
Vergence and Refraction at Plane Surfaces
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Light travels on wavefronts in all directions away from a point light source.

These wavefronts get flatter as they get further away from the point light source.

At ‘infinity’ they are completely flat (plane).

Vergence
The path/curvature of the pencil of light rays. The more curved the wavefront, the greater the vergence. 
There are three types of pencil and therefore three types of vergence:

Vergence is equated for objects/ light sources using Equation 1 and is measured in dioptres (D).
Negative vergence (e.g. -2.00D) describes diverging rays, and positive vergence (e.g. +3.00D) describes converging rays.

  L = object vergence
  n = refractive index of primary medium (in which object exists)
  l  = distance from point of measurement (usually refractive surface)  
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Distances are always measured from the surface/lens and in metres.
In the example above, l would be negative (e.g. -0.4m) and l’ would be positive (e.g. 0.6m).

Object vergence (L), image vergence (L’) and power of the refractive surface/lens (F) are all related through Equation 2.

And image distance (l’) can be calculated using a similar formula to object vergence, but this time we use the variables of the secondary medium
as in Equation 3.

L’=L+FEq.2

  L’ = image vergence
  n’ = refractive index of secondary medium (after refraction)
  l’  = distance from point of measurement (usually refractive surface)  

L’=n’
l’

Eq.3



Refraction
The change in direction of a light wave due to a change in its velocity.
This change in velocity can happen when the light travels from one medium (primary 
medium e.g. air) to another (secondary medium e.g. glass) if the refractive indices are 
different.

i = angle of incidence - angle of incident light ray relative to the ‘normal’ of the surface
i’ = angle of refraction - angle of emergent light ray relative to the ‘normal’ of the surface

We can use Snell’s Law (Equation 4) to work out one from the other:

Different media have different refractive indicies:

Air  n = 1.000
Water  n = 1.333
SC Glass  n = 1.523
Plastic (CR39)  n = 1.498 
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n(sin i) = n’(sin i’)Eq.4

Lateral Displacement
When a light ray enters a refractive medium and emerges parallel to the angle of 
incidence, it is possible to calculate the amount the emergent ray is laterally displaced.

i1 = angle of incidence of the incident light ray
i1’ = angle of refraction of the incident light ray
i2 = angle of incidence at the glass-air interface
i2’ = angle of refraction at the glass-air interface 
s = lateral displacement of the ray after leaving the glass block
d = thickness of the glass block

Using trigonometry and geometry, we start by working out the triangles and rearranging
to make Equation 5:

Therefore:
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