Light, the Eye, Sensors and
Cameras

form of energy, electromagnetic radiation

dual nature:

-photons: travel in straight line at constant speed, which
depends on the medium (vacuum: 3x108 m/s), they might
have different energy

-wave: wavelength

E=hv=clh/A energ

h is the Planck's constz N # of photons
c speed of the wave
v frequency

A wavelength amplitude
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Image formation

Why there is no R NN
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Pinhole
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Each point in the scene projects
to a single (or very small) point in
the image
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The focal length f is the distance between the
pinhole and the sensor

f

sll

Film/

Sensor . scene
pinhole
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If we double f we double the size of the
projected object
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Photograph made with small piahale

Problems:

- limited light

- the size of the pinhole
limits sharpness
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Converging lenses

Lenses focus the Phtogaph made i smst il
light from different '
directions/rays
(refraction)
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How to draw the rays

« Three rules
1. incident rays parallel to the principal axis converge to the focal
point
2. incident rays passing through the center of the lens do not
modify their direction

3. incident rays through the focal point on the right side of the
lens get reflected and travel parallel to the principal axis

—d—

Thin lens approx:
i~ d small compared to R1 and R2

Positive (converging) lens



Example
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Example

SINA - 08/09




Example
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Example
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Example
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Example

N/




Example

\\ clear image

blurred image, out of focus
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Thin lens formula

J4

y //f/ d
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Thin lens formula
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Thin lens formula

SINA - 08/09

_d : y_y_y_d
y'%//‘ d d' d 'y d
d y - "
y' _y_y _d-f
d d'-f y f



Thin lens formula
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Objects at infinity focus at f

d' - f

When the object gets closer,
the focal plane moves away
from f. At the limit:

fd - f
d'- o

an object at distance f
requires the focal plane to
be at infinity
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Objects at infinity focus at f

d' - f
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Effect of focal length on image size

Effect of focal length on
field of view
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Depth of field (dof)




Depth of field (dof)

some tolerance
(circle of confusion)

SINA — 08/09



Depth of field (dof)
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Depth of field (dof)

some tolerance
(circle of confusion)

some tolerance
(circle of confusion)
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Depth of field (dof)

some tolerance
(circle of confusion)

some tolerance
(circle of confusion)
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depth of field
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Getting the right exposure

« Shutter speed: how long the sensor is exposed to light,
expressed in fractions of a second

1/30 1/60 1/125 1/500 1/1000 ...

e Aperture: diaphragm controls how much light we allow
through the lens (it is expressed as a fraction of focal

length):
(f/2.0, /2.8, f/4, /5.6, /8 .. f/22) .U .U

7 N\ “’\E
\\J 4 \u,;/"

Full apartur M apertureg Stopped down
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focal plane
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diaphragm

focus
focal plane
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focus

focal plane
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focal plane

diaphragm

Sharper Image ...................................

focus

focal plane
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Effect of aperture: depth of field

LESS DEPTH OF FIELD MORE DEPTH OF FIELD

SINA - 08/09



Effect of shutter speed: motion blur

Slow shutter speed Fast shutter speed
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