
 ii

 
 
 
 

SCIENCE FOR THE CURIOUS 
PHOTOGRAPHER 
 
OR 
 
The Science and History of Digital 
Photography 

 
 

   Charles S. Johnson, Jr. 
   The University of North Carolina at Chapel Hill 

 
 
 
 
 
 
 
 
 
 
 

Published by DOSY Press, Chapel Hill, NC 
 

© 2009 Charles Sidney Johnson, Jr. 
 

Assess photophys.com for corrections, updates, and feedback. 
 
 



 iii 

CONTENTS 
PREFACE ................................................................................................................................................................. VI 
1   WHAT IS PHOTOGRAPHY? ..............................................................................................................................1 
2   WHAT IS LIGHT?.................................................................................................................................................5 
3   THE CAMERA – AN INTRODUCTION ..........................................................................................................11 

3.1  INTRODUCTION .................................................................................................................................................11 
3.2  THE CAMERA BODY...........................................................................................................................................11 
3.3  THE LENS ..........................................................................................................................................................12 
3.4  FILM AND SENSORS ...........................................................................................................................................14 

4   IMAGES:  WHAT IS PERSPECTIVE?.............................................................................................................18 
5   WHY DOES A CAMERA NEED A LENS? ......................................................................................................22 
6   ELEMENTARY OPTICS: HOW DO LENSES WORK? ................................................................................25 
7   THE SIMPLE THIN LENS AND WHAT IT DOES.........................................................................................30 

7.1  INTRODUCTION .................................................................................................................................................30 
7.2  OPTICAL SURFACES...........................................................................................................................................30 
7.3  COMPOUND LENSES ..........................................................................................................................................33 
7.4  CONCLUSION.....................................................................................................................................................34 

8   HOW TO MAKE LENSES THAT ARE GOOD ENOUGH FOR PHOTOGRAPHY ..................................36 
8.1  INTRODUCTION .................................................................................................................................................36 
8.2  ABERRATIONS...................................................................................................................................................38 
8.3  THE PETZVAL SUM............................................................................................................................................40 
8.4  OPTICAL MATERIALS.........................................................................................................................................41 
8.5  ANTI-REFLECTIVE COATINGS ...........................................................................................................................43 
8.6  CONCLUSION.....................................................................................................................................................46 

9   COMING TO TERMS WITH REAL CAMERA LENSES..............................................................................48 
9.1  INTRODUCTION .................................................................................................................................................48 
9.2  THE THIN LENS..................................................................................................................................................49 
9.3  THE COMPOUND LENS .......................................................................................................................................49 
9.4  GAUSSIAN OPTICS .............................................................................................................................................51 
9.5  ENTRANCE PUPIL, STOP, AND ILLUMINATION OF THE IMAGE .............................................................................52 
9.6  VIGNETTING......................................................................................................................................................54 
9.7  CONCLUSION.....................................................................................................................................................56 

10   FISHEYE LENSES AND HOW THEY CAPTURE THE WHOLE SKY ....................................................58 
10.1  INTRODUCTION ...............................................................................................................................................58 
10.2  CONVENTIONAL LENS .....................................................................................................................................60 
10.3  FISHEYE LENSES..............................................................................................................................................60 
10.4  HOW FISHEYE LENSES ACCOMPLISH THEIR MAGIC ..........................................................................................61 
10.5  EXAMPLES AND ILLUSTRATIONS .....................................................................................................................63 
10.6  CONCLUSIONS.................................................................................................................................................65 

11   WHAT IS AN EQUIVALENT IMAGE? .........................................................................................................67 
11.1  INTRODUCTION ...............................................................................................................................................67 
11.2  DETERMINANTS OF IMAGE APPEARANCE.........................................................................................................67 
11.3  COMMENTS AND CONCLUSIONS......................................................................................................................72 
11.4  AN ILLUSTRATION OF MAXIMUM DOF WITH DIFFERENT SENSORS .................................................................73 

12   HOW TO GET REALLY HIGH MAGNIFICATION.......................................................................................76 
12.1  INTRODUCTION ...............................................................................................................................................76 



 iv

12.2  SUPPLEMENTAL LENSES..................................................................................................................................80 
12.3  EXTENSION .....................................................................................................................................................82 
12.4  TELECONVERTERS (TELE-EXTENDERS) FOR CAMERAS WITH INTERCHANGEABLE LENSES ...............................83 
12.5  AFOCAL TELECONVERTERS FOR FIXED LENS CAMERAS ...................................................................................85 
12.6  COMBINATIONS OF LENSES AND EXTENDERS FOR REAL WORLD MACROPHOTOGRAPHY ..................................85 
12.7  SPECIAL PROBLEMS RESULTING FROM HIGH MAGNIFICATION .........................................................................88 
12.8  LIGHTING FOR CLOSEUP NATURE PHOTOGRAPHY WITH HIGH SHUTTER SPEEDS...............................................88 
12.9  THE OPTIMUM F-NUMBER FOR MACROPHOTOGRAPHY ....................................................................................90 
12.10  EXPANDING THE DEPTH-OF-FIELD .................................................................................................................91 
12.11  CONCLUSIONS...............................................................................................................................................93 

13   DO WE NEED FILTERS ANYMORE?...........................................................................................................95 
13.1  INTRODUCTION ...............................................................................................................................................95 
13.2  ABSORPTION FILTERS......................................................................................................................................95 
13.3  POLARIZATION FILTERS ................................................................................................................................100 
13.4  POLARIZATION IN NATURE ............................................................................................................................103 
13.5  UV AND IR PHOTOGRAPHY...........................................................................................................................108 

14   THE LIMITS OF HUMAN VISION ..............................................................................................................115 
14.1  INTRODUCTION .............................................................................................................................................115 
14.2  STRUCTURE OF THE EYE................................................................................................................................115 
14.3  OPERATION OF THE VISUAL RECEPTORS ........................................................................................................116 
14.4  VISUAL ACUITY ............................................................................................................................................118 
14.5  SENSITIVITY..................................................................................................................................................121 
14.6  CONCLUSIONS...............................................................................................................................................122 

15   HOW CAN COLOR BE MANAGED?..........................................................................................................124 
15.1  INTRODUCTION .............................................................................................................................................124 
15.2  COLOR THEORIES..........................................................................................................................................127 
15.3  COLORIMETRY ..............................................................................................................................................129 
15.4  COLOR SPACES FOR DIGITAL PHOTOGRAPHY.................................................................................................135 
15.5  COLOR MANAGEMENT IN THE TRISTIMULUS WORLD .....................................................................................137 
15.6  GOETHE–HERING THEORY ............................................................................................................................138 
15.7  MONOCHROME AND MONOTONE IMAGES ......................................................................................................139 
15.8  COLOR CONSTANCY AND THE LAND THEORY ...............................................................................................141 
15.9  COLOR OPPONENT CELLS IN THE RETINA AND BRAIN ..................................................................................142 

16   IMAGE CAPTURE AND PROCESSING......................................................................................................148 
16.1  INTRODUCTION .............................................................................................................................................148 
16.2  CAPTURING PHOTONS WITH IMAGE SENSORS ................................................................................................148 
16.3  CCD AND CMOS IMAGE SENSORS................................................................................................................149 
16.4  ENCODING OF COLOR ....................................................................................................................................150 
16.5  HOW FILM/SENSOR SPEED (ISO) IS DEFINED..................................................................................................153 
16.6  HOW THE DYNAMIC RANGE IS DETERMINED..................................................................................................155 
16.7  SIGNAL PROCESSING AND DATA MANIPULATION ...........................................................................................158 
16.8  ARTIFACTS RESULTING FROM INADEQUATE PERIODIC SAMPLING..................................................................159 
16.9  GAMMA CORRECTION ...................................................................................................................................160 
16.10  DOES THE SENSOR REALLY DETERMINE THE RESOLUTION OF MY DIGITAL CAMERA? ..................................161 

17   WHAT IS PERCEIVED IMAGE QUALITY? ...............................................................................................163 
17.1  INTRODUCTION .............................................................................................................................................163 
17.2  IMAGE BLURRING AND SOFTNESS ..................................................................................................................163 
17.3  FOCUS ...........................................................................................................................................................165 
17.4  CAMERA MOTION .........................................................................................................................................165 
17.5  SIGNAL-TO-NOISE RATIOS .............................................................................................................................165 
17.6  DIFFRACTION ................................................................................................................................................166 
17.7  LENS PERFORMANCE .....................................................................................................................................166 



 v 

17.8  SENSOR RESOLUTION ....................................................................................................................................170 
17.9  PERCEIVED IMAGE QUALITY.........................................................................................................................172 
17.10  SHARPENING BY MEANS OF IMAGE PROCESSING..........................................................................................172 
17.11  CONTRAST SENSITIVITY FUNCTION ............................................................................................................174 
17.12  SUBJECTIVE QUALITY FACTOR ....................................................................................................................175 
17.13  A CAVEAT...................................................................................................................................................177 

18   THE CREATION AND APPRECIATION OF ART IN PHOTOGRAPHY ..............................................180 
18.1  WHAT IS A GOOD PHOTOGRAPH?...................................................................................................................180 
18.2  ART AND CONSCIOUSNESS ............................................................................................................................181 
18.3  HOW IMAGES ARE PERCEIVED .......................................................................................................................184 
18.4  WHY DO IMAGES ATTRACT OR REPEL? ..........................................................................................................187 
18.5  HOW KNOWLEDGE OF THE VISUAL SYSTEM CAN ENHANCE THE ARTIST’S BAG OF TRICKS .............................190 
18.6  CONCLUSIONS...............................................................................................................................................194 

APPENDICES..........................................................................................................................................................196 
A   HISTORICAL NOTE ON ENLARGERS ..................................................................................................................196 
B   WHAT IS BEHIND THE RULES OF OPTICS? ..........................................................................................................197 
C   DERIVATION OF THE LENS MAKER’S EQUATION ..............................................................................................202 
D   GAUSSIAN OPTICS AND THE PRINCIPAL PLANES ..............................................................................................204 
E   A MACRO LENS WITH ATTACHMENTS................................................................................................................205 
F   CAPTURING PHOTONS WITH PHOTOGRAPHIC FILM.............................................................................................207 
G   MICROELECTRONICS AND THE PATH TO DIGITAL SENSORS..............................................................................213 
H   IRRADIANCE AND ILLUMINANCE UNITS ............................................................................................................215 

INDEX .........................................................................................................ERROR! BOOKMARK NOT DEFINED. 
 




