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Thick Lens - Cardinal Points

   The focal points of the lens system are the points at which a ray (or 
its projection) incident parallel to the axis of the lens system crosses 
the axis after passing through the system. 
 The principal points of the lens system are the points at which the 
principal planes intersect the axis. 
The principal plane is the planar approximation to the surface formed 
by the locus of the points of intersection of the rays parallel to the axis 
and the corresponding rays refracted through the focal points. 
The nodal points are the points of intersection with the axis of rays  
which pass through the optical centre of the system, that is, rays which 
pass through the lens without being deviated in angle.
  In the diagrams below, only one set of the focal and principal 
cardinal points is shown: a corresponding diagram for rays from the 
other side will show the other set.
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Two-Lens Systems - 
General  Treatment 
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Lines 1 and 2 are used to construct the image 
I1 of O1 in lens 1;  lines 3 and 4 are used to 
construct the image I2 of I1, treated as the 
object of lens 2.

v1 = 300 mm
u2 = - 150 mm
v2 = 150mm
M = 2

Example: f1 = 100 mm
               f2 = 75 mm
               u1 = - 150 mm
                 d = 450 mm
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With the final image at infinity, angular 
magnification is
  - α2/(h/standard near point)

= - (h'/fE)/(h/250 mm)
= - (L/fO)(250mm/fE)

Note that many manufacturers standardize the 
distance from the second focus of the objective 
to the first focus of the eyepiece at L=160 mm.
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Linear magnification = fE/fO
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Angular magnification = fO/fE
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Two-Lens Systems - 
Astronomical Telescopes 
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Linear magnification = fE/fO

d

fO fE

α1
α2

Angular magnification = fO/fE
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Two-Lens Systems - 
Galilean Telescopes 
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