
PhotographicPhotographic LensesLenses

Page No. 1

1. Overview
2. General description
3. Singlets
4. Petzval Lenses
5. Anastigmatic Doublets
6. Triplets, Quadruplets
7. Quasi-Symmetric Wide-field, Wide-Angle
8. Telephoto, Retrofocus
9. Fish-eye
10. Special
11. Vignetting, Stopping down
12. Straylight and Ghost Images 

08.07.2008

ContentContent



PhotographicPhotographic LensesLenses

Page No. 2

FamiliesFamilies of of photographicphotographic LensesLenses
Long Long HistoryHistory
Not Not uniqueunique

OverviewOverview

Singlets

Landscape
Achromatic
Landscape

Petzval, Portrait

Petzval,Portrait flat R-Biotar

Petzval
Petzval

Projection

Quasi-Symmetrical Angle

Pleon

Panoramic
Lens

Extrem Wide Angle

Fish Eye

VivitarRetrofocus II

Wide Angle Retrofocus

Distagon

SLR

Flektogon

Retrofocus

Plasmat
Kino-Plasmat

Ultran

Noctilux

Quadruplets
Double Gauss
Biotar / Planar

Double Gauss II

Celor

Compact

Special

Plastic Aspheric
II

IR Camera Lens

Catadioptric

UV Lens

Plastic
Aspheric I

Telephoto

Telecentric II

Telecentric I

Super-Angulon

Hologon

MetrogonTopogon

Hypergon

Pleogon

Biogon

Triplet

Triplets

Inverse Triplet

Heliar Hektor

Pentac

Sonnar

Ernostar II

Less Symmetrical

Ernostar

Orthostigmatic

Symmetrical Doublets

Periskop

Rapid
Rectilinear
Aplanat

Dagor

Dagor
reversed

Angulon

Protar

AntiplanetUnar

Quasi-Symmetrical Doublets

Tessar
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AnforderungenAnforderungen

1. Korrektion von Verzeichnung, Koma, Wölbung und Astigmatismus über ein i.A. 
großes Feld

2. Farbtreue Bildwiedergabe Korrektion von Farbfehler,
insbesondere Farbquerfehler (max. 1-2 Pixel für digitale Sensoren)
Korrektion der sphärische Aberration über die Wellenlänge

3. Auflösung feiner Details
Film: Begrenzung Korngröße des Films (max. 100 LP/mm)
CCD: Begrenzung Pixelgröße des Sensors (etwa ½ Nyquist-Frequenz)

4. Hohe Öffnung
dunkle Szenen

5. Kompakte und leichte Bauform
Kurze Baulängen, Linsen dicht gestellt
Einsatz von Kunststoffkomponenten

6. Ergänzende Funktionen
Zoom, Autofokus, Suchereinblick
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AperturesApertures::
1. low aperture : 1. low aperture : f/14f/14
2. medium aperture : 2. medium aperture : f/6 ...f/8f/6 ...f/8 TripletTriplet

f/3.5f/3.5 TessarTessar
3. high aperture : 3. high aperture : f/2.8 ...f/1.0f/2.8 ...f/1.0 Double GaussDouble Gauss

TypicallyTypically FieldField sizessizes

FieldField SizeSize and and ApertureAperture

> 45° extrem
wide angle

35° wide
angle

24° medium
field

14° low
field

image
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TypicalTypical rangesranges

FieldField SizeSize and and ApertureAperture

200°

Log w

Distagon
Flektogon

Tessar

Cooke-
triplet

Double-
   Gauss

Petzval-
Projection

Landscape
     objective

Fisheye
objective

NA

Telephoto

Sonnar

Hologon
Biogon

5.0°

10°

20°

50°

100°

0.02 0.05 1.0
f/1.0 f/0.5f/2.5f/5.0f/10f/25

0.10 0.500.20

Topogon
Metrogon

Petzval
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Standard Standard sensorsensor FormatsFormats

Pixel Pixel numbersnumbers

Image FormatImage Format

name of the format 
size in 

mm x mm 
length of the 

diagonal in mm 

8 mm 3.52 x 4.8 5.95 

Super 8 4.22 x 5.77 7.15 

16 mm 7.42 x 10.22 12.63 

35 mm movie 19.05 x 25.37 31.73 

35 mm still 24 x 36 43.3 

6 x 7 56 x 69.5 89.3 

4 x 5 101.6 x 127.0 163 

CCD 1/2 inch, aspect 4:3  4.80 x 6.40 8.00 

CCD 2/3 inch, aspect 4:3 6.60 x 8.80 11.00 

CCD 1 inch, aspect 4:3 9.60 x 12.8 16.00 

name of the format pixel grid 

CCD VGA 480 x 640 

CCD SVGA 768 x 1024 

CCD HDTV 1080 x 1920 

35 mm still movie 8400 x 12600 

6 x 7 19600 x 24325 
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FocalFocal LengthsLengths and Formatsand Formats

  
135 
mm 
film 

Cut 
film 
9x12 

Rollfilm 
6x6 

Advanced 
Photo 
System 
3:2 

Digital
3:2 
1'' 

Digital 
4:3 
2/3'' 

Digital
4:3 
1/2'' 

Digital 
4:3 
1/3'' 

 2x in 
[mm] 

36 112 56.5 25.1 13.8 8.8 6.4 4.8 

 2y in 
[mm] 

24 83 56.5 16.7 9.2 6.6 4.8 3.6 

 h in [mm] 21.6 69.7 40.0 12.6 8.3 5.5 4.0 3.0 

Super wide angle 107° 16 52 30 11 6.1 4.1 3.1 2.1 

 100° 18 58 33 13 6.9 4.6 3.5 2.3 

 94° 20 64 37 14 7.7 5.1 3.8 2.6 

Wide angle 84° 24 77 44 17 9.2 6.1 4.6 3.1 

 75° 28 90 52 20 11 7.1 5.4 3.6 

Standard 47° 50 160 92 35 19 13 9.5 6.4 

Telephoto 29° 85 270 160 59 33 22 16 11 

 18° 135 430 250 94 52 34 26 17 

 12° 200 640 370 140 77 51 38 26 

Super Telephoto 8° 300 970 550 210 120 76 57 39 

 2.5° 1000 3200 1800 700 380 250 190 130 
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Circle of least Circle of least confusionconfusion D'D'0 , 0 , , , FF--numbernumber kk
Sharp image Sharp image 
distancesdistances

DepthDepth of of FieldField
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ExposureExposure Time Time correspondscorresponds to to apertureaperture
Range Range betweenbetween widewide angle and angle and telephototelephoto lenseslenses

BrightnessBrightness and and ExposureExposure

f/16

f/11

f/8

f/5.6

f/4

f/2

f/2.8

f/1.4

f/1

1/8 1/15 1/30 1/60 1/125 1/250 1/500 1/1000
exposure

time

aperture

wide
angle

normal
lens

telephoto

exposure
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LandscapeLandscape

StopStop: : rearrear

StopStop : front: front

AchromaticAchromatic (Chevalier, French,(Chevalier, French,
GrubbGrubb))

SingletSinglet LensesLenses

stoplens

image
plane

stop

lens
image
plane

K5 F2stop
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PetzvalPetzval Portrait Portrait lenseslenses (1840):(1840):
2 2 AchromatesAchromates

Problems : Problems : fieldfield curvaturecurvature
vignettingvignetting

Version Version withwith flatteningflattening lenslens
(1873 by Piazzi(1873 by Piazzi--Smyth)Smyth)

PetzvalPetzval LensesLenses
K5  F2

curved
image

K5  F2

stop

flat
image

field
lens
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TypicalTypical performanceperformance

PetzvalPetzval LensesLenses

0°

2°

4°

2.8°

486 nm 587 nm 656 nma)

ν
[mm-1]

tan
sag

0 20 40 60 80 100
0

0.2

0.4

0.6

0.8

1

ideal
0°
2°
2.8°
4°

b)

0 2°

field
angle

solid:
 tan
dashed:
 sag

4°

40 cyc/mm
60 cyc/mm

10 cyc/mm
20 cyc/mm

0

0.2

0.4

0.6

0.8

1
c)
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Steinheil Steinheil PeriscopePeriscope

good good correctioncorrection of of distortiondistortion and and 
lateral lateral colourcolour duedue to to 
symmetricalsymmetrical setupsetup

Rapid Rapid RectilinearRectilinear ((DallmeyerDallmeyer))

SymmetricalSymmetrical AnastigmaticAnastigmatic DoubletsDoublets
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ProtarProtar (1890, Rudolph)(1890, Rudolph)
usingusing newnew glassesglasses withwith
higherhigher indexindex

DagorDagor (1892, (1892, HHööeghegh))
cementedcemented tripletstriplets

problemproblem: high zonal : high zonal sphericalspherical aberrationaberration

OrthostigmatOrthostigmat (1893, Steinheil)(1893, Steinheil)

FurtherFurther AnastigmaticAnastigmatic DoubletsDoublets
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CookeCooke TripletTriplet (1893, Taylor)(1893, Taylor)

AnalyticalAnalytical solutionsolution possiblepossible ::
8 degrees of freedom (6 radii, 2 air spaces)8 degrees of freedom (6 radii, 2 air spaces)

control seven basic aberrations + focal lengthcontrol seven basic aberrations + focal length

Important : Glass choice  Important : Glass choice  
Typical solution areasTypical solution areas

CookeCooke TripletTriplet

d1
d2

Φ1 Φ2 Φ3

NA

w

0.05 0.10 0.15 0.20

5°

10°

15°

20°

25°

30°

35°

LaFN21

LaK8

SK4
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ExampleExample designdesign

CookeCooke TripletTriplet

0°

15°

30°

21°

486 nm 587 nm 656 nma)

ν
[mm-1]

tan
sag

0 20 40 60 80 100
0

0.2

0.4

0.6

0.8

1

ideal
0°
15°
21°
30°

b)

0 15°

field
angle

solid:
 tan
dashed:
 sag

30°

40 cyc/mm
60 cyc/mm

10 cyc/mm
20 cyc/mm

0

0.2

0.4

0.6

0.8

1
c)



PhotographicPhotographic LensesLenses

Page No. 17

TessarTessar (1902, Rudolph)(1902, Rudolph)
betterbetter correctedcorrected higherhigher orderorder
aberrationaberrationss

HeliarHeliar (1900 Voigtl(1900 Voigtläänder)nder)
correctioncorrection veryvery similarsimilar
to to TessarTessar

PentacPentac (1903 Voigtl(1903 Voigtläänder)nder)
correctioncorrection veryvery similarsimilar
to to TessarTessar

LensLens ExamplesExamples
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Double Double GaussGauss

QuasiQuasi--SymmetricSymmetric WideWide--FieldField LensesLenses

0°

7°

14°

10°

486 nm 587 nm 656 nma)

ν
[mm-1]

tan
sag

0 20 40 60 80 100
0

0.2

0.4

0.6

0.8

1

ideal
0°
7°
10°
14°

b)

0 7°

field
angle

solid:
 tan
dashed:
 sag

14°

40 cyc/mm
60 cyc/mm

10 cyc/mm
20 cyc/mm

0

0.2

0.4

0.6

0.8

1
c)
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DoubleDouble--GaussGauss variantvariant 3030°°

Large Large ApertureAperture Double Double GaussGauss
f/1.4f/1.4

PlanarPlanar

QuasiQuasi--SymmetricSymmetric WideWide--FieldField LensesLenses
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HypergonHypergon
StrongStrong vignettingvignetting

TopogonTopogon
MetrogonMetrogon

WideWide--AngleAngle LensesLenses

1.0

0.5

I(r)

field
angle w0

0 13° 65°39°26° 52°



PhotographicPhotographic LensesLenses

Page No. 21

HologonHologon
InverseInverse TripletTriplet

PleogonPleogon

BiogonBiogon

SuperSuper--AngulonAngulon

WideWide--AngleAngle LensesLenses
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Telephoto Telephoto PrinciplePrinciple::
Short Short systemsystem / large/ large
focalfocal lengthlength

ReductionReduction factorfactor

Range : 0.5 ...0.8Range : 0.5 ...0.8

LayoutLayout

Telephoto Telephoto LensesLenses
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f '

s '
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b
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ExampleExample LensesLenses

Floating Floating elementelement

Telephoto Telephoto LensesLenses

floating
element

s [mm]

7.5 8 8.5 9 9.5
103

104

105

d9 [mm]

a)
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RetrofocusRetrofocus PrinciplePrinciple
Large Large workingworking distance / distance / 
shortshort focalfocal lengthlength

InverseInverse Telephoto Telephoto LensLens

RetrofocusRetrofocus LensesLenses

P'

f '

s '

focal length f'

Telephoto
Principal plane image

plane

Inverse telephoto
( telephoto turned around )
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ExampleExample lenslens

RetrofocusRetrofocus LensesLenses

0°

23°

45°

32°

486 nm 587 nm 656 nma)

ν
[mm-1]

tan
sag

0 20 40 60 80 100
0

0.2

0.4

0.6

0.8

1

ideal
0°
23°
32°
46°

b)

0 23°

field
angle

solid:
 tan
dashed:
 sag

45°

40 cyc/mm
60 cyc/mm

10 cyc/mm
20 cyc/mm

0

0.2

0.4

0.6

0.8

1
c)

x

-10

-5

0

5

10

y

-10 -5 0 5 10
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ExampleExample lenslens 22

DistagonDistagon

RetrofocusRetrofocus LensesLenses
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ExampleExample lenslens

FishFish--EyeEye--LensLens

0°

50°

100°

71°

486 nm 587 nm 656 nma)

ν
[mm-1]

tan
sag

0 20 40 60 80 100
0

0.2

0.4

0.6

0.8

1

ideal
0°
50°
71°
100°

b)

0 50°

field
angle

solid:
 tan
dashed:
 sag

100°

40 cyc/mm
60 cyc/mm

10 cyc/mm
20 cyc/mm

0

0.2

0.4

0.6

0.8

1
c)

100%

y

-100% 0
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Nikon 210Nikon 210°°

PleonPleon

FishFish--EyeEye--LensLens
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PupilPupil variationvariation::
positionposition and and orientationorientation

FishFish--EyeEye--LensLens

pupil
location

sExP
[mm]

w [°]

a

0 20 40 60 80 100
20

30

40

50

60

70

80

90

100

110

0 20 40 60 80 100
0

50

100

150

w [°]

b
y'ExP
[mm]
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PupilPupil variationvariation::
ShapeShape

BrightnessBrightness

FishFish--EyeEye--LensLens
DExP
[mm]

0 20 40 60 80 100 120
0

2

4

6

8

10

12

14

0 20 40 60 80 100 120
0

0.2

0.4

0.6

0.8

1

w [°] w [°]

Dtan

Dsag

Dtan /Dsaga b

w [°]
0 52.5 105

0

50

100

I(w)
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CatadioptricCatadioptric LensesLenses

RelativelyRelatively smallsmall fieldfield angleangle

Special DesignsSpecial Designs
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Compact CameraCompact Camera

PlasticPlastic AsphericAspheric LensLens

Mobile Phone Mobile Phone cameracamera

Special DesignsSpecial Designs
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UVUV--LensLens

IRIR--LensLens

Special DesignsSpecial Designs

CaF2 QuartzCaF2CaF2Quartz
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ReductionReduction ofof
field field 
aberrationsaberrations

VignettingVignetting
axis 0° zone 14° field 23°

a) without vignetting

yp

xp

Δx

Δy

xp

Δx

0.25 mm

yp

Δy

yp

Δy

b) with vignetting
yp

xp

Δx

Δy
0.25 mm

yp

Δy

yp

Δy

xp

Δx

588 nm
656 nm
486 nm
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Resolution:Resolution:
GeometricGeometric versusversus diffractiondiffraction

ExampleExample Double Double GaussGauss

StoppingStopping DownDown

f/5.0 f/3.3f/10

D [μm]

f-no

Airy

2 4 6 8 10 12 14 16 18 20
0

5

10

15

20

25

spot
axis

spot
total
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ExampleExample TripletTriplet

StoppingStopping DownDown
D [μm]

f-no

spot
 field

spot
Airy

spot
total

5 10 15 20 25 30 35
0

20

40

60

80

100

120

MTF [%]

f-no
5 10 15 20 25 30 35

0

0.1

0.2

0.3

0.4

0.5
30 LP/mm

60 LP/mm
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Resolution Resolution versusversus depthdepth of of fieldfield

StoppingStopping DownDown

a b

a) f/28 b) f/56 c) f/80
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RefocussingRefocussing nearnear distancesdistances
Performance Performance improvementimprovement
CombinedCombined withwith lenslens movementmovement

Floating ElementsFloating Elements
image
plane

floating
element

object at
infinity

object at
s = -1.23 m

z

z [mm]

- s [m]
100 10 1 102 10318.5

19

19.5

20

20.5
Dspot [μm]

- s [m]
100 101 10 2 10 3100

101

102

103

fix

refocussed

a) b)
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Feste
Frontgruppe

Fokus -
gruppe

Feste Gruppe
mit Blende

PrismaFeste
Frontgruppe

Fokus -
gruppe

Feste Gruppe
mit Blende

Prisma

25.00
MM

25.00
MM25.00

MM

25.00
MM

ModularitModularitäät moderner Filmkamerast moderner Filmkameras
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Different Different reasonsreasons
VariousVarious distributionsdistributions

StraylightStraylight and and GhostGhost ImagesImages

a b
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StraylightStraylight and and GhostGhost ImagesImages

Ref.: M. Peschka
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CalculationCalculation of of reflectedreflected lightlight

ColourColour effectseffects duedue to to coatingscoatings

StraylightStraylight and and GhostGhost ImagesImages

Ref.: M. Peschka

sequence 5 - 3

3

5

sequence 6 - 4

4

6

6 - 4
5 - 3

9 - 3

7 - 2

14 - 11
15 - 11

20 - 18sequence 13 - 4 sequence 13 - 5

sequence 7 - 2

sequence 20 - 18

sequence 6 - 4
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