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Geometrical Optics

Refraction at Spherical Surface

Optical Path Length (OPL) from S to P is

where

,

By Fermat’s Principle

or

which means that not all rays from S pass P.

Paraxial Approximation
For small , , the equation becomes

which is independent of the OPL, so all rays pass through P.

Define object focal length  when .

Define image focal length  when 
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Sign conventions

Thin Lenses
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From the first surface,

.

For simplicity, assume  is negative, i.e., a virtual image.
Since  , by the sign convection, .
Thus, from the second surface,

Again, by sign convention, .  Adding the two equations, we have

By thin lens approximation ( ), we have

This is Thin-Lens Equation, or Lensmaker’s Formula.
Since , we can write the equation as

,

where

.

  is the focal point.
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Focal Points and Planes

Transverse Magnification 
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Longitudinal Magnification
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Thin-Lens Combinations

For , 

Let  and .
For 

Thus,

and

Front focal length:

Back focal length:
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If , 

Stops (5.3)

Aperture stop: any element that determines the amount of light reaching the image.
Field stop: the element limiting the size or angular breadth of the object that can be imaged y
the system.

Field Stop: The size of the image plane.

Pupils: for determining the light of cone entering the image plane.

Entrance Pupil: the image of the aperture stop as seen from an axial point on the object side
through those elements before the stop. Determine the cone of the light entering the image
plane with respect to the object.

Exit Pupil: the image of the aperture stop as seen from an axial point on the image side
through those elements before the stop. Determine the cone of the light entering the image
plane with respect to the image plane.

: the point at center of the exit pupil.
: the point at center of the entrance pupil. 

Chief Ray: any ray from an off-axis object point that passes through the center of the aperture
stop. Either this ray or its extending line passes  or .
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