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L1 Wave Properties

Understanding Light Waves and Waves in Matter

Waves are everywhere in nature, and they come in different forms. Some waves travel through matter, like
sound waves or water waves, while others, like light waves, can travel through empty space. To
understand waves, think of them as repeating patterns that transfer energy from one place to another
without moving matter itself. Let's explore how light waves and waves in matter are similar and how they
differ.

What Are Waves?

A wave is a disturbance that moves through space or a material (called a medium), transferring energy
along the way. For example, when you throw a stone into a pond, it creates ripples that spread out from
where the stone hit the water. The water isn't moving outward; instead, the wave is passing through it,
carrying energy. Waves in matter, such as sound or water waves, usually need something to travel
through—like air, water, or a solid material.

Light waves are different because they don't need a medium to travel. They can move through empty
space, like the vacuum of outer space. This is why we can see sunlight from the Sun, even though space has
no air or other substances.

Similarities Between Light Waves and Waves in Matter

1. Both Are Types of Waves
Light waves and waves in matter are both types of waves, which means they share some basic
characteristics. Both light waves and waves in matter transfer energy from one place to another.

2. Both Have Wavelengths and Frequencies
Whether we're talking about light waves or waves in matter, they both have a wavelength (the
distance between two crests or peaks in a wave) and a frequency (the number of waves that pass a
point per second). The higher the frequency, the shorter the wavelength, and vice versa. In sound
waves, for example, higher frequencies create higher-pitched sounds. In light waves, different
frequencies create different colours, with higher frequencies corresponding to colours like violet
and lower frequencies corresponding to colours like red.

3. Both Can Reflect, Refract, and Diffract
Light waves and waves in matter both can reflect (bounce off a surface), refract (change direction
when entering a new material), and diffract (bend around obstacles). For example, water waves can
bend around rocks in a river, and light waves bend when they pass through a glass lens. This is why
light focuses through a magnifying glass, and why sound can be heard around corners.

Differences Between Light Waves and Waves in Matter

1. Medium
One of the biggest differences between light waves and waves in matter is that light waves don’t
need a medium to travel. Light can move through the vacuum of space, while waves in matter (like
sound, water, or seismic waves) need a material to pass through. Sound, for example, travels by
vibrating the particles in air, water, or solids, but in space, where there's no air, sound can’t travel
at all.
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2. Type of Wave
Light waves are a type of electromagnetic wave, which means they are made up of electric and
magnetic fields. They move through space by generating and regenerating these fields as they go.
Waves in matter, like sound waves, are mechanical waves, which means they need to physically
push and pull particles in a material (like air, water, or solids) to travel.

3. Speed
Light waves travel much faster than waves in matter. In a vacuum, light travels at about 300,000
kilometres per second, which is the fastest anything in the universe can move. On the other hand,
sound waves in air only travel at around 343 metres per second. In water, sound waves travel a bit
faster (about 1,480 metres per second), but still nowhere near the speed of light.

4. Wave Motion
Another key difference is how the waves move. Light waves are transverse waves, meaning they
move in a direction that's perpendicular to the direction of the wave. Think of it like shaking a rope
up and down—the wave moves forward while the motion of the rope is up and down. In contrast,
sound waves are usually longitudinal waves, which means they move by compressing and
stretching the medium they travel through, like a slinky being pushed and pulled.

Why Are These Differences Important?

These differences are important for understanding how we experience the world. For example, because
light doesn't need a medium, we can see stars that are millions of light-years away. But because sound
needs a medium, we can't hear anything in space. The speed difference is also important: we see lightning
before we hear thunder because light travels faster than sound.

Understanding the similarities and differences between light waves and waves in matter helps us better
grasp how energy moves through the world, whether it's the energy of sunlight reaching our eyes, sound
waves from a guitar reaching our ears, or the ripples caused by a pebble hitting a pond.
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Independent practice

Comprehension Questions
1. What is a wave, and how does it transfer energy?
2. How do light waves differ from sound waves in terms of the medium they travel through?
3. What is the speed of light in a vacuum, and how does it compare to the speed of sound in air?
4. Explain what a transverse wave is and how it differs from a longitudinal wave.
5. Why can we see stars that are millions of light-years away, but we cannot hear anything in space?
Understanding Questions
1. How do both light waves and sound waves reflect, refract, and diffract?
2. Why are sound waves considered mechanical waves, and what do they need to travel?
3. What happens to the wavelength when the frequency of a wave increases?
4. Why does lightning appear before thunder during a storm?
Finish the Sentence Questions
1. Light waves travel faster than sound waves, but...
2. Light waves travel faster than sound waves, therefore...

3. Light waves travel faster than sound waves, so...
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L2 Waves on water

When you throw a pebble into a pond or watch the ocean waves rolling onto the shore, you're looking at a type of
wave. Waves on water are special kinds of movements called undulations. Let's break down what that means and
how waves move through water.

What are Waves on Water?

Waves on water are basically movements or disturbances that travel through the water. When something disturbs
the surface of the water, such as the wind, a boat, or even a pebble, it creates a ripple effect. This ripple spreads
outwards in the form of waves.

These water waves are what scientists call transverse waves. This is because the water particles move up and down,
while the wave itself moves forward. Think about when you hold one end of a rope and move it up and down
quickly. The rope forms waves that move along its length, while the actual bits of the rope are just moving up and
down. Water waves work in a similar way.

How Do Waves Move?

Imagine a small boat sitting on the water. As a wave passes under the boat, the boat rises as the top of the wave
reaches it, and then falls back down as the wave moves on. The wave is traveling forward, but the boat (just like the
water itself) only moves up and down. This is what we call transverse motion — the wave travels in one direction,
but the particles of water move at right angles (or transversely) to that direction.

The water in a wave doesn't travel with the wave. Instead, the energy moves through the water. You can think of
this like a crowd at a football match doing a "wave." The people don’t move around the stadium; they just stand up
and sit down in place, but the wave of standing and sitting travels through the crowd.

Reflection of Waves

Water waves don’t always just keep moving in one direction. When they hit something solid, like the edge of a
swimming pool or a rock, they can bounce back. This is called reflection.

Reflection happens with all kinds of waves, including sound and light, but you can see it clearly with water waves. If
you've ever watched waves in a swimming pool, you might have noticed that when they hit the wall, they reflect and
come back towards you.

Let’s imagine you’re standing at the edge of a pool. If you make waves by splashing the water, those waves will
travel away from you towards the wall of the pool. Once they hit the wall, the waves reflect and start coming back
towards you. This is just like a ball bouncing off a wall.

The way waves reflect can affect the size and shape of the wave. If two waves meet as they reflect, they can
interfere with each other. Sometimes they can make a bigger wave by combining their energies, and sometimes they
can cancel each other out, making the water calm. This is called interference.

What Affects Water Waves?
A few things can affect how water waves behave:

Wind: Most waves on oceans and lakes are caused by wind. The stronger the wind, the bigger the waves. That's why
storms at sea can create giant waves.

Depth of Water: Waves travel faster in deeper water and slower in shallow water. As they come closer to shore,
waves slow down and become taller, which is why you see big waves crashing onto beaches.
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Obstacles: When waves encounter obstacles like rocks or the walls of a pool, they reflect. If there are lots of
obstacles, the waves can become more complex as they reflect multiple times in different directions.

Distance: The farther a wave travels, the more it spreads out and loses energy. That's why you see larger waves
closer to their source, and smaller ones further away.
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Independent practice
Comprehension Questions:
1. What are water waves and how are they created?
2. Explain what is meant by "transverse motion" in water waves.
3. How does reflection affect water waves when they hit an obstacle like a wall or rock?
4. What factors can influence the behaviour of water waves?
5. What happens to waves as they move from deep water to shallow water near a shore?
Understanding Questions:
1. How is the movement of water particles in a wave different from the movement of the wave itself?
2. Why do water waves travel faster in deeper water than in shallow water?
3. Describe what happens when two waves meet and interfere with each other.
4. How does wind affect the size of water waves in the ocean?
Correction Questions, correct the mistakes, re write the sentences with the correct words:
1. Incorrect: In water waves, the water itself moves forward with the wave.
2. Incorrect: Water waves slow down as they move from shallow to deep water.
3. Incorrect: Reflection only happens with light waves, not water waves.

4. Incorrect: Water waves are a type of longitudinal wave where particles move in the same direction
as the wave.
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L3 Reflection and superposition

Water waves are a lot like the ripples you see when you throw a stone into a pond. The ripples
spread out in all directions, creating waves that move across the surface of the water. These
waves carry energy, and as they travel, they can interact with obstacles or other waves in
interesting ways.

To understand more about water waves, we need to learn about two important ideas: reflection
and superposition. These help explain how waves behave when they meet something or each
other.

Imagine you're playing with a ball and you throw it against a wall. What happens? The ball
bounces back towards you. This is called reflection, and water waves do something very similar
when they hit a barrier. For example, if a wave in a pond hits the edge of the pond, like a wall or a
rock, the wave bounces back.

Here’s how it works:

1. When a water wave hits a barrier, it doesn’t just stop. It changes direction and moves away
from the barrier.

2. The direction the wave moves after bouncing off is the same angle that it hit the barrier
with. This is called the angle of reflection, and it is equal to the angle of incidence (the
angle at which the wave hits the barrier).

This is why you can see reflections in water, like how light reflects off a mirror. The same idea
applies to sound waves and light waves too.

Now, things get even more interesting when waves meet other waves. When two waves pass
through the same place at the same time, they combine to create a new wave. This is called
superposition. Superposition is a principle that explains how waves add up or cancel each other
out when they overlap.

There are two types of superposition: constructive interference and destructive interference.

1. Constructive Interference: Imagine two waves are moving towards each other, and they
both have the same size and shape. When they meet, their energies add up, creating a
larger wave. This is called constructive interference. In other words, the waves combine to
make a bigger wave, like two small ripples coming together to form one big ripple.

2. Destructive Interference: Now, let’s say two waves meet, but one wave is moving up while
the other wave is moving down. When they combine, they cancel each other out. This is
called destructive interference. In this case, the waves can reduce each other’s size or even
completely cancel each other, creating a flat surface for a moment.

Water waves are constantly reflecting off objects and interacting with other waves, so you can
often see reflection and superposition working together. Let’s look at an example.

Imagine you’re standing by the side of a swimming pool. You throw a stone into the water, and it
creates ripples that spread out in all directions. These ripples hit the edge of the pool and reflect
back towards the centre. As they move, they might meet new waves created by other
disturbances, like wind blowing across the water.
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When the reflected waves meet the new waves, superposition happens. If the ripples are moving
in the same direction and meet, they will combine to form bigger waves (constructive interference).
But if a peak of one wave meets the dip of another, they will cancel out (destructive interference).

If you’'ve ever seen waves look much bigger or suddenly disappear, this is often because of
superposition. Waves are always adding up or cancelling out as they move and reflect.

Understanding how waves work helps explain a lot of things in the world around us. It's not just
about water waves. The same rules of reflection and superposition apply to other types of waves,
like sound waves and light waves. For example:

o Sound waves reflect off walls, which is why you hear echoes in large empty spaces.
o Light waves reflect off shiny surfaces, allowing you to see your reflection in mirrors.

Superposition is also important for understanding things like how noise-cancelling headphones
work. They use destructive interference to cancel out unwanted sounds.
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Independent practice

Comprehension Questions:

1.

2.

What happens to a water wave when it hits a barrier like a wall or a rock?

What is the angle of reflection, and how does it relate to the angle of incidence?
Describe what happens during constructive interference.

How does destructive interference affect two waves that meet?

How are the concepts of reflection and superposition similar for water waves, sound waves, and light
waves?

Understanding Questions:

1.

2.

4.

Why do you think waves reflect off surfaces instead of simply stopping when they hit a barrier?
Can you think of a real-world example where destructive interference occurs in everyday life?

What might happen if two very large waves, moving in opposite directions, meet in the ocean? Explain your
reasoning.

How could understanding superposition be useful for designing things like concert halls or theatres?

Comparison Questions:

10

1.

Statement A: "Waves always become bigger when they meet."
Statement B: "Waves can become bigger or cancel each other out depending on how they meet."
Which statement is more correct, and why?

Statement A: "Reflection of waves only happens with light waves."
Statement B: "Reflection of waves happens with all types of waves, including water, sound, and light."
Which statement do you agree with, and why?

Statement A: "Constructive interference always happens when two waves meet."
Statement B: "Constructive interference only happens when the peaks of two waves meet."
Which statement makes more sense, and why?
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L4 Pressure waves (longitudinal waves)

Understanding Pressure Waves and How They Transfer Energy

Have you ever thought about how sound travels through the air, or how you can feel the vibrations from a
loudspeaker when your favourite song is playing? These experiences are examples of pressure waves, which are a
fascinating part of physics. Let's dive into what pressure waves are, how they work, and how they transfer energy.

Pressure waves are a type of wave that moves through a medium (like air, water, or even solid materials) by
compressing and expanding the particles in that medium. Imagine a line of people standing close together, holding
hands. If the first person in line pushes forward, that push travels down the line as each person nudges the next one.
This is like how pressure waves move through a medium.

In scientific terms, pressure waves are also known as mechanical waves. Unlike light waves, which can travel through
a vacuum (empty space), mechanical waves need a medium to carry their energy. When you speak, for example,
your vocal cords vibrate, creating pressure waves that push against the air around them. These waves then travel
through the air until they reach someone’s ears, where they can be heard as sound.

To understand how pressure waves work, it’s essential to focus on longitudinal waves, which are the most common
type of pressure wave. Longitudinal waves move in the same direction as the energy is transferred.

Think of a slinky toy. If you push and pull one end of the slinky along its length, you create areas where the coils are
compressed (bunched together) and areas where they are stretched apart. This creates a series of compressions
(areas of high pressure) and rarefactions (areas of low pressure) that travel along the slinky. Sound waves are a great
example of longitudinal waves because they consist of these compressions and rarefactions moving through the air.

So, how do pressure waves transfer energy? When a pressure wave travels through a medium, it causes the particles
in that medium to vibrate. This vibration is what allows the energy from the wave to be transferred. Let’s break it
down:

Compression and Rarefaction: In a longitudinal wave, the areas where particles are bunched together
(compressions) carry energy. When these compressions pass by a particle, they push it, causing it to vibrate. After
that, the particle moves back to its original position. In the areas where particles are stretched apart (rarefactions),
the energy is momentarily lower, but the wave continues to travel through these alternating regions.

Energy Transfer in Sound: When you clap your hands, the sound waves created by that action travel through the air
as pressure waves. The energy from your clap compresses the air particles in front of your hands, creating a wave
that carries that energy to your friend’s ears, allowing them to hear the sound.

Pressure waves are everywhere in our daily lives. When you speak, listen to music, or even feel the rumble of
thunder, you are experiencing the effects of pressure waves. They are also crucial in many technologies, such as
sonar (used by submarines to detect objects underwater) and ultrasound (used in medical imaging).

11
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Independent Practice

Comprehension Questions

1.

4.

5.

What are pressure waves, and how do they move through a medium?

Describe the process of how sound waves are created when someone claps their hands.
What are compressions and rarefactions in the context of pressure waves?

Why can mechanical waves, such as pressure waves, not travel through a vacuum?

Give two examples of technologies that use pressure waves and briefly explain their purpose.

Understanding Questions

How does the vibration of particles in a medium contribute to the transfer of energy in pressure
waves?

Why is it important to understand pressure waves in our daily lives?
In what ways do pressure waves affect our ability to communicate with others?

Explain the difference between pressure waves and light waves in terms of their movement through
different mediums.

Finish the Sentence Questions

1.
2. Sound travels through the air easily, but

3. We can use ultrasound in medical imaging, so

12

Pressure waves are important in everyday life because
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L5 Uses of pressure waves

Have you ever noticed how sound travels through the air? When someone speaks, their voice creates sound
waves that travel to your ears, allowing you to hear them. But did you know that sound can also be used for
more than just talking? One of the fascinating ways sound is used is through something called ultrasound.
Ultrasound involves pressure waves that can clean things and even help heal injuries in physiotherapy. Let's
explore how this works!

What Are Pressure Waves?

To understand ultrasound, we first need to know what pressure waves are. A pressure wave is a type of sound
wave that travels through different materials, like air, water, or solid objects. When an object vibrates, it
creates pressure changes in the surrounding medium (the material it’s in). These changes move outward from
the source of the sound in waves, kind of like how ripples spread when you throw a stone into a pond.

Ultrasound is a special kind of pressure wave that is at a frequency higher than what humans can hear.
Humans typically hear sounds in the range of 20 Hz to 20,000 Hz (20 kHz). Ultrasound waves are above 20 kHz,
which is why we cannot hear them. However, these high-frequency waves can still have significant effects
when used in various applications.

How Does Ultrasound Clean?

One of the most common uses of ultrasound is for cleaning. You might have seen ultrasonic cleaners in action.
These machines use high-frequency sound waves to create millions of tiny bubbles in a liquid, usually water
mixed with a cleaning solution. This process is called cavitation.

1. Cavitation: When the ultrasound waves travel through the liquid, they create alternating high- and
low-pressure areas. In the low-pressure areas, tiny bubbles form. When these bubbles collapse in the
high-pressure areas, they release a lot of energy. This energy is powerful enough to dislodge dirt,
grease, and other contaminants from surfaces, even in hard-to-reach places.

2. Applications: Ultrasonic cleaning is used in many fields. For example, it is commonly used to clean
delicate jewellery, dental instruments, and even car parts. The cleaning is gentle enough not to
damage these items but effective enough to remove stubborn dirt.

How Does Ultrasound Help in Physiotherapy?

Ultrasound is also widely used in physiotherapy, which is a treatment to help people recover from injuries or
improve their physical health. Here’s how it works:

1. Healing Tissues: When ultrasound waves are applied to the body, they penetrate the skin and travel
into the underlying tissues. The pressure waves cause tiny vibrations in the tissues, which can help
increase blood flow to the area. This increased blood flow brings more oxygen and nutrients to the
injured tissues, speeding up the healing process.

2. Pain Relief: The vibrations from the ultrasound can also help relieve pain. They may reduce
inflammation and relax tight muscles, making it easier for patients to move and recover from their
injuries.

3. Therapeutic Uses: Physiotherapists use ultrasound in various conditions, such as sprains, strains, and
even chronic pain. The therapy is typically painless, and many patients find it relaxing.

13
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Independent Practice
Comprehension Questions
1. What is ultrasound and how is it different from regular sound?
2. Explain the process of cavitation in ultrasonic cleaning.
3. How does ultrasound help increase blood flow to injured tissues during physiotherapy?
4. Name two applications of ultrasonic cleaning and describe how they benefit from this technology.
5. What are the main benefits of using ultrasound in physiotherapy?
Understanding Questions
1. Why can't humans hear ultrasound waves? Describe the frequency range for sounds humans can hear.

2. How does the energy released by collapsing bubbles during cavitation contribute to cleaning
effectiveness?

3. Inwhat ways does increased blood flow from ultrasound treatment aid in the healing process?
4. Discuss why ultrasound is considered a safe and effective method for both cleaning and healing.
Comparison Questions
1. Statement A: Ultrasound is only used for cleaning items.
Statement B: Ultrasound is used for both cleaning and healing injuries.
Which statement do you agree with more, and why?
2. Statement A: Cavitation is harmful and can damage items during cleaning.
Statement B: Cavitation is beneficial because it helps remove dirt without damaging items.
Which statement do you find more accurate, and what makes it correct?
3. Statement A: The vibrations from ultrasound only relieve pain without promoting healing.
Statement B: The vibrations from ultrasound can relieve pain and also promote healing by increasing

blood flow.
Which statement do you support more, and what reasons do you have for your choice?
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