National 5 Physics   -   Waves and Radiation Summary Notes


Wave Parameters and Behaviours
Longitudinal and transverse waves

Waves transfer energy from one place to another. There are two types of wave.

Transverse wave.  Examples of a transverse wave are water waves and light. The particles of the medium carrying the wave move at right angles to the direction of energy travel.
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Longitudinal wave. An example of a longitudinal wave is sound. The particles of the medium carrying the wave move parallel to the direction of energy travel.
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Wave definitions

period - time taken for one wave to pass a point.

frequency - number of waves each second.

amplitude - distance from the mid line to a wave crest or wave trough.

wavelength - the distance between the point on a wave and the identical point on the next wave.

wave speed - distance the wave travels each second.
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The period of the wave can be calculated using the formula:
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where 
T  =  period of the wave

f  =  frequency of the wave

Calculating wave speed using frequency and wavelength

The speed of a wave can be calculated if you know its wavelength and frequency.

Use the equation 
wave speed  =  frequency × wavelength
v  =  f λ
where
v  =  speed of wave measured in metres per second (m s-1)

λ  =  wavelength measured in metres (m)


f  =  frequency measured in hertz (Hz)

Calculating wave speed using distance and time

The speed of a wave can also be calculated from the distance it travels in a given time.

Use the equation 
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where
v  =  speed of wave measured in metres per second (m s-1)

d  =  distance wave travels in metres (m)


t  =  time taken for wave to travel given distance (s)
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Waves and Diffraction

The behaviour of water waves can be examined using a ripple tank like the one shown opposite. 

A vibrating bar produces a series of plane or straight waves. If these meet a barrier with a small gap in it, the waves appear on the other side as circular waves centred on the gap.
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The effect of waves bending when they meet obstacles is called diffraction.
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Radio waves will diffract around an object such as a large building or a hill. Short wave, higher frequency broadcasts, such as television waves, will be blocked by a hill. Longer wave broadcasts such as radio broadcasts, are able to bend around the hill as shown below.

Light

Refraction of light 

A ray of light enters a glass block as shown. The normal is a line at 90( to the glass surface.


When light travels from one medium to another, from air to glass for example, the wave undergoes certain changes. 

Travelling from air into glass the ray of light:

· slows down.

· its wavelength decreases.

· it refracts or bends towards the normal if it enters the block at an angle.

· its frequency remains unchanged.

Travelling from glass into air the ray of light:

· speeds up.

· its wavelength increases.

· it refracts or bends away from the normal if it leaves the block at an angle.

· its frequency remains unchanged.

Light passing through a glass block will emerge parallel with the incident beam though offset due to the refraction effect. This is why a straw in a glass of water appears bent when you look at it.




Applications of Refraction

When light enters a glass shape its path will alter(unless it passes along the normal in which case it does not change direction). This can be made use of in lenses. They can be either convex or concave as shown below.



The refraction of light is also responsible for the colours seen when white light is split into its component colours when it enters a prism.


Red light is refracted least by the prism and violet the most giving the order shown above (remembered using the pneumonic – Richard Of York Gave Battle Vainly.)

Total Internal Reflection

If a ray of light enters a semi-circular glass block it will be refracted out the other side. In the process, it bends away from the normal. At one particular angle, called the critical angle, the light is refracted at 90( along the glass face.

If the ray of light enters the glass block above the critical angle, then all the light will be reflected back into the glass as shown opposite.


A ray of light which undergoes total internal reflection obeys the law of reflection, as though the light had been reflected from a mirror ie. the angle of incidence equals the angle of reflection.
Total internal reflection is made use of in optical fibres. Light can be transmitted along lengths of fine glass fibres. The light remains inside the fibre because of total internal reflection. Optical fibres are used a lot in the telecommunications industry as they can carry high volumes of data e.g. broadband data.


Electromagnetic Spectrum

The Electromagnetic Spectrum

The electromagnetic spectrum consists of a family of waves, one of which is light. They all travel with the speed of light i.e. 3 ( 108 m s-1. Their properties vary however, depending upon the frequency and wavelength of the waves. All the waves are transverse and are able to travel through a vacuum.

The higher the frequency of the waves in the spectrum, the more energy they carry. This is why high frequency waves such as X-rays and gamma radiation are the most dangerous.


Radio and TV waves

Radio and TV waves are all around us. These have the longest wavelength of any wave in the electromagnetic spectrum. They are detected by a receiver tuned to the particular frequency of the wave – whether it is a TV signal or a radio signal. The waves carry information which can be decoded by the receiver to produce sound or visual images.

Microwaves

Microwaves have a shorter wavelength than radio and TV waves. They are often used in telecommunication and in mobile telephones. In high doses they could present some danger, for example excessive use of a mobile phone close to the head. Microwaves can also be used in microwave ovens where they cause water molecules in food to vibrate and generate heat. 

Infrared Radiation

Any object which is hotter than its surroundings will emit infra red radiation. It can be detected with special cameras or infrared film. Infrared can be used to treat muscle injuries and thermal images can be used to help diagnose disease.

Infra red photography can also help identify where houses are losing heat or where overhead electric cables are overheating due to a fault.

Visible Light

Visible light is the electromagnetic radiation we are most familiar with. It is detected by our eyes and the colour we see depends upon the wavelength or frequency of the light. 

Ultraviolet light

Ultraviolet light comes from the Sun or can be produced by special lamps. It causes our skin to tan but it can also be dangerous and cause severe skin damage including skin cancer. 

Ultraviolet light causes certain materials to fluoresce or glow. It can be used to show up security marking or special dyes used to print genuine bank notes.

X-rays

X-rays have the ability to pass through the human body. They can be detected by photographic film. These properties are made use of in hospitals when X-ray pictures are taken of patients. Dense tissue like bone blocks the X-rays most and these show up as pale on the images whilst soft tissue appears darker. A metal object will appear white as it completely blocks the x-rays

Gamma Radiation

Gamma radiation is potentially the most dangerous of the electromagnetic radiations but even it can be put to use in medicine. A gamma emitting liquid is injected into the patient. 

The radioactive liquid can be used to show up blood flow or tumours or particular organs such as the thyroid gland. 

The picture opposite shows the thyroid gland of a patient taken with a gamma camera.

Gamma radiation can also be used to destroy tumours inside a patient’s body. A beam of radiation is directed at the tumour from several different directions. The tumour receives a full dose but surrounding healthy tissue a lesser dose. 

The electromagnetic spectrum

Calculations involving waves from the electromagnetic spectrum can be solved using the two formula met earlier i.e.

v  =  f λ        and  
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Nuclear Radiation

Types of radiation

All nuclear radiation comes from the atom. An atom consists of protons (positively charged) and neutrons (no charge) surrounded by orbiting electrons (negatively charged).

There are three types of nuclear radiation; alpha and beta which are particles and gamma radiation which is a wave and part of the electromagnetic spectrum.
Alpha radiation is a helium nucleus and consists of 2 protons and 2 neutrons giving it a positive charge. Beta radiation is a fast moving electron which is ejected from the nucleus of an atom when a neutron splits into a proton and electron. it has a negative charge.

Gamma radiation has no charge as it is part of the electromagnetic spectrum. It has a very short wavelength and very high energy.
The properties of the three types of ionising radiation are given in the table below.

	Type of radiation
	alpha
	beta
	gamma

	Symbol
	SYMBOL 97 \f "Symbol"
	SYMBOL 98 \f "Symbol"
	SYMBOL 103 \f "Symbol"

	Consists of
	2 protons and 2 neutrons
	a fast moving electron
	a wave, part of the electromagnetic spectrum

	Blocked by
	thin sheet of paper or a few cm of air
	about 3 mm of aluminium
	about 3 cm of lead

	Ability to ionise
	strong
	weak
	weak


Ionisation occurs when radiation causes the atom to become charged. This can happen when an atom captures an electron to become negatively charged or an electron is knocked off an atom to leave it positively charged.

The more a radiation is able to ionise the more likely it is to cause damage to living cells. Alpha is the most dangerous in this respect, but it is also the least able to enter the body unless swallowed or breathed in. 

Activity of a Source

A radioactive substance contains many nuclei which undergo decay in a random manner. The ACTIVITY of a source is the number of decays per second. 

Activity can be calculated using the formula:
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where
 A =  activity in becquerels (Bq)

N  =  number of nuclei decaying

  t  =  time in seconds (s)

Activity is measured in becquerels and 1 Bq is equivalent to 1 decay per second.

Background Radiation

Background  radiation is radiation which is present all the time. It can come from either man made sources or from naturally occurring sources.


Man made sources include building materials, radioactive material used in medicine and radioactive materials used in smoke detectors or luminous watches.

Natural sources of radiation includes cosmic radiation from outer space, rocks and minerals such as granite, radon gas from underground and even the food we eat.

Absorbed and Equivalent Dose

The effect of radiation on the human body is measured by absorbed dose and equivalent dose. 

When alpha, beta or gamma radiation is absorbed by the human body its energy is deposited in the absorbing tissue. This is measured by the absorbed dose which is the energy absorbed per unit mass of the absorbing material.
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where
D  =  absorbed dose in grays (Gy)

E  =  energy in joules (J)

m  =  mass in kilograms (kg)

One gray is equivalent to one joule of energy being absorbed per kilogram of body tissue.

Equivalent Dose 

Human tissue can be harmed by radiation. The amount of damage done will depend upon the size of the absorbed dose and the type of radiation being absorbed, whether it is alpha, beta, gamma neutrons or X-rays.

The equivalent dose is measured in sieverts. The sievert is a unit which applies a weighting factor, WR, to the absorbed dose so that the type of radiation can be taken into account. 

equivalent dose  =  absorbed dose ( weighting factor

H  =  D WR
where
  H  =  dose equivalent in sieverts (Sv)

  D  =  absorbed dose in grays (Gy)

WR  =  weighting factor

Some weighting factors are shown below. Alpha particles have a high weighting factor due to their strong ionising effect which causes more damage to cells. 

	Type of radiation
	weighting factor, WR

	X-rays
	  1

	gamma rays
	  1

	beta particles
	  1

	slow neutrons
	  5

	fast neutrons
	10

	alpha particles
	20


Applications of Nuclear Radiation 

Nuclear radiation is used in medical applications to help diagnose and treat disease as well as in industrial applications.


Medical uses

· used to treat tumours by killing the cancer cells present in the tumour. 
A beam of gamma radiation is fired into the patient from several angles. The tumour being treated is targeted by every beam and receives a full dose of radiation. Surrounding healthy tissue receives a much weaker dose.

· radioactive liquid can be injected into a patient and its path around the body traced using special instruments.

· radiation can be concentrated in certain organs in the body and this helps a doctor to diagnose or treat disease.

· can sterilise medical instruments by destroying any organisms on them. 

Industrial uses

· used in smoke detectors.

· can be used in control processes in manufacturing e.g. to measure the thickness of a material by the amount of radiation absorbed.

· tracing leaks and cracks in pipes.

Half-life

Over time, the activity of a source will decrease. The rate at which a radioactive source loses its radioactivity is measured by its half-life. Half-life is defined as the time it takes for activity of the source to decrease to half of its original value.

A radioactive source with a long half-life will remain radioactive for much longer than one with a short half life. The half-life of a source can range from fractions of a second to thousands of years.

The half-life of a source can be found experimentally by measuring its activity over a period of time using a geiger counter as shown below.


The activity of the source is measured over a period of time. The background count is first measured with no source in place and this is deducted from all the readings. The graph below is typical and shows the decrease in activity with time.

The count rate halves approximately every 16(minutes. 

The half life can also be found by simple calculation. If a substance has an activity of 80 000 Bq and a half life of 15 minutes, its activity will have reduced to 5000 Bq after 60 minutes.


Nuclear power

Nuclear reactors use uranium as a source of energy. The uranium is stored in fuel rods inside the reactor and a process called nuclear fission takes place where atoms split and release heat energy.


The heat energy released from the nuclear reactions is used to turn water into high pressure steam. The steam drives a turbine which then rotates the generator to produce electricity.

Nuclear Fusion and Fission

Nuclear reactions are one of two types—nuclear fusion or nuclear fission.

Nuclear fusion takes place when two small nuclei collide and join together to create a larger nucleus. This also causes heat energy to be released. This is the same atomic reaction that takes place in the Sun. 

Nuclear fission takes place when a neutron collides with a large unstable nucleus. This causes it to split into two smaller nuclei. At the same time it releases more neutrons and a quantity of heat.

In a nuclear reactor the neutrons go on to produce further fission reactions though the number of these is controlled to limit the amount of heat produced. This is called a chain reaction.


Advantages of Nuclear Power 

· A small amount of radioactive material can produce a lot of energy.

· Nuclear reactors do not produce carbon dioxide, sulphur dioxide or other pollutants.

· Nuclear reactors can supply large amounts of energy, replacing power stations powered by fossil fuels.

· The fuel for nuclear reactors will last for some time.

Disadvantages of Nuclear Power 

· Waste from nuclear reactors must be stored underground for a long time until the radiation emitted decreases.
· Nuclear reactors are expensive to build and the time from deciding to build one and it being operational can be many years.

· Leaks of radioactive materials can have a major impact on the surrounding environment.

Precautions to take when handling radioactive substances 

Precautions should always be taken when handling radioactive substances.

· always use forceps to lift a radioactive source.

· always point the source away from the body.

· always wear suitable lead lined gloves.

· never eat or drink where radioactive sources are being handled.

· always wash your hands after handling radioactive sources.

Waves with a longer wavelength diffract more.
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When waves meet the edge of a barrier they will diffract around it. Shorter wavelengths do not diffract much.
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Concave lenses, also known as diverging lenses, cause parallel rays of light to spread out
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Convex lenses, also known as converging lenses, bring parallel rays of light to a focus
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Smoke alarms contain a radioactive source which is used in the detection of the smoke.
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The particles of the medium transmitting the wave travel at right angles to the direction of energy travel.
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The particles of the medium transmitting the wave travel to and fro in the same direction as the direction of energy travel.
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