Or SEEING

3 lectures on the physics of sight
1) Light and imaging
2) The retina and colour vision
3) Measuring light and seeing more

Dr John S. Reld
Department of Physics

Univer sity of Aberdeen
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7% - - The Electromagnetic Spectrum

e Lightisatiny part of ahuge spectrum of
el ectromagnetic waves (section 24.2)
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' ! ' ' Wavelength (m
1 0* 0° 102 10%° gth (m)

Frequency (Hz)

700 nm GOOInm 500I nm 400 nm

 Light in vacuum has wavelengths between ~400
nm and ~800 nm; 1 nm = 10 m (a nanometer)

e lum=10°m (amicron) (O




7;‘;2 ---A of waves
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400nm S00nm 600nm 700nm

Simple waves have 3 properties
« Wavelength (A in m) - how far before they repeat

* Frequency (f in Hz) - the number of repetitions
per second
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@‘\‘ - - Example

e The human eye sees different frequencies as
different colours. What frequency corresponds
to green light of wavelength 550 nm in vacuum?

* Rearranging the relationship cives:
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/g;—\— --  Electromagnetic?
e James Clerk Maxwell, former
professor at Marischal College,
Aberdeen, established the
mathematical equations that
describe electricity and magnetism

* He predicted that radiation would travel at

speed ¢ in vacuum and hence that light was an
el ectromagnetic phenomenon
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/4~ ---  Hot body emission
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e All bodies emit
electromagnetic
radiation

e The spectral spread
of thisradiation is
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7;‘;2\— - - Appearance of hot bodies

Betelgeuse Arcturus Sun Sirius
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/85 --- Emission from cooler bodies
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e The spectrum of
radiant energy
was predicted by "
Planck

e Bodies at room
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74--- SeeinginthelR
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 Meteorological satellitestake
both visiblelight and IR
pictures

« Each picture element iscalled
apixel. A geostationary
satellite takes pictures of at




7‘;)\— -- How apictureisbuilt up

* Meteosat formS|tS|magesby — ——

scanning a ‘ point detector’, line /
by line over the scene below = >

e TV picturesare built upinthe  Pudnguparaserpicture
sameway. Thelinesthat build
up the picturearecalled =,/ ~
e e [

e Our eye has an area detector at
the rear, called the retina




7A5--- A pin-hole eye

object enclosure N creen

Wm/
Image
Pin-hole camera
e Take an enclosure with a screen at the rear:
make atiny pin-hole and you have a pin-hole

camera

e If the pin-holeissmall (~0.3 mm) avery dim
but respectable Image appears on the screen

 The devicerelies on the property that rays
of light travel in straight lines L, <@




5--- Aneyewithalens

: enclosure
object . N -

a— ==
Image

lens  Enclosure with lens

* The lens collects awhole cone of light rays
coming from each object point and focuses
them down to one iImage point

* The function of the lensisto improve the
Illumination of the Image

e If thelensfailsto bring the image forming
rays to a point, the image will be blurred




e Theiris controls the aperture of the eye

* The smaller the aperture, the better quality
the Image
* The purpose of theirisisto give the eye the

smallest aperture consistent with a bright
enough image i3 <&



7«“) Eye
9 _\_ — Cornea
par tS iy Aequous

Lens
" humour

Iri
e Cornea .
e Lens
e Retina

Optic nerve

Optic nerve



T e Ny scalpel reveals
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7;*;) ~—~ Thebending of light

e Toform an image, light rays must be bent
e The bending of light is known asrefraction

e Thelaw of refraction of light is Shell’s law

» Theability of amediumto  Andledtincidence
refract light is given by its 6, homa
refractive index, n

Air n; =1.000

nsin@,=n,sné,

Angle/of refraction

16




':—\— --" Numerical example of bending

« Light strikesthe cornea at an angle of incidence
(6,) of 20°. The cornea has arefractive index of
1.376. What angle (6,) doesthe light |leave the
cornea surface?

e Taken, =1.000

1.000 sin(20°) =1.376 siné,




/0‘2——— Imaging by the eye

7\
e /5% of the iImaging Lens
: n~1.420
power of your eyeis at 759 of —
the front of the cornea. bending
L ook after it! >
 Thelensisan

Air n=1.000 Humour



7;‘;)\- - - Imaging by aconvex lens

Object

Tw
|mage

* Broadly speaking, the eye imageslike a
powerful convex lens

 Theimages of all objects we can see are
small, inverted and form on the retina

* Inthe next lecture, we shall look at
properties of the retina 10 &




