Kapitel 9: Geometrische Optik



Camera obscura

- principle known already by Aristotle (c. 300 BC)
- 1st records of use: Leonardo da Vinci (1452-1519)

University of Pretoria's Camera Obscura

Sténopé




Vergleich Spharischer- und Parabolspiegel

Kugelspiegel Parabolspiegel

Radioteleskop des Max-Planck-Instituts
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Abb.9.17. Vergleich des Strahlenganges bei sphérischem
Spiegel und Parabolspiegel mit Brennweite f = R/2. Fiir
vy < R wandert Fg gegen Fp nach x = R/2



Geometrische Konstruktion des Bildes eines
achsennahen Punktes

3 Strahlen zeichnen
S1: parallel zur Achse
S2: durch Brennpunkt
S3: durch Kugelmittelpunkt

Abbildung Massstab
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Entstehung eines virtuellen Bildes

Objekt (Schweinchen) zwischen Spiegel und Brennpunkt

3 Strahlen zeichnen
S1: parallel zur Achse
S2: durch Brennpunkt
S3: durch Kugelmittelpunkt

Virtuelles Bild
B'B

(keine Projektion
auf einem Schirm)

Objekt A'A



Konkaver und konvexer Spiegel
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Abb.9.14. (a) Konkaver und (b) konvexer Hohlspiegel




Prisma

Ablenkung vom
Lichtstrahl




Linsen
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Image formation: 2 lenses

1. The principal rays 1 and 2 are used to determine the location of the of the
image for lens 1 alone.

2. Ray 3 through f 4 will
approach lens 2 parallel
to the axis and will
project through focal
/’ point fs , forming one
principal ray (4) for the

final image.

3. Back projecting from
imagetor  thE single lens image
tlans 1 alone  through the center of
lens 2 will define the
- second needed ray (5)
=~ since that ray will be

“a undeflected.

hyperphysics



Retina

Figure 1 Magnification
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Fernrohr / Teleskop
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Kek Teleskope (10 Meter)




ESO La Silla (NTT)

"flexibel" Spiegel: 78 Kontrol
3.58m Durchmesser (1989) Aktuatoren (active optics)

ESO.org



ESO Paranal (VLT)

4 x 8.2m (17.5cm thick!), adaptative optics (laser star calibration) +
auxiliary telescopes, interferometric operation

ESO.org



Mikroskop

(Lupe)
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Mikroskoptypen

Modern Polarized Light Microscope

Binocular Reflected Light
Observation . Microscope
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Zoom Linsensystem (Variabel Vergrosserung M)
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Abb.9.35. Verinderung der VergroBerung M eines Zoom-
Linsensystems durch Verschieben des Linsenpaares L
innerhalb der Strecke d*




computer ray tracing

 lens design and
optimization

e.g.: OpTalix

 image rendering
e.g.: pov ray

ray tracing
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ray tracing

hof.povray.org



spharische Aberration

Spherical aberration

Longitudinal and Transverse Spherical Aberration

Paraxial
Focus

(3)

Peripheral Circle
Rays of Least
Confusion

Transverse
Spherical
Aberration

’ " Longitudinal
EII-I;IIE;E Figure 1 Spherical
Aberration



principal plane =plane

Coma



chromatische Aberration

Crown Flint

™

7 Chromatic aberration

Achromatic doublet

distortions
(geometry of lens; lens imperfections)

Undistorted Pincushion Barrel
Image Distortion Distortion
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Astigmatismus

Meridionalebene

Sagittal-
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Abb. 9.45a,b. Astigmatismus bei der Abbildung eines schrigen Lichtbiindels. (a) Perspektivische Ansicht; (b) Lichtbiindel-
querschnitt in den Ebenen im Abstand x1, by, x2, bs, x3



eye Image formation

Retina

Eye Muscle
The Human Eye

Figure 2

Merve

Cornea thickness: 0.449 mm
Lens thickness: 4.979 mm

pA

Corneatolens:  2.794 mm
n=1{ain from front
=1.376 -
: n=1337 surface of
cornea to retina

— 24 mm

Scale
Model
of Eye

e T B
Cornea front 7.259 51.80
/ back 5.585 -7.04
Lens front 8.672 8.07
back 6.328 10,905




eye Image formation

cornea aqueous humor

The cornea is
a tough,
transparent
membrane
which forms
. the front
1 surface of
the eye.

Cross section of
human eye
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Cross section of
human eye

strong refraction
(n~1.376) iris (diaphragm)



eye Image formation
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vision. close vision,

pliable crystalline lens
to become more rounded.

Distant Close
Vision Vision

+++++++++++++++++++++++

Light rays from distant
objects are nearly

-I:i‘ght rays from close
abjects diverge and

parallel and dont nead require more
as much refraction to refraction for
bring them to a focus. focusing.



eye Image formation

4mm . . cataracts: opacification of lens
~<+—» cristalline lens

9mm

Em[m i

ESs

glaucome: aqueous humor degradation
pressure increase, perturbation of “optical” system



vision defects

Insufficient refractive

power to focus rays on

{ Farsighted
retina.

Asymmetric
refraction focuses
light in different
planes at
different points.

Excess refractive
power focuses rays
before they reach
the retina.



VISIO

hyperopia (farsighted)

Positive Lens
for Correction

Uncorrected

Different Negative
corrections for
two planes.

n defects

myopia (nearsighted)

Negative Lens
for Correction

astigmatism

Different
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Regenbogen
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Haupt- & Nebenregenbogen

Abb. 9.68a,b. Erklirung der Entstehung von (a) Haupt- und
(b) Nebenregenbogen



22° Halo und Sundogs

wiki
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