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Waves Parameters 
 

Measuring Waves 
 

Waves carry energy from place to place and so can be used to transmit signals. 

 
Wavelength, λ  - Distance from a point on a wave to an identical point on the next wave. 
  Measured in metres (m) 
 

Amplitude       - Size of maximum disturbance from the centre line 
 

Period, T          - Time taken for one full wave to pass a point 
  Measured in seconds (s) 
 

Wave speed, v  - Distance travelled by a wavelength in one second 
  Measure in metres per second (m s-1) 
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Frequency, f - Number of waves passing a fixed point every second 
  Measured in hertz (Hz) 
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Wave fronts 
 

When viewed from above, wave crests can be represented by solid lines.  These 
lines are known as wave fronts and can be used to represent the wavelength of 
a wave. 
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The Wave Equation 

The wave equation links the speed, frequency and wavelength of a wave in one equation. 
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The speed of a wave can also be calculated using  
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Types of Wave 
 

Transverse waves 
 

With transverse waves, the motion of the particles (or medium) is at right angles to the 
direction of motion of the wave.  This is often drawn as shown below: 

 
Examples of transverse waves include water waves and electromagnetic waves 

 

Longitudinal waves 
 

With longitudinal waves, the motion of the particles (or medium) is in the same direction as 
the direction of motion of the wave.  This is often drawn as shown below: 

 
Examples of longitudinal waves include sound waves and shock waves 
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Sound Waves 

All sounds are produced by vibrating objects, such as vibrating guitar strings, drum skins or 
human vocal cords. 

 

Speed of Sound in Air 

 Make a loud, short, sharp sound at point X. 

 When the sound reaches microphone 1, the 
 electronic timer starts.  When the sound reaches 
 microphone 2, the timer stops. 

 Measure the distance between the microphones. 

 Calculate the speed of sound using: 

    𝑣 =  

Under normal conditions, the speed of sound in air is measured as 340 m s-1.  That means it 
can travel over 1km in 3 seconds.  We can use this to predict the distance of a lightning strike.  
For ever 3 seconds between the “flash” and the “crash”, the sound has had to travel over 1 
km.  
 

Comparing Sound Waves 
 

Wave of different amplitude and frequency will sound different.  When displayed on an 
oscilloscope they will also look different 
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The Electromagnetic Spectrum 
 

The electromagnetic spectrum is a family of electromagnetic waves which all travel at the 
speed of light, 3x108 ms-1.  All EM waves are transverse waves.  Except for their speed, each 
part of the spectrum demonstrates different properties and therefore different applications 
as well as potential hazards. 
 

 
 

In order of increasing wavelength, the spectrum includes: 
 Gamma Rays    high Frequency, high energy, low wavelength 
 X-rays 
 Ultraviolet Light 
 Visible Light 
 Infrared Light 
 Microwaves 
 Radio waves    low frequency, low energy, high wavelength 
 

Applications of EM Spectrum 
Part of Spectrum Application 

Gamma Rays 
 

Treatment of cancers, through radiotherapy.  Tracers, as rays are 
very penetrative but less ionizing than alpha or beta radiation (see 
Nuclear Physics in S4).  Sterilisation of medical equipment 

X-rays 
Non-invasive/surgical method to locate/identify broken bones and 
other abnormalities within the body. 

Ultraviolet Light 
Used in the treatment of skin problems and sterilization of 
equipment. 

Visible Light 
Medical applications include lasers.  Knowledge of light allows the 
development of glasses, endoscopes and optical fibres 
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Infrared Light 
This is radiated heat.  Used in physiotherapy and can be detected 
and displayed as thermograms, identifying injuries or heat loss in 
homes. 

Microwaves Used in communications as well as the heating of foods 
Radio waves Mainly used in communications and radar 

Hazards of EM Spectrum 
Part of 

Spectrum 
Hazard 

Gamma Rays 
Gamma Rays are a form of Nuclear radiation.  All these parts of the EM 
spectrum are ionising.  This means that they can remove electron from 
atoms, changing the nature of those atoms.  In biological terms this 
leads to damage to DNA which can cause cell death or mutation.  It is 
this property which makes them both causes of cancers as well as 
suitable methods for treatment as long as they are used with extreme 
care. 

X-rays 

Ultraviolet 
Light 

Visible Light Laser light and direct sunlight can cause eye damage 
Infrared Light 

Possible risk of heating hazard 
Microwaves 
Radio waves No hazards 

 
Typical Sources and detectors of EM Radiation 

Part of 
Spectrum 

Source Detector 

Gamma Rays Radioactive nuclei Geiger tube or photographic film 
X-rays Rapidly decelerated electrons Photographic film 

Ultraviolet 
Electrical discharge, such as 

sparks/lightning.  Also by stars 
Fluorescent materials and 

photographic film 

Visible Light 
Electrons moving between 

energy levels 
Retina of the eye, photographic film, 

CCD detector 
Infrared Light Hot objects Photodiode and meter 
Microwaves Electron motion in conductor Aerial and receiver 
Radio waves Electron motion in conductor Aerial and receiver 
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Wave phenomena 
 
 Refraction of Light 

 

Refraction occurs when light passes from 
one transparent medium to another.  
When this happens, the light will 
experience a change in its speed and 
wavelength, but not frequency.  This is 
known as refraction.  There may also be a 
change in the direction of the light when 
at an angle from the normal (not 0°). 
 

 
When light passes to into a denser medium 
the angle of refraction, r, is less than the 
angle of incidence, i.  All angles are measured 
from the normal line. 

Diffraction 
 

All types of wave are able to diffract if 
they have a large enough wavelength.  
Due to their long wavelength (low 
frequency), radio waves are able to 
diffraction round large objects, such as 
mountains.  This property does not extend 
to the TV section of radio waves where 
the wavelength is already too short for 
this to be of use.  This can be observed 
when trying to listen to the radio or watch 
TV when your house is out of direct sight 
of the transmitter.  Radio signals are 
received, TV signals are not. 

Total Internal Reflection 

Light leaving a glass block can 
differently.  It small angles of 
incidence, refraction takes place (the 
opposite effect of the refraction 
described above). 

At larger angles of incidence, the light 
is actually reflected back into the 
block.  This is known as total internal 
reflection and is the basis for optical 
fibres. 

The angle at which it changes between 

Interference 

Coherent waves (waves with the same 
frequency/wavelength and therefore 
usually from the same source) can 
interfere with one another. 

This can be constructive, where peaks 
meet peaks, leading to an increase in 
signal strength. 

Or destructive, where peaks meet 
troughs, and waves cancel out.  This is 
useful for noise cancelling technology. 


