‘ SIS i amplitude amplitude
Longitudinal Waves: Greater compression
Transverse Waves: Larger amplitude (taller waves) > More energy and rarefaction - More energy

energy o amplitude’
E o A’

The energy of a wave is proportional to the square of its amplitude (Non-linear relationship)
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Wave Energy v. Amplitude Wave Energy v. Amplitude Wave Energy v. Amplitude
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Amplitude (meters) Amplitude (meters) Amplitude (meters)
. g v
energy o amplitude” r find energy. ’ 5
gy cﬂp Square to .de eg?/ A B
E o A? Square root to find amplitude. —
N
Change in Amplitude Change in Energy Description E > A
Doubling the amplitude makes the
Double (x2) Quadruple (x4) energy four times greater. I
: . - Tripling the amplitude makes the
T”ple (><3) Nine times (xg) energy nine times greater.
Halving the amplitude reduces the
Half (x0.5) One-quarter (x0.25) energy to one-quarter.
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Question 1: Determine the missing values of the energy of the waves, given that: E o< A2

Wave Amplitude (units) Energy (units)
W 1 12=1
X 2 22 -4
Y 5 52=25

Question 2: Determine the missing values of the amplitude of the waves, given that: E o< A2

Wave Amplitude (units) Energy (units)
w Vi=1 1
X V36 =6 36
Y V64 =8 64
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Q2) Understand and apply the concept of frequency as the number of wave cycles per second, and interpret
wave diagrams to determine frequency.

Q3) Understand wave properties by interpreting diagrams, including identifying amplitude as the maximum
displacement from the equilibrium position.

Frequency k > The number of times the pattern repeats in a given time.
v

Measured in Hertz (Hz) The number of wave cycles per second.

Time =25

Low
Frequency
= 5 =1Hz
3
Medium
Frequency

To calculate the frequency of waves:

Number of waves

.
=-=15Hz
Frequency = ——mMM 2
o High
Time /\ M /\/ /\ /- \/ Frcqlﬁcncy
W 6
==-=3Hz
2
Transverse Wave Longitudinal Wave

Wavelength

The distance from one point on a wave
Wavelength ]‘ to the same point on the next wave. - >

- N Wavelength
Wavelength
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i Wave direction sl

one wavelength
passesin 4s.

(lower frequency)

Wave direction sl

¢

two wavelengths
passinéds.

(higher frequency)
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Determine the wavelength, frequency, and amplitude for each wave.

1=05m = Time Elapsed: 4 s

1 F - N g

1 4 \\\é r{/ \\

: /o \ [\ ;
?TM,;{S—---~1%~--~13----:t--- /

] Lo m O gom m

I \ / \ /

) - \:.—,zr‘{'
'-05m

i pal) Al Al Al
Wavelength: 11.5 -05=1|M

el = Gl gl 220

Frequency:|2-4=05 |Hz

Amplitude:| o5 m

Time Elapsed: 3 s

Wavelength: m
Frequency:| 3-3=1 | Hz
Amplitude: 0.5 m
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Determine the wavelength, frequency, and amplitude for each wave.

Wave B (4 s)

Amplitude=5m

Amplitude= 20 m

Amplitude (m)

Wavelength =8 m Wavelength=4m

Frequency = 0.5 Hz Frequency =1 Hz

Distance (m)
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Q4) Understand the relationship between sound properties and their physical causes, specifically that pitch is
determined by frequency.

m—~ The perception of how high or low a sound seems.

Ranges of Hearing
— | | |

A higher frequency produces a higher pitch. | ~ human
| N

blue whale

An adult male voice might range from 85 Hz to 155 Hz.

An adult female voice might range from about 165
Hz to 255 Hz.

The human ear can detect sounds with frequencies

o
N
§
N
.
O
™

between about 20 Hz and 20,000 Hz. @ %, %o, %,
%
Frequencies above this range are called ultrasound. Fredusacy ()
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Q5) Understand that sound travels at different speeds through different media and compare the speed of
sound in solids, liquids, and gases.

Sound waves travel faster in denser materials with stronger forces between particles because
particles are closer together.

Gas

The Speed of Sound

In gases, the speed of a sound wave increases as the Medium Speed (m/s)
temperature increases. x:’ Air (0°C) 331
Air (20°C) 343
In solids and liquids, the speed of a sound wave decreases as __» Water(20°C) 1,481
the temperature increases. T Water(0°C) 1,500
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Speed of Sound (Summary)

Rule1 |Sound travels through solids, liquids, and gases. (not vacuum or space)

Rule 2 Sound travels fastest in solids and slowest in gases.
Solid > Liquid > Gas
Rule3 |, oases: Higher temperature = Faster sound.
In solids and liquids: Higher temperature = slower sound.
Rule 4

Why solids are fastest (particles are closest).
Why gases are slowest (particles are far apart).

Why hotter gases transmit sound faster (particles move faster).
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Speed of Sound in Different Materials

To calculate the speed of sound: Material (at 20°C) Eoasd {i0s)
Distance Alr 343
Speed = ——
Time Glass 5.640
Iron 5130
Water 1,481

A sound wave takes about 0.03 s to move through a material that is 10.3 m long. What is the material?

Distance 103 -
Speed = — 0_03—343 (Air)

A sound wave takes about 0.02 s to move through a material that is 102.6 m long. What is the material?

Distance 102.6
Speed = S 5130 (Iron)
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Light

8 Questions

32 Marks
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Q6) Understand and analyze wave properties and relationships within the electromagnetic spectrum,
including the inverse relationship between wavelength and frequency.

U Electromagnetic radiation is a type of wave created by vibrating particles.

U There are different types of electromagnetic waves.

YA VAVAVATAVAVI

f

Uses

Name Radio waves Microwaves Infrared Visible Ultraviolet X-rays Gamma rays
waves light waves
Left » Right
Frequency increases Energy increases Wavelength decreases
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Wave Type Frequency & Energy Common Use

Lowest frequency, lowest energy, longest

Radio Waves Communication

wavelength
Microwaves Low frequency and energy Cooking
Infrared Higher than mlcrow?ves, lower than visible TV remote controls
light
Visible Light Middle of the spectrum Seeing colors

Higher frequency and energy than visible
light

High frequency and energy, short
wavelength

Ultraviolet (UV) Can cause chemical reactions

X-rays Medical imaging

Highest frequency and energy, shortest

wavelength Can kill living cells

Gamma Rays

Light - is electromagnetic radiation that you can see. ‘

Radiant Energy = The energy carried by an electromagnetic wave. ‘
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Q7) Understand the behavior of light during reflection and apply the law of reflection in plane surfaces.

Light moves in straight lines.

‘Reflection is the bouncing of a wave off a surface.

The light ray the surface.

Mirror

Incident ray
Angle of incidence

--------------------------------- Normal

Reflected ray

The light ray - from the surface.

/

Angle of reflection - ——— T

The angle formed where an incident ray
meets the normal.

perpendicular to a
reflecting surface

The angle formed where a reflected ray
meets the normal.

The law of reflection

When a wave is reflected from a surface, the angle
of reflection is equal to the angle of incidence.
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Q8) Understand how light reflects from different surfaces and distinguish between regular and diffuse reflection.

Regular reflection I

8 2

Reflection of light from a smooth, shiny
surface. (even surface)

Diffuse reflection I

L 2

Reflection of light from a rough surface.

(uneven surface)

o Light
/ ray / rgv " . | ’
. i Same : i, , Different
N © & : directions 3 9 \ directions
Scattefi ng I Light ray “\Z Dust particle
0 The dust - /
when waves traveling in one particles scatter
direction are made to travel in 'the light waves %=
many different directions. in the sunbeam : -
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Q9) Apply understanding of refraction to predict the path of light when it passes between materials with different refractive
indices.

Light travel very fast in vacuum 300,000 km/s

Light travels more slowly when it moves through a medium such as air, glass, or water.

¥

because the atoms of the material interact with the light waves and slow them down.

As a light wave moves from one medium into another, its speed changes. the wave will
change direction.

A
The change in direction of a

‘ wave as it changes speed while A

moving from one medium to
another.

Boundary

N
% Refracted ray
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Index of Wave Speed

materin: Refraction (km/s)
Vacuum 1.0000 300,000
Air 10003 299920 Fastest (Vacuum - Air -> Water -> Glass) Slowest
Water 1.333 225100
Glass 1.55 193,000

The index of refraction indicates how much a medium can change the direction of light.

Medium with high Medium with low
refractive index refractive index
called slow because called fast because
light moves more light moves faster

slowly through it. through it.
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Light travels from... What happens?
Fast - Slow (low R.l = High R.l) Slow - Fast (high R.I = low R.I)
Bends towards the normal Bends away from the normal

Air: 1.0003 5 Water: 1.333
fast : slow N
bounda : s
&._‘_‘ffﬂ._ y boundary

Water: 1.333
slow

Air: 1.0003
fast

cccdepagesegnsnsnnn
L7

Prepared by Mr. Issa Waswas

Q10) Understand image formation by convex lenses and determine the characteristics of images formed using ray diagrams.

«»+ Alens is a transparent object with at least one curved side that causes light to change direction.

+* Alens that is thicker in the middle than at the edges is a convex lens.

+* A lens that is thicker at the edges than in the middle is a concave lens.

Focal point: is the point where light rays parallel to the optical axis converge (meet).

Focal length: is the distance along the optical axis from the lens to the focal point.

convex lens |

>
&

Concave lens Hocaueng;H

- =

|
|
|
!
|
1 i
1
|
]

o
()
2
g =
[ / 3
{ / Q
/ j

1

\ | i ,
e e e B
!

: Focal point’
Focal point * e
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\J

Concave Lens I

Type of images

i
Convex Lens |

Beyond the focal lengths (2F)

: q Object _
’.y h } N Image -Real
. ' ' \: Upside down
Py — (inverted)

L smaller

F, Image . i d

Within the focal length
-

R Virtual
A concave lens always produces a virtual, m" i\ s Upright
upright, smaller image. B S Larger
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Convex Lens

Concave Lens

Feature Convex Lens Concave Lens
Shape Thicker in the middle Thicker at the edges
Light Rays Come together (converge) Spread apart (diverge)
Im.age Type Can form real or virtual images Fofms virtual images .only

Image Appearance

Can be larger or smaller
depending on object position

Always smaller

Image Orientation

Can be upright or upside down

Always upright
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Q11) Understand the structure and function of the human eye and how it forms focused images.

Retina: thin layer of
tissue that contains
light-sensitive cells

Image is
formed
here.

Optic nerve: carries
signals from the
retina to the brain

Lens: transparent structure that
can change shape and help form ¥
an image on the retina

Convex

lens

Iris: relaxes and contracts
to control the amount
of light that enters the eye

Cornea: transparent
—  tissue layer that changes
the direction of light rays
as they enter the eye lens

Actasa

convex

Pupil: the opening into
the eye through which

~ Ciliary muscles: contract light enters

and relax to control the
shape of the lens
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Retina

Part Function
Cornea bends (change light direction) as it enters the eye
Lens Changes shape to focus light on the retina.
Iris Controls the amount of light entering the eye.
Pupil Opening through which light enters the eye.

Ciliary Muscles

Change the shape of the lens to help focus on
near or distant objects.

Retina

Light-sensitive layer where the image is formed.

Optic Nerve

Carries visual signals from the retina to the brain.
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Q12) Understand how light interacts with transparent media to produce phenomena such as refraction and color separation
in natural events like rainbows.

White light is made up of many colors. | s Each color has a different wavelength

» When white light passes through a prism, it is separated into
_N\/\ - different colors. because each color refracts (bends) by a

different amount.

L onoe » Violet light refracts the most. Red light refracts the least.

Yallow

AVAVAVAVAS™
Shortest wavelength (highest E & F)
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Rainbow Formation (=== | Sunlight - Refraction - Reflection - Refraction - Rainbow

A rainbow forms when sunlight passes through water droplets (tiny prisms) in the air.

¢ Light is refracted as it enters the droplet.

¢ Light is then reflected inside the droplet.

¢ Light is refracted again as it leaves the droplet.

¢ Light is separated into different colors.
L

+»* This separation of colors creates a rainbow.

Angles are exaggerated for illustration purposes.
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Number Answer

1 Incident white light

2 Reflection —

3 First Refraction (light enters the
droplet)

4 Dispersion (colors separate)

5 Internal reflection

6 Second Refraction (light leaves the
droplet)

7 Visible rainbow colors

Prepared by Mr. Issa Waswas

Q13) Understand how objects interact with light, including reflection and absorption, to explain the observed color of objects.

Colors of objects

Appears Appears
8" Red
R

Reflects Blue
Absorb all other
colors

Reflects Red
Absorb all other
colors

Blue object Red object
Appears X Appears
White Black

Absorbs all colors

White object Black object

Objects are seen because they reflect light, not because they produce light
Prepared by Mr. Issa Waswas _



Earth and Human Activity

e -\
9 Questions

36 Marks
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Q14) Understand key ecological terminology related to populations and species distribution within ecosystems.
Q15) Understand key demographic terms related to population growth and describe patterns of rapid population increase.

A population is all the members of a species living in a given area.

& Human Population Growth

- ' Population
10
z's growth
'_% : Population explosion ' ;
£ 6 sudden increase in a population !
@ 5 - .
g 2 increase in
a N
~2 population
b over time.
(8] 200 400 600 80O 1000 1200 1400 1600 1800 2000 2200

Year

How does the rate of human population growth from years|_2_(_)b to 1800
compare to the rate of growth from 1800 to 20007 [

* 200 to 1800 : the human population increased slowly and steadily.
* 1800 to 2000 : the human population increased rapidly (population explosion)

1- Health care improved.
2- Cleaner water became available.
3- Improvements in technology
Prepared by Mr. Issa Waswas

What has caused this sharp increase
in population? (reasons) -




Q16) Interpret population data using age structure diagrams to classify types of human population growth.

A population’s age structure is the number of males and females in each of three age groups:
pre-reproductive state, reproductive state, and post-reproductive state.

Age Structure in Human Populations

. Rapid Growth Slow Growth Negative Growth
Ra pldly grOWth (Kenya) (United States) (Germany)
Male Female Age Male Female YearofBirth Male Female
Post-reproductive 80+ i Before 1930 T Negative growth
Many young 75-79 1930-1934
le (pre 6565 1940-1544
eo = - - .
PEaR p. 60-64 1945-1949 Few pre-reproductive
reproductive) 55-59 1950-1954 g
50-54 16551659 individuals.
45-49 19601964
Birth rate > Death rate  Reproductive 40-44 1965-1969
35-39 1970-1794 Birth rate < Death rate
30-34 1975-1979
) 25-29 1980-1984
Looks like a 20-24 1985-1989 ;
. g Pre-reproduciive 15-19 19901994 Looks like a rectangle
triangle with a 10-14 1995-1999 :
=5 2000-2604 with a narrow base.

wide base at the ; 0-4 2005-2009
bottom W86 4202462810 6 4 202 4 8 6 4 20 2 4686
Percent of population Percent of population Percent of population

Slow growth

Balanced age groups.
Looks like a rectangle with a bulge in the middle. Prepared by Mr. Issa Waswas

Q17) Analyze population data to compare population growth rates across countries using quantitative information.
Q18) Understand ecological concepts related to population sustainability, including carrying capacity and environmental limits.

As the proportion of people in the upper part of the age- Population growth
structure diagram increases (older age groups), ' slows

Age Structure in Human Populations

Rapid Growth Slow Growth Negative Growth
(Kenya) (United States) (Germany)
Male Female Age Male Female YearofBirth Male Female
Post-reproductive 80+ | Before 1930 ]
75-79 1930-1934
70-74 | 1935-1939
65-69 il 1940-1944
60-64 1 1945-1949 |
§5-59 1950-1954 (SN
50-54 | 1955-1959 ]
45-49 | 1960-1964
Reproductive 40-44 i) 1965-1969
35-39 1970-1794
30-34 1975-1979
25-29 | 1980-1984
20-24 i 1985-1989
Pre-reproductive 15-19 | 1990-1994
10-14 | 1995-1999
5-9 | 2000-2004
0-4 | 2005-2009 ;
10086 4 20246810 6 4202 40%6 6 4 202486
Percent of population Percent of population Percent of population

» Kenya - fewer people in the upper part - wide base > Rapid Growth
» United States —> Balanced age groups - Slow Growth
» Germany - More people in the upper part - Negative Growth
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Carrying capacity is the largest number of individuals of a given species that Earth’s resources
can support and maintain for a long period of time

Each person uses resources

/

When the population of a species If resources become scarce,
is low, resources are abundant. the population can decrease.

N &

The population then increases.

QIf the human population continues to grow beyond Earth’s carrying capacity,
eventually Earth will not have enough resources to support humans.
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A Human Use of Resources
1

12—

Lower population
" Higher resources
per person

10

Higher population
4 fewer resources per

person
2 | i
0 USA Germany Brazil Indonesia Nigeria India
Country

Estimated hectares of land used
03]

Developing countries (India) = higher population growth
Developed countries (USA) - lower population growth
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birth rate — death rate + net migration rate
e = PGR (%)

Population Growth Rates

Population Net
Country 2015 Birth rate Death Rate Migration PGR (%)
(millions) Rate
*United 13-8+3
321.2 13 8 3 ———=0.
States |: PGR (%) = 10 =0.8
8-1145
“Germany 811 8 1 5 PGR (%) =—p— =02
15-6 +0
Brazil 204.5 15 6 0 PGR (%) =—,—=0.9
21-6 -1
Indonesia 2557 21 6 —1 PGR (%) =—,—=14
Nigeria 181.8 39 14 0 PGR (%) =2 =2.5
India 1,314 21 7 —1 PGR (%)= ———=13
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Q19) Use real-world data to calculate percentage increase and/or percentage decrease in quantities.

Deforestation is the removal of large areas of forests for human purposes.

'Connection| In 1630 at the beginning of European settlement,

N-0 300000000—425000000
about 425,000,000 hectares of the United States were forested. By 2017, gy N-0 100% = % 100% = 29% decrease
the area of forested land had declined to 300,000,000 hectares. What is 0 425000000

the percent decrease of forested land between 1630 and 20177

ISz Connection| The population of the United States in 1630 was N-0 326500000—4500
Aladh eraoera s Mg b 0/ :
around 4,500. In 2017, the population was around 326,500,000, What ™= —5— % 100% = T x 100% = 7255455% increase

percent increase does this represent?

i Caused increase in Caused decrease in
Increase in thfe human — : —
population deforestation forests
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Q20) Analyze and interpret graphical data to compare land use categories and understand proportional relationships in
human geography.

Urbanization is the development of towns and cities on previously natural areas.

» Increases in the human population cause increases in the use of natural resources.

Land Use in the United States Important Notes

» Highest land use: Forest (29%)

254
o | » Lowest land use: Urban (cities) (3%)
§15-
i __ n _ » 20% or lower: Agriculture (20%) and Urban (3%)

— » Higher than 20%: Grassland and pasture (26%),
s .
& A 4 & 3
& e{f ¢ & ¥ Forest (29%), and Miscellaneous (23%)
s &
Type of Use
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Q21) Understand the role of atmospheric gases in climate change and identify key greenhouse gases affecting Earth’s
temperature.

Effect of deforestation on Earth’s Systems

1 1 1

System Effect

Biosphere |- Loss of habitat for animals (Increases extinction risk)

Geosphere |- Plant roots no longer hold the soil (Soil erosion increases)

Hydrosphere |- Land dries quickly and holds little moisture (Drought)

Atmosphere |- Photosynthesis decreases (More carbon dioxide CO; in the atmosphere)
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» Greenhouse gases are gases in the atmosphere (such as carbon dioxide, methane, and water vapor) that
trap heat from the Sun and keep Earth warm.
» Increasing greenhouse gases causes more heat to be trapped - increasing Earth’s temperature (global

warming).
, DEFORESTATION _
® and CARBON DIOXIDE Sl

1. Trees absorb | 2, Deforestation 3. Fewer trees 4. When trees are 5. More CO; in the

carbon dioxide. means cutting means less CO, burned or decay, atmosphere traps
down trees. is removed. COj; is released. more heat.

RESULT: TR CO; in the_atmosphere leads to more heat trapped
and can cause climate change.
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Q22) Understand actions can increase or decrease the ecological footprint on the environment.

Ecological footprints

is the area of Earth’s productive land and water required to supply the resources that an
individual demands as well as to absorb the wastes that the individual produces.

Actions you can do to minimize ecological footprints ?

1) Walk or ride my bike to school.

2) Use public transportation.

3) Avoid processed foods.
4) Recycle and purchase recycled products.
5) Use reusable grocery bags and water bottles.

6) Turn off the lights and other electronic equipment when not in use.

7) Take shorter showers and turn the water off when brushing teeth. pepared by mr. 1ssa waswas




Technology can help reduce our ecological footprint.

Technology or Activity | How It Helps Mitigate Impact

Conservation drones Help monitor natural areas and protect ecosystems

Such as solar or wind power

Using renewable resources e
helps reduce harmful emissions and resource usage

Improve crop yield, but overuse can pollute water and increase
nitrous oxide emissions.

g_.

Fertilizer use

U Germany has invested heavily in wind, solar, hydropower, and public transportation.

U The ecological footprint in Germany is 4.6 global hectares per person.
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The Sun-Earth-Moon System

e N
3 Questions

12 Marks
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Q23) Understand the relationship between Earth’s tilt, sunlight distribution, and seasonal changes (equinoxes and solstices)

b THREE-DIMENSIONAL THINKING
How does the varying amount of the Sun’s solar energy cause the
seasons? What effects does the tilt of Earth’s rotation axis have on

the seasons?

Earth’s tilt produces the seasons. As Earth orbits the sun (revolution), the northern hemisphere leans
toward and away from the sun, affecting where the solar energy is concentrated.

Earth’s Seasonal cycle

There are four days each year when the direction of Earth’s axis is special relative to the Sun.

. , . .
Solstice > | is a day when Earth’s rotation axis is the most toward or

away from the Sun.

- . is a day when Earth’s rotation axis is leaning along Earth’s
orbit, neither toward nor away from the Sun
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Same amount of sunlight as
on southern hemisphere

Same amount of sunlight as
on northern hemisphere

- Northern hemisphere
receives more sunlight.

Southern hemisphere
receives less sunlight.

March Equinox (20-21)

[ The northern hemisphere leans along Earth’s orbit.

[ 12 hours of daylight and 12 hours of darkness.
U Spring begins in the northern hemisphere.

June Solistice (20-21)
O The northern hemisphere leans toward the sun.
O Days in the northern hemisphere is longest.
[ (Summer begins).

Same amount of sunlight as
on southern hemisphere

Same amount of sunlight as
on northern hemisphere

September Equinox (22-23)

U The northern hemisphere leans along Earth’s orbit.

[ 12 hours of daylight and 12 hours of darkness.
U Autumn (fall) begins in the northern hemisphere.

Northern hemisphere
receives less sunlight.

Southern hémisphere
receives more sunlight.

December Solistice (21-22)
O The northern hemisphere leans away from the sun.
O Days in the northern hemisphere is shortest.
O (Winter begins).
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The north points more and more away from the Sun.

Earth's orbit

The north still
points toward
the Sun but does
so less and less.

The north still
points away from
the Sun but does
so less and less

March
Equinox

The Sun is lowest in .
the sky (winter) The north slowly points more and more toward the Sun The Sun is highest in

the sky (summer)

December March June September
solstice equinox solstice equinox

o Y _
Se— 8 ‘I’ —N | -~ ';'J N
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Q25) Understand the relative positions of the Sun, Earth, and Moon and how they produce solar and lunar eclipses.

Solar Eclipse —— New Moon Phase _

What is necessary for a solar eclipse to take place?

\ » The Moon passes between Earth
and the Sun.

» Earth, the Moon, and the Sun are
lined up.

» the Moon casts a shadow on

Umbra Earth’s surface.

\ /% asolar eclipse is occurring

Penumbra

L The umbra is the central, darker part of the shadow where light is totally blocked.
L The penumbra is the lighter part of a shadow where light is partially blocked.
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Lunar Eclipse —— Full Moon Phase S

(1 A lunar eclipse occurs when the
Moon moves into Earth’s shadow.

Penumbra

(I Earth is in a line between the Sun
and the Moon.

Unlike solar eclipses, lunar eclipses are visible to everyone on the nighttime side of Earth.

» Total lunar eclipse - the entire Moon moves into Earth’s umbra
- the Moon appears very dark or reddish

» Partial lunar eclipse = only part of the Moon enters Earth’s
umbra - that part appears much darker
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