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g /G64hi051DCj/G64kl>�0m6=Cf/�6=npoLenses - Principal Rays

Incident ray, parallel to optical axis, emerges from the lens 
so as to pass directly or by projection through the second 
focal point

F 2
F 2

Incident ray passes directly or by projection through the 
first focal point, emerges from the lens parallel to optical 
axis 

F 1
F 1
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Lenses - Principal Rays

Incident ray, parallel to optical axis, emerges from the lens 
so as to pass directly or by projection through the second 
focal point

F 2
F 2

Incident ray passes directly or by projection through the 
first focal point, emerges from the lens parallel to optical 
axis 

F 1
F 1
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A ray passing through the centre of the lens 
without deviation or lateral displacement (in 
the thin lens limit)
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3�F�/G:snj6uE+023�6=��B�/G/G6uEG0m:s1�H�J��`�N�Lenses - Chromatic and Spherical
Aberrations

Whi te

Red rays

Violet  rays
Violet  focus

Red focus

Linear
chromat ic
aberrat ion

Lens5.mcd 1 23/03/99   22:54

#%$'&�(=*-,/.1032�4t��8 ó ;+*>G�jmBEFC$7D/B)M_,�*-*-BEFC$7G�HIM3OIBXFC;+$7HxJ7,�H+R@4
STG}J7,�H+R�R>O5RgFC,�j U�$7J'J�M_,Q?A*-,�,�G)?NB)M_,�*-*-BEFC$7G�H+R@8�Dh;=*-G�jmBEFC$7D�B)M_,�*-*-BEFC$7G�H�buR>;+G\U�Hf$'H
~`&)(+*-,�.1032�4t�t$'R�F-;+,Q*-,@R-(+JeF�G)?Õw=$'R-]_,�*>R-$7G�H�4��ÏF�jmB�OdM_,�D@(+*-,@wrF-GIR-G�j�,Q,lô5FC,@H3F!M3O
B)HIBEDh;+*-G�jmBEF-$'D�w+G)(+M+J',lF�b+$7HtU�;+$'Dh;IR>G�jm,ÖG)?KF-;+,�?AG5D�(+R>R-$'H=&Q,��v,�D@FTG)?KBQ;+$7&�;�òy$7H+w+,pô
J7,�H+R¹$'R (+H+w=G�H+,ÖM3OmB�R>,�D@G�H+wtJ7GVUY,�*°òy$7H+w+,lôvb5;+$'&);+,�*°òyw+$7R-]_,�*-R>$'G�H�J',@H+RÖzA~`&�(=*-,�.�0�2�4t��|l4Achromatic Doublet

Large refract ive index,
moderate d is tor t ion

Moderate ref ract ive
index,  large dispers ion

Red and v io let

rays C o m m o n
focus

Wh i te
l ight

Lens9.mcd 1 23/03/99   23:13

#%$7&�(+*>,�.1032�4��=8 ó G�*>*-,@D@FC$7G�HtG)?�Dh;+*>G�jmBEFC$7D�B)M_,�*>*CBEF-$'G�HmMLOtB)HIB)Dh;+*>G�jmBEFC$7DÖw+G�(=M+J',lF�4
.1032\ò��



o�.?FDB%/�053A6�7'6u��B%/G/G6uEG0m:s1�HKJ�LNL?�

Lenses - Chromatic and Spherical
Aberrations
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Red rays
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Image formation by a Convex Lens 

With Cartesian sign convention,
f = 100 mm,  u = -150 mm,
                      v = 300 mm,
                      M = -2
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Image formation by a Concave Lens 

With Cartesian sign convention,
f = -100 mm,  u = -150 mm,
                      v = -60 mm,
                      M = 0.4
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Image formation by a Concave Lens
with a virtual object 

With Cartesian sign convention,
f = -50 mm,  u = +80 mm,
                      v = -133 mm,
                      M = -1.66
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The Magnifying Glass 
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Thick Lens System - 
Principal Planes and Principal Points

A 1 K 1 Q 1 Q 2 K 1 A 2

F 1 F 2V 2
V 1 H 1 H 2
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