
Announcement

ÅA total of 5 (five) late days are allowed for 

projects. 

ÅOffice hours

ïMe: 3:50-4:50pm Thursday (or by appointment)

ïJake: 12:30-1:30PM Monday and Wednesday 



Image Formation

Digital Camera

The Eye

Film

Alexei Efrosô slide



Image Formation

ÅLetôs design a camera
ïIdea 1:  put a piece of film in front of an object

ïDo we get a reasonable image?

Steve Seitzôs slide



Pinhole Camera

ÅAdd a barrier to block off most of the rays

ïThis reduces blurring

ïThe opening known as the aperture

ïHow does this transform the image?

Steve Seitzôs slide



Camera Obscura

ÅThe first camera
ï5th B.C. Aristotle, Mozi (Chinese: ) 

ïHow does the aperture size affect the 
image?

http://en.wikipedia.org/wiki/Pinhole_camera



Shrinking the aperture

ÅWhy not make the aperture as small as possible?

ïLess light gets through

ïDiffraction effects...



Shrinking the aperture



Shrinking the aperture

Sharpest image is obtained when:

lfd 2=

d is diameter, 

f is distance from hole to film

ɚ is the wavelength of light, 

all given in metres.

Example: If  f =  50mm, 

ɚ=  600nm(red),

d  =  0.36mm

Srinivasa Narasimhanôs slide



Pinhole cameras are popular

Jerry Vincent's Pinhole Camera 



Impressive Images

Jerry Vincent's Pinhole Photos 



Whatôs wrong with Pinhole Cameras?

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 8 to 16 seconds

KODABROMIDE Paper, F2 2 minutes 8 minutes

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

ÅLow incoming light => Long exposure time => Tripod



Whatôs wrong with Pinhole Cameras

People are ghosted



Whatôs wrong with Pinhole Cameras

People become ghosts!



ÅPinhole size (aperture) must be ñvery smallò to obtain a clear image.

ÅHowever, as pinhole size is made smaller, less light is received by image 

plane.

ÅIf pinhole is comparable to wavelength of incoming light, DIFFRACTION

effects blur the image!

Pinhole Camera Recap



Whatôs the solution?

ÅLens

ÅA lens focuses light onto the film

ïThere is a specific distance at which objects are ñin focusò

Åother points project to a ñcircle of confusionò in the image

ïChanging the shape of the lens changes this distance

ñcircle of 

confusionò

Steve Seitzôs slide



Thin lens optics
ÅSimplification of geometrical optics for well-behaved 

lenses

ÅAll parallel rays converge to one point on a plane located 

at the focal length f

f

ÅAll rays going through the center are not deviated

ïHence same perspective as pinhole

Fr®do Durandôs slide



Demo!

ïhttp://www.phy.ntnu.edu.tw/java/Lens/lens_e.html(by Fu-Kwun Hwang )

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


Thin lens formula

f

DDô

Fr®do Durandôs slide



Thin lens formula

f

DDô

Similar triangles everywhere!

Fr®do Durandôs slide



Thin lens formula

f

DDô

Similar triangles everywhere!
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Fr®do Durandôs slide



Thin lens formula

f

DDô

Similar triangles everywhere!
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yô/y = Dô/D

yô/y = (Dô-f)/D

Fr®do Durandôs slide



Thin lens formula
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The focal length f determines the 
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It is a function of the shape and index 

of refraction of the lens.

Fr®do Durandôs slide



Film camera

scene filmlens &

motor

aperture 

& shutter

YungYu Chuangôs slide



Still Life, Louis Jaques Mande Daguerre, 1837

Film camera

Srinivasa Narasimhanôs slide



Lens Based Camera Obscura, 1568

Before Film was invented

Srinivasa Narasimhanôs slide


