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N4 Waves and Radiation revision checklist

Wave characteristics 
1. Use of appropriate relationship between distance, speed and time for waves.
2. Comparison of longitudinal and transverse waves. 

3. Frequency as the number of waves per second.
4. Wavelength and amplitude of transverse waves.

5. Use of numerical or graphical data to determine the frequency of a wave.

6. Use of appropriate relationship between wave speed.
Sound 
1. Analysis of sound waveforms including changing amplitude and frequency.

2. Different methods of measurement of speed of sound in air.

3. Sound level measurement including decibel scale. 

4. Noise pollution; risks to human hearing and methods of protecting hearing. 

5. Applications of sonar and ultrasound.  

6. Sound reproduction technologies. Vinyl, tape, CDs, MP3s

7. Noise cancellation.

Electromagnetic Spectrum 
1. Applications and hazards associated with electromagnetic radiations. 

2. Approaches to minimising risks associated with electromagnetic radiations.

Nuclear radiation 
1. Natural and artificial sources of nuclear radiation and associated medical and industrial applications. 

2. Consideration of the pros and cons of generating electricity using nuclear fuel. 
3. Comparison of risk due to nuclear radiation and other environmental hazards and the management of this risk.

WAVES

Waves can transfer energy, e.g. water waves can transfer energy across the water. Radio and television signals are waves that travel through the air at 300 million m/s. (3 x 108 m/s). This is the same speed as the speed of light. The light from a thunder storm is seen before the sound of the thunder since the speed of light is much greater than the speed of sound (speed of sound in air = 340 m/s).

The distance travelled by a wave travelling at a constant speed can be calculated using:
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distance = speed x time or d = s x t 
	Quantity
	Units

	distance
	metres (m)

	speed
	metres per second (m/s or ms-1)

	time
	seconds (s)


you can also calculate: 
speed = distance ÷ time or s = d/t 
time = distance ÷ speed or t = d/s

Wave Characteristics
The frequency, f, of a wave is the number of waves that pass a point in 1 s. Frequency is measured in hertz (Hz).
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frequency = number of waves ÷ time for waves to pass
Example
5 waves pass a point in 2 seconds.  What is their frequency?
frequency = number of waves ÷ time


      = 5 ÷ 2

 
      = 2.5 Hz

The period, T, of a wave is the time it takes one wave to pass a point. Period is measured in seconds (s).
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Material Speed in ms™!
Aluminium 5200
Air 340
Bone 4100
Carbon dioxide 270
Glycerol 1900
Muscle 1600
Steel 5200
Tissue 1500
Water 1500





period = time for waves to pass ÷ number of waves

Example
4 water waves pass in 8 seconds.  How long does it take for one wave to pass?

period 
= time ÷ number of waves


= 8 ÷ 4


= 2 s

Since the equation for frequency and period are the inverse of each other:
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frequency = 1 ÷ period 

and

period = 1 ÷ frequency
The wavelength, λ, of a wave is the horizontal distance between two adjacent troughs or crests or any two corresponding points on the wave. Wavelength is measured in metres (m).

The amplitude of a wave is half the vertical distance between a trough and a crest. Amplitude is measured in metres (m).

[image: image1.emf]
Example

In the diagram above the distance between X and Y is 10 m. If 20 waves pass B in 5 s, find

a) the wavelength b) the frequency and c) the period of the wave.

a) 
XY = 4 complete wavelengths = 10 m.

λ = [image: image3.png]


 = 2.5m
b) 
In 5s the number of waves that pass Y = 20

In 1 s the number of waves that pass Y = [image: image5.png]


4
Frequency, f = 4 Hz
c) 
20 waves pass B in 5s

Time for 1 wave = [image: image7.png]


 = 0.25 s
Period of wave = 0.25s
Transverse and longitudinal waves
A transverse wave is one in which the particles making up the wave vibrate at 90° (right angles) to the direction of the wave.

Examples of transverse waves are water waves, light, gamma rays, X-rays and all members of the electromagnetic spectrum.

[image: image8.emf]
A longitudinal wave's particles vibrate along the same line as the direction of the wave. Sound travels as a longitudinal wave.
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Sound travels at different speeds through different materials:
[image: image33.emf]
From the table it is clear that sound travels fastest through solids and slowest through gas.
Because solids are more dense than liquids or gases the sound vibrations can travel more quickly through them.

Sound does not travel through a vacuum because there are not particles for the vibrations to travel through.
Prefixes
In Physics we use various letters to help shorten very large and very small numbers.  You may have heard of some of them.  The table below shows the most common ones you will come across in the N4 and N5 Physics course:

	Prefix
	Symbol
	Represents
	Scientific notation

	nano
	n
	0.000000001
	1 x 10-9

	micro
	µ
	0.000001
	1 x 10-6

	milli
	m
	0.001
	1 x 10-3

	kilo
	k
	1000
	1 x 103

	mega
	M
	1 000 000
	1 x 106

	giga
	G
	1 000 000 000
	1 x 109


Example
A radio wave has a frequency of 4.5 MHz.  How waves per second is this?

frequency = 4.5 x 1 000 000 

     = 4 500 000 Hz, so 4 500 000 waves per second.
Speed, frequency and wavelength.

The relationship between these is 
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	Quantity
	Units

	speed
	metres per second (m/s)

	frequency
	hertz (Hz)

	wavelength
	metres (m)


speed = frequency x wavelength or v = f x λ 

frequency = speed ÷ wavelength or f = v / λ 

wavelength = speed ÷ frequency  or λ = v / f

This is known as the wave equation.
Example 1
A dolphin produces a sound wave of frequency of 100 kHz.  What is it’s wavelength?

frequency = 100 kHz


speed = 1500 m/s (from table on previous page)

     = 100,000 Hz

wavelength = speed ÷ frequency


        = 1500 ÷ 100,000


        = 0.015 m


        = 1.5 cm

Example 2
Microwaves have a wavelength of 3.2 cm. Calculate their frequency.
f = v ÷ λ

  = 300 000 000 ÷ 0.032

  = 9 375 000 000 Hz

The Electromagnetic Spectrum
Listed below are the members of the electromagnetic spectrum in order of increasing wavelength:
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Gamma rays, X-rays, ultraviolet, visible light, infrared, microwaves, TV and radio.

Each member travels at the speed of light = 300,000,000 m/s
Research the different parts of the electromagnetic spectrum to complete the table on the next page.

	Part of 

EM
	f (Hz)
	λ (m)
	Source
	Detector

	Radio

& TV
	1x104- 1x108
	~1x103
	
	

	Micro-waves
	1x108- 1x1010
	~1x10-2
	
	

	Infrared
	1x1010- 1x1013
	~1x10-5
	
	

	Visible Light
	1x1013- 1x1015
	~1x10-6
	
	

	Ultra-violet
	1x1015- 1x1017
	~1x10-8
	
	

	Gamma Rays
	1x1017- 1x1020
	~1x10-10
	
	


The Application of the Electromagnetic Spectrum
All parts of the electromagnetic spectrum can be used in a variety of ways in both medical and industrial applications.  Complete the table below to give examples of this and also any hazards associated with each part of the spectrum.
	EM spectrum part
	Use
	Hazard

	TV and radio
	
	

	microwaves
	
	

	infrared
	
	

	visible light
	
	

	ultraviolet
	
	

	X-rays
	
	

	gamma rays
	
	


Visible Light
Reflection

The diagram below shows the path of a ray of light when reflected off a mirror. The normal is a line drawn at 90° to the mirror.
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Curved Reflectors

These can be used in transmitters and receivers of waves, e.g. sound, infrared, microwaves, 

TV signals and satellite communication.

[image: image10.emf]
Total Internal Reflection and Critical Angle

If light hits the inside of a material at an angle greater than the critical angle then the light undergoes total internal reflection:
[image: image11.emf]
Optical Fibres

Light can travel through these by being totally internally reflected.

[image: image12.emf]
Optical fibres are narrow tubes of glass fibres with a plastic coating that carry light from one end to the other. The light bounces off the walls of the fibre and can even bounce around corners. The properties of optical fibres make them useful for a wide range of applications including: 

· Medical - to transmit pictures of organs and arteries using endoscopes

· Industrial - to transmit pictures of the inside of complex machinery 

· Communications - to transmit data over long distances without transmission loss 

[image: image37.emf]Advantages of using endoscopes
The use of endoscopes is much less invasive than open surgery because only a small incision in the body is required whereas open surgery requires deep incisions. This also means that recovery is quicker and there is less swelling, scarring and risk of infection. Endoscopes can be used by an outpatients department and does not need to be done by a hospital. This reduces costs. 
Keyhole surgery

Keyhole surgery involves the use of lasers with endoscopes. Lasers are useful for such surgery because: 

· They can shine high intensity light down an endoscope that can be focussed for cutting or destroying tissue. 

· They produce heat that causes the tissue around the cut to seal and prevents bleeding. 

· The beam is narrow and can therefore make very precise and accurate cuts. 

· Different frequency lasers can be used depending on the area being targeted. 

Other medical uses for lasers

Due to their high intensity, narrow beam and high precision, lasers can be used for surgery that was previously extremely difficult and dangerous. They are now used in cosmetic surgery for removal of scars, wrinkles, birthmarks, blood vessels and hair and can also be used in laser eye surgery to alter the surface of the cornea on a microscopic scale in order to correct sight. 

Refraction

When light passes from one medium to another, e.g. air to glass, part is reflected back into air and the rest passes through the medium with a change in direction.

[image: image13.emf]
The light is said to be refracted as it passes through the glass. This is due to the speed of light being less in glass than air. The ray will move towards the normal. The speed of a light ray increases as it leaves the medium. When a ray of light's speed increases then it will move away from the normal.

[image: image14.emf]
It is refraction that allows us to see all the colours within white light:

[image: image38.emf]
Colours in the visible spectrum in order of increasing frequency are red, orange, yellow, green, blue, indigo and violet (ROYGBIV).

Red is refracted the least and has the lowest frequency.

Violet is refracted the most and has the highest frequency.

Lenses

The ray diagrams below show the effect of converging and diverging lenses on parallel rays of light.

[image: image15.emf]
Short and Long Sight

People who are short sighted can see near objects clearly but have difficulty seeing distant objects. The image is formed short of the retina of the eye.


Long sighted people can see distant images clearly but have difficulty seeing near objects. The image would be formed behind the retina of the eye.


To rectify these:

• a diverging lens is used for short sight

• a converging lens is used for long sight
Sound
Complete the diagrams

Measuring sound levels

Set up


	Sound situation
	Sound level (dB)

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Noise pollution has three main sources:-
1. Transport eg cars, lorries, trains and aeroplanes

2. Social eg noisy neighbours, playing loud music in a car or using an ipod at a volume which other people can hear.

3. Industrial eg roadworks or from a building site.

 Sonar 
Ultrasound

Sound recording 

Sounds can be recorded in different ways:-

· Vinyl uses a plastic disc with grooves which have a surface that creates the music.
· Magnetic tape uses tape which has the music stored as a changing magnetic field.

· CDs use reflective surfaces to chance a digital signal into sound.

· MP3 / iPlayers use digital electronics to store and reproduce music.

Noise cancellation can reduce unwanted sound by taking a sound, inverting the signal and playing it at the same time as the incoming noise.
IONISING RADIATIONS

Atoms

Every substance is made up of atoms. Each element is made up of the one kind of atom. Inside each atom there is a central part called the nucleus. The nucleus contains two particles:
protons: these have a positive charge
neutrons: these have no charge.

Surrounding the nucleus are negatively charged electrons. An uncharged atom will have the same number of protons and electrons. Consider the element helium, which has two neutrons and two protons in the nucleus, and two electrons surrounding the nucleus. This can be represented as:

[image: image16.emf]
Ionisation

Atoms are normally electrically neutral but it is possible to add electrons to an atom or take them away. When an electron is added to an atom a negative ion is formed; when an electron is removed a positive ion is formed. The addition or removal of an electron or electrons is called ionisation. It is important to remember that the nucleus remains unchanged during this time.

Ionising Radiations

There are some atoms which have unstable nuclei which throw out particles to make the nucleus more stable. These atoms are called radioactive. The particles thrown out cause ionisation and are called ionising radiations. There are three types of ionising radiation:

Alpha particles are the nuclei of helium atoms. They have 2 neutrons and 2 protons in the

nucleus and are therefore positively charged.

Symbol: [image: image18.png]



Beta particles are fast moving electrons. They are special electrons because they come from

within the nucleus of an atom. They are caused by the break up of a neutron into a positively

charged proton and a negatively charged electron.

Symbol: [image: image20.png]



Gamma rays are caused by energy changes in the nuclei. Often the gamma rays are sent out at the same time as alpha or beta particles. Gamma rays have no mass or charge and carry energy from the nucleus leaving the nucleus in a more stable state.  Gamma rays are part of the EM spectrum.
Symbol: γ
Properties of radiation

Alpha particles will travel about 5 cm through the air before they are fully absorbed. They will be stopped by a sheet of paper. Alpha particles produce much greater ionisation density than beta particles or gamma rays. They move much more slowly than beta or gamma radiation.

Beta particles can travel several metres through air and will be stopped by a sheet of aluminium a few millimetres thick. They have a lower ionisation density than alpha particles.
Gamma rays can only be stopped by a very thick piece of lead. They travel at the speed of

light and have a very low ionisation density.

Detection of Radiation

A Geiger-Müller (GM) tube is used to detect α, β and γ radiation. If any of these enter the tube, ions are produced resulting in a small current flow The current is amplified and a counter counts the number of events giving an indication of the level of radioactivity.[image: image21.emf]
Effects of radiation on living things

All living things are made of cells. Ionising radiation can kill or change the nature of healthy cells. This can lead to different types of cancer.

Uses of the properties of radiation

Radiation can be used in the treatment of cancer. The radioactive source, cobalt-60 kills malignant cancer cells. The source is rotated around the body centred on the cancerous tissue

so the cancerous cells receive radiation all the time. However, as the source is moving the healthy tissue only receives the radiation for a short time and is therefore not damaged.

Background radiation

Everyone is exposed to background radiation from natural and from man-made radioactive material. Background radiation is always present. Some of the factors affecting background radiation levels are:

· Rocks which contain radioactive material, expose us to ionising particles

· Cosmic rays from the sun and outer space emit lots of protons which cause

ionisation in our atmosphere

· Building material contain radioactive particles and radioactive radon gas seeps up

from the soil and collects in buildings, mainly due to lack of ventilation.

· The human body contains radioactive potassium and carbon

· In some jobs people are at greater risk. Radiographers exposed to X-rays used in

hospitals and nuclear workers from the reactor.

Natural radiation is by far the greatest influence on our exposure to background radiation.

Examples
	Natural Source
	Annual dose (mSv)
	Man made
	Annual dose (mSv)

	From Earth
	0.4
	Medical
	0.25

	Cosmic
	0.3
	Weapons (fall out)
	0.01

	Food
	0.37
	Occupational
	0.01

	Buildings (radon)
	0.8
	Nuclear discharges
	0.002

	Total
	1.97
	Total
	0.272


The individual values above do not need to be memorised but notice that the annual dose equivalent per year is about 2 mSv.

Half-life

Radioactive decay is a random process. This means that for a radioactive source, it can never be predicted when an atom is about to decay. In any radioactive source, the activity decreases with time because the number of unstable atoms gradually decreases leaving fewer atoms to decay.

The half-life of a radioactive source is the time for the activity to fall to half its original value. 




NUCLEAR REACTORS

Advantages of using nuclear power to produce electricity

· Fossil fuels are running out, so nuclear power provides a convenient way of producing electricity.

· A nuclear power station needs very little fuel compared with a coal or oil-fired power station. A tonne of uranium gives as much energy as 25000 tonnes of coal.

· Unlike fossil fuels, nuclear fuel does not release large quantities of carbon dioxide and sulphur dioxide into the atmosphere, which are a cause of acid rain.

Disadvantages of using nuclear power to produce electricity

· A serious accident in a nuclear power station is a major disaster. British nuclear reactors cannot blow up like a nuclear bomb but even a conventional explosion can possibly release tonnes of radioactive materials into the atmosphere. (The Chernobyl disaster was an example of a serious accident.)

· Nuclear power stations produce radioactive waste, some of which is very difficult to deal with.

· After a few decades nuclear power stations themselves will have to be disposed of.

Nuclear fission

An atom of uranium can be split by a neutron. This can produce two new nuclei plus the emission of neutrons and the release of energy.

[image: image22.emf]
Chain reaction

Once a nucleus has divided by fission, the neutrons that are emitted can strike other neighbouring nuclei and cause them to split releasing energy each time. This results in what is called a chain reaction as shown below.


[image: image23.emf]
The nuclear reactor

There are five main parts of a reactor as shown in the diagram below:

[image: image24.emf]
· The fuel rods are made of uranium-238 enriched with uranium-235 which produce energy by fission.

· The moderator, normally made of graphite, has the fuel rods embedded in it. The purpose of the moderator is to slow down neutrons that are produced in fission, since a nucleus is split more easily by slow moving neutrons.

· The control rods are normally made of boron, and they control the rate of production of energy. The boron rods absorb neutrons so by lowering them into the reactor, the reaction can be slowed down. In the event of an emergency they are pushed right into the core of the reactor and the chain reaction stops completely.

· A cooling system is needed to cool the reactor and to transfer heat to the boilers in order to generate electricity. British gas-cooled reactors use carbon dioxide gas as a coolant.

· The containment vessel is made of thick concrete which acts as a shield to absorb neutrons and other radiations.

Radioactive waste

Nuclear power stations produce radioactive waste materials, some of which have half-lives of hundreds of years. These waste products are first set in concrete and steel containers then buried deep under ground or dropped to the bottom of the sea. These types of disposals are very controversial. Some scientists believe the containers will keep the radioactive material safe for along time, other scientists are worried that the containers will not remain intact for such a long time. Most recently the British government has decided to dig up radioactive waste buried in the 1960's near Dounreay in Scotland for fear of radioactive leakage.
N4 Waves & Radiation revision

To do well in the waves and radiation test you will need to know most of the following.

	           Wave parameters and behaviours 
	(
	(
	(

	· Energy can be transferred as waves.
	
	
	

	· Explain , by a diagram, the difference between longitudinal and transverse waves.
	
	
	

	· Frequency =  the number of waves per second.
	
	
	

	· What is the wavelength and amplitude of a transverse wave?
	
	
	

	· Work out the frequency of a wave given a diagram or numbers.
	
	
	

	· Use the equation speed = frequency x wavelength
	
	
	

	· Use speed = distance / time for waves.
	
	
	


	Sound
	(
	(
	(

	· Analyse sound wave diagrams which show different levels of loudness and different frequencies.
	
	
	

	· Explain different methods of the measurement of the speed of sound in air.
	
	
	

	· Explain how sound levels are measured including the decibel scale.
	
	
	

	· Explain how different sound recording methods work.
	
	
	

	· Explain what noise cancellation is.
	
	
	


	Electromagnetic spectrum
	(
	(
	(

	· Know the seven different parts of the electromagnetic spectrum.
	
	
	

	· Know the uses of the different parts of the electromagnetic spectrum and what their hazards are.
	
	
	

	· Know how to reduce the risk from exposure to different parts of the electromagnetic spectrum.
	
	
	


	Nuclear radiation
	(
	(
	(

	· Know the three types of nuclear radiation and where they are used in industry and medicine.
	
	
	

	· Understand  the pros and cons of generating

electricity using nuclear fuel.
	
	
	

	· Understand the risk due to nuclear radiation and compare them with other environmental hazards and how to manage the  risk.
	
	
	

	· State a natural and artificial source of unclear radiation
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Measuring the speed of sound





1)	


Make a sound at a distance.


Start a stopwatch when you see the sound being made, stop the stopwatch when you hear the sound. Record the time.


Measure the distance to the sound.


Speed = distance ÷ time (m/s)





Draw a diagram here




















2)


In a science lab set up two microphones 1m apart, which are connected to a computer timer.


Make a noise in front of one microphone.


The computer records the time for the sound to travel 1m between the microphones.


Speed = 1 ÷ time (m/s)





Draw a diagram here








A loud high
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frequency sound





A quiet low
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Sonar uses the time taken for a sound wave to reflect back from an object to work out where it is.


Bats and dolphins use sonar to detect prey, fishing boats use sonar to detect shoals of fish.





Ultrasound uses the same technique as sonar but using high frequency sound to produce images of parts of the body on a computer screen.





The sign should be displayed on all doors/corridors leading to where radioactive materials are stored.


The sign should be displayed on all containers of radioactive materials.








	Safety with radioactivity





Always use forceps or a lifting tool to remove a source. Never use bare hands.


Arrange a source so that its radiation window points away from the body.


Never bring a source close to your eyes for examination. It should be identified by a colour or number.


When in use, a source must be attended by an authorised person and it must be returned to a locked and labelled store in its special shielded box immediately after use.


After any experiment with radioactive materials, wash your hands thoroughly before you eat. (This applies particularly to the handling of radioactive rock samples and all open sources.)


In the U.K. students under 16 may not handle radioactive sources.





	Reducing Radiation Dose





Use shielding, by keeping all radioactive materials in sealed containers made of thick lead. Wear protective lead aprons to protect the trunk of the body. Any window used for viewing radioactive material should be made of lead glass.


Keep as far away from the radioactive materials as possible.


Keep the times for which you are exposed to the material as short and as few as possible (dentists often ask you to hold the X-ray film in place while they keep well behind the screen. This may seem unfair - but the dentist takes lots of X-rays over the year and so is at greater risk.)





Radioactive hazard warning sign


�








Draw a labelled diagram of the set up for the half thickness experiment and explain how you used it.





























 Sketch a graph of the results.


 











Half Value Thickness


One of the methods of reducing Equivalent dose is shielding. By shielding with the half-value thickness of a material the detected radiation is reduced by a half. Add another half value thickness and the reading is down to a quarter and so on.








In a controlled chain reaction, on average only one neutron from each fission will strike another nucleus and cause it to divide. This is what happens in a nuclear power station. In an uncontrolled chain reaction all the neutrons from each fission strike other nuclei producing a large surge of energy. This occurs in atomic bombs.
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