
Geometric optics,

optical instruments

Reflection and refraction from 

mirrors and lenses. Microscope, 

magnifying glass, telescope. 



Geometric optics

Optical elements

• Reflection – mirrors

• Refraction – lenses

Magnifying glass, camera, microscope, etc.

Ray optics, limited to narrow range of angles in the 
vicinity of principal axis (paraxial rays), none 
information about phase shifts between rays, 
interference etc.



Mirrors

Light reflection on plane, spherical, parabolic 

etc. mirror



Spherical mirrors

Convex mirror Concave mirror



Mirror equation

Mirror focus, focal length
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Particular rays

1. Goes through center of curvature, i.e. 
perpendicular to mirror → reflection without change 
of direction

2. Goes through focus → reflection parallel to 
principal axis

3. Goes parallel to principal axis → reflection to 
focus

Two rays starting from one point are reflected into 
one point.



Magnification of image

Transversal magnification of image
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Thin lenses

Converging

Diverging



Converging and diverging lenses

Lensmaker’s equation (power = 1/f [diopter])

Converging f>0 Diverging f<0
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Ray tracing by lenses

Converging Diverging



Converging lens 

as magnifying glass

Virtual and magnified image



Diverging lens – ray tracing



Thin lens equation

The same as for mirrors (a = object distance, b 

= image distance, f = focal length)

Focal distance depends on refraction index and 

radii of curvature – lensmaker’s equation

Sign convention for a,b,f < 0 or > 0
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Transversal magnification

Magnification of image

Upright image y’>0, Z>0

Inverted image y’<0, Z<0
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Defects of ray tracing

• Reflection – independent from wavelength

• Refraction – dependent on wavelength

– aperture defects

– astigmatism

– distortion of image

– dispersion defects



Distortion of image

• Astigmatism – two different focal points in 

perpendicular planes, image of circular spot 

is diverging spot of rays (comet)

• Distortion of image – keg or pillow like



Dispersion defects

Different focal points for different 

wavelengths – mostly visible at the edge of 

image
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Optical instruments

• Magnifying glass

• Telescope

• Microscope



Magnifying glass

Standard optical distance (focus of eye at near 

point) l=25cm

Simple magnifier (magnifying glass) = 

converging lens, object between focal point 

and lens (near focal point), image virtual 

and magnified

Observation from the distance e from magnifier



Angular magnification (angular power) 

of magnifying glass

Eye focused to infinity
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Microscope

• Objective lens - f1~1mm

• Eyepiece lens - f2~1cm

• Distance between focal point of lenses

Δ=160mm

Image formed by objective lens is magnified 

by eyepiece lens



Angular power of microscope

Product of magnifications 

of both lenses
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Telescope

• Keplerian (astronomical) – inverted image

• Galileian – upright image
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Angular power of telescope

• Angular magnification

• E.g. 8x50 = magnification of 8 times, 

50mm input light beam diameter

Output light beam diameter = 50mm/8 = 6mm
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Pictures used from the books:
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Brod 2000


