
	
 v = velocity (m/s)
	
 f = frequency (Hz or s-1)
	
 λ = wavelength (m)

This equation refers to the properties of a wave.  Note that a common variant is to 
substitute c (the speed of light in a vacuum) for v if the calculation involves an 
electromagnetic wave.  One implication is that the wavelength and frequency of 
electromagnetic waves must be inversely proportional since they all move with the same 
velocity.

	


	
 T = period (s)
	
 f = frequency (Hz or s-1)

Allows you to calculate the period of a wave given it’s frequency (or vise versa).  

	

	
 I = intensity (units)
	
 d = distance (m)

Known as the ‘inverse square rule’, this equation describes how the intensity of an 
electromagnetic wave depends on distance from the source.  You need to be able to 
discuss what this equation means qualitatively.  For quantitative analysis (calculations), the 
following equation is more useful.  It is easily derived from the inverse square rule.

	
 I1 = intensity at position 1 (units)
	
 I2 = intensity at position 2 (units)
	
 d1= distance of pos. 1 from source (m)
	
 d2= distance of pos. 2 from source (m)
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 θi = angle of incidence (degrees)
	
 θr = angle of reflection (degrees)

The law of reflection.  Applies to all surfaces including plane, concave, and convex.  When 
the reflecting surface is not flat, a tangent is drawn at the point of reflection.  The angles of 
incidence and reflection can then be visualized using this flat tangent.

	
 n = refractive index of medium (no units)
	
 c = speed of light (ms-1)
	
 v = speed of light in medium (ms-1)
	


This is how refractive index is defined - as a ratio of velocities compared with the speed of 
light in a vacuum.  Note that v cannot be larger than c so consequently the refractive index 
n must be greater than one.

Known as Snell’s law, this equation 
describes how electromagnetic radiation 
refracts as it crosses a boundary 
between different media.  Note it can 
expressed in terms of the refractive 
index or the velocity of each medium.

v1 = the velocity of EM wave in first medium (ms-1)
v2 = the velocity of EM wave in second medium (ms-1)
i = angle of incidence, measured from normal (degrees)
r = angle of refraction, measured from normal (degrees)
n1 = refractive index of first medium (no units)
n2 = refractive index of second medium (no units)

Generally it is more useful to include the refractive index (not velocity) in calculations, 
however Snell’s law is defined in terms of the relative velocities, so both have been shown 
here.  Their equivalence can be easily seen using the definition of refractive index.  Note 
that the EM wave is moving from medium 1 into medium 2.
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θc = critical angle (degrees)
n1 = refractive index of first medium
n2 = refractive index of second medium

This equation may be used to calculate the critical angle - ie. the angle at which total 
internal reflection occurs.  This may be easily derived from Snell’s law by setting the angle 
of refraction to 90º (sin90 = 1 and so the denominator disappears).  As before, the angle is 
measured from the normal.  

Note that the equation will only have a solution if n1 > n2.  This is the condition for total 
internal reflection.  Mathematically, this is because -1 < sinθ < 1, and physically it is because 
the angle of refraction is always bigger than the angle of incidence if n1 > n2.

	
 v = velocity (ms-1)
	
 d = distance (m)
	
 t = time (s)

This simple equation is included only for completeness.  Students should already be 
familiar with it from junior maths and science.  However it may be required in calculations, 
for example if you are asked to determine the time of an echo.
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