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Imaging with Lens

www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/numaperture/
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Imaging with Lens

www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/numaperture/

Diffractionbroadening
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Resolution of Optical Microscope

Mag NA Res / µm

4x 0.10 2.75

10x 0.25 1.1

20x 0.40 0.69

40x 0.65 0.42

60x 0.75 0.37

100x 0.95 0.3

Resolution

a = 7ϲ
NA = 0.12

a = 20ϲ
NA = 0.34

a = 60ϲ
NA = 0.87

a

a

a

Lens acceptanceangle / 
Numericalaperture▪ÓÉÎ♪

▀
ⱦ

▪ÓÉÎ♪
▀minimumresolvabledistance
ⱦwafelengthof light
▪refrectiveindex; here1 (air)
♪half openingangle of light cone

www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/numaperture/
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Resolution of Optical Microscope

Resolution

a = 7ϲ
NA = 0.12

a = 20ϲ
NA = 0.34

a = 60ϲ
NA = 0.87

a

a

a

Lens acceptanceangle / 
Numericalaperture▪ÓÉÎ♪

[ŜƛŎŀ рлȄ όмрлл ϵ repair)

Working distanceonly few 100 µm!

www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/numaperture/
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Resolution of Optical Microscope

Resolution

a = 7ϲ
NA = 0.12

a = 20ϲ
NA = 0.34

a = 60ϲ
NA = 0.87

a

a

a

Lens acceptanceangle / 
Numericalaperture▪ÓÉÎ♪

Leica 50x

[ŜƛŎŀ 5a±с όмл ƪϵ ǇŜǊ objective)

Large working distanceby larger lenses

www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/numaperture/
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Depth of Field

Optimal 
object 

distance

LensAperture Detector

Circleof
confusion

Large aperture
άOffenblendeέ

Ą Limited depth of field
High resolution
High intensity/
short exposure

www.vision-doctor.com/optische-grundlagen/schaerfentiefe.html
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Limited Depth of Field in OM Ą SEM!

OM

*only objective

(no postmagnification by ocular

taken into account)

*

Filament

aerospace-lab.de

D
e

p
th

 o
f
fie

ld
/ 

m
m

Resolution / µm

Real magnification

OM

SEM

https://aerospace-lab.de/das-aerospace-lab-auf-dem-weg-in-die-welt-des-kleinsten/
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OM

SEM

*only objective

(no postmagnification by ocular

taken into account)

*

Filament

aerospace-lab.de

D
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p
th
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https://aerospace-lab.de/das-aerospace-lab-auf-dem-weg-in-die-welt-des-kleinsten/
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Depth of Field

www.vision-doctor.com/optische-grundlagen/schaerfentiefe.html

Large aperture
άOffenblendeέ

Ą Limited depth of field
High resolution
High intensity/
short exposure

Small aperture
άabgeblendetέ
Ą Large depth of field

Limited resolution
Low intensity/
long expose

LensAperture Detector

Accepted
circleof
confusion

Optimal 
object 

distance
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www.foto-kurs.com/bilder/blenden-28-bis-11.png

Aperture

Aperture
opening

D

Focallength
f

AperturenumberN =
█

╓

Opening
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Aperture

www.foto-kurs.com/bilder/blenden-28-bis-11.png

Opening
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ApertureτExposureTime

Aperture
opening

D

Focallength
f
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ApertureτExposureTime

Aperturenumberҧ
Opening areaҨ

Exposure timeҧ
(!drift/smearing!)

OR 
Sensitivity(ISO) ҧ

(!noise!)

Markus Mayer/ApolloWissen(https://de.wikipedia.org/wiki/Sch%C3%A4rfentiefe)



B. Butz LMN seminarSS2020 16

Depth of Field

Grafiken und Fotos ©JustAnArtwork/ Andrej Justus (www.filmsprache.blogspot.com/2017)

Focaldistance
Depth of field

DOF dependson

- Aperture
- Focaldistance
- Focallength
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Depth of Field ςCalculation

www.erik-krause.de/schaerfe.htm
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Depth of Field
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5ŜǇǘƘ ƻŦ CƛŜƭŘ όάFreistellenέύ

Grafiken und Fotos ©JustAnArtwork/ Andrej Justus (www/filmsprache.blogspot.com/2017)
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5ŜǇǘƘ ƻŦ CƛŜƭŘ όάFreistellenέύ

Grafiken und Fotos ©JustAnArtwork/ Andrej Justus (www/filmsprache.blogspot.com/2017)
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Open ApertureτBokeh
(from jap. ↑, ╓↑ or Ⱳ◔, bokeñblurred, fuzzyò) 

www.hihonor.com
www.otto.de

www.myposter.de/magazin/bokeh-effekt-fotografieren/
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White Balance

Adjusting detector to color temperature of light ςWhite is white!
wƻǳǘƛƴŜΥ ŎŀǇǘǳǊƛƴƎ ŀƭƳƻǎǘ ǎŀǘǳǊŀǘŜŘ άǿƘƛǘŜ ōŀƭŀƴŎŜέ ǇƛŎǘǳǊŜ 

of homogeneous white background (e.g. paper)

Alternative: image processing(adaption of histograms of individual color channels)
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White Balance

Adjusting detector to color temperature of light ςWhite is white!
wƻǳǘƛƴŜΥ ŎŀǇǘǳǊƛƴƎ ŀƭƳƻǎǘ ǎŀǘǳǊŀǘŜŘ άǿƘƛǘŜ ōŀƭŀƴŎŜέ ǇƛŎǘǳǊŜ 

of homogeneous white background (e.g. paper)

Alternative: image processing(adaption of histograms of individual color channels)
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Image examples τWhat are the differences? 


