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| Have Over 250 Lenses.




| Barely Know How They Work.



Some References...

http://www.handprint.com/ASTRO/ae4.html

http://petapixel.com/2012/04/19/how-optical-lenses—are—
manufactured/

httﬁ:/{hyperphysics.phy—astr.gsu.edu/hbase/geoopt/aberrc
on.ntm

httpi//www.lensrentals.com/blog/ZOl1/08/lens—geneology—p
art-—

httpé//www.lensrentals.com/blog/2011/09/lens—genealogy—p
art—


http://www.handprint.com/ASTRO/ae4.html
http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/aberrcon.html
http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/aberrcon.html
http://www.lensrentals.com/blog/2011/08/lens-geneology-part-1
http://www.lensrentals.com/blog/2011/08/lens-geneology-part-1
http://www.lensrentals.com/blog/2011/09/lens-genealogy-part-2
http://www.lensrentals.com/blog/2011/09/lens-genealogy-part-2

Things You Already Know

Focal length
Aperture
Focus
(with the extra note that closer than infinity
f[c))CIL__Js changes focal length & f/number)
0
Lenses tend to be expensive



What Is A Lens?

Concentrates or disperses rays

A lens may contain multiple simple lenses as
elements

« To correct optical defects

« To change projection characteristics




Types Of Simple Lenses

» Shaped surfaces: |
 Refractive - conventional lenses

« Reflective - mirror lenses
« Usually spherical, can be aspherical
(radical aspherical may be dimpled!)
 Diffractive - pinholes, wave plates, etc.
« A lens may combine simple types
(e.g., reflective+refractive = catadioptric)




Point Spread Function (PSF)

PSF - point of light image (e.g., airy disc)
Line Pairs Per mm - resolution measure
Modulation Transfer Function (MTF) -
lopmm at a given contrast % for black/white
Sharpness - usually MTF50



Resolution Measurements
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» MTF measures resolved line pairs/mm
 Visual extinction of converging lines |
« Slanted edge % contrast measurements:

« Siemens star shows aliasing/touching rays
at resolution limit


https://www.imatest.com/docs/getting-started/
https://sourceforge.net/projects/mtfmapper/

Comparing Lenses

Focal Length:500mm Exposure: F6.7

APS-C Format
------ Full-frame Format
| —— m 1 — i> 10 Ip/mm
P— . - i
~ & = E> 30 Ip/mm
o~ 0 i
T~ ® 10 Ip/mm Sagittal
- -
g2 05
§ 10 Ip/mm Meridional
0 1 1 L L 30 Ip/mm Sagittal
0 5 10 15 20
Distance from center of frame (mm) 30 Ip/mm Meridional

« Computed charts: which lens is sharper?
Sigma 150-600mm 1/5.6-6.3 DG OS HSM
Tamron 150-500mm /5.6-6.7 Di lll VC VXD

« DxO publishes a lot of lens test data:


https://www.dxomark.com/Lenses/

What does Out Of Focus PSF
look like?

 |t's a Gaussian blur, right?




What does OOF PSF look like?

« Nope. It's actually an evenly-shaded disc
shaped like the lens aperture...




Mirror Lens OOF PSF




Correcting Aberrations

elements can compensate for each other
Doublets and symmetric designs help
Bending/aspherics/high-index glass help SA
(radioactive rare earths were common)
Smaller aperture helps most aspects



Did he say

« Calm down... they don't make 'em anymore
« Thenagain, | have some and use 'em:




Correcting What Wavelengths?

Single wavelength, e.g., for laser lenses
Achromat: 2 wavelength correction
Apochromat: 3+ corrected wavelengths
Wavelengths commonly used:

485.1nm - blue line of hydrogen
589.67nm- yellow line of helium
656.3nm - red line of hydrogen



Some Lens Aberrations
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« Spherical Aberration (SA) - marginal rays
have a different focus plane

« Coma - off-axis point becomes “comet like”
« Obligue Astigmatism - radial/tangential lines
have different focus planes



Undercorrected / Overcorrected
Spherical Aberration




Extreme Undercorrected SA,
After / Before Focus




More Lens Aberrations
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« Curvature of Field - focal plane is curved
 Distortion - pincushion or barrel
e Chromatic Aberration (CA)
 Axial/Longitudinal - “bokeh CA”
« Transverse/Lateral — color-dependent
magnification (visible off-axis)



Axial CA After / Before Focus
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Purple Fringing (PF)
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« Really didn't happen much on film...
 |t's CA, but cause is highly controversial!
« People claim it's violet or UV light
« |claim it's mostly
(I'm right, although wikipedia disagrees)



Lens Flare
 Flare can look like:

« The patterns we all kndve/ha e

« A drop in overall contrast (that all hate)
« How tore re?
at anything contrasty
& shading/hoods)
e number of lens surfaces
ective coatings & multicoatings




Vignetting

Mechanical - stuff in front blocks rays
Optical - thickness makes the lens itself
block rays (i.e., the photo above)

Natural - cos* falloff due to incident angle
Pixel - due to microlenses, etc.



Vignetting



What's Wrong With This?




What's Wrong With This?




What's Wrong With This?




How Lenses Are Made

LLLLLLLLLLLLLLLLLLLLLLLLLL

 Various refractive index, low/high dispersion

« Ground/molded/pressed & polished

« Plastic can be shaped more aggressively,
but glass is more stable for large lenses

« Elements can be cemented together



Diffractive Optics (Lenses)

Diffraction exposes interference pattern
Limits resolution of refractive/reflective lens
Pinhole - fixed focal length, no distortion
Zone Plate - like pinhole, but brighter

Binary array diffractive elements (rare!)
Can have great properties, but often dark



Lensmaker's Equation
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f = focal length

t = center thickness

n = refractive index

R1, R2 = radii of curvature
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Thin Lens Equations

I I I
g O (- Y =m-1Dci —cr)=(n-1)c.
7 (n )(R1 R:) P=mn-=1)c1=c2)=(n-=1)

(t << f)isathinlens

é = 1/f, the optical power of the lens
c = 1/R, curvature of the lens
For a plano-convex lens:

b=n-1)c: f=R/(n-1).



Lens Designs

« Meniscus - bent simple lens, less SA
« Achromatic doublet - less CA
(high dispersion concave, low convex)
« Petzval - portrait lens (fast, sharp center)



Lens Designs

()

« Rapid rectilinear - landscape lens, not fast

« Double Gauss - symmetric meniscus lenses,
very fast, used by most “normal lenses”
(“normal” means focal length = diagonal)




Some Double Gauss Lenses...

Twenty-six Double Gauss lenses, 1936-1964.

| ) | |
Kodak (Bantam Special) Kodak (Ektra)

Eitar.43mm;§/2 Ektar 50mm #/1.9 Zeiss, Jena (Exakta)
1941 Biotar 75mm /1.5

Voigtlander (Vitessa) Leitz (Leica M) "

® e (G {E

Wray (Wrayflex) Olympus (Pen) Yashica
P Leitz (L M]
Un-me1 :gomm 73 G. Zuiko A"'°-5 40mm §/1.4 N“:‘:;"f((sg:":n ,), 2 Auo Yushlnon DX 50mm 1.4

1966

(€0 Jeo (32

Ultron 50mm f/2 Summicron 50mm /2 (
1951 1953 Nokton 50mm /1.5

f i Schneider (Kodak)
Zeiss (Rolleifl
rl:n::sr(s:m:: 67;).8 Retina-Xenon C50mm f/2  Nippon Kogaku (Nikon S)
1953 Nikkor-N 5cm /1.1

1954
1956
Zeiss (Con!urex) ] ( K

Leitz (Leica M)
Planar 50mm /2 Nippon Koguku (Nikon) Summicron 35mm f/2
1958

Nikkor-S Aufo 5 8cm /1.4 1960

() (N fom

Nippon Kogaku (Nikon)
Nikkor-S Auto 5¢m f/1.4  Nikkor-S Auto 3 5<m /2.8 (v2)
19

Zeiss (Contarex) Minolta Nippon Kogaku (Nikon)
Planar 55mm /1.4 Auto Rokkor-PF 58mm /1.4
1961 1961 1962

|
I I
Olympus (Pen)

Tokyo Kogaku (Topcon) Tokyo Kogaku (Topcon)  F. Zuiko Auto-S 3.8cm /1.8
RE A"'°'T°:°‘Z' 5:8cm /1.8 pg Auto-Topcor 5.8¢m 1/1.4 1963

1963
w FL 5omm f/‘l .8 (v1)

Xenotar 80mm /2.8

Konishiroku (Konica)
Hexanon 50mm #/1.9

%M

Nippon Kogaku (Nikon)
Nikkor-H Auto 50mm /2

Canon (Canenet)
SE 45mm /1.7
1964

Asahi Optical (Pentax)
Konishiroku (Konica) P!
Hexanon AR 57mm /1.2 SUPer Tnkumnr somm /1.4 (v2)
1968

«@%MW

Leitz (Leicaflex) Olympus

FD AL 55mm fn.2
1953

Fuiiinon 50mm 1.4

(3 (D

Makro- Elmﬂrn-R 60mm /2.8 M F. Zuiko Auio S 50mm /1.8 g, Zulko Au!o S 50mm 1.4, G

Twenty-six more Double Gauss lenses, 1964-1977.

Canon
FL 50mm /1.4 (v2)
1968

Fuji (Fujica)

Zulko Au!o-s 55mm 1.2

1956
1 W w A(@)j)’
Minol ||u
Minolta Konishiroku (Konica)
Canon mc Rokkor-PF 5omm 1.7 Zeiss (Rolleiflex)
S 50mm £/0.95 Mmc Ilokkor-PG 50mm /1.4 Hexanon AR (EE) 50mm /1.7 Planar HFT 50mm /1.4
1961

)

ptical
smc Penmx-M 40mm /2.8

B0 (g2

Konishiroku (Konica) Asahi Optical
Hexanon AR (EE) 50mm /1.4  SMC Pentax 50mm /1.
1974 1975

‘Asahi Optical - -
ppon Kognku (Nikon) Leitz (Leica)
SMC Pentax-M 50mm /1.7 njieor (K) somm /1.4 (New) Summicron-R 50mm /2

“’1‘ 1976
Nippon Kogaku (Nikon)  (Opcon/Tokina) Vivitar
Noct Nikkor Al 58mm /1.2 Series 1 90mm /2.5 Macro
1977 1977
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1964

(ET)

Asahi Optical (Pentax)

SMC Pentax-M 50mm /1.4

(Ze
Col

1976

lor-Ultron 50mm f,
1976

ss/Rollei) Voigtlander
/1.8

Another twenty-six Double Gauss Ienses, 1978-2010

;
| Asahi Optical
Pentax-1 m 24mm 2.8

Nippon Kogaku (Nikon) Konishiroku (Konica) Nippon Koguku

Nikkor Al 50mm /1.8 Hexanon ‘1\:7":""“ 18 Nikon Series E 50mm /1.8

M@@M}MM

Olympus pon Kogalu (Nikon) oM Zuiko AutarS 40mm f/2

OM Zuiko A“'° 5 50mm /1.8 oM zuiko Aulo s Somm /1.2 AF Nikicor b 80mm 1/2.8 1983
1983
I I |
| I |
Olympus Canon (EOS) . Canon (EOS)
AF Zuiko 50mm /1.8 EF 50mm 1/1.8 (v1) - LCS'S';"S(Q::: 0n EF USM 50mm /1.4
1986 1987 1993

{0l

Konica
M-Hexanon 50mm f/2
1999

(o)

(Cosina) Voigtlénder

9 ) ﬂ@m

Planar T* G 45mm /2 Planar T‘ G 35mm f/2 (Cosina) Voigtlénder

Nokton 50mm f/| 5 Aspherical
(Fuji) Hasselblad Zeiss Conon (EOS)

HC 80mm 1/2.8 Planar T* zm 50mm 1/2 EF L USM 50mm /1.2 Nokton 35mm /1.4
2002 2007 2008

I |
1
|
Zuiko Di m:l 15mm /2.8 I
Sigm on

EXDG HSM 50mm /1.4  AF-S kakor G 50mm 1.4 (Cosina) Voigtlénder

ok'on SDmm f1a
m Nm:hlux-M 50mm /0.95

(Cosina) Voigtlénder
(Micro Four Thirds)
Nokton 25mm /0.95
2010

i UNBRIDLED SPIRITy



Lens Designs

« Telephoto - shorter than focal length
« Retrofocus (reverse telephoto) - longer
rear focus than focal length



Lens Designs

« Cooke Triplet - good correction, expensive,
and not very fast nor wide view...
but focal length can change: Zoom

« Modern zooms are complex, don't change
focus as focal length is changed, etc.



Tilt & Shift (

o Tilt - Scheimpflug principle - focus plane
rotates by more than you tilted
« Fake miniature
« Extended DoF

« Shift — avoids tilt while shifting view

)



Conclusion

« Now you know what to expect from lenses

« You have no clue how to design a good one

( )

« Bill Claff certainly knows lens designs:


https://www.photonstophotos.net/GeneralTopics/Lenses/OpticalBench/OpticalBench.htm
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