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. The Physics of
= Photography

-

ET. Ao :
Particularly fascinating aspects
from a physical point of view




Structure

Camera lenses CCD- and CMOS- Photo-flash
Sensors

Golden ratio Discussion

r Physics of
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One Lens System and Focal Length
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One Lens System and Focal Length

1_1+1
f u w
d

a = 2arctan —
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One Lens System and Focal Length

Super Telephoto
Long distance
subjects like birds

Telephoto
Wildlife - Near
Sports

Med. Telephoto
Portraits
Children

24° 28° 30°

Normal
Snapshots
Average
Situations

46°

- h.

Wide Angle

Landscapes
Group portraits

g3°  75°

4

35 MM és MM

Extreme Wide Angle

84°

Lo

Architecture, Interiors

114°

14 mm

20 Mm

24 Mm

Fisheye

1_1+1
f u w
d

a = 2arctan —

2f

r Physics of
Photography

13




Examples of different Focal Lengths
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Examples of different Focal Lengths (Lenses

- 180° (Fisheye) .’\ 114° ' 84° ' 75°

Four Thirds 8mm Four Thirde 7mm Four Thirde 12mm Four Thirds 14mm
(Equivalent to 16mm of 35mm lenseg)  (Equivalent to 14mm of 35mm lenses)

8

12 s 10

<
w0

V 47* /V.V\"'x 34" V\ 24° ‘\ 12*

Four Thirds 25mm Four Thirde 35mm Four Thirds 50mm Four Thirds 100mm
(Equivalent to S0mm of 35mm lenses)  (Equivalent to 70mm of 35mm lenses) (Equivalent fo 100mm of 35mm lenzes)  (Equivalent to 200mm of 35mm lenses)

/ ‘ \ 7 / I \ ; 1 . Ve %
1 )89 (! )62 ) 41° L | 25*
Four Thirde 150mm Four Thirds 200mm Four Thirds 300mm Four Thirds 500mm
(Equivalent to 300mm of 35mm lences)  (Equivalent fo 400mm of 35mm lensee)

Macro 100mm

(Equivalent to 24mm of 35mm lenses) (Equivalent to 28mm of 35mm lenges)

(Equivalent to 1000mm of 35mm leness)

-
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o
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Examples of different Focal Lengths (Depth)
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Zoom Lenses

4/16-70
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Zoom Lenses

i
L
\

v 4 Focussing lens
Afocal zoom svstem

simple zoom system:

afocal part using two positive lenses
and one negative, positive focussing
lens

complex engineering moves lenses
in afocal system, thereby changing
the overall focal length

system needs to stay afocal

more prone to aberrations:

chromatic aberration: failure of a lens
to focus all colors to the same point due
to dispersion

spherical aberration: light rays that
strike a spherical surface off-centre are
refracted more or less than those that
strike close to the centre
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Aperture

o iris diaphragm controls the amount
of light coming in
Schirm (Film)

A Mitast. - O shutter-speed needs to be adjusted
! o Lens speed: maximum aperture
| i diameter / minimum f-number
A !
8 Y
a) o k= i
:\chlarf I sd':a?f D
Schirm (Film) o smaller ppening reducgs spherical
A Mt g- abberation effects and increases
depth of field (DOF)
b) ®

f/16 f/11 f/8 /5.6
u n c c r Physics of
f/4 f/2.8 f/2 /1.4

Photography




Aperture

. °. ‘. *‘1 A/‘\ A/‘\ A/‘\ AA

QOOOOOOOOC

fhg ft2 28 flg ftis6 {18 flu fthe f2 {32

IIIIIII@@

1/1ooo 1/500 1/250 1/125 1/60  1/30 1/15 1/8 1/4

)]

ISO50 1SO100 1S0200 ISO400 1ISO800 ISO1600 18503200 ISO(uoo ISOmSoo 15025600
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Apert

Lure
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Peter Lindbergh and Bokeh in Photography
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Complex Camera Lens
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: Part 2:
CCD- and CMOS-sensors

&

Amsterdam, Arena

Andreas Gursky, 2003



CCD- and CMOS-sensors

used in most commercial cameras for a long time
also: fax-devices, image-scanners, spectrometers

array of photo-diodes used to charge
corresponding capacitors

voltage-information of capacitors collected for
each line as a bundle

color: filters used to create rgbh-diodes (25%, 50%,
25%)

can be found geometrically and converted into a
golden angle

used in better, more expensive cameras
also: most phone cameras, barcode reader

same principle as CCD, but: each diode/capacitor
is read individually

pros: cheaper, smaller, faster, higher resolution,
some processing steps can be carried out in the
pixel amplifier (e.g. white balance)

cons: lower photosensitivity, more individual
components, greater differences in sensitivity
between the pixels (leads to more noise)
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CCD- and CMOS-Sensors

1/3"

2/3"

APS-C

Super 35mm

Full-Frame 35mm
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Portrait Lighting Cheat-Sheet

Flash
@45°
Down

r Physics of
Photography

28




The Photo-Flash over Time

Burning of Single-use
magnesium flash lightbulbs
1861 1928
1887

Burning of special
flash powder

GND

0
Il
|

] |-

Fotodiode

1931

Edgerton’s electron
flash tubes (Xenon)

Abschalt-
einheit

2003

First use of LED

flashes in Phones
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The Color Temperature and CRI

O

for natural impression: 5500K-6000K

technical way to solve the problem:
white balance

continuous spectral color mixing is
perceived as natural (white) light

Color Rendering Index:

“Effect of an illuminant on the color appearance
of objects by conscious or subconscious
comparison with their color appearance under a
reference illuminant.” — CIE

8 of the 14 DIN6169-colors are used
as reference

Ri+Ry+---+R;+ Ry
R, = 3
high value is desirable: xenon almost
at 100

but: not totally representative

A

Intensitat

LED-Flash

400 500 600 700 800
Wellenlange in nm

Lightsource Color
Rendering

Index

Sun 100
Incandescent ~ 100
light bulb
# 1 Altrasa I # & Fiiedenviolett Xenon-flash ~99
# 2 Senfgelb I + o rot gesatior
# 3 Gelbgrin # 10 Gelb gesattigt
LED 75-98
# 4 Hellgriin P # 11 Grun gesatt at
#5Tu | R
# 6 Himmel # 13 Rosa (Hautfarbe) Magnesium <10
# 7asterviolett [ NN + 1« 5otorin

r Physics of
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The Fibonacci Sequence

0, n=0,
fib(n) = < 1,
fib(n —2) 4+ fib(n — 1), n > 1. 5

1

56 70 56 28 8 1
36 84 126 126 84 36 9 1
10 45 120 210 252 210 120 45 10 1

140000

120000

O introduced by Italian
mathematician Leonardo of Pisa 100000

80000

O used to describe populations

60000

o finds many applications in science
and art

40000

20000

O closely related to the golden ratio .

123 45 6 7 8 91011121314151617181920212223242526
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The Fibonacci Sequence

f.’»b(”) —- b

— fib(n+1)=b+ fib(n—1) =: a 05

— fib(n+2)=a+1D O
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

For large n:
fib(n-{—l) _ E ﬁ f?'b(n-{_z) _ ﬂ+b 0,00001
fib(n) b fib(n+1) a -

0,0000001

1E-09
r Physics of
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Calculation of ¢

a a  a
1
1+ —=¢
©
o' —p—1=

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1+ /5
+2‘/_ — 1618033988 .. =
(1

> = —0.618033988 .. )

, 1 (1+v5\ 1 [1-v5\"
fib(n) = — B r _
V5 2 NG 2 Physics of
Photography
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The Golden Ratio

B S)
|
=)
3
o~

o> R

O relates to an irrational number

o first mentioned by Euclid, later:
Binet and Kepler

O can be found geometrically and
converted into a golden angle

-~ 1.61803398383749394%4...

A

ca. 61,8 % S ca. 38,2 %

other names: golden mean, divine
proportion

believed this to be aesthetically
pleasing

appeares both in man-made art and in
nature

however: relevance for the perception

of beauty controversial
r Physics of
Photography
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The Golden Spiral

h
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r Old City Hall
of Leipzig

The Great Wave
off Kanagawa

Katsushika Hokusai

ok i s e o ST LT T T

& i)

|_ Mona Lisa

Leonardo Da Vinci

Girl with a
Pearl Earring

Johannes Vermeer

Physics of
r \f 3 7
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Examples in Photography - The Rule of Thirds

s 7
| ’L
b b
= f it
a — 2 i
golden ratio %= 1.61 36x24mm %: 1.5
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Examples in Photography

o‘\“y <
e © D ) {
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Examples in Photography
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Examples in Photography
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Examples in Photography
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Andreas Gursky, 2001




= 100PH0T0S THE COLLECTION VIDEOS SHOP ¥

©

The Most
Influential
Images of Al
Time

EXPLORE THE STORIES BEHIND 100

IMAGES THAT CHANGED THE WORLD,
-LECTED BY TIME AND AN

INTERNATIONAL TEAM OF CURATORS

» ABOUT THE PROJECT

SHARE »

To take a look at Time‘s 100 Pictures: http://100photos.time.com/

about the project credits



http://100photos.time.com/

Synopsis

O Camera Lenses

— .
Super Telephoto

Telephoto | Med. Telephoto  Normal ' Wide Angle = Extreme Wide Angle
Long distance Wildife - Near Portraits Snapshots | Landscapes Architecture, Interiors
subjects like birds Sports Chidren Average | Group portraits
Shuations
Focal length and FOV: 2oL
0 46° 14°
240 28° 30° 34" b &

" Fisheye

L
100 mm 85 B0V 701

—

=t

—_
=
H

24um

7 a7 %
IHIHIS = 20rctan 2
a = 2arctan —
Aperture 2f

35MM 28 MM

e

f/1.4 flz 28 fig fi56 fI8 fm fhée fl22 {32

EJEdEdEES ES ESESIESIES

11000 1/500 1/250 1/125 1/60 1/30 1/15 1/8 1/4 1/2

E Photo Flash

1861: magnesium flash (dangerous)
1887: flash powder (Mg, KCIOs, Sb,Ss)
1928: single-use flash bulbs (Mg, Al)

1931: Robert Edgerton’s electron-flash
tube (Xenon), high-speed photography

2003: LED flash in phones with worse
color rendering index

(I) Golden Ratio

0, n =20,
fib(n) = {1. n=1, lvh—
fib(n — 2) +fib(n — 1), n> 1.
For large n:
T L =" 1+2‘/5 — 1618033988 . = ¢
C
21 D
34 13
8 a _
E A ca.618% S ca382% B

r Physics of
Photography 47



https://en.wikipedia.org/wiki/Color_rendering_index

Discussion

Times Square

| Andreas Gursky, 1997
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« ,Digitale Fotographie Praxiskurs” by Tom Ang, Dorling Kindersley
Ltd. 2011 (great way to learn about photography)

e https://en.wikipedia.org/wiki/Zoom lens

Part 2

*  “CMOS/CCD sensors and camera systems” by Gerald C. Holst,
Gerald, SPIE 2011

e https://www.pcwelt.de/ratgeber/CMOS-vs-CCD-Bildsensoren-
5794727 .html

Part 3

e https://www.natur-foto-technik.de/LED-Blitz.html

*  “Physik Journal”, DPG, 11.2020, page 50: “Hell, schnell ... und
farbecht”

*  “Organic Electronics”, Elsevier, 5.2011, page 865: “Efficient very-high
color rendering index organic light-emitting diode” by Jwo-Huei Jou

*  To take a look at Time‘s 100 Pictures: http://100photos.time.com/

Part 4
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https://en.wikipedia.org/wiki/Zoom lens

https://en.wikipedia.org/wiki/Chromatic aberration
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https://www.lernhelfer.de/schuelerlexikon/physik/artikel/fotoapparat

https://www.businessfotograf-magdeburg.de/category/fotografie-
tipps

http://www.kay-pehnke.de/blog

https://www.fotocommunity.de/photo/blende-und-schaerfe-carlos-
methfessel/341639

https://www.wikiwand.com/en/Canon EF 200-400mm lens
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https://pro.sony/de CH/technology/full-frame-sensor

Part 3

https://www.51vimeo.com/paipiangonglve/detail-99.html

https://nl.wikipedia.org/wiki/Bestand:AHA Blitzlichtpulverlampe.jpg

https://www.physicsforums.com/threads/charges-in-a-gas-
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https://asingulareye.wordpress.com/2013/06/03/rule-of-thirds/
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