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the positive, and also keeps the actual films as his backup instead of (or in addition to)
the scanned images.

Talking about using film, it is a little-known secret that the Hasselblad H1 and H2
cameras and the entire Hasselblad V line of cameras can be used either with film or with
an image sensor by replacing the back of the camera from film to digital.

While the many advantages of digital photography have led to explosive sales growth,
image capture systems based on silver halide will be around for a long time to come.

—Foveon’s website.

6.2: There aren’t many. The ability to shoot at high ISO values may result in high
image noise. Annoying patterns may appear in a digital image (but not in film) because
of aliasing. Certain purists may believe in the superior color or resolution of film. Older
photographers may find it di�cult to get used to digital equipment, computers, software,
and printers. Storage media for images is plentiful and cheap, but it may become obsolete
very quickly (see discussion of long range archiving on Page 6).

6.3: There was no photography in 1815, when she was born. The first practical
photographic process, the Daguerreotype, was announced in 1839.

6.4: In his studies of locomotion, men do bricklaying and carpentry while women do
sweeping and washing (Figure Ans.10).

Figure Ans.10: The Roles of Gender (Muybridge, 1880s).

6.5: It was a handheld 4 ⇥ 5 inch camera. Portable, but still heavy. A far cry from
today’s compacts and not something that would fit in a pocket.

6.6: The popular writer and humorist Garrison Keillor once told the following joke: In
the 1890’s, a young lady from Rochester, NY, fell in love with George Eastman, but he
did not return her love. Frustrated, she bought a small gun, hid it in one of Eastman’s
Kodak cameras, and pretending to take his portrait, shot him through the lens (TTL).
This is why we use the verb “shoot” for taking a picture.

I’ve taken up photography because it’s the only hobby where I can shoot people and
cut their heads o↵ without going to jail.

—Anonymous.
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6.7: (From Wikipedia). Arthur Clarence Pillsbury (1870–1946) was a United States
photographer. Pillsbury’s career spilled over into nearly every kind of application for
photography. His career began in 1895 when as a student he documented in one hour
with 60 di↵erent remarkable images the first fraternity rush at Stanford University.
Pillsbury studied Mechanical Engineering at Stanford University and is credited with
the invention of a specimen slicer (for microscopy) and a circuit panorama camera before
leaving college. Two years later he invented the first circuit panorama camera and soon
after took it to the Yukon to capture the opening of the mining fields and towns. By
1900 he had photographed most of the notable features of the Western United States. He
used both the panorama and conventional cameras to capture the panorama images that
went around the world in the immediate aftermath of the 1906 San Francisco earthquake
and fire. He also worked for the San Francisco Examiner as a photojournalist from 1903
to March 1906.

6.8: The term “secure digital” means (1) use of nonvolatile memory, (2) ability to
password-protect the card to prevent either reading or writing, and (3) support for
Content Protection for Recordable Media (CPRM or CPPM). See the term SD in Ap-
pendix B.

B.1: Only the lake was “taken” with a camera. The birds were generated in Adobe
Illustrator and pasted electronically in highly improbable locations to create the desired
e↵ect.

C.1: The Nikon D800 has a full-frame sensor measuring 35.9 ⇥ 24 mm on which
7360 ⇥ 4912 photosites are fabricated (for a total of 36,152,320). The pixel size is
therefore 35.9/7360 = 0.00488mm = 4.88 µm or 24/4912 = 0.00488mm = 4.88 µm.

The Nokia Lumia 1020 mobile telephone has a 41.3-Mpixel BSI CMOS image sensor,
type 1/1.5-inch, measuring 8.8 ⇥ 6.6 mm and boasting 7712?⇥?5360 pixels. The crop
factor is 3.93 and the pixel size is 8.8/7712 = 0.00114 mm or 6.6/5360 = 0.00123 mm,
This is equivalent to 1.14–1.23 µm, very small (see claim on Page 282), but reviews of
this camera are very positive.

C.2: The diagonal length is 15.86/24.5 = 0.647 inch. When multiplied by 1.5 it yields
0.97, implying a 1/0.971-inch-type, slightly less than the advertised type of 1.

D.1: Yes. Even if the only reason is that the university wants you to purchase the
image from it.

D.2: Yes, but your punishment may not be harsh.

D.3: Those who choose to display improper conduct in public are not protected by
the law. Common sense and our concepts of moral dictate that people should confine
criminal and private activities to private places.

D.4: By being able, for example, to prove claims of sexual harassment.
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D.5: In most places, such a picture would be legal, even though it shows (part of)
money notes. Also, it is OK for her to pay for your dinner from time to time, especially
if you get along famously (just a joke).

D.6: Not the ideas themselves, but the way they are expressed. Once a choreographer
has decided to express the idea of a swan by a certain sequence of steps, this expression
can be copyrighted.

D.7: Point your browser to http://www.google.com/imghp?hl=en&tab=wi and drag
your image to the screen. It will be compared to the many images Google has access
to, and within seconds you may see some (or many) images that the Google software
believes are similar to yours.

E.1: The code of Figure Ans.11 yields the coordinates of the rotated points

(7.071, 0), (9.19, 0.7071), (17.9, 0.78), (33.9, 1.41), (43.13,�2.12)

(notice how all the y coordinates are small numbers) and shows that the cross-correlation
drops from 1729.72 before the rotation to �23.0846 after it. A significant reduction!

p={{5,5},{6, 7},{12.1,13.2},{23,25},{32,29}};
rot={{0.7071,-0.7071},{0.7071,0.7071}};
Sum[p[[i,1]]p[[i,2]], {i,5}]
q=p.rot
Sum[q[[i,1]]q[[i,2]], {i,5}]

Figure Ans.11: Code for Rotating Five Points.

E.2: First figure out the zigzag path manually, then record it in an array zz of struc-
tures, where each structure contains a pair of coordinates for the path as shown, e.g., in
Figure Ans.12.

(0,0) (0,1) (1,0) (2,0) (1,1) (0,2) (0,3) (1,2)
(2,1) (3,0) (4,0) (3,1) (2,2) (1,3) (0,4) (0,5)
(1,4) (2,3) (3,2) (4,1) (5,0) (6,0) (5,1) (4,2)
(3,3) (2,4) (1,5) (0,6) (0,7) (1,6) (2,5) (3,4)
(4,3) (5,2) (6,1) (7,0) (7,1) (6,2) (5,3) (4,4)
(3,5) (2,6) (1,7) (2,7) (3,6) (4,5) (5,4) (6,3)
(7,2) (7,3) (6,4) (5,5) (4,6) (3,7) (4,7) (5,6)
(6,5) (7,4) (7,5) (6,6) (5,7) (6,7) (7,6) (7,7)

Figure Ans.12: Coordinates for the Zigzag Path.
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If the two components of a structure are zz.r and zz.c, then the zigzag traversal
can be done by a loop of the form :

for (i=0; i<64; i++){
row:=zz[i].r; col:=zz[i].c
...data_unit[row][col]...}

E.3: The third DC di↵erence, 5, is located in row 3 column 5, so it is encoded as
1110|101.

E.4: Thirteen consecutive zeros precede this coe�cient, so Z = 13. The coe�cient
itself is found in Table E.7 in row 1, column 0, so R = 1 and C = 0. Assuming that
the Hu↵man code in position (R,Z) = (1, 13) of Table E.10 is 1110101, the final code
emitted for 1 is 1110101|0.

E.5: Here are some examples. Many more can be found on the Internet.
1. In his book The Hitchhiker’s Guide to the Galaxy, Douglas Adams wrote, as a

joke, “the answer to the ultimate question of life, the universe and everything is 42.”
2. In Shakespeare’s Romeo and Juliet, Friar Laurence gives Juliet a potion that

allows for her to be in a death-like coma for “two and forty hours.”
3. Lewis Carroll’s books The Hunting of the Snark, Alice’s Adventures in Wonder-

land, and Phantasmagoria, all contain the number 42. The following is from the former
work:

He had forty-two boxes, all carefully packed,
With his name painted clearly on each:
But, since he omitted to mention the fact,
They were all left behind on the beach.

E.6: Because a typical fax machine scans lines that are about 8.2 inches wide (⇡
208 mm), so a blank scan line produces 1,664 consecutive white pels.

E.7: These codes are needed for cases such as example 4, where the run length is 64,
128, or any length for which a make-up code has been assigned.

E.8: There may be fax machines (now or in the future) built for wider paper, so the
Group 3 code was designed to accommodate them.

E.9: Each scan line starts with a white pel, so when the decoder inputs the next code it
knows whether it is for a run of white or black pels. This is why the codes of Table E.13
have to satisfy the prefix property in each column but not between the columns.

E.10: Imagine a scan line where all runs have length one (strictly alternating pels).
It’s easy to see that this case results in expansion. The code of a run length of one white
pel is 000111, and that of one black pel is 010. Two consecutive pels of di↵erent colors
are thus coded into 9 bits. Since the uncoded data requires just two bits (01 or 10),
the compression ratio is 9/2 = 4.5 (the compressed stream is 4.5 times longer than the
uncompressed one; a large expansion).
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F.1: We obtain the relation (n�1)x = (n�1)h2/2R by implicitly assuming that the lens
is spherical. Figure F.6 shows that a spherical lens satisfies g2 +h2 = R2, but g = R�x
and x is small compared with R and h, which allows us to write (R� x)2 + h2 = R2 or,
ignoring x2, R2�2xR+h2 ⇡ R2, thereby obtaining the relation (n�1)x = (n�1)h2/2R.

F.2: g = R(0)(n + 1) � 1 = (B/T )(n + 1) � 1, but g is defined as C/T . Thus,
C/T = (B/T )(n+1)�1 or C = B(n+1)�T = B(n+1)� (A+B) = �A+nB, instead
of C = A + nB.

F.3: Two extreme points on the minor axis are (0, b) and (0,�b). They are obtained
for t = ⇡/2 and t = 3⇡/2, respectively. The former has radius of curvature

R(0, b) =
�
a2 sin2(⇡/2) + b2 cos2(⇡/2)

�3/2

ab
=

a3

ab
=

a2

b
.

F.4: The plots and Mathematica code of Figure Ans.13 show the inverse of two func-
tions, y = x2 and the relation between the Celsius and Fahrenheit temperature scales.

Celsi
us

Fa
hr

en
he

it

x2

√
x

Plot[{(x - 32.)(5/9), 32.+9x/5}, {x, -100, 100}, AspectRatio->Automatic]
Plot[{x^2, Sqrt[x]}, {x, 0, 1.2}, AspectRatio -> Automatic]

Figure Ans.13: Inverse Functions.
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H.1: The simple operation is a0 = 255� a. This transforms the maximum intensity of
255 to 0 and inverts all the pixels values. The new image histogram is the mirror image
of the original histogram.

H.2: The values of a cumulative histogram start at 0, but they go all the way to M ·N ,
so they can get very large, which compensates for the small value of (K � 1)/(M · N).

H.3: We mention two options: (1) Do not process the extreme rows and columns of
the image and do not include them in the processed image. Current images may have
4,000 rows and 4,000 columns, so producing a processed image with two fewer rows and
two fewer columns (16,000 fewer pixels out of 16 million) may often be unnoticeable.
(2) Duplicate the two extreme rows and two extreme columns, add them to the original
image temporarily, apply the filter, and then remove the extra rows and columns from
the original image.

Both methods may produce good results if the image is large enough and if it does
not feature high pixel frequencies (i.e., many pixels that are significantly di↵erent from
their near neighbors).

H.4: Notice that the center of the support region is zero, which means that the value
of a new pixel a0 depends on six neighbors of the original pixel a, but not on a itself.
Also, the sum of the weights is zero. If the six neighbors of pixel a are identical, then
a0 becomes 0 (black). We know that in a typical image, pixels are correlated, i.e., the
neighbors of a pixel a tend to be similar or even identical to a. Thus, we can predict
that most of the mapped pixels will be dark or completely black. The other extreme
case is vertical and horizontal edges. The top part of Figure Ans.14 illustrates three
such edges. It is obvious that such an edge results either in a large negative value that
gets clamped to 0 (black), or in a large positive value, such as 765, that is truncated
to 255 (white). It is therefore easy to predict that any sharp horizontal (vertical) edge
would be mapped to two rows (columns) of white or very bright pixels.

The main part of Figure Ans.14 (see also Figure H.19) shows a grayscale image,
its transform, and again its transform, but with an o↵set of 128. The total number of
pixels in each of these is 24,300. The histogram of the original image features a spike
at gray shades 153–154 that is due to 4% of the pixels. This spike is likely the result of
the gray areas in the back of the image.

It is obvious that most of the transformed image is black or very dark, and each
vertical (horizontal) edge in the original image has been mapped to two white columns
(rows). Each slanted edge became a staircase where each stair consists of two short
white rows. The histogram of the transformed image is unusual. The 50 darkest shades
of gray (0–49, on the left side of the histogram) are due to 90% of the pixels, while the
two brightest shades, 254 and 255, represent the contribution of only 1.15% of the pixels.

The histogram of the image on the right is balanced. There are few bright and dark
pixels, and most of the image is 50% gray, due to the o↵set of 128 units.

H.5: It replaces each pixel with its right-hand neighbors, so the e↵ect is to shift the
image one pixel to the left.
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153−154

255
0 0 0
0 0 0

255 255
0

0

0

−1 −2
−2 2

2 1
× =−255−2×255=−765

255
0 0 0

255 255
255 255 255

0
0

0

−1 −2
−2 2

2 1
× =−255−2×255−2×255+2×255=−765

0 0
0 0

00 255
255
255

0
0

0

−1 −2
−2 2

2 1
× =2×255+255=765

Figure Ans.14: E↵ects of Edge Detection and O↵set.

H.6: Any weight matrix (kernel) similar to

1
9

2
4 0 0 0 0 0

1 2 3 2 1
0 0 0 0 0

3
5 ,

would achieve this e↵ect.

H.7: Imagine a weight matrix where the weight assigned to the central element exceeds
the sum of the weights of all the other elements. Such a matrix would always select the
center element as the median, e↵ectively preempting the filtering operation.

H.8: A little experimentation shows that they are identical to the first four except for
reversed signs. Thus, they are the following

HS
4 =

2
4 1 0 �1

2 0 �2
1 0 �1

3
5 , HS

5 =

2
4 2 1 0

1 0 �1
0 �1 �2

3
5 ,

HS
6 =

2
4 1 2 1

0 0 0
�1 �2 �1

3
5 , HS

7 =

2
4 0 1 2
�1 0 1
�2 �1 0

3
5 ,
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H.9: The row number is (i mod 11) and the column number is 10� (i÷ 11), where ÷
denotes integer-by-integer division (the quotient is truncated to the nearest integer).

H.10: The parameter pairs for pixel (9, 9) satisfy 9 = 9a + b or a = (9 � b)/9. The
11 pairs are therefore (1, 0), (8/9 ⇡ 0.9, 1), (7/9 ⇡ 0.8, 2), (6/9 ⇡ 0.7, 3), . . . , (0, 9), and
(�1/9 ⇡ �0.1, 10).

H.11: They are {(�1, 0), (0, 0), (0, 1)}, {(0,�1), (0, 0), (1, 0)}, and
{(1, 1), (1, 2), (2, 2), (3, 2), (3, 3)}.

H.12: This structuring element has four pixels around its origin. We can therefore
expect it to add a layer of pixels on all four sides of an image during dilation. Similarly,
it removes a single layer of pixels from all sides of an image during an erosion.

I.1: Figure Ans.15 illustrates the results of the 4/10 shrinking.

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70

71 72 73 74 75 76 77 78 79 80

81 82 83 84 85 86 87 88 89 90

91 92 93 94 95 96 97 98 99 100

1 3 6 8

31 33 36 38

61 63 66 68

81 83 86 88

Figure Ans.15: 4/10 Image Shrinking by Copying.

I.2: A quadratic polynomial depends on three coe�cients b, c, and d that can be
considered three-dimensional points, and any three points are on the same plane.

I.3: This is straightforward

P(2/3) =(0,�9)(2/3)3 + (�4.5, 13.5)(2/3)2 + (4.5,�3.5)(2/3)
=(0,�8/3) + (�2, 6) + (3,�7/3)
=(1, 1) = P3.

I.4: We use the relations sin 30� = cos 60� = .5 and the approximation cos 30� =
sin 60� ⇡ .866. The four points are P1 = (1, 0), P2 = (cos 30�, sin 30�) = (.866, .5),
P3 = (.5, .866), and P4 = (0, 1). The relation A = N ·P becomes

0
B@

a
b
c
d

1
CA = A = N ·P =

0
B@
�4.5 13.5 �13.5 4.5
9.0 �22.5 18 �4.5
�5.5 9.0 �4.5 1.0
1.0 0 0 0

1
CA

0
B@

(1, 0)
(.866, .5)
(.5, .866)

(0, 1)

1
CA
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and the solutions are

a = �4.5(1, 0) + 13.5(.866, .5)� 13.5(.5, .866) + 4.5(0, 1) = (.441,�.441),
b = 19(1, 0)� 22.5(.866, .5) + 18(.5, .866)� 4.5(0, 1) = (�1.485,�0.162),
c = �5.5(1, 0) + 9(.866, .5)� 4.5(.5, .866) + 1(0, 1) = (0.044, 1.603),
d = 1(1, 0)� 0(.866, .5) + 0(.5, .866)� 0(0, 1) = (1, 0).

Thus, the PC is P(t) = (.441,�.441)t3 + (�1.485,�0.162)t2 + (0.044, 1.603)t + (1, 0).
The midpoint is P(.5) = (.7058, .7058), only 0.2% away from the midpoint of the arc,
which is at (cos 45�, sin 45�) ⇡ (.7071, .7071).

I.5: The new equations are easy enough to set up. Using Mathematica, they are also
easy to solve. The following code

Solve[{d==p1,
a al^3+b al^2+c al+d==p2,
a be^3+b be^2+c be+d==p3,
a+b+c+d==p4},{a,b,c,d}];
ExpandAll[Simplify[%]]

(where al and be stand for ↵ and �, respectively) produces the (messy) solutions

a = �P1

↵�
+

P2

�↵2 + ↵3 + ↵� � ↵2�
+

P3

↵� � �2 � ↵�2 + �3
+

P4

1� ↵� � + ↵�
,

b = P1

�
�↵ + ↵3 + � � ↵3� � �3 + ↵�3

�
/� + P2

�
�� + �3

�
/�

+ P3

�
↵� ↵3

�
/� + P4

�
↵3� � ↵�3

�
/�,

c = �P1

✓
1 +

1
↵

+
1
�

◆
+

�P2

�↵2 + ↵3 + ↵� � ↵2�

+
↵P3

↵� � �2 � ↵�2 + �3
+

↵�P4

1� ↵� � + ↵�
,

d = P1,

where � = (�1 + ↵)↵(�1 + �)�(�↵ + �).

From here, the basis matrix immediately follows

0
BBBB@

� 1
↵�

1
�↵2+↵3↵��↵2�

1
↵���2�↵�2+�3

1
1�↵��+↵�

�↵+↵3+��↵3���3+↵�3

�
��+�3

�
↵�↵3

�
↵3��↵�3

�

�
⇣
1 + 1

↵ + 1
�

⌘
�

�↵2+↵3+↵��↵2�
↵

↵���2�↵�2+�3
↵�

1�↵��+↵�

1 0 0 0

1
CCCCA .

A direct check, again using Mathematica, for ↵ = 1/3 and � = 2/3, reduces this matrix
to matrix N of Equation (I.6).
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I.6: The weights have to add up to 1 because this results in a weighted sum whose
value is in the same range as the values of the pixels. If pixel values are, for example,
in the range [0, 15] and the weights add up to 2, a prediction may result in values of up
to 30.

I.7: The missing points will have to be estimated by interpolation or extrapolation
from the known points before our method can be applied. Obviously, the fewer points
are known, the worse the final interpolation. Note that 16 points are necessary, because
a bicubic polynomial has 16 coe�cients.

I.8: Figure Ans.16a shows a diamond-shaped grid of 16 equally-spaced points. The
eight points with negative weights are shown in red. Figure Ans.16b shows a cut (labeled
xx) through four points in this surface. The cut is a curve that passes through pour data
points. It is easy to see that when the two exterior (red) points are raised, the center
of the curve (and, as a result, the center of the surface) is lowered. It is now clear that
points with negative weights push the center of the surface in a direction opposite that
of the points with positive weights.

Figure Ans.16c is a more detailed example that also shows why the four corner
points should have positive weights. It shows a simple symmetric surface patch that
interpolates the 16 points

P00 = (0, 0, 0), P10 = (1, 0, 1), P20 = (2, 0, 1), P30 = (3, 0, 0),
P01 = (0, 1, 1), P11 = (1, 1, 2), P21 = (2, 1, 2), P31 = (3, 1, 1),
P02 = (0, 2, 1), P12 = (1, 2, 2), P22 = (2, 2, 2), P32 = (3, 2, 1),
P03 = (0, 3, 0), P13 = (1, 3, 1), P23 = (2, 3, 1), P33 = (3, 3, 0).

We first raise the eight boundary points from z = 1 to z = 1.5. Figure Ans.16d shows
how the center point P(.5, .5) gets lowered from (1.5, 1.5, 2.25) to (1.5, 1.5, 2.10938). We
next return those points to their original positions and instead raise the four corner
points from z = 0 to z = 1. Figure Ans.16e shows how this raises the center point from
(1.5, 1.5, 2.25) to (1.5, 1.5, 2.26563).

A correct answer is like an a↵ectionate kiss.

—Goethe, Johann Wolfgang von (1749–1832)
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Figure Ans.16: An Interpolating Bicubic Surface Patch.

Clear[Nh,p,pnts,U,W];

p00={0,0,0}; p10={1,0,1}; p20={2,0,1}; p30={3,0,0};

p01={0,1,1}; p11={1,1,2}; p21={2,1,2}; p31={3,1,1};

p02={0,2,1}; p12={1,2,2}; p22={2,2,2}; p32={3,2,1};

p03={0,3,0}; p13={1,3,1}; p23={2,3,1}; p33={3,3,0};

Nh={{-4.5,13.5,-13.5,4.5},{9,-22.5,18,-4.5},

{-5.5,9,-4.5,1},{1,0,0,0}};

pnts={{p33,p32,p31,p30},{p23,p22,p21,p20},

{p13,p12,p11,p10},{p03,p02,p01,p00}};

U[u_]:={u^3,u^2,u,1}; W[w_]:={w^3,w^2,w,1};

(* prt [i] extracts component i from the 3rd dimen of P *)

prt[i_]:=pnts[[Range[1,4],Range[1,4],i]];

p[u_,w_]:={U[u].Nh.prt[1].Transpose[Nh].W[w],

U[u].Nh.prt[2].Transpose[Nh].W[w], \

U[u].Nh.prt[3].Transpose[Nh].W[w]};

g1=ParametricPlot3D[p[u,w], {u,0,1},{w,0,1},

Compiled->False, DisplayFunction->Identity];

g2=Graphics3D[{AbsolutePointSize[2],

Table[Point[pnts[[i,j]]],{i,1,4},{j,1,4}]}];

Show[g1,g2, ViewPoint->{-2.576, -1.365, 1.718}]

Code For Figure Ans.16
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The index caters to those who have already read the book and want to locate a familiar
item, as well as to those new to the book who are looking for a particular topic. I have
included any terms that may occur to a reader interested in any of the topics discussed
in the book (even topics that are just mentioned in passing). As a result, even a quick
glancing over the index gives the reader an idea of the terms and topics included in the
book.
I have also attempted to make the index items as complete as possible, including middle
names and dates. Any errors and omissions brought to my attention are welcome. They
will be added to the errata list and will be included in any future editions.

110-film, 558, 673
1600F camera (Hasselblad), 572, 670
18% card, 699
1839, annus mirabilis of photography, 513,

587
18% neutral gray, 50, 294, 296, 328, 331, 691

and gamma correction, 293
1975, annus mirabilis of digital photography,

587
20/20 vision, 156
35 mm equivalent focal length, 351, 691
35 mm photography, 351
35 mm standard, 51, 569

and interchangeable lenses, 712
e↵ect on sensor size, 716

35 mm photography, 278, 351, 568–571, 668,
885

360-degree panorama, 681
3D cameras, 398–403, 558, 670, 671

FinePix, 679
3D sweep panorama mode (Sony), 402

44,100-Hz sampling rate, 855
500 Rule, 189, 360
6-image layering, 717
645D large sensor camera (Pentax), 882
645N camera (Pentax), 675
9xi camera (Minolta), 675

A
A3 paper size, 158
A530 camera (Canon Powershot), 218
A630 camera (Canon), 302
A7 and A7R Sony cameras, 681
AA filter, see anti-aliasing filter
Abney, William de Wiveleslie (1843–1920),

555
AC coe�cient (of a transform), 745, 857
accessory shoe, 691
achromatic color, see neutral color
achromatism, see chromatic aberration
acutance, 497
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Adams, Ansel Easton (1902–1984), 3, 19,
38, 42, 177, 196, 210, 342, 598, 633, 636,
640–644, 668–670, 881

Adams act, 681
Adams, Douglas (1952–2001), 894
additive colors, 80
adjusting brightness, 792
adjusting contrast, 793–795
Adobe After E↵ects (software), 452
Adobe Bridge (software), 303
Adobe camera raw (software), 22, 299, 302,

463, 487, 883
Adobe illustrator (software), 892
Adobe lightroom (software), 61, 883
Adobe photoshop (software), 61, 81, 275,

452, 883
and blurring, 803
and HDR, 496
ecstasy of, viii

Adobe RGB color space, 77
AE, see automatic exposure
AE-1 SLR (Canon), 588, 673
AEB, see auto exposure bracketing
AF, see automatic focusing
AF points (focusing zones), 309, 310, 316,

317, 319, 320
AF-35m camera (Canon), 316
AF-ON (back button), 308–309, 884
AF-S, see phase detection
AF/AE-Lock, 491
After E↵ects (Adobe), 452
albumen plates, 546, 553
Alexandre, Arsène (1859–1937), 57
algorithm of exposure settings, 188
Alhazen (Ibn al-Haytham) (965–1040), 512,

663
aliasing, 692, 891
Alice in Wonderland (novel), 549, 618,

620–622, 747, 894
Allen, Clile C., 667
alpha (line of Sony cameras), 46, 175, 371,

681
ambient light, 692
ambrotype (wet plate photography), 547,

550–551
amplifier noise, 250
anaclastic lens, 769
analog (definition of), 590
analog-to-digital conversion (ADC), 457

Android, first camera supporting it, 679
angle of view, 692
annus mirabilis of digital photography, 587
annus mirabilis of photography, 513, 587
Ansel Adams Act, 681
anti aliasing, 692
anti-aliasing filter (in image sensors), 268,

691
not on Fuji X100S, 270

anti-reflection coatings, 151–153
aperture, 214–219, 223, 879

and depth of field, 223
and raw image format, 301
definition of, 51, 219, 692
fixed, 173, 217–219, 461
irrelevant, 263
shape of, 121, 212, 220

Aperture (Apple), 883
aperture priority, 51, 211, 216, 692, 878

in HDR, 487
APEX (Additive system of Photographic

EXposure), 51, 211, 256, 443, 444, 463,
693

apochromatic lens, 693
Apple Aperture (software), 883
Apple iMovie (software), 452
Apple iPhone, 678

camera apps, 593, 594
external lenses, 592
first model, 597
sensor area, 598
slow motion video, 448
XS, 682
XS camera, 889

Apple iPhoto (software), 883
Apple QuickTake 100 camera, 558, 592, 675
Apple QuickTime Pro (software), 452
APS (advanced photo system), 280
Arago, François (1786–1853), 525
Arbus, Diane (1923–1971), 647
Archer, Fred R. (1889–1963), 670
Archer, Frederick Scott (1813–1857), 525,

543, 547–550, 619, 665
archiving and naming images, 4–6, 732
Argunov, P. P., 112
Argunov-Cassegrain telescope, 112
Arnold, Eve (1912–2012), 425
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Arrowsmith, John (Daguerre’s
brother-in-law), 519

Artizen HDR (software), 505
ASA (film sensitivity standard), 53, 254, 670
Asahi Pentax camera, 572, 582–584, 672
Asahiflex II camera (pentax), 572, 671
Ash, Mary Kay (1918–2001), 871
Asif, Usman B., 434
aspect ratio, 51, 284–285, 693
aspherical lens, 693, 769–783

conic section, 773–778
polar coordinates, 771–773
Snell’s law, 779–783

astigmatism, 154, 693
and sharpness, 208

astronomical photography, 666
astronomical twilight, 102
Austen, Jane (1775–1817), (Colophon)
auto exposure bracketing (AEB), 458, 489,

490, 580, 690
autoboy, see Canon AF-35m camera
autochrome color photography, ix, 667, 668
automatic contrast, 794
automatic diaphragm, 572, 672, 693
automatic exposure, 691, 693
automatic focusing, 51, 303–326, 673, 692,

693
contrast, 322–325
in the L16 camera, 430
phase detection, 316–320

automatic mode
in a digital camera, 590
in a film camera, 590

automatic white balance (AWB), 296–297,
693

automatic white balance algorithms
gray world, 296
robust, 297
white point, 296

Avedon, Richard (1923–2004), 880
AWB, see automatic white balance
axial magnification, 131

B
B (Bulb) setting, 693
back button focusing, 308–309, 884
back-illuminated image sensors, 252, 677
backup cameras, 414, 415
Bad focusing (diagnosing), 326–327

Baird, Andrew H., 555
Baker, James Gilbert (1914–2005), 112
BallPod (zero-legged tripod), 362
Barker, Robert (1739–1806), 518
Barnack, Oskar (1879–1936), 51, 122,

568–571, 668
barrel distortion (lens aberration), 14, 155,

694
and fisheye lens, 139

Barry Lyndon (film), 352
barycentric functions, 849, 850
battery issues (in a camera), 713–714
Baudelaire, Charles Pierre (1821–1867), 2,

514, 526, 530, 604
Bauer, Franz (Francis) Andreas

(1758–1840), 515
Bayard, Hippolyte (1801–1887), v, 536–538,

664
Bayer pattern color filter, 265, 268, 430
BBF, see back button focusing
Beato, Felice (1832–1909), 546
Beattie, John (1820–1883), 549
Beebe, Nelson F. H., viii, xiii, 732
Behltle, Friedrich (1829–1869), 567
Bell, Alexander Graham (1847–1922), 535,

593
Bennett, Charles Harper (1840–1927), 555,

560
Berek, Max (1886–1949), 569
Berners-Lee, Timothy John (1955–), 650
beyond infinity (in lens focusing), 311–312
bi-level image, 739

pixel frequencies, 855
bicubic interpolation, 839, 847–853
bicubic polynomial, 851
Bierce, Ambrose Gwinnett (1842–1913), v
bilinear interpolation, 272, 273, 846–847
binary image, 796
Binchy, Maeve (1940–2012), 2, (Colophon)
binning (a histogram), 340
bipod (two-legged tripod), 362
bit depth, 487, 694

and posterization, 291
bitplane (definition of), 739
Biv, Roy G. (fictional name), 663
black and white mode, 85, 713
black body (and color temperature), 79
Black, James Wallace ( 1825–1896), 658
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Blanquart Évrard, Louis Désiré
(1802–1872), 546

blending functions, 849
blind spot (in the eye), 72, 74
blink security camera, 418
blocking artifacts in JPEG, 741
blue marble (image), 650, 662, 673
blur filter, see anti-aliasing filter
blurring (smoothing) an image, 800–803

and out-of-focus, 884
Bogarde, Dirk (1921–1999), xii
Bohr, Niels David (1885–1962), 609
bokeh (and starburst), 107
bokeh (definition of), 694
Bolton, William Blanchard (1848–1899), 554
Bolyai, Farkas (1775–1856), 535
Bolyai, Janos (1802–1860), 535
Bonomi, Francesco, 453
Boutan, Louis Marie-Auguste (1859–1934),

650, 660
Bouton, Charles Marie (1781–1853), 519
box image filter, 801
Boyle, Robert (1627–1691), 513
Boyle, Willard Sterling (1924–2011), 588,

590, 672, 673
bracketing mode, 694, see also exposure

bracketing
Brady, Mathew B. (1822–1896), 666
Brenizer Method, 208
Brewster stereoscope, 665
Brewster, David (1781–1868), 390, 538, 665
Bridge (Adobe software), 303
bridge cameras, 381–382
brightness (adjusting), 792
brinno time-lapse camera, 448, 452–453
Brown, Daniel (1964–), 869
Brownell, Frank Alexander (1859–1939), 558
Brunelleschi, Filippo di Ser (1377–1446), 2
BubbleScope panoramic system, 407
bu↵er (camera’s internal memory), 53, 186,

271, 457, 498, 694
bullet time, 614
burst (of camera shots), xi, 53, 211, 457,

693, 694, 700
Busch, David D., 57
Bush, Vannevar (1890–1974), 590
Byatt, Antonia Susan (1936–), 72

C
C35 AF camera (Konica), 303, 673
cable release, see remote shutter release
Cahan, Richard, 647
calotype (Talbot’s photographic process),

525, 528, 542, 619, 665, see also
Talbotype

camera grips, 357–359
camera lucida, 538
camera models (naming convention), 218
camera modes, 210–212

Canon 5D Mark II, 685
camera obscura, 365–366, 390, 512–513, 663,

see also pinhole camera
camera pattern noise, 266
camera raw (Adobe), 22, 299, 302, 463, 487,

883
cameras

3D, 398–403, 558, 670, 671
backup, 414, 415
and human vision, 83–86
bags, 711
black inside, 239
blink (security), 418
compact, 176, 382–388
controls, 683–690
Dash, 409–415
di↵raction limited, 104
drone, 419–422
infrared, 268, 393–395
miniature and spy, 408–409, 721
modulo, 277
night vision, 396–398
panoramic, 403–407
rotating, 183, 404–405
security, 416–418
shelf-life of, 365
slow, 307, 377, 491, 492, 709, 712, 713
solar powered, 682
specialty, 388–393
taxicams, 409
types of, 173–177, 365–431

Cameron, Charles Hay (1795–1880), 599,
600

Cameron, Henry Herschel Hay (1852–1911),
599

Cameron, Julia Margaret (1815–1879), 549,
599–602, 775
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Canon (history of), 584–585
Canon 10D DSLR (assembly of), 367, 572,

684
Canon A630 camera, 302
Canon AE-1 SLR, 588, 673
Canon AF-35m camera, 316
Canon Canonflex SLR, 585–587, 672
Canon EOS 300D camera, 676
Canon EOS 5D camera, 677
Canon EOS 5D Mark II, 78, 585

controls, 683
Canon EOS 5D Mark III, 369, 370

AEB, 490
weight, 577

Canon EOS 70D, 320, 322, 681
Canon EOS Rebel T3i, 119
Canon EOS system, 674
Canon EOS 630, 309
Canon G12 camera, 387
Canon ME20F-SH camera, 682
Canon Powershot A530 camera, 218
Canon Powershot SX280 HS camera, 437
Canon S1-IS camera, 579, 677
Canon S110 camera, 188
Canon S110 IS, 718
Canon SD1100 camera, 453
Canon SD790 IS, 384
Canon SD800 IS, 142, 384, 434, 446, 903
Canon SX210 IS, 434, 436, 446, 584
Canon SX40, 875
Canon TS-E 24 mm II TS lens, 678
Canon TS-E 24 mm TS lens, 145, 675
Canonflex SLR (Canon), 585–587, 672
capturing space, 18
capturing the moment, 19–21, 187
capturing time, 18
carbon printing, 549–550
Carlson, Chester Floyd (1906–1968), 670
Carlyle, Jane Welsh (1801–1866), 682
Carroll, Lewis (Charles Lutwidge Dodgson

1832–1898), 598, 615–622, 747, 894
carte-de-visite photography, 372, 546,

551–552, 665
Cartier-Bresson, Henri (1908–2004), 46, 177,

647, 669, 732
cartoon-like image, 739
Casio QV-10 camera, 592, 675
Cassegrain, Laurent (1629–1693), 110
cat (lands on its legs), 615

catadioptric (definition of), 111
catadioptric lens, see reflex lens
CCD (charge-coupled device), 251, 265, 266,

268, 587, 589, 695
invention of, 590, 672

CCITT (predecessor of ITU-T), 740, 754
CD, compact disc, 695
cell telephone cameras, 176, 177, 591

lens camera, 681
celluloid film (invention of), 667
Celsius temperature scale, 895
center-circle metering, 328
center-weighted metering, 329, 695
CF, see crop factor
CF, compact flash card, 592, 695
CHDK (Canon hack development kit), 302,

434–475, 489, 585
and fixed aperture, 461
and HDR, 491
bragging about, 440
for non-Canon cameras, 435
HDR scripts, 457–463
intervalometer scripts, 453–456
motion detection scripts, 470–471
overrides, 445–448
remote shutter switch, 471–475
time-lapse scripts, 448–456

Chevalier, Charles Louis (1804–1859), 522
chimping, 369
chroma, 695
chroma noise, 250
chromatic aberration, 154, 205, 695

in mirror camera, 534
chromatic distortion, see chromatic

aberration
chronopanorama (time-lapse and panorama,

888
chronophotography, 615

examples of, 616
Cicco Dennis di (1950–), 642
CIE (Commission Internationale de

l’Éclairage), 77, 83
circle and rectangle, 200
circle of confusion, 121, 220, 694

largest acceptable diameter, 221–223, 225,
226, 230, 231

civil twilight, 102
class 10 memory card, 713, 718
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cleaning an image sensor, 283
Cleveland, Stephen Grover (1837–1908), 564
cloning (selective), 190
close-up filter, 122, 128
closed-loop model, see phase detection
closing an image (image processing), 826
cloud storage (for archiving images), 6
cluttered computer screen, 8
CMOS (complementary

metal-oxide-semiconductor), 251, 265,
268, 695

CMYK color model, 67, 80, 695
codes (variable-length), 755
collodion (Archer’s photographic process),

665
collodion process, 546–552, 601
collodion wet plate photography, 537, 619
color, 67–83

additive, 80
as a subject, 13, 15, 16
as wavelength, 67
blindness, 68, 72
combinations, 29
complementary, 30, 80
cool, 10, 73, 433, 505, 549
in our mind, 72
model, 67
neutral, 294
not an attribute, 68, 890
perception, 68
pure, 67
red and green, 343
saturation, 10
space, 71, 72, 695
spaces, 76–79, 84
subtractive, 80
temperature, 79, 301, 695
trichromatic theory, 71
vibrance, 10
warm, 10, 73, 433, 505

color balance, see white balance
color blindness

in image sensors, vii, 268
in people, 68, 85

color constancy, 294
color filter array (CFA), 268

Bayer, 268
Fuji X-Trans, 270
Kodak RGBW, 271

Sony RGBE, 271
color gamut, 699
color metamerism, 77
coma (lens aberration), 154, 695
comatic aberration, see coma
Common, Andrew Ainslie (1841–1903), 666
compact cameras, 176, 382–388

extended features, 433–480
feature guide, 709–719
market share, 176

compact system camera (CSC), 379
complementary colors, 30, 80
compound lenses, 127–128
compression, see telescoping
computational photography, 4
concave lens, 123, 124, 126
cones (photoreceptor cells), 69, 156, 160
conic constant (of a conic section), 773,

776–778
conic constant (of an ellipse), 777
conic sections

aspherical lens, 773–778
conic constant, 773, 776–778
general formula of, 776

Conrad, Je↵, 230
Contax S camera, 671
contemplative photography, 43
continuous-tone image, 273, 336, 739

histogram of, 336
contrast (adjusting), 793–795
contrast (autofocusing), 229, 322–325
contrast (automatic), 794
controls of cameras, 683–690
convex lens, 123, 124
convolution, 826–833
convolution kernel, see kernel of a filter
cool colors, 10, 73, 433, 549

and color temperature, 79
in tone mapping, 505

Coolpix P1 and P2 cameras, 677
Coolpix P510 camera (Nikon), 381
Coolpix P900 (Nikon superzoom camera),

681
Coolpix S800c camera (Nikon), 679, 680,

718
Copel square shutter, 180, 181
Cornelius, Robert (1809–1893), 649, 654
Correfot camera (Leitz), 303, 673
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Cossitt, Franklin Millard (1863–1936), 561,
562

Cox, Palmer (1840–1924), 558
crop factor, 712

and zoom range, 381
definition of, 278, 279, 716
in a 4/3 camera, 278, 370
in bridge cameras, 381

cropping as an image composition tool, 711
cross correlation of points, 743
CSC, see compact system camera
Cummings, Edward Estlin (1894–1962), 368
cumulative histogram, 342

and histogram equalization, 796
Cunningham, Imogen (1883–1976), 633,

644, 669
Curie, Jacques (1856–1941), 167
Curie, Pierre (1859–1906), 167
curvature (definition of), 773–775
curves

curvature of, 773–775
osculating circle, 775
parametric representation of, 773–775

Cyber-Shot camera (Sony), 385, 386, 475,
675

face detection, 785
Cyber-shot RX1 (Sony), 719
Cyber-shot RX100 (Sony), 278, 680, 716
Cyclops (early digital camera), 588, 673
cylindrical lens, 154

D
D1 camera (Nikon), 592, 676
D3 camera (Nikon), 678
D800 camera (Nikon), 711, 892
D90 camera (Nikon), 678
da Vinci, Leonardo (1452–1519), 663
Daguerre, Louis Jacques Mandé

(1787–1851), vii, 3, 210, 298, 515–535,
593, 653, 654, 663, 664

partnership with Niépce, 516
Daguerreotype, 298, 516–535, 664, 891

replaced by collodion, 665
dark noise, 249, 482
dark side (inside the camera), 239
Darwin, Charles (1809–1882), 535
dash cameras, 409–415

owl, 413
data compression (two-pass), 749

Daumier, Honoré Victorin (1808–1879), 603
David, Jacques-Louis (1748–1825), 537
Davy, Humphrey (1778–1829), 513
dawn (definition of), 102
DC coe�cient (of a transform), 745,

747–749
DC-25 camera (Kodak), 592
DC40 camera (Kodak), 558, 565, 675
DCS-100 (first DSLR, by Kodak), 558, 592,

674
DCS 200 Kodak camera, 566
DDA methods, 846
de Gennaro, Silvano, 650
decibel (as unit of HDR), 457, 482
decorrelated pixels, 738, 742
demosaicing, 272, 275

and sharpness, 208
and the eye, 84

demosaicking, see demosaicing
depth of field, 22, 52, 121, 216, 219–246

and di↵raction, 188
and exposure value, 260
and focal length, 223, 225–227
and HDR, 458, 489
and macro, 211, 304, 884
and pinhole camera, 223
and sensor size, 280
and spherical aberration, 225
as space capture, 18
calculator, 440
creative use of, 221
definition of, 696
equations of, 226, 230–246
factors a↵ecting it, 225
in a TS lens, 145
in the L16 camera, 423, 429
infinite, 227, 879
irrelevant, 211, 221
large, 221
of the Portal camera, 407
outside the box, 239–244
preview button, 224, 685
scales of, 244–246
shallow, 3, 172, 190, 211, 221, 225, 242

depth of field calculator (CHDK), 440
depth of focus, 213, 238–239
Deresiewicz, William (1964–), 878
Desmarets, Paul, 664
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detecting edges in an image, 808–820
detective (1886 Kodak camera), 561, 562,

630
developing a negative, 542–543
Diana camera, 391
diaphragm, see aperture, 696

automatic, 572, 672
Dickerson, Jeb (1923–2004), 382
Dickinson, Emily Elizabeth (1830–1886),

649
Dickson, William Kennedy Laurie

(1860–1935), 51, 569, 607
Dietrich, Marie Magdalene “Marlene”

(1901–1992), 637
di↵raction, 103–107, 184, 425, 697

and DOF, 188
and focus stacking, 230
and sharpness, 208, 209
definition of, 103, 104, 208
of ocean waves, 105

di↵raction spikes, see starburst (optical
e↵ect)

di↵use reflection, 294
DIGIC (Canon camera computer), 434, 437,

579, 677
digicam, see digital camera
digital camera (definition of), 52
digital cameras (history of), 587–589
digital film, 698
digital image (definition of), 156, 589, 700
digital interchangeable-lens system camera,

see MILC
digital photography (annus mirabilis), 587
digital revolution in photography, 589–592
digital zoom, 133–134, 136, 697, 712

in Nokia 808, 133
digital-single-lens-mirrorless, see DSLM
digital-single-lens-reflex, see DSLR
dilation (image processing), 823–826
DIN (film sensitivity standard), 53, 254
diopters, 128

definition of, 122, 208
diorama

by Daguerre, 519–520
definition of, 519

disclaimers in this book, 195, 434, 679, 712
discrete cosine transform, 741, 745, 857
discrete-tone image, 336, 337, 739

Disdéri, André-Adolphe-Eugène
(1819–1889), 372, 552, 665, 669

dispersion, 155
disposable cameras, 308, 558, 671, 674
distinguished photographers

Alfred Eisenstaedt, 636
Alfred Stieglitz, 622
Ansel Adams, 640
Dorothea Lange, 634
Eadweard Muybridge, 84, 607
Edward Steichen, 630
Edward Weston, 632
Gaspard-Félix Tournachon, 602
Julia Margaret Cameron, 599
Lewis Carroll, 615
Vivian Maier, 644

distributions (energy of), 744
DNG image files, 302–303
DNG image format, 302–303
Dodgson, Charles (father of Lewis Carroll

1800–1868), 622
DOF, see depth of field

and focus stacking, 230
and reflex lenses, 108

dolly zoom, 130–133
Douglas-Fairhurst, Robert, 621
Dow-Jones industrial average, 598
downsampling, 741
DPAF, see dual-pixel autofocus
DPI (dots per inch), 156, 158–159, 590, 597,

697, 836
dragging the shutter (in time-lapse

photography), 450
Draper, Dorothy Catherine (1807–1901),

655
Draper, John William (1811–1882), 533,

655, 665
drone cameras, 419–422
drop shutter, 561
dry plate photography, 552–557, 619, 666

gelatin, 555, 599
dry plate process, 666
DS-1P camera (Fuji), 591, 674
DSC, digital camera system (acronym), 566
DSC, digital still camera (acronym), 278
DSC-F828 camera (Sony), 271
DSLM, xi, 52, 379–381, 697

replacing DSLRs?, 367, 675, 678
DSLR, xi, 52, 175, 367–371, 697
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its use is restricted, 598
replaced by mirrorless?, 367, 675, 678

dual-pixel autofocus, 320–322, 681
by stereo vision, 323

dual-pixel technology (auto focusing), 682
Duchamp , Henri-Robert-Marcel

(1887–1968), 24
Duckworth Stephen, Julia Prinsep (Jackson

1846–1895), 600
Dunkels, Adam (uBASIC creator), 437
duopod, see bipod
dusk (definition of), 102
dust

in a camera, 372
in a camera bag, 882
on an image sensor, 283

Dycam Model 1 camera, 591
dye sublimation printing, 167
dynamic range, 697

in photography, 301
of a sensor, 267
of an image, 337

dynamic range increase (DRI), 469
Dynamic-Photo HDR (software), 505

E
E-1 camera (Olympus), 676
E-10 camera (Olympus), 676
E-330 camera (Olympus), 369
Eakins, Thomas (1844–1916), 611
Earth (first photograph of), 672
Eastman, George (1854–1932), 51, 511,

557–565, 569, 666, 667, 891
easyHDR (software), 506
EasyShare-One camera (Kodak), 558, 677
eccentricity of a conic section, 770, 782

and the conic constant, 776
edge

definition of, 808
detection, 230, 808–820

Hough, 816–820
Kirsch, 815
Prewitt, 813
Roberts, 810–811
Sobel, 811–812
Sobel extended, 813

sharpening, 820–822
Edgerton, Harold Eugene “Doc”

(1903–1990), 669

Edison, Thomas Alva (1847–1931), 51, 409,
519, 569, 607, 611, 853

Edwards, John Paul (1884–1968), 644
Einstein, Albert (1879–1955), xviii, 637
Eisenstaedt, Alfred (1898–1995), 3, 44, 494,

636–640, 666
electromagnetic radiation (and refraction),

114
electromagnetic spectrum, 66
electronic first shutter curtain (EFSC), 186
electronic front curtain shutter (EFCS),

186, 187, 369
electronic shutter, 183
electronic viewfinder, 369

definition of, 174
electronic viewfinder with interchangeable

lens, see EVIL
electrophotography (xerography), 670
Eliot, George (1819–1880), 450
ellipse, 770

conic constant, 777
definition of, 770
eccentricity of, 770
equation of, 770, 773, 775
radius of curvature of, 773, 775, 777, 895

ellipsoidal lens, 770
Elmore, David, 642
Emerson, Ralph Waldo (1803–1882), 861
eneloop batteries, 714
energy

concentration of, 744
of a distribution, 744

EOS (Canon camera system), 674
EOS 300D camera (Canon), 676
EOS 5D camera (Canon), 677
EOS 5D Mark II camera (Canon), 78, 585

controls, 683
EOS 5D Mark III camera (Canon), 369, 370

AEB, 490
weight, 577

EOS 70D Canon camera, 320, 322, 681
EOS 630 camera (Canon), 309
Epson R-D1 camera, 380, 579, 677
equivalent focal length, 351
Ericsson S006 (Sony), 597
erosion (image processing), 823–826
Erwitt, Elliott (1928–), 375
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Essential HDR (software), 506
ETTR (expose to the right), see gamma

correction
EV, see exposure value
EV di↵erence, see stop (photographic term)
evaluative metering, 329
Evans, Glyn (iPhoneography), 678
EVIL (electronic viewfinder with

interchangeable lens), 380
Exakta camera, 572, 670
EXIF (exchangeable image file format), 301,

697
exposure, 51, 697

definition of, 53
golden trio, 51, 53, 54, 187, 214, 252, 255,

489
exposure blending, see exposure fusion
exposure bracketing, 697

for HDR, 458
in CHDK, 440

exposure compensation, viii, 328, 331–333,
433, 459, 697

in CHDK, 460
exposure correction, see exposure

compensation
exposure delay mode, 697
exposure fusion (HDR), 485, 495–498
exposure meter, see light meter
exposure settings algorithm, 188
exposure value, 261, 697

definition of, 255, 260
in HDR, 482

exposure values examples, 255–263
extending the power of compacts, 433–480
extinction light meter, 328
extrinsic attributes, 68
eye

field of view of, 76, 83
iris (not perfect circle), 107
resolution of, 73–76
resolving power of, 156, 220, 221

Eye-Fi card, 717, see also FlashAir
eyeglasses lenses, 128

F
f-stop, 195–212, 698

and focal length, 280
definition of, 196, 219
less than 1?, 203

rules of, 210–212
smallest, 206

F3AF camera (Nikon), 304
Fabricius, Georgius (1516–1571), 663
face detection, xii, 785–790
face recognition, 786
facsimile compression, 754–758

1D, 755
group 3, 755

Fahrenheit temperature scale, 895
Family of Man (exhibit), 630, 631, 636, 671
Faraday, Michael (1791–1867), 542
fast lens, 201

advantages of, 202
fathers of photography, 535
fauxtography, viii
fdrtools basic (software), 890
femto photography, 680
Fermat, Pierre de (1601–1665), 116
Fermat’s principle, 116
ferrotype, see tintype
Feynman, Richard Phillips (1918–1988), 23,

117
Fibonacci spiral, 285
Fibonacci, Leonardo (c. 1175–1250), 64
FICO score, 502, 598
field curvature, 123, 136, 153, 353
field of view (FOV)

and dolly zoom, 130
and focal length, 349
and sensor size, 350

field of view of the eye, 76, 83
fill-in flash, 14, 329, 698
film

binary behavior, 289
Fuji Velvia 50 film, 890
orthochromatic, 667
panchromatic, 667
still used, 569, 890, 891

film speed, 698
standards of, 254, 663

filter, 698
filters (image processing), 800–822

kernel of, 801, 827
support region of, 801

FinePix 3D camera (Fuji), 679
finger gesture for zoom (pinching), 427
fireworks mode, 713
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first digital photograph, 661
fisheye lenses, 137–144, 698

and barrel distortion, 139
fisheye projection, 137–144

peephole, 144
Five Weeks in a Balloon (novel), 603
fixed focus, 307–308, 591, 674

in a Lego camera, 390
fixed pattern noise, 249
fixed-focus lens, 698
Fizeau, Armand Hippolyte Louis

(1819–1896), 532, 656
flare (lens artifact), 698

and starburst, 104
flash, 698

and x-sync speed, 181
electrical shock, 363
external, 716
in compacts, 716
TTL, 584

flash card, 698
slow, 713

flash exposure bracketing, 698
flash memory, see digital film
flash synchronization, 180, 698
FlashAir Wireless SD Card, 717, see also

Eye-Fi card
flashbulb (invention of), 669
FlexColor (Hasselblad software), 288
Fling (kodak camera), 558, 674
flip book (and time-lapse), 452
floating-point numbers, 507–510
floating-point ti↵ (file format), 500
Florence, Antoine Hercule Romuald

(1804–1879), 535
focal length, 698

35 mm equivalent, 351, 691
and field of view, 343–351
definition of, 343

focal plane, 121, 196, 220, 240, 350
focal-plane shutter, 177
foci (pronunciation of), 120
focus (of a lens), 698
focus assist lamp, 308, 692, 698, 717
focus blending, see focus stacking
focus free, see fixed focus
focus plane, 121, 196, 220, 240, 350
focus range, 699
focus stacking, 84, 227–230

and DOF control, 230
focusing

and blurring, 884
automatic, 303–326, 673
bad, 326–327
beyond infinity, 311–312
crucial, 303, 326
fixed focus, 307–308
manual, 304–307

focusing rings, 306–307
focusing scale explained, 196
Fothergill, Thomas, 554
Foucault, Léon (1819–1868), 656
four-thirds cameras, 370

the first one, 676
Fourier analysis, 857
FOV, see field of view
fovea (yellow spot in the eye), 69, 72, 156
foveon image sensor, 276–277, 676, 680
frame rate, 699
frameline mask (in a rangefinder), 316, 374,

573
frequencies of pixels, 802, 855–858, 896
From the Earth to the Moon (novel), 602,

665
front-curtain sync, 180, 699
Fuji DS-1P camera, 591, 674
Fuji Velvia 50 film, 890
Fuji X-Pro1 camera, 174
Fuji X-Trans color filter array, 270
Fuji X100S Camera, 270, 484
full electronic shutter, 183
full-frame sensors, 51, 425
function and its inverse, 778, 895
Fusion HDR (software), 890
Fyfe, Andrew (1792–1861), 665

G
G12 camera (Canon), 387
Gaedicke, Johannes, 667
gamma compression, 469
gamma correction, 275, 289–293, 469, 699,

see also gamma transform
and 18% gray, 293

gamma transform, 699
gamut, 699
gapless microlenses, 252, 678
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Gardner, Sallie (horse), 609, 614
Gaudin, Marc Antoine Augustin

(1804–1880), 554
Gauss image filter, 802
gear acquisition syndrome (GAS), 40, 46,

718
gelatin (dry plate photography), 555, 599
GenArts Sapphire (software), 452
gender (roles of), 70, 612, 891
George Eastman House (museum of

photography), 60
geotagging images, 4
Gerber, Andreas Friedrich (1797–1872), 664
Gilbert, William Schwenck (1836–1911), 564
Gilchrist-Clark, Matilda Theresa (Talbot

1871–1956), 541
Gillette, King Camp (1855–1932), 162
Girod, M. A., 553
Glaser, Donald Arthur (1926–2013), 816
Gleick, James (1954–), 775
global shutter, 183
Globuscope panoramic camera, 183, 405
glossary of photographic terms, 691–707
GND filter, see graduated neutral density

filter (GND)
Goddard, Paul Beck (1811–1866), 532
golden hour, 19, 872
golden ratio, 284–285
golden rectangle, 285
golden trio, see exposure
Goldstein, Je↵rey, 646
Goodwin, Hannibal Williston (1822–1900),

667
Gorby, Hannah Stilley (1746–?), 656
Gordon, Russell Manners (1829–1906), 555
gorilla tripod, 360, 362
Gould, Glenn Herbert (1932–1982), 1
Gould, Stephen Jay (1941–2002), 9000
GPS camera (Casio), 679
graduated neutral density filter (GND), 101,

486, 881, see also ND (neutral density)
filter

graininess, 699
Grant, Ted, 714, 740
graphical elements in photographs, 25–30
graphical image, 337, 739
Gratchev, Andrey (CHDK developer), 441
gray (neutral 18%), 50, 294, 296, 328, 331,

691

and gamma correction, 293
gray balance, see white balance
gray card (18% card), 699
gray level, 699
gray world (AWB algorithm), 296
Gray, Elisha (1835–1901), 535
Gray, Jean-Baptiste Gustave Le

(1820–1884), 546, 549
grayscale, 699
grayscale image, 739
great photographs (how to obtain), 10–23,

351
green and red colors, 343
green box (automatic mode), 210
Greengo, John (photographer), 59, 381
grips, 357–359
Griswold, Victor Moreau (1819–1872), 551
group 3 fax compression, 754
group 4 fax compression, 754
group f/64, 632, 633, 640, 644, 669
guide to compact cameras, 709–719
Gull, William Withey (1816–1890), 613
Gunderson, Roger, 646

H
H1 and H2 cameras (Hasselblad), 285, 891
H5D-60 large sensor camera (Hasselblad),

882
Haas, Ernst (1921–1986), 570
halftone image, 699
halftone photograph, 666
halftoning (and fax compression), 758
hand gestures in digital cameras, 680
handheld techniques, 193–195, 492–493
Harman, Alfred Hugh (1841–1913), 556
Hasemann, Wilhelm (1850–1913), 624
Hasselblad 1600F camera, 572, 670
Hasselblad film cameras, 890
Hasselblad H1 and H2 cameras, 285, 891
Hasselblad H5D-60 (large sensor), 882
Hasselblad V line of cameras, 285, 891
Haung, Y., 216
Hauron, Louis Arthur Ducos du

(1837–1920), 650, 659, 666
Hawking, Stephen William (1942–2018), xi
Hazelden, Andrew, 453
HDR, see high dynamic range
HDR Darkroom (software), 506
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hdr file format, 500
HDR PhotoStudio (software), 506
HDR software, 505–506
heavy photographic gear, 30, 40, 41, 45, 47,

171, 193, 362, 367, 377, 408, 422, 561,
567, 568, 591, 621, 688, 712, 714

Hein, Piet (1905–1996), 145
Helmholtz, Hermann von (1821–1894), 71
Herrmann, Klaus (HDR expert), 481
Herschel, John Frederick William

(1792–1871), 528, 535, 538, 539, 550,
600, 664

Hicks, Wilson (1897–1970), 637
high dynamic range (HDR), xi, 18, 52, 333,

440, 457–470, 481–506, 700, 713, 732,
881

a single photograph, 463, 485
and modulo camera, 277
and time-lapse, 450
HDR software, 505–506
history of, 663
in CHDK, 455
many images?, 890
radiance map, 498–500

high resolution (reason for), 711
Hilbert space-filling curve, 883
Hill, Ronald A., 217
HIM (a play), 368
histogram, xi, 333–342, 700

and contrast focusing, 324
and exposure compensation, 332
and focus stacking, 230
and image key, 504
binning, 340
cumulative, 342, 796
logarithmic, 338–339
luminance, 340
non-invertable, 342, 885
of a raw image, 339
RGB, 340

histogram equalization, 342, 796–800
historical images, 649–651
history of Canon, 584–585
history of digital cameras, 587–589
history of Nikon, 572–574
history of Pentax, 580–582
history of photography, ix, 511–682
history of photography timeline, 663–682
history of SLR, 572

history of smartphone cameras, 593–598
Hitchcock, Alfred Joseph (1899–1980), 130
HLS color model, 67
Hockney, David (1937–), 665, 887
Holga camera, 391
Holmes, Oliver Wendell Sr. (1809–1894),

666
hood of a lens, 200, 357

funny shape, 357, 886
Horizon panoramic camera, 406
horizontal logarithmic histogram, 338
hot shoe, 700
Hough edge detection, 816–820
Hough, Paul V. C., 816
Houston, David Henderson (1841–1906), 561
how to sell used photo gear, 46–50
Hoyle, Fred (1915–2001), 673
HSB (or HSV) Color Space, 80–81
hue, 700

definition of, 67
Hu↵man coding, 755, 756

in JPEG, 741
Hulcher, Charles A. (camera inventor), 405
Hulcherama panoramic camera, 405
human perception (nonlinear), 289
human tripod, 887
human visual system, 68–76, 173

and the camera, 83–86
sharpening an image, 820

humor as the subject of an image, 13, 17
hybrid shutter, 183
hybrid viewfinder, 174
Hydra Pro (software), 890
hyperbola

eccentricity of, 770
equation of, 770

hyperbolic lens, 770
hyperfocal distance, 84, 235, 307

and DOF, 226
and fixed focus, 307, 308
definition of, 235, 307
derivation of, 234–238, 242
estimate for, 238
rule of thumb, 234, 238

hyperfocal scale on lenses, 306
hyperlapse, 448
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I
i8510 cell phone (Samsung), 597
ICC, see international color consortium
ICC color profile, 700
Ickes, Harold LeClair (1874–1952), 643
icon modes, see scene modes
Idempotence (definition of), 826
identifying locations of pictures, 6–7
Ilford Inc., 557
illustrator (Adobe), 892
image

bi-level, 739
binary, 796
cartoon-like, 739
continuous-tone, 273, 336, 739
definition of, 55
discrete-tone, 336, 337, 739
DNG format, 302–303
graphical, 337, 739
grayscale, 739
latent, 537, 542
raw format, 298–303, 883
redundancy of, 737–738
resolution of, 55, 710–711
stretching, 841
synthetic, 337, 739
types of, 739–740
variance of, 788

image compression, 857
PackBits, 758–759

image frequencies, 802, 855–858, 896
image key, 503
image noise, 22, 188, 191, 208, 214, 246–254,

498, 700, 710, 738
amplifier noise, 250
and print resolution, 160
chroma, 250
dark noise, 249, 482
fixed pattern noise, 249
luminance, 250
not on the Nikon D3, 678
photon shot noise, 249, 266, 482
read noise, 266
readout noise, 249

image output file formats, 297–303
image processing techniques, 791–833

convolution, 826–833
filters, 800–822
point operations, 792–800

image reciprocity, 498
image sensors, see sensors

back-illuminated, 252, 677
image sharing, 4
image stabilization, 191, 470, 700

and monopods, 886
and tripods, 362
in telephoto lenses, 193, 875

image stabilization (IS), 675, see also
vibration reduction (VR)

image transforms, 742–745
images (historical), 649–651
iMovie (Apple), 452
impulse response (convolution kernel), 827
index of refraction, 115, 206, 764, 766, 767
infinite depth of field, 227, 879
infrared cameras, 268, 393–395

night shot facility, 395
infrared contamination, 268
infrared filter (in image sensors), 268
inkjet printing, 167
inkjet wars, 162
Insstro 9-in-1 Phone Camera Lens, 592
Instamatic camera, 558, 672
intelligent algorithms, 790
intelligent recognition software, 790
internal memory bu↵er, 53, 186, 271, 457,

498, 694
international color consortium (ICC), 700
interpolating polynomials, 847–853
interpolation, 839–853

bicubic, 839, 847–853
bilinear, 272, 273, 846–847
definition of, 839

intervalometer, 701, 707
definition of, 449
in CHDK, 440

intrinsic attributes, 68
inverse of a function, 778, 895
iPhone, see Apple iPhone
iPhoneography, 678
iPhoto (Apple), 883
IR contamination, 268, 395
Ireland, Kathy (1963–), 767
iris, see aperture
irradiance, 212

and f-stop, 213
definition of, 212
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irradiance (definition of), 172, 204
IS (image stabilization), 191
ISO (image sensitivity measure), 22, 53,

246–254
ISO (International Organization for

Standardization), 53, 673, 740
ISO 4,000,000, 682
ISO rule, 254
ISO standard, 673
ITU-T, 754

and fax training documents, 755
recommendation T.4, 754, 758
recommendation T.6, 754, 758

J
J-SH04, first mobile phone with a camera,

595–596
Janin, Jules Gabriel (1804–1874), 529
Jaussaud, Marie (1897–1975), 647
Jello e↵ect, 183, 184
Jennings , William Nicholson (1869–1946),

659
Jensen, Brooks (1954–), 10
Johnson, John (1813–1871), 533
Johnson, Steve (1960–), 177
jokes in this book, 2, 6, 154, 156, 388, 411,

510, 520, 599, 607, 622, 713, 717, 735,
753, 781, 877, 881, 885, 889, 891, 893

JPEG, 701
algorithm, 296, 740–752
and luminance, 83, 741, 746
and luminance-chrominance, 81, 301
blocking artifacts, 741
compared to raw format, 301

JPEG image files, 297–303
JPEG2000, 701

K
KAF-50100 large sensor camera (Kodak),

882
Kahn, Albert (1860–1940), ix, 668
Kahn, Philippe R. (1952–), 675
Kajiwara, Kumao (Pentax founder), 580,

583, 668
Kajiwara, Takuma (1876–1960), 583
Karsh, Yousuf (1908–2002), 784
Keillor, Gary Edward “Garrison” (1942–),

891

Keivom, James Lalropui, ix
Kelby, Scott (1960–), 78
Kellner, Carl (1826–1855), 567
Kennedy, John Fitzgerald (1917–1963), 637
Kepler, Johannes (1571–1630), 512, 663
kernel of a filter, 801, 827
kinetoscope (precursor of the movie

camera), 611
Kinkade, Thomas (1958–2012), 480
Kirsch edge detection operator, 815
Kirsch, Russell A. (1929–), 572, 590, 661,

672, 815
Kiss in Times Square (photo), 44, 637
Kitchin, Alexandra Rhoda (1864–1925), 621
Kodachrome film, 558, 670
Kodacolor negative film, 558, 670
Kodak, 557–567

bankruptcy of, 557, 565, 677, 679
slogan, 558, 563

Kodak AZ901 superzoom camera, 682
Kodak Brownie box roll-film camera, 558,

667
Kodak camera, 557, 667
Kodak DC-25 camera, 592
Kodak DC40 camera, 558, 565, 675
Kodak Fling camera, 558, 674
Kodak Instamatic camera, 558, 672
Kodak KAF-50100 (large sensor), 882
Kodak moment, 566
Kodak RGBW color filter array, 271
Kodak Stereo camera, 558, 671
Konica C35 AF camera, 303, 673
Kossoy, Boris (1941–), 536
Kost, Julieanne, 22
Kranzle, Thomas, 449
Kubrick, Stanley (1928–1999), 352
Kulawiec, Rich, 719

L
L16 Light camera, 422–431, 681
La Dolce Vita (movie), 724
Lagrange polynomial, 857
Land, Edwin Herbert (1909–1991), 671
Landers, Ann (1918–2002), 268
landscape mode, 701, 713
Lang, Andrew (1844–1912), 193
Lange, Dorothea (1895–1965), 246, 634–636
Langenheim, Frederick (1809–1879), 544
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Langenheim, William (1807–1874), 544
Laplace image filter, 802
Laplace operator, 820–822
Larkyns, Harry, 613
laser printer, 162–166
Lassaigne, Jean Louis (1800–1859), 664
latent image, 537, 542
latus rectum (of a conic section), 782
Lavoisier, Antoine (1743–1794), 535
law of large numbers, 249
LCD (definition of), 701
LCD monitor, 715
Leaf Credo large sensor camera (Mamiya),

882
leaf shutter, 178, 217, 218
least time principle (and refraction), 115
Lebovitz, David, 144
LED (definition of), 701
Lee, T. M. (Holga designer), 391
legal issues in photography, xii, 41, 721–734
Lego camera, 390–391
Leibniz, Gottfried Wilhelm von

(1646–1716), 535
Leica (Leitz Camera), 51, 122, 668, 671

history of, 567–571
not a mirrorless, 379

Leica IIIa rangefinder 35 mm camera, 637
Leica S (large sensor), 882
Leitz Correfot camera, 303, 673
Leitz, Ernst I (1843–1920), 567–571
Leitz, Ernst II (1871–1956), 567–571, 668
lemon (color of), 71
lens camera (for smartphones), 681
lenses, 119–156, 343–352

aberrations, 153–155
aberrations and the eye, 84
anaclastic, 769
aspherical, 120, 769–783
catadioptric, 108
compound, 127–128
concave, 123, 124, 126
convex, 123, 124
curvature, 206
cylindrical, 154
ellipsoidal, 770
eyeglasses, 128
fast, 201
fisheye, 137–144
focusing scale, 196

hood, 200, 357, 701
hyperbolic, 770
macro, 136–137
meniscus, 123, 768–769
mirror, 108
paraxial approximation, 761–762
plano, 123
portrait objective, 532
power of, 122, 208
radii sign convention, 764
reflex, 107–113
sharpness of, 208–210
soft focus, 120
spherical, 120, 763–769
standard, 122
sweet spot, 209
thick, 125
tilt shift, 85, 144–151, 376–379
very fast, 203, 206, 308
Zeiss Planar 50mm f/0.7, 352
zoom, 129–130

lensless camera, see mirror camera
lensmaker’s equation, 207, 762, 769

and diopters, 122, 208
Levoy, Marc (1953–), 60
LG Renoir cell phone, 597
Liddell, Alice Pleasance (1852–1934), 549,

550, 599, 615–620
Liddell, Edith Mary (1854–1876), 599, 619
Liddell, Henry George (1811–1898), 619
Liddell, Lorina Charlotte (1849–1942), 599,

619
light, 65–67

the main ingredient of photography, 423
visible, 67

Light (L16 camera), 422–431, 681
light box (how to construct), 49
light field photography, 388, 679, 680
light meter, 698, 701
light metering, 327–342, 702

and exposure compensation, 331
center-circle, 328
center-weighted, 329
evaluative, 329
Nikon metering, 330
spot, 328

light painting, 305
light-field cameras, 308
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lighting and photography, 86–103
Lightroom (Adobe), 61, 883
Lin, Chuan-kai, 273
Linaschke, Joseph, 592, 678
line

explicit representation of, 817
normal parametric representation of, 819

linear (definition of), 805
lithium-ion batteries, 714
live preview, 369, 676, 678

and automatic focusing, 319
and shutter operation, 185

live view, see also electronic first shutter
curtain, 187, 369, see also electronic first
shutter curtain

and mirror lock, 187, 878
momentarily interrupted, 369
use of autofocus in, 319, 325

live view button, 686
Llewelyn, John Dillwyn (1810–1882), 554
Lloyd, Gareth, 566
locking the focus, 309, 311, 312, 699

in Nikon F6, 580
locking the mirror, 193, 210, 492, 577, 583,

587, 702
LOCKSS (Lots of Copies Keeps Stu↵ Safe),

viii, 732
logarithmic histograms, 338–339
LOMO camera, 392–393
lomography, 392

rules of, 392
Spinner panoramic camera, 405

long shutter speed, 178, 190, 194, 203, 393,
447

Long, Ben (photographer), 59
longevity of prints, 6, 161–169
Longley, William Harding (1881–1937), 650
looney 11 rule, 189, see also sunny 16 rule
Lord of the Rings (novel), 459
Loren, Sophia (1934–), 637
low dynamic range (LDR), 481
Lua scripting language, 437, 454
Lucas, George Walton, Jr. (1944–), 731
Lumia 1020 phone (Nokia), 711, 892
Lumière brothers, Auguste Marie Louis

Nicolas (1862–1954) and Louis Jean
(1864–1948), ix, 519, 615, 668

luminance component of color, 81–83, 741,
746, 748

definition of, 67
Luminance HDR (software), 506
luminance histogram, 340
luminance noise, 250
luminance-chrominance color space, 81–83,

301, 502, 504, 741
Lumix DMC-3D1K (Panasonic stereo

camera), 401
Lumix DMC-G1 camera (Panasonic), 380
Lutwidge, Robert Wilfred Ske�ngton

(1802–1873), 619
Lytro (end of), 682
Lytro camera, 388–389, 423, 679, 680

M
M8910 Pixon12 (Samsung), 597
macro lenses, 136–137
macro photography, 3, 85, 352–354, 701

and flash, 716
and illumination, 14
DOF and focal length, 211, 226, 304, 884

macro rail, 354
macrography, see macro photography, 702
macrophotography, see macro photography
Maddox, Richard Leach (1816–1902), 555,

666
magic lantern, 435
Mahoney, Christopher, 642
Maier, Charles (1892–1968), 647
Maier, Vivian Dorothy (1926–2009),

644–649
Maksutov, Dmitry Dmitrievich (1896–1964),

112
Maksutov-Cassegrain telescope, 112
Maloof, John (1981–), 645–647
Mamiya Leaf Credo (large sensor), 882
Mann, Paul Thomas (1875–1955), 612
manual focusing, 304–307
manual mode, 190, 211, 878

creative use of, 190
in a film camera, 590

manual white balance, 10, 92, 295
Marey, Étienne-Jules (1830–1904), 615
Martin, Charles (photographer), 650
matching colors, 29
Mather, Margrethe (1886–1952), 633
Matisse, Henri Émile Benôıt (1869–1939),

629
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Matlab software, properties of, 743
matrix metering, 702

in HDR, 492
Matsumoto, Saburo, 580
Mavica camera, 674
maximum (image filter), 805
Maxwell, James Clerk (1831–1879), 658, 665
Maxwell-Lyte, Farnham (1828–1906), 554
Maxxum camera, 674
ME-F camera (Pentax), 304, 674
ME20F-SH (Canon), 682
Mead, Carver Andress (1934–), 277
median (image filter), 805, 822
Meegeren, Han van (1889–1947), 160
Mees, Charles Edward Kenneth

(1882–1960), 565
megapixel, 702
MegaVision Tessera camera, 591
melainotype, see tintype
meniscus lens, 123, 768–769

in the Diana camera, 391
Menzel, Adolph Friedrich Erdmann von

(1815–1905), 624
Mesdag, Hendrik Willem (1831–1915), 518
mesopic vision, 72
metadata, 301
Mexican hat filter, see Laplace image filter
micro four thirds (MFT), 380
microlens (in image sensors), 268

gapless, 252, 678
micron (definition of), 276, 282, 286, 711,

838
Miethe, Adolf (1862–1927), 667
MILC (mirrorless interchangeable-lens

camera), 379–381, 579, 674, 677
miniature (photographic e↵ect), 55, 85, 148
miniature and spy cameras, 408–409, 721
minimum (image filter), 805
Minolta 9xi camera, 675
Minolta DiMAGE 7 camera, 283
Minox subminiature camera, 408, 670
miracle year of photography (1839), 511,

542, 664
mirror (color of), 71, 873
mirror camera, 533, 665
mirror lens, see reflex lens
mirror lock, 492, 577, 583, 587

and live view, 187
mirror mechanism (in an SLR), 370–371

mirror slap, 186
mirrorless system camera (MSC), 380

and shutter shock, 187
mirrors

in photography, 107–113, 372
parabolic, 874
pellicle, 176, 372
stereo photography with, 402–403

Mitarai, Takeshi (1901–1984), 584
mobile devices cameras, 176, 177
modem, 754
modes (of a camera), 210–212

Canon 5D Mark II, 685
modopocket tripod, 360
Modotti, Tina (1896–1942), 633
modulo camera, 277
Moiré pattern, 287, 702
monopods, 360–362, 702, 887
Monroe, Marilyn (1926–1962), 637
moon (photographing), 256, 664, 665, 881
Moore’s law, 566
Moriarty, Liane (1966–), 101
morphological filters (image processing),

822–826
Morse, Peter (chronopanorama), 888
Morse, Samuel Finley Breese (1971–1872),

533, 664
Morton, Kate (1976–), 44, 602
mosaic sensor (in a camera), 268
motion detection (in CHDK), 470–471
movie camera (invention of), 409
MP, see megapixel
MPO (multi picture object) file, 387
Mullenweg, Matthew Charles “Matt”

(1984–), 690
multi-pattern metering, 702
multi-point focusing, 702
multi-zone focusing, 703
mustache distortion (lens aberration), 155
Muybridge, Eadweard (1830–1904), 84,

607–615, 640, 666
Muybridge, Florado Helios (Floddie,

1874–1944), 607
myopia (shortsightedness), 128

N
N8 cell phone (Nokia), 597
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N86 cell phone (Nokia), 597
N90 cell phone (Nokia), 597
Nadar, see Tournachon, Gaspard-Félix
naming and archiving images, 4–6, 732
nanometer (definition of), 81, 703
Nariakira, Shimazu (1809–1858), 657
natural lighting, 86–103
nautical twilight, 97, 102
ND (neutral density) filter, 18, 173, 202,

217, see also graduated neutral density
filter (GND)

and CHDK script, 461
near-focal-plane shutter, 561
Ne↵, Peter (1827–1903), 551
neighborhood of a pixel, 800, 823
neutral balance, see white balance
neutral color, 294
neutral gray (18%), 50, 294, 296, 328, 331,

691
and gamma correction, 293

Newhall, Beaumont (1908–1993), 527, 642
Newton, Helmut (1920–2004), viii
Newton, Isaac (1642–1727), 65, 110, 205,

535, 663
Newtonian telescope, 110
Niépce, Isidore (1805–1868), 516, 523, 524,

663, 664
Niépce, Joseph Nicéphore (1765–1833), 514,

528, 535, 652, 663
night mode, 713
night vision cameras, 396–398

how to make, 397
Nikon (history of), 572–574
Nikon 1 camera, 671
Nikon Coolpix P510 camera, 381
Nikon Coolpix P900 (superzoom camera),

681
Nikon Coolpix P900 superzoom camera, 681
Nikon Coolpix S800c camera, 679, 680, 718
Nikon D1 camera, 592, 676
Nikon D3 camera, 678
Nikon D800 camera (36 Mpixels), 711, 892
Nikon D90 camera, 678
Nikon F camera, 572, 574–580, 672
Nikon F3AF camera, 304
Nikon metering, 330
Nikonos Calypso (underwater camera), 672
Nimoy, Leonard Simon (1931–2015), 833

Nin, Angela Anäıs Juana Antolina Rosa
Edelmira y Culmell (1903–1977), 769

Noblex panoramic camera, 406
nodal points in a lens, 125
Nokia 808 pureview, 133, 597

41 Mpixel sensor, 135
Nokia Lumia 1020 phone (41 Mpixels), 597,

711, 892
Nokia N8 cell phone, 597
Nokia N86, 597
Nokia N90 cell phone, 597
nonlinear filters (image processing), 804–822
Norris, Richard Hill (1830–1916), 554
Noskowiak, Sonya (1900–1975), 633, 644
Nyquist, Harry Theodor (1889–1976), 855

O
O’Kee↵e, Georgia Totto (1887–1986), 623,

629
object detection, 790
OIS (optical image stabilization), 191
Oloneo (software), 890
Olympus E-1 camera, 676
Olympus E-10, 676
Olympus E-330 camera, 369
One-Shot, see phase detection
open-loop model, see phase detection
opening an image (image processing), 826
optical lowpass filter, see anti-aliasing filter
optical viewfinder (OVF), 369

definition of, 173, 703
features of, 174

optical zoom, 134, 703, 712
optics, 103–156
optics (definition of), 103
orientation sensor, 703
orthochromatic black and white film, 667
orthogonal transform, 742
orthonormal matrix, 742
OS X (Apple), 883
osculating circle, 775
OSS (optical steady shot), 191
Ostermeier, Johannes, 669
outlier (definition of), 297
output file format, 297–303
overrides in CHDK, 445–448
owl smart dashcam, 413
oxymel, Llewelyn’s dry plate process, 554
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P
PackBits image compression, 758–759
palette, 703
Palmer, George (trichromatic theory of

color), 71
Panasonic Lumix DMC-3D1K, 401
Panasonic Lumix DMC-G1 camera, 380
panchromatic black and white film, 667
panning, 703

definition of, 24
DOF is irrelevant, 221
lowest-yield photography, 19, 211
origin of, 24

Panono panoramic camera, 406
panorama, 703, see also vertorama

360-degree, 681
definition of, 53, 518
how to shoot, 54
in a thick lens, 125
in a TS lens, 54, 145
rotating center, 125

panoramic cameras, 403–407
timeline of, 663

Panoscan panoramic camera, 405
paperless o�ce, 161
parabola (definition of), 874
parabolic mirror, 874
parallax, 703
parallax error, 176, 372, 375, 381

in an OVF, 173
parametric cubic polynomial (PC), 848
parametric representation of curves, 773–775
paraxial rays, 764
parfocal lens (true zoom), 129
Parulski, Kenneth A., 593
PASM, see modes (of a camera)
peephole (as a fisheye lens), 144
pel (fax compression), 55, 755
pel (synonym of pixel), 836
pellicle mirror, 176, 372
pentamirror, 107, 119, 174
pentaprism, 118–119, 572, 672

in the Asahi Pentax SLR, 582
Pentax 645D (large sensor), 882
Pentax 645N camera, 675
Pentax Asahiflex II, 572, 671
Pentax history, 580–582
Pentax III camera, 672
Pentax ME-F camera, 304, 674

Pentax Spotmatic camera, 672
Perkins, Dexter (1889–1984), 622
persistence of vision (and the zoetrope), 609
perspective, 703
Peterson, Bryan (photographer), 59
Petzval’s portrait objective lens, 532
Petzval, Josef Mikza (Max 1807–1891), 153,

532
Phantasmagoria (book), 621, 894
phase detection (autofocusing), 316–320
Phocus (Hasselblad software), 288
phonograph (invention of), 409, 853
Photo CD system (Kodak), 558, 674, 675
photogenic drawing (Talbot’s early process),

542
photoglyphic engraving (Talbot’s

photographic process), 545
photographer

amateur, 277, 302, 710, 715
armchair, 13, 23, 43
aspiring, 177, 212
bad, viii
beginner, 196
block, 42
career of, 714
casual, 210
competent, viii
demanding, 266
do it yourself, 283
enthusiastic, viii, 433, 715
experienced, 14, 190, 211, 330, 381
good, 10, 212
great, 13, 30, 212
inexperienced, 382
legs of, 403
maestro, 212
mediocre, 10
midlife crisis, 42
patient, 19
pioneers, 663
portrait, 280
professional, 5, 327, 388, 704, 719
serious, 280, 360
skilled, 299
street, 636, 646, 668, 669
wears black, 873

photographers
Alfred Eisenstaedt (1898–1995), 636
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Alfred Stieglitz (1864–1946), 622
Ansel Adams (1902–1984), 640
Dorothea Lange (1895–1965), 634
Eadweard Muybridge (1830–1904), 84, 607
Edward Steichen (1879–1973), 630
Edward Weston (1886–1958), 632
Gaspard-Félix Tournachon (1820–1910),

602
Julia Margaret Cameron (1815–1879), 599
Lewis Carroll (1832–1898), 615
Vivian Maier (1926–2009), 644

photographic gear (selling of), 46–50
photographic memory (a misnomer), 75
photographs (historical), 649–651
photographs (how to obtain great ones),

10–23, 351
photography

analog and digital, ix–x
annus mirabilis, 513, 587
astronomical, 666
bu↵ (enthusiast), 715
computational, 4
contemplative, 43
digital revolution, 589–592
femto, 680
history of, ix, 511–682
is all about light, 10, 65
legal issues, xii, 41, 721–734
lowest-yield shots, 19, 211
macro, 85, 352–354
miracle year of (1839), 511, 542, 664
of the moon, 256, 664, 665, 881
of the sun, 881
origin of term, 1
pioneers of, v, 51, 511–649, 664, 666
rule of large numbers, 44
rules of, 19, 22, 188, 189, 210–212, 351,

360
stone age of, 298
sunrise and sunset, 97–101, 873
twilight, 101–103, 641, 642

photojournalism (and the Leica), 668
photomacrography, see macro photography,

702
Photomatix (software), 460, 463, 469, 504,

506
photomic viewfinder, 576
photomicrography, 555, 703
photon shot noise, 249, 266, 482

photopic vision, 71, 72
photoshop (Adobe), 61, 81, 275, 452, 674,

883
and blurring, 803
and HDR, 496
ecstasy of, viii

Photoshop CS5 HDR Pro (software), 506
photosites, 179, 703

as a bucket, 265, 277, 429, 482
as analog devices, x
black level, 482
color blind, 268
definition of, 265
each is a pixel, 268
size of, 282, 286, 711, 838
smallest detail, 858
submicroscopic, 381
white level, 482

physautotype (early photographic process),
523

Picasso, Pablo Diego José Francisco de
Paula Juan Nepomuceno Maŕıa de los
Remedios Cipriano de la Sant́ısima
Trinidad Clito Ruiz y (1881–1973), 24,
628, 629

picoliter (volume of ink droplets), 159
Picturenaut (software), 506
piezo actuator, 286, 882
piezoelectric e↵ect, 286
piezoelectricity in inkjet printers, 167
Pillsbury, Arthur Clarence (1870–1946),

668, 669, 892
pinching (finger gesture for zoom), 427
pincushion distortion (lens aberration), 155,

703
pinhead camera, 390
pinhole camera, 365–366, 389–390, 663, see

also camera obscura
infinite DOF, 223, 879

pioneers of photography, v, 51, 511–649,
664, 666

Pius VII (Pope), 516
pixel binning, 134
pixel correlation, 738, 745, 888, 896
pixel oversampling, 134
pixel shift, see sensors, multishot
pixel vignetting, 204
pixelation, 703
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pixels, 55–57, 703
and pointillism, 57
dead, 282
decorrelated, 738, 742
definition of, 55
density of, 280–283
geometry of, 837
large, 156
origin of term, 56
pitch of, 398, 837

plano lens, 123
plenoptic camera, 388, 423
pluto trigger (remote shutter release), 360
PM8920 cell phone (Sprint), 597
point operations (image processing),

792–800
point-and-shoot, see compact cameras
pointillism, 56
points (cross correlation of), 743
Poisson distribution, 266
Poitevin, Adolphe Louis (1819–1882), 549
Polacolor, color instant film, 672
Polaroid

bankruptcy of, 676
history of, 671

Polaroid Spectra camera, 314
Polaroid SX-70 camera, 304, 314, 673
polynomials

bicubic, 851
definition of, 847
interpolating, 847–853
parametric cubic, 848
parametric representation, 848

Ponton, Mungo (1801–1880), 665
poor man’s fisheye lens, 144
Porta, Giambattista della (1535–1615), 390,

513
Portal panoramic lens system, 407
portrait mode, 701, 713
positive (preferred to negative), 445
post-shutter delay, 712
posterization, 291
posterizing (image processing), 792
PostScript, 163
Pound, Ezra (1885–1972), 708
power of a lens, 122, 208
Powershot SX280 HS (Canon), 437
PPI (pixels per inch), 156, 158, 590, 704,

836, 877

Prévost, Pierre (1764–1823), 518, 519
pre-flash, 704
pre-shutter delay, 712
Prewitt edge detection operator, 813
Priestley, Joseph (1733–1804), 535
prime lens, 704
principle of least time (and refraction), 115
Prinsep, Henry Thoby (1792–1878), 600
printers

dye sublimation, 167
inkjet, 167
laser, 162–166
necessary?, 161
silver halide, 168

prints, longevity of, 6, 161–169
program mode P, 210, 704
program shift, 188, 332
prosumer cameras, see bridge cameras
Proust, Marcel Valentin Louis George

Eugene (1871–1922), 57
pure color, 67
PureView (Nokia digital zoom), 133
Pynchon, Thomas Ruggles Jr. (1937–), 725

Q

qualia, 69
quantization

in JPEG, 745–747
quantization (image transform), 742
QuickTake 100 camera (apple), 558, 592,

675
QuickTime Pro (Apple), 452
QV-10 camera (Casio), 592, 675

R
R-D1 camera (Epson), 380, 579, 677
radiance map (HDR), 498–500
radius of curvature

of a conic section, 776, 777
of a curve, 775
of an ellipse, 773, 775, 777

rangefinder, 174, 704
definition of, 176, 373

rangefinder cameras, 176, 373–375, 574
Epson R-D1, 677

rapid eye movements, 71
raster order scan, 742
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raster scan in a laser printer, 162
raw conversion (in raw image files), 271, 498
raw image files, 297–303, 704, 883

histogram of, 339
raw image format, 298–303
Ray, Man (Emmanuel Radnitzky,

1890–1976), 598
razor and blades business model, 162
RDC-1 camera (Ricoh), 675
read noise, 266
Reade, Joseph Bancroft (1801–1870), 664
readout noise, 249
real image (convex lens), 123, 124
rear-curtain sync, 180, 705
Rebel T3i (Canon), 119
reciprocal pairs (aperture, shutter speed),

188
reciprocity of images, 498
recomposing (an image), 311, 312
red and green colors, 343
red-eye, 704
red-eye reduction mode, 704
reflecting telescope, 108
reflection, 107–113, 874
reflex lens, 107–113
refraction, 67, 114–155

and depth of field, 220
coe�cient, 115

refractive index, 705
relativity, special, 889
remote shutter release, 359–360

pluto trigger, 360
remote shutter switch (in CHDK), 471–475
Renoir cell phone (LG), 597
replicating pixels for bitmap scaling,

841–843
resolution

addressability?, 158
as density, 836
definition of, 54, 74, 705
of images, 710–711
of images (defined), 55, 156, 590
of images (importance of), 56
of the eye, 73–76

resolving power of the eye, 156, 220, 221
retina (in the eye), 69
retouching, 705
RGB

color model, 67, 80, 705

reasons for using, 71
why red, green, and blue?, 71

RGB histogram, 340
RGBE, see Sony RGBE color filter array
rgbe scheme, 500
RGBW, see Kodak RGBW color filter array
Ricoh RDC-1 camera, 675
rings (focusing), 306–307
RLE, 755
Roberts edge detection operator, 810–811
Roberts, Irmin (cameraman, 1904–1978),

130
robust (AWB algorithm), 297
Rockwell, Ken (photographer, 1962–), 62,

77, 209
Rodin, François-Auguste-René (1840–1917),

614
Rodrigues, Tiago, 149
rods (photoreceptor cells), 69
roll film (invention of), 666
Rolleiflex TLR camera, 668, 669

Vivian Maier’s, 646
rolling shutter, 183
Roman numerals, 742
Romeo and Juliet (play), 894
rotating cameras, 183, 404–405
Roundshot panoramic camera, 404
rule of large numbers, 44
rules of thumb

hyperfocal distance, 234
shutter speed, 191, 195, 884
tripods, 191

run-length encoding (RLE), 747
Russell, Charles (1820–1887), 554
RX10 camera (Sony), 876

S
S1-IS camera (Canon), 579, 677
S110 camera (Canon), 188, 718
saccade (definition of), 72
saccadic eye movements, 71
Sagan, Carl Edward (1934–1996), 859
sagittal (definition of), 154
Saint Victor, Claude Félix Abel Niépce de

(1805–1870), 546, 553
Sala, Angelo (1576–1637), 513
sampling theorem (Shannon-Nyquist), 209,

597, 853–859
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Samsung Galaxy, 680
external lenses, 592

Samsung i8510 cell phone, 597
Samsung M8910 Pixon12, 597
Samsung SCH-V200 flip cell-phone, 595
Sandburg, Carl August (1878–1967), 630
Sanyo SCP-5300 cell phone, 591, 596, 676
sashalite (flashbulb), 669
Sasson, Steven J. (1950–), 558, 565–567,

587, 588, 590, 591, 673
saturation (of color), 705

definition of, 67
Saville, Matthew, 212
Sayce, Benjamin Jones (1837–1895), 554
scales of depth of field, 244–246
scaling an image, 839–846
scene modes, 24–25, 54, 190, 705
SCH-V200, Samsung cell phone, 595
Scheele, Carl Wilhelm (1742–1786), 535
Scheimpflug intersection, 379
Scheimpflug principle, 148, 377
Scheimpflug, Theodor (1865–1911), 377
Scheiner, Julius (1858–1913), 254
Schmidt camera, 111
Schmidt, Bernhard Woldemar (1879–1935),

110
Schmidt-Cassegrain telescope, 112
Schueckler, James, 593
Schulze, Johann Heinrich (1687–1744), 513,

663
Schwarzschild constant, see conic constant
scotophorus (photo-sensitive compound),

663
scotopic vision, 69, 72
SCP-5300 cell phone (Sanyo), 591, 596, 676
SD (Secure Digital) memory card, 676, 705

class 10, 713
eye-fi, 717
FlashAir Wireless, 717
locking, 440

SD1100 camera (Canon), 453
SD790 IS camera (Canon), 384
SD800 IS camera (Canon), 142, 384, 434,

446, 903
SD9 camera (Sigma), 277, 676
Seattle time-lapse, 448
security cameras, 416–418
selective cloning, 190
self timer, 55, 705

selfie (a self-taken photograph), 362, 681
selling used photo gear, 46–50
semi-automatic iris, 705
sensel (sensing element), see photosite
sensors, 265–293, 700

and field of view, 350
as analog devices, ix
aspect ratio, 284–285
Bayer pattern, 268
circular, 201, 878
color blind, vii, 268
dimensions of, 716
dust cleaning, 283
full frame, 51, 425
huge, 681
infrared filter, 268
iPhone 6s, 598
multishot, 265, 285–289, 883
size of, 715–716
X-Trans (Fuji), 270
X3, 276–277, 676

sepia, 705
Sesame Street (a television show), 28
Seurat, Georges-Pierre (1859–1891), 56
Shadbolt, George (1817–1901), 554
Shakespeare, William (1564–1616), 894
Shannon, Claude Elwood (1916–2001), 855
Shannon-Nyquist, see sampling theorem
sharpening an image, 275, 497, 704, 705
sharpening edges in an image, 820–822
sharpness (of a lens), 208–210, 705
shelf-life of cameras, 365
shortsightedness, 128
shutter, 54, 177–195, 706

Copel square, 180, 181
drop, 561
electronic first curtain, 186
electronic front curtain, 183, 186, 187, 369
focal-plane, 177
full electronic, 183
global, 183
hybrid, 183
leaf, 178, 217, 218
near-focal-plane, 561
rolling, 183
x-sync, 181

shutter lag, 490, 706, 712–713
shutter priority, 54, 210, 706
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shutter release (remote), 359–360
shutter shock, 187
shutter speed, 54

and CHDK, 440
capturing the moment, 187
irrelevant, 191, 878
long, 178, 190, 194, 203, 393, 447
rule of thumb, 191, 195
slow, 194
slowest, 191
the most powerful control, 178
very high, 189

shutter speeds, 187–195
technical and aesthetic di↵erences, 191

shutter’s block, 42
Siembab, Carl (1926–2007), 642
Sigma SD9 camera, 277, 676
silhouettes, 86, 102–103
silver halide (sensitive to light), 513
silver halide printing, 168
silver halides (light sensitive), 513
single-lens-translucent, see SLT
skylight filter, 706
Slattery, Ron, 646
slow camera, 307, 377, 491, 492, 709, 712,

713
slow motion video, 448
slow shutter speed, 194
slow sync (flash mode), 706
SLR

35 mm, 670
history of, 572
invention of, 572, 649, 665

SLT (single lens translucent), 175, 371–372
smallest theoretical f-stop, 206
smart telephones, 713, 718
smartphone cameras

best of, 593–598
history of, 593–598

SMC lens coating, 672
Smith, George Elwood (1930–), 588, 590,

672, 673
Smith, Hamilton Lanphere (1818–1903), 551
Smith, Pamela Colman (1878–1951), 627
Smith, William Eugene (1918–1978), 431,

571
smoothing (blurring) an image, 800–803
snapshot, 2

and photograph, 2, 871

and the Kodak Brownie, 558
definition of, 667, 871

Snell, Willebrord van Roijen (1580–1626),
115

Snell’s law, 115–117, 139, 762, 763
aspherical lens, 779–783

Snow, Charles Percy (1905–1980), 401
Sobel edge detection operator, 811–812
Sobel extended edge detection operator, 813
soft focus, 706
soft lighting, 706
Sony A7 and A7R cameras, 681
Sony alpha cameras, 175, 371, 681
Sony Cyber-Shot camera, 385, 386, 475, 675

face detection, 785
Sony Cyber-shot DSC-F828, 271
Sony Cyber-shot RX1, 719
Sony Cyber-shot RX100, 278, 680, 716
Sony Ericsson S006, 597
Sony Mavica (Magnetic Video Camera), 588
Sony RGBE color filter array, 271
Sony RX10, 876
sound (speed of), 314
Southey, Reginald (1835–1899), 618, 619
Southey, Robert (1774–1843), 453
space-filling curve, 289
specialty cameras, 388–393
Spectra camera (Polaroid), 314
specular reflection, 294
Speed Graphic camera, 671
speed of sound, 314
spherical aberration, 153, 154, 706

and depth of field, 225
in the Hubble space telescope, 154

spherical lens, 763–769
sign convention for radius, 764

Spherocam panoramic camera, 405
Spiller, John (1833–1921), 554
sport mode, 713
spot metering, 328, 706
Spotmatic camera (Pentax), 672
Sprint PM8920 cell phone, 597
spy cameras, see miniature and spy cameras
SR (shake reduction), 191
sRGB color space, 77, 84
standard 50 mm lens, 122
standard dynamic range (SDR), 481
Stanford, Amasa Leland (1824–1893), 607
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Stanford, Jane Lathrop (1828–1905), 614
Stanford, Leland DeWitt (1868–1884), 614
Star Wars (film), 731
starburst (optical e↵ect), 104–107

and bokeh, 107
steganography (data hiding), 733
Steichen, Edward Jean (1879–1973), 598,

630–631, 636, 671, 672
Steinbeck, John (1902–1968), 363
stereo photography, 665

with mirrors, 402–403
stereo Realist (3D camera), 670
StereoPhotoMaker (software), 403
stereoscope viewer, 666
stereoscopic images, 398–403
stereoscopy, 398–403
Sterling, Jessica, 696
Stieglitz, Alfred (1864–1946), 598, 622–633,

644
Stillman, Jacob Davis Babcock (1819–1888),

614
stitching (a panoramic image), 706
stock photography, 63
stop (photographic term), 18, 53, 55, 173,

199, 203, 252, 873
1/3 and 2/3 of, 197
and histogram, 339
definition of, 197
in HDR, 457, 482

street photographers, 636, 646, 668, 669
stretching an image, 841
strobe photography, 669
stroboscope, 669
Strong, Henry Alvah (1838–1919), 560
stuttered motion (in time-lapse

photography), 450
subband transforms, 742
subcompact cameras, 714
subject of an image, 13
subpixels, 837
subtractive colors, 80
Sullivan, Arthur (1842–1900), 564
sun

photographing, 881
time-lapse of, 450

Sun, Samule, 149
sunny 16 rule, 188–189, see also looney 11

rule
sunrise and sunset photography, 97–101, 873

Super Kodak Six-20 camera, 558, 670
superzoom, 679
support region of a filter, 801, 804
sure shot, see Canon AF-35m camera
surveillance cameras, 308
Sutton, Thomas (1819–1875), 367, 572, 649,

658, 665
Swan, Joseph Wilson (1828–1914), 550
sweep panorama mode (Sony), 403
sweet spot (of a lens), 209
Swift, Henry (1891–1962), 644
swing (up-down tilt), 145
SX-70 camera (Polaroid), 304, 314, 673
SX210 IS camera (Canon), 434, 436, 446,

584
SX40 camera (Canon), 875
synthetic image, 337, 739
Szarkowski, John (1925–2007), 640

T
T (shutter setting), 706
T-stop, 213–214
Takumar (Pentax lenses), 583
Talbot, Charles Henry Fox (1842–1916), 541
Talbot, Matilda, see Gilchrist-Clark,

Matilda
Talbot, William Henry Fox (1800–1877

Dies Mirabilis, 539
Talbot, William Henry Fox (1800–1877), vii,

210, 298, 525, 526, 535, 538–545, 651,
653, 664, 665

Talbotype (Talbot’s photographic process),
528, 542, 665, see also calotype

Tartan ribbon (image), 649, 658
Tatooine (planet), 731
Taupenot, Jean-Marie (1824–1856), 554
taxicams, 409
technicolor film process, 668
telephoto, 55, 706

use in sports, 351, 352
telephoto lens, 55, 130
telescopes

Argunov-Cassegrain, 112
Maksutov-Cassegrain, 112
Newtonian, 110
reflecting, 108
Schmidt-Cassegrain, 112
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telescopic e↵ect, 85, 349
telescoping, 18, 132

zooming, 881
Tennyson, Alfred (1809–1892), 600, 601, 618
Tessera camera (MegaVision), 591
TFT (thin film transistor), 706
The Hunting of the Snark (book), 894
thick lenses, 125
thin-lens equation, 124, 196, 232, 241, 762,

767
Thompson, Florence Owens (1903–1983),

634
Thompson, William (1822–1879), 649, 657
thresholding (point operation), 795–796
Through the Looking Glass (novel), 621
through-the-lens focusing, 707
through-the-lens light metering (TTL), 672,

707
thumbnail, 707
TIFF file format, xii, 301, 752–754
tilt-shift lenses, 54, 85, 144–151, 376–379
tiltpod (zero-legged tripod), 362
time value, see shutter priority
time-lapse photography, 440, 701, 707

and HDR, 450
CHDK, 448–456, 888
chronopanorama, 888
dragging the shutter, 450
Seattle, 448
suitable subjects for, 888

timeline (history of photography), 663–682
tintype (wet plate photography), 547, 551
TLR, 107, 176, 372

invented by Disdéri, 372, 552, 669
TMT (translucent mirror technology), 175,

371
Tolkien, John Ronald Reuel (1892–1973), 13
tone mapping, 469, 485–486, 501–505
total internal reflection, 118
Tournachon, Gaspard Félix (Nadar,

1820–1910), 602–607, 626, 665
Tournachon, Paul (1856–1939), 604,

606–607
Toy Story (movie), 311
training (in data compression), 755, 756
transforms

AC coe�cient, 745, 857
DC coe�cient, 745, 747–749
definition of, 742

discrete cosine, 741, 745, 857
images, 742–745
orthogonal, 742
subband, 742

translucent mirror technology, see TMT
transmission (of light in a lens), 214
transmittance (definition of), 151
trichromatic theory of color, 71
tripods, 360–362, 707, 887

and heavy cameras, 377
and low light, 191
and panoramic lenses, 407
and stereo images, 399
gorilla, 360, 362
head, 694
human, 887
interchangeable feet, 361
modopocket, 360
night photography, 192
rule of thumb, 191
slow shutter speeds, 193, 195, 212, 257,

258, 881
to prevent vibrations, 881
Ultra-Shot, 361

TS lens, see tilt-shift lenses
TTL, see through the lens light metering
TTL flash, 584
tungsten light, 707
Turner, Joseph Mallord William

(1775–1851), 530
Twain, Mark (1835–1910), xiii
twilight photography, 101–103, 641, 642
twin-lens-reflex, see TLR
two-pass compression, 749
Tyler, Anne (1941–), 40
types of cameras, 173–177, 365–431

U
uBASIC interpreter, 437
ultra compact cameras, 714
Ultra-Shot (tripod device), 361
umbrella (light di↵using), 360
unary code, 748
undercranking, see time-lapse photography
underexposure, 707
unipod, 702
USB (universal serial bus), 707
UV filter, 707
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Uzzle, Burk (1838–), 506

V
V line of Hasselblad cameras, 285, 891
Vérignon, Joseph-Pierre Anaclet (ca

1814–ca 1860), 664
vacublitz (flashbulb), 669
value (of color), 707
Van Dyke, Willard (1906–1986), 633, 644,

669
van Gogh, Vincent Willem (1853–1890),

113, 647
variable-length codes in fax compression,

755
variance (as energy), 744
variance (of an image), 788
varifocal (zoom lens), 129, 667
vectors (definition of), 812
Velde, Jan van de (1593–1641), 526
Verne, Jules Gabriel (1828–1905), 602, 665
vertical grips, 357–359
vertical logarithmic histogram, 339
vertigo (movie), 130
vertorama (vertical panorama), 54, 404,

518, 703, 707
very fast lenses, 203, 206, 308
VGA resolution, 707
vibration reduction (VR), 191, 675, 707, see

also image stabilization (IS)
Vierkotter, Paul, 669
view cameras, 176, 376–379, 557

diagonal size, 882
view-master (a stereoscopic device), 670
View-Master personal stereo camera, 671
viewfinder

and left eye, 193, 492
definition of, 707
electronic, 174, 369
hybrid, 174
only one eye, 385
optical, 173, 174, 369
photomic, 576

viewing distance (rule of thumb), 157
vignette, 204

in lomography, 393
vignetting, 55

and HDR, 489
definition of, 707
in a pinhole camera, 366

in Holga, 391
in Lomo, 392
pixel, 204
reduced in the Nikon F, 575
with Zeikos lenses, 476

Vinci, see da Vinci, Leonardo
virtual image (concave lens), 123, 124, 126
vision (human), 68–76, 173, 289, 820

and the camera, 83–86
visual acuity, 75, 156–158, 160
VitalyB (CHDK developer), 441
Vogel, Hermann Wilhelm (1834–1898), 624
Voigtländer, Peter Wilhelm Friedrich Ritter

von (1812–1878), 532
Volta, Alessandro Giuseppe Antonio

Anastasio (1745–1827), 396
VR, see vibration reduction

vibration reduction, 191

W
Walker, William Hall (1846–1917), 561
Wallace, Alfred Russel (1823–1913), 535
Ward, William Arthur (1921–1994), 101
Warhol, Andy (1928–1987), 730, 845
warm colors, 10, 73, 433

and color temperature, 79
and positive thoughts, 97
in tone mapping, 505

Warnerke, Leon (1837–1900), 254
webcams, 308

first, 592
Weber’s law (of human perception), 289
Wedgwood, Josiah (1730–1795), 513, 663
Wedgwood, Thomas (1771–1805), 513–514,

535, 651, 663
weighted median (image filter), 807
Welty, Eudora (1909–2001), 388
Weston, Edward Henry (1886–1958), 210,

598, 632–633, 644, 669
Weston, Theodore Brett (1911–1993), 598
wet plate day 2014, 546
wet plate photography, 547–552
Wharton, Edith (1862–1937), 118
Wheatstone, Charles (1802–1875), 399
white balance, vii, viii, x, xi, 294–297, 301,

707
and color temperature, 79
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and raw format, 296
manual, 10, 92, 295

white point (AWB algorithm), 296
wide-angle, 55, 707
wide-angle lens, 130

and cropping, 711
Widelux panoramic camera, 406
Widespan panoramic camera, 406
WiFi, 717

in a compact, 716–717
William Crookes (1832–1919), 554
Wilson, Charis Helen (1914–2009), 632, 633
Winogrand, Garry (1928–1984), 647
Winther, Hans Thøger (1786–1851), 536,

665
Wolcott, Alexander Simon (1804–1582),

533–534, 665
Wood e↵ect, 393
Wood, Robert Williams (1868–1955), 393,

668
Woolf, Adeline Virginia (1882–1941), 600
Wratten, Frederick Charles Luther

(1840–1926), 668
wrongest prediction, xiii
Wunsch, Friederike Wilhelmine von, 664
Wurtzel, Jon, 595
www (web), 740
Wynne, Frank (1962–), 160, 531

X
X-ray motion picture camera, 669
X-rays, 114
X-sync speed, 181

X100S camera (Fuji), 174, 270, 484
X27 Osprey night vision camera, 398
X3 image sensor, 276–277, 676
XGA resolution, 707

Y
Yates, Edmund Hodgson (1831–1894), 621
YCbCr color space, 81–83

face detection, 787
Yeager, Charles Elwood (Chuck, 1923–), 484
Yoshida, Goro (Canon founder), 669
Young, Thomas (1773–1829), 66, 71

Z
Zapp, Walter (1905–2003), 408
Zeikos lens system, 433, 475–480
Zeiss Planar 50mm f/0.7 lens, 352
Zeiss ZX1 compact camera, 4, 682
zigzag sequence in JPEG, 747, 893
zoetrope (movie viewer), 609
Zone System, 670
zoom

digital, 133–134
optical, 134

zoom lenses, 129–130
constant aperture, 876

zoom range, 712
35 mm equivalent, 712

zooming, see scaling an image
zoopraxiscope (an early movie projector),

609
ZX1 (Zeiss), 4, 682

In the bad old days, the index was a list of prohibited books; may we
now, in a more enlightened age, ban books without indexes?

—Stephen Jay Gould, An Urchin in the Storm, (1987)



Colophon

The idea for this book came to me in a flash (actually, when the flash did not fire).
After using a Canon SD800 IS (an excellent 7.1 MP compact, see Figure 3.18) for five
years, I bought a new, 16 MP Sony Cyber-shot DSC-WX50 (Figure 3.19) because of
its attractive panorama mode. I was surprised to see how the “superior” mode of this
camera produced bright images taken with very little ambient light and without a flash.
In a flash I thought “you couldn’t expect even a large, expensive DSLR to do better
under these conditions,” and the more I thought of the performance of this camera, the
more I became convinced that there was room for a book on how to get the most from
the compact cameras of today (and even of yesterday). Before I realized it, to quote
Jane Austen, I was in the middle before I knew that I had begun.

The book discusses more than just compacts. There is an introductory chapter on
optics, there is much material on photographic terms and concepts and on how cameras
work, and there is a chapter on the history of photography and a timeline, an appendix
on JPEG compression, and much about the shape of a lens—but these can be considered
extra material.

As mentioned in the Preface, any comments, suggestions, and corrections are wel-
come and should be emailed to the author at dsalomon@csun.edu.

We must take up photography seriously,
it seems to make you very popular.

—Maeve Binchy, Echoes, (2008)


