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Topics Grade 10 Content, Concepts & Skills 
Extracted from CAPS PP 26-31 

Transverse pulses on a 
string or spring 
Pulse, amplitude     • Define a pulse 

• Define a transverse pulse 
• Amplitude 
• Define amplitude as maximum disturbance of a particle from 
its rest (equilibrium) position 
• Know that for a transverse pulse the particles of the medium 
move at right angles to the direction of propagation of the pulse  
 

Superposition of Pulses • Explain that superposition is the addition of the disturbances of 
the two pulses that occupy the same space at the same time 
• Define constructive interference 
• Define destructive interference 
• Explain (using diagrams) how two pulses that reach the same 
point in the same medium superpose constructively and 
destructively and then continue in the original direction of 
motion 
• Apply the principle of superposition to pulses 

Transverse waves 

Wavelength, frequency, 
amplitude, period, wave speed; 

• Define a transverse wave as a succession of transverse pulses 
• Define wavelength, frequency, period, crest and trough of a 
wave 
• Explain the wave concepts: in phase and out of phase 
• Identify the wavelength, amplitude, crests, troughs, points in 
phase and points out of phase on a drawing of a transverse wave 
• Know the relationship between frequency and period, i.e. f = 
1/T and T = 1/f 
• Define wave speed as the product of the frequency and 
wavelength of a wave: 
• Use the speed equation, to solve problems involving waves 

Longitudinal waves: 

On a spring • Generate a longitudinal wave in a spring 
• Draw a diagram to represent a longitudinal wave in a spring, 
showing the direction of motion of the wave relative to the 
direction in which the particles move 

Wavelength, frequency, 
amplitude, period, 
wave speed. 

• Define the wavelength and amplitude of a longitudinal wave 
• Define compression and rarefaction 
• Differentiate between longitudinal and transverse waves 
• Define the period and frequency of a longitudinal wave and the 
relationship bfetw1een the two quantities T = 
• Use the equation for wave speed, to solve problems involving 
longitudinal waves 

Sound 

Sound waves • Explain that sound waves are created by vibrations in a 
medium in the direction of propagation. The vibrations cause a 
regular variation in pressure in the medium 
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• Describe a sound wave as a longitudinal wave 
• Explain the relationship between wave speed and the 
properties of the medium in which the wave travels (gas, liquid 
or solid) 
• Understand that sound waves undergo reflection. 
• Understand what are echoes 
• Use the equation for wave speed, to solve problems involving 
sound waves that also include echoes, sonar and bats 

Pitch, loudness, 
quality (tone) 

• Relate the pitch of a sound to the frequency of a sound wave 
• Relate the loudness of a sound to both the amplitude of a 
sound wave and the sensitivity of the human ear 

Ultrasound • Describe sound with frequencies higher than 20 kHz as 
ultrasound, up to about 100 kHz 
• Explain how an image can be created using ultrasound based 
on the fact that when a wave encounters a boundary between 
two media, part of the wave is reflected, part is absorbed and 
part is transmitted 
• Describe some of the medical benefits and uses of ultrasound, 
e.g. safety, diagnosis, treatment, pregnancy 

Electromagnetic Radiation 

Dual (particle/wave) nature of 
EM radiation 

• Explain that some aspects of the behavior of EM radiation can 
best be explained using a wave model and some aspects can best 
be explained using a particle model 

Nature of EM 
radiation 

• Describe the source of electromagnetic waves as an 
accelerating charge 
• Use words and diagrams to explain how an EM wave 
propagates when an electric field oscillating in one plane 
produces a magnetic field oscillating in a plane at right angles to 
it, which produces an oscillating electric field, and so on 
• State that these mutually regenerating fields travel through 
space at a constant speed of 3x108 𝑚. 𝑠−1, represented by c 

EM spectrum • Given a list of different types of EM radiation, arrange them in 
order of frequency or wavelength 
• Given the wavelength of EM waves, calculate the frequency 
and vice versa, using the equation: 
• Give an example of the use of each type of EM radiation, i.e. 
gamma rays, X-rays, ultraviolet light, visible light, infrared, 
microwave and radio and TV waves 
• Indicate the penetrating ability of the different kinds of EM 
radiation and relate it to energy of the radiation 
• Describe the dangers of gamma rays, X-rays and the damaging 
effect of ultraviolet radiation on skin 
• Discuss radiation from cellphones 

Nature of EM as particle - 
energy of a photon related to 
frequency and 
Wavelength 

• Define a photon 
• Calculate the energy of a photon using Where h = 6.63 x10−34 

J.s is Planck’s constant, c=3x108 𝑚. 𝑠−1 is the speed of light in a 
vacuum. 

Waves, legends and folklores 

Detection of waves associated 
with natural disasters 

Discuss qualitatively animal behavior related to natural disasters 
across at most two different cultural groups and within current 
scientific studies 
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UNIT 1: TRANSVERSE WAVES & PULSES 

In this unit participants must be able to: 

 Define a transverse pulse 

 Define amplitude as maximum disturbance of a particle from its rest (equilibrium) 

position 

 Know that for a transverse pulse the particles of the medium move at right angles to 

the direction of propagation of the pulse 

 Explain that superposition is the addition of the disturbances of the two pulses that 

occupy the same space at the same time 

 Define constructive and destructive interferences 

 State and apply the principle of superposition to pulses 

 Define a transverse 

 Define wavelength, frequency, period, crest and trough of a wave 

 Explain the wave concepts: in phase and out of phase 

 Identify the wavelength, amplitude, crests, troughs, points in phase and points out of 

phase on a drawing of a transverse wave 

 Know the relationship between frequency and period 

 Define wave speed as the product of the frequency and wavelength of a wave: 

 Use the speed equation to solve problems involving waves 

 

 Transverse Pulses  

A pulse is a single disturbance which moves through a medium.  

A transverse pulse where all of the particles disturbed by the pulse move perpendicular (at a 

right angle) to the direction in which the pulse is moving.  

The amplitude of a pulse is a measurement of how far the medium is displaced momentarily 

from a position of rest.  

The pulse length is a measurement of how long the pulse is. 

 

 

 The principle of superposition states that when two disturbances occupy the same space at 

the same time the resulting disturbance is the sum of two disturbances.  

Constructive interference takes place when two pulses meet each other to create a larger 

pulse. Could be two crests meeting or two troughs meeting.  
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Destructive interference takes place when two pulses meet and result in a smaller amplitude 

disturbance. 

 

 

 

Transverse Waves  

Note: There is no net displacement of the particles of the medium (they move up and down 

and return to their equilibrium position), but there is a net displacement of the wave.  

When series of pulses are produced, in a regular, repetitive manner, a wave is formed. If the 

pulses are transverse pulses, then the wave formed in a transverse wave.  

So a wave is a periodic, continuous disturbance that consists of a train of pulses. 
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The frequency of the wave tells us how many waves pass a point in one second. Frequency 

has the unit Hertz, which means per second.  Therefore, frequency is the number of cycles 

over time taken to complete those cycles 

Period and frequency are closely related to each other.  

And  

Where: f = frequency of the wave measured in Hertz (Hz)  

 

T = period measured in seconds (s)  

With a pulse, we were able to calculate the speed of the pulse by using the equation:  

 

The speed of a transverse wave can also be calculated using this equation. But we can use 

more specific values.  

The distance (D) is the wavelength (λ) of the transverse wave (the distance between two 

points in phase), the time taken for the wave to move this distance is the period of the wave. 

(Remember period is the time taken for the one wavelength to move pass a point) 

So the equation changes as follows: 

 

Since we know that 

                                                                     

So this means we say 

                                       

Where: v = speed measured in m.s-1  

               λ = wavelength measured in m  

f = frequency measured in Hz 
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A crest is a point on the wave where the displacement of the medium is at a maximum.  

A trough is a point on the wave where the displacement of the medium is at a minimum. 

 

Worked Example 1 

1. A pulse has a speed of 2, 5m · s−1. How far will it have travelled in 6 s?  

2. The following diagrams each show two approaching pulses. Redraw the diagrams to 

show what type of interference takes place, and label the type of interference. 

a)  
b)  

 
3. Study the following diagram and answer the questions:  

 

a) Identify two sets of points that are in phase.  

b) Identify two sets of points that are out of phase.  

c) Identify any two points that would indicate a wavelength.  

 

Solution 

1. 𝑣 =
𝐷

𝑡
 

               D = v.t  

    = 2.5 X 6   

    = 15 m 
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2. a)      amplitude= +4 units, constructive    

interference 

b)  Amplitude= -1 unit, destructive                          

interference 

3. a) B & J, A & I, E & M 

   b)  B & E, C & G, K & O 

   c)  A & I, C & K, G & O 

 

ACTIVITY 1    

Aim of Activity  
 
 

To allow participants to apply principle of superposition,    give 
one term for a given statement and apply wave equation to 
perform solution.       

Duration  40 min 

Methodology  Participants work alone 30 min then compare answers in pairs 10 
min 
 

Resources Pencil, ruler and calculator 

 

1. Provide the correct term for each of the following:     

a. A single disturbance in a medium  

………………………………………………………………………………………………… 

b. The distance of one complete wave measured between any two adjacent points in phase. 

………………………………………………………………………………………………… 

c. The maximum disturbance of the medium from rest. 

………………………………………………………………………………………………… 

d. The time taken for one complete wave to pass a point. 

………………………………………………………………………………………………… 

e. The number of waves passing a point per second. 

………………………………………………………………………………………………… 
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f. The substance that carries the wave. 

………………………………………………………………………………………………… 

2. A boat, out on the ocean experiences waves (swells) passing, lifting it 8 m from trough to 

crest.  Waves pass every 7 s and are a measured distance of 10 m apart from crest to adjacent 

crest.  

a.) What is the amplitude of the waves? 

………………………………………………………………………………………………… 

b.) Calculate the frequency of the waves.  

c.) Assuming none of the conditions change, how long will it take for these waves to reach 

the shore 24 km away?  

b) 

 

 

 

 

 

 

 

 

 

 

 

c) 

 

3. Two pulses move towards one another. Pulse 1 has amplitude of 5 cm and moves from left 

to right. Pulse 2 has amplitude of -3 cm and moved from right to left.  

a.) Draw a sketch to indicate these pulses relative to one another.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b.) Identify the type of interference that will occur when the pulses meet. Provide a reason for 

your answer.  

………………………………………………………………………………………………… 
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c.) Calculate the amplitude of the resulting pulse when the two pulses meet.  

 

 

 

 

 

 

 

d.) Draw a sketch indicating what happens to the pulses when they have passed one another.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIT 2:  LONGITUDINAL WAVES AND SOUND 

 In this unit participants must be able to :  

 Define longitudinal pulses and waves  

 Define the wavelength and amplitude of a longitudinal wave 

 Define compression and rarefaction 

 Differentiate between longitudinal and transverse waves 

 Define the period and frequency of a longitudinal wave and the relationship between 

the two quantities 

 Use the equation to solve problems involving longitudinal waves 

 Explain that sound waves are created by vibrations in a medium in the direction of 

propagation.  

 Describe a sound wave as a longitudinal wave 

 Explain the relationship between wave speed and the properties of the medium in 

which the wave travels (gas, liquid or solid) 

 Understand that sound waves undergo reflection. 

 Understand what echoes are. 

 Use the equation for wave speed, to solve problems involving sound waves. 

 Relate the pitch of a sound to the frequency of a sound wave. 

 Relate the loudness of a sound to both the amplitude of a sound wave and the 

sensitivity of the human ear. 

 Describe sound with frequencies higher than 20 kHz as ultrasound 
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TERMINOLOGY  

Longitudinal waves: A longitudinal wave is a wave where the particles in the medium move 

parallel to the direction of propagation of the wave  

 

Compression: A compression is a region in a longitudinal wave where the particles are 

closest together.  

Rarefaction: A rarefaction is a region in a longitudinal wave where the particles are furthest 

apart.  

 

Wavelength: The wavelength in a longitudinal wave is the distance between two consecutive 

points that are in phase 

 

 

 Amplitude: The amplitude is the maximum displacement from equilibrium. This would be 

maximum increase (or decrease) in pressure from the equilibrium pressure that is caused 

when a compression (or rarefaction) passes a point.  

Period: The period of a wave is the time taken by the wave to move one wavelength  

Frequency: The frequency of a wave is the number of wavelengths per second. 

 So if a longitudinal wave has wavelength, amplitude, frequency and period, just as a 

transverse wave does, it is possible to calculate the speed of the longitudinal wave in the 

same way as for a transverse wave. 
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We can use this equation as proven above:  

 

Where: v = speed measured in  𝑚. 𝑠−1 

               λ = wavelength measured in m  

f = frequency measured in Hz 

 

 

 Sound Wave  

 Sound waves are longitudinal waves that result from the vibration of an object.   

 The vibration is parallel to the direction of the propagation and causes the particles of 

the medium to compressed and rarefied.  

 This causes pressure changes in the material through which the sound is travelling.  

 This means, when a source of the sound vibrates it creates regions of high pressure 

and regions of low pressure. Sound waves are pressure waves and they transmit 

energy. 

 Since a sound wave moves particles of the material, so it is mechanical wave.   

 Therefore longitudinal waves cannot pass through a vacuum.   

 Sound wave travel well in gas (air), better in liquids and best in solid.   

 Sound wave moves further and faster through a solid than through air.  

 Speed of sound waves are temperature dependence, this means speed of sound wave 

change as the temperature changes. The speed of sound increases with the increase in 

temperature.  Kinetic Molecular Theory explains this phenomenon better. 

SONAR: Sound Navigation and Ranging. 

A medium is the substance or material through which a pulse or a wave moves. 

Speed of sound waves depends on the medium.  

● Phase:  

Solids: particles are closer together – therefore sound waves move fastest in solids.  

● Temperature:  

Higher temperature – particles move faster, higher kinetic energy – therefore sound waves 

move faster.  

● Air pressure:  

Higher air pressure– therefore waves move faster found at sea level where air is denser. 

Pitch of sound relates to the frequency of the sound wave. e.g middle “C” is 256 Hz. The 

higher the pitch the higher the frequency. 
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The human ear can detect a wide range of frequencies. Frequencies from 20 to 20 000 Hz are 

audible to the human ear. Any sound with a frequency below 20 Hz is known as an 

infrasound and any sound with a frequency above 20 000 Hz is known as an ultrasound.  

Loudness of sound relates to the amplitude of the sound wave. The higher the amplitude the 

louder the sound. 

 

 

 

Applications  

Echoes: Sound waves are reflected off smooth surfaces. You can hear a repeat of “hello” a 

split second later.  

Reflection and echoes 

When sound waves collide with an object they get reflected.  Sound waves bounce off the 

object causing the wave to be reflected.  In a space with many small objects there are 

reflections at every surface but they are too small and too mixed up to have an outcome that a 

human can hear.  However, when there is an open space that has only large surfaces, for 

example a school hall that is empty, then the reflected sound can actually be heard.  

This reflecting property of sound waves is used in Sonar, by animals like bats and dolphins –

Echolocation. 

 

Ultrasound  

Ultrasound has frequencies above 20 kHz, and humans cannot hear it.  Some animals, such as 

dogs, dolphins and bats can hear ultrasound.  Bats are active at night and use ultrasound to 

find their way in the dark.  They send out ultrasonic waves that reflect off the insects and 

other objects.  
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The speed of sound in different materials: 

 

 

Range of Frequencies: 

 

 

 

 

 



Page | 16  
 

Worked example 2 

1. A flute produces a musical note travelling at a speed of 320 𝑚. 𝑠−1. The frequency of the 

note is 256 Hz. Calculate:  

a. The period of the note.  

b. The wavelength of the note.  

Solution: 

a) 𝑃 =
1

𝑓
   =

1

256
= 0.0039 𝑠 

 

b) 𝜆 =
𝑣

𝑓
=

320

256
= 1.25 𝑚 

 

 

ACTIVITY 2  (25 min) 

Aim of Activity  
 
 

To allow participants to demonstrate understanding of 
longitudinal and sound waves; use equation to solve speed, 
wavelength, frequency exercises; and draw diagrams for notes 
with different pitch and loudness. 

Duration  25 min 

Methodology  Participants work alone 

Resources Pencil, ruler and calculator 

 

1. Give one example of longitudinal wave?  

……………………………………………………………………………    

2. Name the medium where a longitudinal wave like sound may not travel through. 

…………………………………………………………………………………… 

3. A longitudinal wave has a compression to compression distance of 10 m. It takes the wave 

5 s to pass a point.  

a. What is the wavelength of this longitudinal wave? 

…………………………………………………………………………………………… 

b. What is the speed of this wave? 
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4. A flute produces a musical sound travelling at a speed of 320 𝑚. 𝑠−1. The frequency of the 

note is 256 Hz. Calculate:  

a. the period of the note  

b. the wavelength of the note 

a) 

 

 

 

 

 

b) 

 

5. Study the following diagram representing a musical note. Redraw the diagram for a note:  

 

a. with a higher pitch  

 

 

 

 

 

 

 

 

 

 

  

 

b. that is louder 
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UNIT 3:  ELECTROMAGNETIC RADIATION 

 In this unit participants must be able to:  

 Explain that the behaviour of EM radiation can best be explained using a wave and 

particle model  

 Describe the source of electromagnetic waves as an accelerating charge 

 Use words and diagrams to explain how an EM wave propagates when an electric 

field oscillating in one plane produces a magnetic field oscillating in a plane at right 

angles to it, which produces an oscillating electric field, and so on 

 State that these mutually regenerating fields travel through space at a constant speed. 

 List of different types of EM radiation, arrange them in order of frequency or 

wavelength 

 Given the wavelength of EM waves, calculate the frequency and vice versa, using the 

equation 

 Give an example of the use of each type of EM radiation 

 Indicate the penetrating ability of the different kinds of EM radiation and relate it to 

energy of the radiation 

 Describe the dangers of gamma rays, X-rays and the damaging effect of ultraviolet 

radiation on skin 

 Define a photon 

 Calculate the energy of a photon 

 

Transverse and longitudinal waves are mechanical waves that need a medium through which 

to propagate.  Electromagnetic waves do not disturb particles.  Electromagnetic waves consist 

of varying electric and magnetic fields.  The most common example of electromagnetic (EM) 

radiation is visible light, but there is a range of radiation beyond what we can see.  

It is called electromagnetic because there are electric and magnetic fields making up the 

radiation. 

 Special Properties of light:  

 Broad spectrum: Radio waves all the way through to gamma rays.  

 All travel at a constant speed of 300 000 000 𝑚. 𝑠−1 or 3 x 108  𝑚. 𝑠−1 

 No medium is required for EM radiation to be propagated.  

 Wave nature: Has the properties of waves – undergo constructive and destructive 

interference etc.  

 Particle nature: Has the ability to behave like a particle - Wave particle duality.  

Light has both wave-like and particle-like properties (wave–particle duality), but only shows 

one or the other, depending on the kind of experiment we perform. A wave-type experiment 

shows the wave nature, and a particle-type experiment shows particle nature. One cannot test 

the wave and the particle nature at the same time. A particle of light is called a photon. 

Photon: A photon is a quantum (energy packet) of light  
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Fields: is a region or space 

Wave equation is still valid: 

 

 

 How is electromagnetic radiation produced?  

If a charge accelerates it emits electromagnetic waves. A changing electric field generates a 

magnetic field and a changing magnetic field generates an electric field.  

EM waves propagate when an electric field (E) oscillating in one plane produces a magnetic 

field (B) oscillating in a plane at right angles to it, which produces an oscillating electric 

field, and so on.  

The propagation of electromagnetic waves can be described as mutual induction. The 

changing electric field is responsible for inducing the magnetic field and vice versa. 

                                               

 

                                      Picture taken from: www.everythingscience.co.za 

EM radiation travels in a vacuum i.e. in empty space at a speed of 3 x108 𝑚. 𝑠−1 

 

EM radiation is classified into types according to the frequency of the wave: these types 

include, in order of increasing frequency, radio waves, microwaves, infrared radiation, visible 

light, ultraviolet radiation, X-rays and gamma rays. 

http://www.everythingscience.co.za/
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Notice that the human eye is only sensitive to a very small part of all possible frequencies of 

EM radiation.  

The full set of EM radiation is called the electromagnetic spectrum. To simplify things the 

EM spectrum divided into sections (such as radio, microwave, infrared, visible, ultraviolet, 

X-rays and gamma-rays).  

The EM spectrum is continuous (has no gaps) and infinite. Due to technological limitations, 

we can only use electromagnetic radiation with wavelengths between 10−14 m and 1015 m. 

 

Category  
 

 

Uses 

Radio waves Radio and television broadcasts 

Microwaves Heating food in a microwave oven 

Infrared Night vision, heat sensors, heat treatment 

Visible light Used by humans to observe our 

surroundings 

Ultraviolet Detect forgery 

X-rays Identify broken bones 

Gamma rays Uses to sterilise medical equipment 

 

Different frequencies of EM radiation have different degrees of penetration.  

Radiations with higher frequency have a higher degree of penetration than those with low 

frequency.  

E.g. Human body as the object  

Visible light reflects off our skin  

Ultraviolet can damage underlying layers of the skin – leading to possible skin cancer.  



Page | 21  
 

X-rays penetrate soft tissue and allow for images of bones inside of the human body to be 

taken.  

Energy: The frequency of the radiation is proportional to the energy of the radiation.  

i.e. higher frequency radiation has higher energy.  

High energy radiation such as ultra-violet radiation X-rays and gamma rays are very 

dangerous as they cause ionisation. Ionising radiation transfers energy as it passes through 

matter, breaking molecular bonds and creating ions.  

Excessive exposure to radiation, including sunlight, X-rays and all nuclear radiation, can 

cause destruction of biological tissue.  

The energy that electromagnetic radiation transfers can be calculated.  

When we talk of electromagnetic radiation as a particle, we refer to photons, which are 

packets of energy. The energy of the photon is related to the frequency and the wavelength of 

electromagnetic radiation according to the following equations. 

 

ACTIVITY 3  

Aim of Activity  
 
 

To allow participants to calculate speed, wavelength and 
frequency of EM radiation and use relationship of energy and 
frequency and wavelength to make comparisons. 

Duration  35 min 

Methodology  Participants work alone 

Resources Pencil, ruler and calculator 

 

Question 1 (6 min) 

1.  How is the energy of a photon related to its frequency and wavelength?  

2.  What is the energy of a photon of EM radiation with a frequency of 3 x 108 Hz? 

 

Question 2 (9 min) 

Two forms of radiation are given:  

A. 𝐸𝑀1 radiation with a frequency of 5x1011 Hz  

B. 𝐸𝑀2 radiation with a wavelength of 89x10−8m  

a.) Calculate the energy of each form EM radiation.  

b.) Compare the forms of radiation in terms of which have the longer wavelength?  
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Question 3 (16 min) 

X-rays are part of the electromagnetic spectrum. It is given that the wavelength of certain X-

rays are 23x10−10m.  

a.) Calculate the frequency of the X-rays.  

b.) Determine the energy of a photon of this X-ray radiation.  

c.) Suggest a medical use of X-rays.  

d.) Discuss the penetrating ability of X-rays.  

e.) What precautions would medical personal operating X-ray machines need to take?  
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