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Rainbow

single water drop
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Rainbow




Rainbow over Grand Canyon




Rainbow Zoom In

Secondary
Rainbow

red light from
higher drops
passes overhead

violet light from
lower drops bent
to point below eye.




Supernumerary Rainbows

not explainable by
geometrical optics

interference due to
different path length




Challenge

Glassbow -




Lens systems

High Performance Confocal Microscope Objective

Fi 1 == —— Nosepiece . Objective
b Thl;?ads y " ' ear
Manufacturer—& S Aperture
Objective Barrel
Specifications ﬁg{,‘:t
g—Correction—
Magnification
Cglor Code o T{'ep,::t
Cover Group
Immersion Glass :
Color Code ! Thickness : /\
Objective Hemispherical Mel:g:gus

Front Lens Lens Element



Bi-convex lenses at large distance

(c) Demtréder: Electrodynamics an
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Bi-Convex lenses at close distance

(c) Demtréder: Electrodynamics and Optics
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(c) Demtréder: Electrodynamics and Optics




Optical Instruments



The Eye

Anatomy of the Eyeball

Ciliary body

‘X Choroid
//S Retina
\ \_—Macula lutea
Commea™ ! gy

Fovea centralis
Iris

Pupil
Anterior
pole ‘

Anterior
segment
(contains

aqueous humor)

Lens

‘— Posterior pole

/Optlc nerve

Posterior segment

Optic disc
(contains vitreous humor)

(blind spot)
Diagrammatic view. The vitreous humor is illustrated only in the bottom part of the eyeball.




Vision

Invaginations of
cell membranes
that form a stack of
membranous disks

»Outer segment

_.-- Connecting cilium

>Inner segment

E—

-

Nucleus

Synaptic terminal
that forms a synapse
with a neuron "Ss

Photon

11-trans-retinal

Vd N

molecules

11-cis-retinal
and opsin are

reassembled
to form
rhodopsin
Regeneration Bleaching
Rod Enzyme

11-cis-retinal ; 11-trans-retinal
DP  (ATP

A
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(a) 11-cis-retinal (b) all-trans-retinal



Rod and Cone density - Color Vision

Density in thousands per square mm

-40 -20 0 40
Angular separation from fovea (degrees)




Optical System

Short sighted

body of the eye

without

principle plane with 'ens

body of the eye
ed

Far sight
without
! D
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(c) Demtréder: Electrodynamics and Optics



Visual Angle

eye lens
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(c) Demtréder: Electrodynamics and Optics




Magnifying Glass

In focus
A I/(ﬁ Z I' image
V E
magnifying eye lens  retina
glass
tan(e) 5o

Y tan(ey)  f

within focal range




