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Resolution of Optical Microscope

Resolution

d minimum resolvable distance

‘ A wafelength of light
| refrective index; here 1 (air)
HJ Lens acceptance angle / a half opening angle of light cone
ATTTA

Numerical aperture 7 sina«

Mag NA |Res/pum
4X 0.10 2.75
L, 10x 0.25 1.1
20X 0.40 0.69
4 ‘ - — 40x 0.65 0.42
q =7 o = 20° o = 60° 60x | 0.75 | 0.37
NA = 0.12 NA = 0.34 NA = 0.87 100x | 0.95 0.3
d ?D A ~ 400 4 oww.olympus-lifescience.com/en/microscope-resource/primer/anatomy/numaperture/
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Resolution of Optical Microscope T~
Resolution T -

=

Working distance only few 100 pm! |

Lens acceptance angle /
Numerical aperture 7 sina«

QL
oa=7° o =20°
NA =0.12 NA =0.34

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

=

Large working distance by larger lenses |

4
/

Lens acceptance angle /
Numerical aperture 7 sina«

= oL —
Leica DMV6 (10 'k€®er objective)
a=7° o =20°
NA = 0.12 NA = 0.34

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

Circle of Vad® \ U
~ confusion I;arge aEerturf K-
-~ Offenblende
.:.-“‘ —> Limited depth of field
: . . High resolution *
Y1 . v

High intensity/
short exposure

Optimal
object
distance

Aperture Lens Detector

www.vision-doctor.com/optische-grundlagen/schaerfentiefe.html
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Limited Depth of Field in OM - SEM! N e
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https://aerospace-lab.de/das-aerospace-lab-auf-dem-weg-in-die-welt-des-kleinsten/
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10" N -

Limited Depth of Field in OM = SEM! N e =
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Filament OM

o
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’___f

SEM
N N

*only objective
(no postmagnification hy ocular

4 | taken into account)
10 1

7/ AF N\ 101 102 10*  10*
aergspace-lab/dey| Real magnification
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Depth of field / mm
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https://aerospace-lab.de/das-aerospace-lab-auf-dem-weg-in-die-welt-des-kleinsten/

Depth of Field p CN. -
*
Large aperturﬁQ
 } “Offenblende”
.:_:* - Limited depth of field
Y1 1 vl v, High resolution .
High intensity/
Optimal short exposure
object Aperture Lens Detector
distance Accepted
circle of Small aperture

- g_onfusion “abgeblendet”
== —> Large depth of field
Low intensity/
long expose

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

opening
D
-------------------------------- Aperture number N =
Focal length D
f
I www.foto-kurs.com/bilder/blenden-28-bis-11.png
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Blende /2.8 Blende f/4 Blende f/5,6 Blende f/8 Blende /11

www.foto-kurs.com/bilder/blenden-28-bis-11.png
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Aperture — Exposure Time e~
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opening
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Aperture — Exposure Time

Aperture number
Opening area |,

V¥

Exposure time 1
(!drift/smearing!)

OR
Sensitivity (ISO) P
__ (Inoise!)
o Blende variabel:
f/ 2,8 100mm | 0,5 Sek. | ISO 100

Markus Mayer/ApolloWissen (https://de.wikipedia.org/wiki/Sch%C3%A4rfentiefe)
B. Butz LMN seminar SS2020 15




Depth of Field

DOF depends on

- Aperture
- Focal distance
- Focal length

mmm Focal distance
B Depth of field

Grafiken und Fotos ©JustAnArtwork / Andrej Justus (www.filmsprache.blogspot.com/2017)
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Depth of Field — Calculation

Scharfentiefe-, AbbildungsmaRstab- und Nahlinsenrechner

Version 0.8.19 vom 1.4.2019, Special Edition fur die de.rec.fotografie und de.alt.rec.digitalfotografie mit
Tabellenausgabe!
Hilfe zur Benutzung Download einfachere Rechner Hauptseite

(Es passiert nur etwas, wenn Javascript eingeschaltet ist)

Angaben

Bitte verwenden Sie Dezimalpunkt oder Komma.

Bei einem Mausklick auf andere Felder, die
Blende oder "aktualisieren" werden die
Berechnungen aktualisiert

Aufnahmeformat:  13x18cm v |

Brennweite: [mm]

Z-Kreis berechnen X

Z-Kreis max.: [mlw'i
Beugung einrechnen:— T Ja @ Nein

Naheinstellgrenze: [cm] D

Gegenstandsweite: ©m ®cm
Brechkraft Nahlinse: [dioptrien] D

> cicle 4 Blende:
Cou(u(@u = ‘ﬂqu 'Oi)(d

www.erik-krause.de/schaerfe.htm

Scharfentiefe MaRstab und BildgroRe
Nahpunkt: 98.5cm Horiz. ®
Bildwinkel: SR

Fernpunkt: [1.02m

Vert.

== o
Bereich: 3.04cm \ Bildwinkel: 102
Bei Einstellung auf die Diagon. 1, 54 30
Bildwinkel: :
hyperfokale 62.55m =S
Distanz von '~ " Horiz. Bildfeld: 3.42m
ist alles von 31.28m Vert. Bildfeld: 2.47m
bis unendlich schal-'f MaRstab: 1:19
Grenz-Blenden (eingest.) Effektive > 11
Forderliche: 28.5 Blende: '~
Optimale: |5.3 Verlangerungs-
B _p—k' faktor: 111
eugungskreis
Auszugsver-
i —Q . ——— 2.632mm |
bildrelevanter 0.001mm l&ngerung:

BB i ca. Entfernung

ab Filmebene:
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Open Aperture — Bokeh
(from jap. &7, [X(F or 8%, boke “blurred, fuzzy”)

“o ® oo
o
www.otto.cLe

w.hihonor.com
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White Balance ‘ ol

Adjusting detector to color temperature of light — White is white!" * «

Routine: capturing almost saturated “white balance” picture
of homogeneous white background (e.g. paper)

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

LMN seminar SS2020



White Balance P Pt

Adjusting detector to color temperature of light — White is yvh'ite!"};@

Routine: capturing almost saturated “white balance” picture
of homogeneous white background (e.g. paper)

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

Dual Beam System
NanolLab 600
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