Announcement

A A total of 5 (five) late days are allowed for
projects.

A Office hours

I Me: 3:50-4:50pm Thursday (or by appointment)
I Jake: 12:30-1:30PM Monday and Wednesday



Image Formation

Digital Camera

(Internal) image plane

Film

Al exei Efrosdé sl ide



Image Formation
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clbject filrm
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ALet 6s design a camer a
I ldea 1: put a piece of film in front of an object
I Do we get a reasonable image?

Steve Seitzbds



Pinhole Camera

clbject barrier filrm

A Add a barrier to block off most of the rays
I This reduces blurring
I The opening known as the aperture
I How does this transform the image?

Steve Seitzbds



Camera Obscura

A The first camera
| 5% B.C. Aristotle, Mozi (Chinese: )

I How does the aperture size affect the
Image?

http://en.wikipedia.org/wiki/Pinhole _camer:



Shrinking the aperture

0.6mm 0.35 mm

A Why not make the aperture as small as possible?
I Less light gets through

I Diffraction effects...



Shrinking the aperture

().6mm 0.35 mm

LUZ
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Shrinking the aperture

Sharpest image is obtained whe

d=2.,/f/

d is diameter,

f is distance from hole to film
> |I's the wavel
all given in metres.

Example: If f = 50mm,

().6mm 0.35 mm

o= 600nm(red),

d = 0.36mm
OPTICA

fOTORUMmMAr &

Srinivasa Narasi mhanodés sl i1 de o 0.07 mm



Pinhole cameras are popular

Google

|pinhc:|e Camera

Google Search | I'm Feeling Lucky I

Jerry Vincent's Pinhole Camera



Impressive Images

Jerry Vincent's Pinhole Photos



What 0s wrong with PI

ALow incoming light => Long exposure time => Tripod

KODAK Film or Paper Bright Sun Cloudy Bright
TRI-X Pan

1 or 2 seconds 4 to 8 seconds
T-MAX 100 Film 2 to 4 seconds | 8to 16 seconds
KODABROMIDE Paper, F2 2 minutes 8 minutes

http://www.kodak.com/global/en/consumer/education/lessonPlans/pinholeCamera/pinholeCanBox.s



What 0s wrong with PI

People are ghosted



What 0s wrong with PI

-\ -k

People become ghosts!



Pinhole Camera Recap

APinhole size (aperture) must be fAvery

A However, as pinhole size is made smaller, less light is received by image
plane.

A If pinhole is comparable to wavelength of incoming light, DIFFRACTION
effects blur the image!



What 6s the soluti on?-
Alens |
cbject lens filrm

A Alens focuses light onto the film
I There 1 s a specific

NANcircle
conf usi

di stance a

Aot her points project to a HfAci
I Changing the shape of the lens changes this distance

Steve Seitzbds



Thin lens optics
A Simplification of geometrical optics for well-behaved
lenses

A All parallel rays converge to one point on a plane located
at the focal length f

<€ f >

A All rays going through the center are not deviated
I Hence same perspective as pinhole

N

Fr ®do Dur anc



Demo!

I (by FuUKwun Hwang )


http://www.phy.ntnu.edu.tw/java/Lens/lens_e.html

Thin lens formula

Fr ®do Dur anc



Thin lens formula

Similar triangles everywhere!

DO D
< > < >,
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Fr ®do Dur anc



Thin lens formula

Similar triangles everywhere! Yy o/ Y DO

Fr ®do Dur anc



Thin lens formula

Similar triangles everywhere!

Fr ®do Dur anc



Thin lens formula

1 1 1 The focal length f determines the
56"5—]:— Ol OUZUWEEDPODPUAawW0UOuU
It is a function of the shape and index
,\ of refraction of the lens.
DO D

R > < >,

Q.

Fr ®do Dur anc



Film camera

aperture
& shutter

A
|

scene lens & film
motor

YungYu Chuan:



Film camera

Still Life, Louis Jaques Mande Daguerre, 1837

Srinivasa Nar as



Before Film was invented

Lens Based Camera Obscura, 1568

Srinivasa Nar as



