
 

Thin lens or general system 

𝜙𝜙 =
1
𝑓𝑓

 

Focal Lengths 

𝑓𝑓′𝑅𝑅 = 𝑛𝑛′𝑓𝑓          𝑓𝑓𝐹𝐹 = −𝑛𝑛𝑓𝑓 

Single surface 

𝜙𝜙 =
𝑛𝑛′ − 𝑛𝑛
𝑅𝑅

 

Total power of two elements 

𝜙𝜙 = 𝜙𝜙1 + 𝜙𝜙2 − �
𝑡𝑡′1
𝑛𝑛′1
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Front Principal Plane 
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Rear Principal Plane 

𝛿𝛿′ =
𝑑𝑑′

𝑛𝑛′
= −
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Front Focal Distance 

𝐹𝐹𝐹𝐹𝐹𝐹 = 𝑓𝑓𝐹𝐹 + 𝑑𝑑 

Back Focal Distance 

𝐵𝐵𝐹𝐹𝐹𝐹 = 𝑓𝑓′𝑅𝑅 + 𝑑𝑑′ 

Gaussian Imaging Eq. 

𝑛𝑛′
𝑧𝑧′
−
𝑛𝑛
𝑧𝑧

=
1
𝑓𝑓

 

Newtonian Imaging Eq. 

𝑧𝑧𝐹𝐹𝑧𝑧′𝐹𝐹 = 𝑓𝑓𝐹𝐹𝑓𝑓′𝑅𝑅 

Transverse Magnification 

𝑚𝑚 =
ℎ′
ℎ

=
𝑛𝑛𝑧𝑧′

𝑛𝑛′𝑧𝑧
= −

𝑧𝑧′𝐹𝐹
𝑓𝑓′𝑅𝑅

= −
𝑓𝑓𝐹𝐹
𝑧𝑧𝐹𝐹

=
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Longitudinal Magnification (small shift) 

𝑚𝑚� =
𝑛𝑛′
𝑛𝑛
𝑚𝑚2 

Nodal Points 

𝑧𝑧𝑃𝑃𝑃𝑃 = 𝑧𝑧′𝑃𝑃𝑃𝑃 = 𝑓𝑓𝐹𝐹 + 𝑓𝑓′𝑅𝑅 = (𝑛𝑛′ − 𝑛𝑛)𝑓𝑓 

Mirrors 

Thickness and indices switch sign after reflection 

Paraxial Refraction (Reflection) Equation 

𝑛𝑛′𝑗𝑗𝑛𝑛′𝑗𝑗 = 𝑛𝑛𝑗𝑗𝑛𝑛𝑗𝑗 − 𝑦𝑦𝑗𝑗𝜙𝜙𝑗𝑗 

Paraxial Transfer Equation 

𝑦𝑦𝑗𝑗+1 = 𝑦𝑦𝑗𝑗 + 𝑛𝑛′𝑗𝑗𝑛𝑛′𝑗𝑗
𝑡𝑡′𝑗𝑗
𝑛𝑛′𝑗𝑗

 

 

 


