Cameras and Lenses

lan Buck

CS 348b Spring 2003

(Many slides courtesy of Pat Hanrahan)
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Interesting Cameras
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Figure 1.21. Schematic diagram of a race-track camera, with a narrow slit
in front of the moving film to photograph only events along the finish line.

PHOTO for WIN -
by PHOTOCHART

Figure 1.22. Anactual photograph of a horse race in which ten quarterhorses
were bunched together atthe Ei]nish line. The time marker at the fop was started

when the starting gate opened, so that the winning horse's time was 18.33 From Optics in Photography, Rudolf Kingslake
seconds.
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Interesting Cameras

First Prize of the A.C.F Dieppe
Jagues Henry Lartigue

From Optics in Photography, Rudolf Kingslake

lan Buck, Spring 2003

Page 2




Interesting Cameras
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Interesting Cameras

B | - A
Figure 2.9. Arrangementfor photographing a carpet, with vertical lines parallel.

From Optics in Photography, Rudolf Kingslake
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Sensor Response

The response of a sensor Is proportional to the

radiance of the surface visible to the sensor.
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The Measurement Equation

8 ‘ﬁ»a (X .t 1)

R=| | | | P(x, ) SX, 2, t) L(T(%,0,2),t, 4) dAe didct 2

AQT A
Pixel response P(X, 1)
Lense optics (X,0)=T(X,w, )
Shutter X o,1)
Scene radiance L(X o,t, 1)
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Lenses
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Paraxial Refraction

Paraxial approximation
1. e=0

2. SIna=a
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Paraxial Refraction

Snells Law
nsint=n’sint’

ni=n’1
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Paraxial Refraction

What Is z2'?

Z Z’
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Paraxial Refraction
i'+.
h r ..
............... u R S R .....1-..|...1-.....1-..-..1-.....1-.....1-..:é.'.'.::..'l:.....1-.....1-.....1-..-.-1-.....1-.|....1-....".-.-1-.....1-...."....1-..-.“-.....1-.. S ——
P P’

|=UuU+a a=u +1
u=h/z u' =h/z
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Paraxial Refraction

Z Z
I=u+a a=u +1 n(u+a)=n(u —a)
u=h/z u'=h/7z n (h/z + hir)=n’ (h/z’ - hir)
a=h/r n‘z+nlr=n’lz —=n’Ir
ni=n’r
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Focal length

B I SE—
focal length

Z = Inf
nir=n’/z —n’/r

z’ =f =focal length
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Lens-makers Formula

Refractive Power

/ A )
P=(n"—n) L1 |2 diopters
ROR) T Lm

SRS
< QA

Biconvex Plano-
convex

Convex = Converging Concave = Diverging
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Thin Lens Equation
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Focal Points and Focal Lengths

To focus: move lens relative to backplane
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Perspective Transformation

Thin lens equation

1 1 1 , fz
— =t —=7 =
Z z f Z+ f
, fx
— X' =
Z+ f

Represent transformation as a 4x4 matrix
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Gauss’ Ray Tracing Construction

Parallel Ray

Focal Ray Chief Ray

Object Image
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Real Lens

Cutaway section of a Vivitar Series 1 90mm /2.5 lens
Cover photo, Kingslake, Optics in Photography
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Double Gauss

Data from W. Smith,

Modern Lens Design, p 312

Radius
(mm)

aperture

58.950

50.4

169.660

50.4

38.550

46.0

81.540

46.0

25.500

36.0

34.2

-28.990

34.0

81.540

40.0

-40.770

40.0

874.130

40.0

-79.460
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40.0

Positive radil = convex

Negative radil = concave
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Ray Tracing Through Lenses

50 mm double-gauss

From Kolb, Mitchell and Hanrahan (1995)
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16 mm fisheye
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Field of View

Field of View

1000 mm 214570
500mm [~ []5°
300 mm — ge
135 mm 18°
85 mm 28°
50 mm 47¢
28 mm 75"
17 mm 104° 50mm
] .
= S0
From London and Upton
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Field of View
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From London and Upton
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Field of View

Redrawn from Kingslake,

Field of view Optics in Photography
fov filmsize :
tan — f‘f \
2 f / \
|
|
| R
WL
Types of lenses N,
@ Normal 26°
Film diagonal = focal length
m Wide-angle 45-90°
@ Movie Camera 14°
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Perspective Distortion

Figure 1.11. The effect of camera position in relation to a scene. For (a) the From Op“CS In Ph otograp hy,
camera was placed at 2 feet from the girl; for (b) it was at 6 feet; and for (c) it Rudolf Kin gs lake

was moved back to a point 38 feet from the girl. The negatives were enlarged
in printing so as to make the girl appear at the same size in each print.
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Stops and Puplls

Finite Aperture
1. Depth of field

2. Collects light
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Depth of Fle

Depth of Field
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From London and Upton
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Circle of Confusion

In-focus
1 1 1
— = — 4 —
S s f

1 1 1
il ey
Zz z f
Note: Circle of confusion c d d9d-7
proportional to the size of =, T ,
a [Z VA
the aperture
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Ray Tracing: Finite Aperture
Parallel Ray
Focal Ray Chief Ray
Focal Plane Image Plane
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EXposure

Image Irradiance

ul
a [[T—~—~u

sy

f
F-Stop/F-Number: a=— = N=—
N a

Fstops: 1.422.84.05.68 11 16 22 32 45 64

1 stop doubles exposure
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Camera Exposure

Exposure H=ExT

Exposure overdetermined

Aperture: f-stop - 1 stop doubles H
Interaction with depth of field

Shutter: Doubling the effective time doubles H
Interaction with motion blur

Automatic exposure
Shutter priority
Aperture priority
Programmed
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Aperture vs Shutter

f/16 fl4 f/2
1/8s 1/125s 1/500s

From London and Upton
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Lens Design

Minimize artifacts, maximize
flexibility

BArtifacts

m Spherical Aberration

Figure 2.14. The typical ray distribution caused by spherical aberration.
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Lens Design

Minimize artifacts, maximize
flexibility

BArtifacts
m Spherical Aberration

m Chromatic Aberration
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Lens Design

Minimize artifacts, maximize
flexibility

BArtifacts
m Spherical Aberration
m Chromatic Aberration

m Distortions
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Lens Design

Minimize artifacts, maximize
flexibility

BArtifacts
m Spherical Aberration

m Chromatic Aberration
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| DI StO rtl ons Figure 6.13. A typical family of ghost images, formed by an uncoated high-

aperture lens.
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Figure 6.14. The formation of ghost images by light reflected from the
internal surfaces in a lens.
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High Dynamic Range

Sixteen photographs of the Stanford Memorial Church
taken at 1-stop increments from 30s to 1/1000s.

From Debevec and Malik, High dynamic range
photographs.
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Simulated Photograph

Adaptive histogram With glare, contrast, blur
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