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Outline

Main Concept: Photography is both artistic and structured. In
order to get good at it, you must master both the creative and
mathematical aspects. Here, we’ll discuss the latter.

1 Color

2 Perception of Color

3 The Base-2 System of Photography

4 Exploiting Transformations
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Color

Towards Understanding Color

Early notions of color revolved around “primary” colors,
usually red, yellow and blue.

The RYB color system became the foundation of 18th

Century color theory, based in the idea of “adding”
pigments.
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Color

Towards Understanding Color

Many students still learn the “primary” color theory today.

Unfortunately, it’s sort of... well... wrong. (Why?)
In 1704, in a move that would result in ridicule and yet
ultimately provide a stable foundation for color theory many
years later, - - - - - - - published Opticks and provided what
is now considered to be the first “additive” color wheel.
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Color

Towards Understanding Color

In Opticks, Newton conducted experiments, or “queries.”
This was a different approach than Principia.
One query specifically related to the nature of color
perception.
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Towards Understanding Color

“Are not gross Bodies and Light convertible into one another,
and may not Bodies receive much of their Activity from the
Particles of Light which enter their Composition?”
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Color

Towards Understanding Color

Newton had developed the “corpuscular” theory of light,
theorizing that light and matter were made of tiny objects
and light/color was the result of how these objects
interacted.

But it wasn’t rigorous. So it would remain for 137 years.
Of course, much was discovered in that time, mostly in
regards to specific color perceptions.
It wasn’t until 1861 that the current wavelength based RGB
theory of color took shape, beginning with the production
and explanation of the world’s first color photograph by a
person named - - - - - - -.
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Color

Towards Understanding Color

Some odd similarities... Newton and Maxwell
Newton was professor of math and physics at Cambridge.

So was Maxwell.
Newton is considered the first person to develop a theory
rigorously unifying mathematics and physics.
Maxwell is considered the second.
In 1861, Maxwell took the world’s first color photograph.
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Towards Understanding Color
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Color

Our Current Understanding

Our current understanding of visible light and color is
based on 2 factors.

The first is the wave-based nature of light.
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The second is how our eyes physically respond to light.

Our eyes have three types of “cones,” each responding to a
specific color or wavelength.
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Perception of Color

Understanding Perception, or the Lack Thereof

In a regularly functioning human eye, we find the following:

40% red cones
35% green cones
25% blue cones

When one of these sets of cones fails to function properly, the
result is what we call colorblindness.
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Perception of Color

Understanding Perception, or the Lack Thereof

There are different types of color blindness

Anamolous Trichromacy: All cones work, but may not
perceive the correct wavelengths.
About 6% of all white males have some form of anamolous
trichromacy.
Most commonly, the set of green cones is shifted to red.
Hence, someone who suffers from “Deuteranomaly”
cannot distinguish red from green.

13



Perception of Color

Understanding Perception, or the Lack Thereof

There are different types of color blindness
Anamolous Trichromacy: All cones work, but may not
perceive the correct wavelengths.

About 6% of all white males have some form of anamolous
trichromacy.
Most commonly, the set of green cones is shifted to red.
Hence, someone who suffers from “Deuteranomaly”
cannot distinguish red from green.

13



Perception of Color

Understanding Perception, or the Lack Thereof

There are different types of color blindness
Anamolous Trichromacy: All cones work, but may not
perceive the correct wavelengths.
About 6% of all white males have some form of anamolous
trichromacy.

Most commonly, the set of green cones is shifted to red.
Hence, someone who suffers from “Deuteranomaly”
cannot distinguish red from green.

13



Perception of Color

Understanding Perception, or the Lack Thereof

There are different types of color blindness
Anamolous Trichromacy: All cones work, but may not
perceive the correct wavelengths.
About 6% of all white males have some form of anamolous
trichromacy.
Most commonly, the set of green cones is shifted to red.

Hence, someone who suffers from “Deuteranomaly”
cannot distinguish red from green.

13



Perception of Color

Understanding Perception, or the Lack Thereof

There are different types of color blindness
Anamolous Trichromacy: All cones work, but may not
perceive the correct wavelengths.
About 6% of all white males have some form of anamolous
trichromacy.
Most commonly, the set of green cones is shifted to red.
Hence, someone who suffers from “Deuteranomaly”
cannot distinguish red from green.

13



Perception of Color

Understanding Perception, or the Lack Thereof

It is also possible for cone function to completely fail.

Failure for one color results in “dichromacy.”
Failure for two colors results in “monochromacy.”
These forms of colorblindness result in more than simply a
lack of color perception. ...
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Perception of Color

Understanding Perception, or the Lack Thereof

Are you colorblind? (let’s hope this works on the projector)

The Ishihara color test can probe for cone disfunction.
In the following example, you should see a 74.
Various cone disfunctions will result in seeing either a 21
or no number at all.
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Understanding Perception, or the Lack Thereof
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Perception of Color

Understanding Perception, or the Lack Thereof

The opposite problem can occur.

It is possible to be a “tetrachromat,” someone who has 4
sets of color cones.
As far as we know, this only happens in women. ...
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Perception of Color

Color in Photography

Understanding the color spectrum and perception is a key
aspect of photography.

It arises in ways you may not imagine.
Color filtration in B&W photography is an example.

see red filter example
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Perception of Color

Color in Photography

Photographing outside the color spectrum is possible.

What happens when you filter out all color?
According to the human eye, there is nothing left to “see.”
Film and digital sensors are different.
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Perception of Color

Color in Photography

If we prohibit any light with a wavelength below 750nm
from passing through the lens, we can record an infrared
image.

“Infrared” can mean a few things. In this case, it’s just a
range of light and doesn’t have much to do with heat.
Why??
Certain objects reflect a high amount of infrared range
light: namely, plants that are undergoing photosynthesis.

see infrared example

23



Perception of Color

Color in Photography

If we prohibit any light with a wavelength below 750nm
from passing through the lens, we can record an infrared
image.
“Infrared” can mean a few things. In this case, it’s just a
range of light and doesn’t have much to do with heat.

Why??
Certain objects reflect a high amount of infrared range
light: namely, plants that are undergoing photosynthesis.

see infrared example

23



Perception of Color

Color in Photography

If we prohibit any light with a wavelength below 750nm
from passing through the lens, we can record an infrared
image.
“Infrared” can mean a few things. In this case, it’s just a
range of light and doesn’t have much to do with heat.
Why??

Certain objects reflect a high amount of infrared range
light: namely, plants that are undergoing photosynthesis.

see infrared example

23



Perception of Color

Color in Photography

If we prohibit any light with a wavelength below 750nm
from passing through the lens, we can record an infrared
image.
“Infrared” can mean a few things. In this case, it’s just a
range of light and doesn’t have much to do with heat.
Why??
Certain objects reflect a high amount of infrared range
light: namely, plants that are undergoing photosynthesis.

see infrared example

23



The Base-2 System of Photography

The Base-2 System of Photography

Regardless of how new or old, digital or film, automatic or
manual your camera is, it relies on a base-2 system.

The principal variables that are base-2 are:
Film Speed
Shutter Speed
Lens Aperture / F-Stop

Learning how to operate a camera comes down to figuring
out how to change these variables in unison.
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The Base-2 System of Photography

Film Speed

Main Idea:

If the intensity of the light is doubled and the
sensitivity of the film is halved, the resulting images should be
the same.

Main Idea (2): If the intensity of light stays the same and the
sensitivity of the film is doubled, the image should be recorded
in half the time.
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The Base-2 System of Photography

Film Speed

Common “ISO” Speeds: 100, 200, 400, 800, 1600, 3200

200 is twice as sensitive (exposes in half the time) as 100.
400 is twice as sensitive as 200.
800 is twice as sensitive as 400.
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The Base-2 System of Photography

Film Speed

Consider film speeds as a function FS(x) = 2x · 100.

In a photographic language...

x = 0 ↔ ISO = 100 “standard”
x = 1 ↔ ISO = 200 1 “stop” above standard
x = 2 ↔ ISO = 400 2 “stops” above standard
x = 3 ↔ ISO = 800 3 “stops” above standard

· · ·

In general, a “stop” is a factor of 2 (... or a factor of 1
2 ).
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The Base-2 System of Photography

Film Speed

Question:

You take a photo with ISO 100 film and the exposure time you
need to properly expose the film is 1

8 seconds. But, you’d like to
freeze the action in your photo and take it at 1

256 seconds
instead and the only factor you can change is film speed.
Which film speed do you use?

I.e., how many “stops” are required?

A: ISO 3200
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The Base-2 System of Photography

Shutter Speed

“Shutter Speed” refers to how long a film/sensor will be
exposed.

A camera is only capable of a small collection of shutter
speeds, each being one stop above or below the next.
And so shutter speeds are also calculated in base-2.
*Cough cough*... lazy base-2

1
4000

s,
1

2000
s,

1
1000

s,
1

500
s,

1
250

s,
1

125
s,

1
60

s,
1
30

s,
1

15
s,

1
8

s,
1
4

s,
1
2

s, 1s

1s, 2s, 4s, 8s, 15s, 30s
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The Base-2 System of Photography

Shutter Speed

Question:

You’ve been taking photos all day using ISO 100 film with a
shutter speed of 1

125 second. You run out of film and can only
find ISO 400 film to replace it. What shutter speed should you
now be using?

I.e., how many “stops” are required?

Do it in your head...
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The Base-2 System of Photography

Shutter Speed

I don’t need no freakin tripod...

How long can you hold a camera steady?

If the shutter speed is fast enough, you don’t need a tripod.
Wider angle lenses are easier to hold still.
Longer lenses are harder to hold still.
It would be really nice to have a formula, one that can be
calculated in your head, for when you can reliably hold a
camera without a tripod.
Let’s take a small detour...
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The Base-2 System of Photography

Focal Length

See and Explain Focal Length Examples
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The Base-2 System of Photography

Focal Length

Question: So, if I am using an x mm lens, what is the longest
shutter speed at which I can reliably hold the camera without
using a tripod?

Answer: The shutter speed should be no longer than 1
x s.

Example: Using a 20mm lens, any shutter speed longer than
1

20s requires a tripod. Okay... about 1
15s.

Example: Using a 300mm lens, any shutter speed longer
than 1

300s requires a tripod. Okay... about 1
250s.
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The Base-2 System of Photography

Lens Aperture / F-Stop

This last variable takes a while to learn...
Your eye has an iris, opening and closing to allow more or
less light (respectively) into your eye.

Camera lenses also have an iris. ...
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The Base-2 System of Photography

Lens Aperture / F-Stop

Apertures are also related in stops, but this is much less
obvious.

Each aperture setting is assigned a number, called an
f -number or f -stop, calculated as follows:

f# =
f
D

where f is focal length of the lens and D is the diameter of
the pupil at the given setting.
Main idea: How much light a lens lets in is a function of
both the lens length and the pupil size. ...
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The Base-2 System of Photography

Lens Aperture / F-Stop

These numbers would be nice, except pupil area is a
function of aperture radius squared.

f# =
f
D

=
f

2R
=

1
2
· 1

R

We’ll start at f# = 1, written as f1.0. This means f = D,
focal length is equal to pupil diameter.
If f = 2D then we get f2.0. Unfortunately, halving the
diameter results in 1/4 the original amount of light coming
through the pupil.
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The Base-2 System of Photography

Lens Aperture / F-Stop

Thus, in terms of “stops,” the situation is a little ugly.

If you have an f -number m and you want to calculate the
corresponding f -number n that is A stops faster, it will be
given by

n = m · 2A/2

This is why f -numbers appear to be so random...

f1 f1.4 f2 f2.8 f4 f5.6 f8 f11 f16 f22 f32

Generally, as a lens gets longer, the f -numbers that lens is
capable of offering get higher.
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The Base-2 System of Photography

Lens Aperture / F-Stop
Q: What is the advantage of apertures/f-stops?
A: Depth of Field
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The Base-2 System of Photography

Lens Aperture / F-Stop

see examples
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The Base-2 System of Photography

Putting it all Together

shutter speed ↑ ⇒ f-number ↓ and DOF ↓

shutter speed ↓ ⇒ f-number ↑ and DOF ↑

DOF ↑ ⇒ f-number ↑ and shutter speed ↓

DOF ↓ ⇒ f-number ↓ and shutter speed ↑
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Exploiting Transformations

Using Transformations to Correct Lens Distortions
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Exploiting Transformations

Using Transformations to Correct Lens Distortions

This is usually a bland topic.
Linear transformations and conformal maps have been
used creatively for some time. ..
Besides making lines straight and fixing lens distortion, at
first this seems to have no real creative potential.
Helmut Dersch (furtwangen.de) found otherwise.
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Exploiting Transformations

Using Transformations to Correct Lens Distortions

Dersch started using barrel distortion corrections in an
attempt to make the world’s first “gigapixel” image.
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Exploiting Transformations

Using Transformations Creatively.

Dersch’s method proves useful for modern panorama
stitching applications:

First, correct an image’s distortion.
Then, reverse the process and “perspective correct” an
image.
See examples.
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