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Today’s light microscopes… 



Light microscopy: topics 

•  Properties of light 
•  Compound microscope 
•  Resolution & contrast 
•  Contrast modes in light 

microscopy 
•  Koehler Illumination 
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Some properties of light 
important for the microscope 



Light as electromagnetic wave with mutually perpendicular E, B 
components characterized by wavelength,λ, and frequency, ν, in  
cycles/s.  Wave velocity = ν x λ. [λ=500nm--> ν=6x1014 cycles/s] 



Defining wavefronts and rays 



Velocity of light in different 
media 

 

•  Index of refraction, n =c/v 
–  C=speed of light in vacuum=3x108 m/s; v= velocity in media 

 
•  Light travels slower in more dense media 



Index of refraction for different media at 
546 nm 

  Air    1.0 
  Water   1.3333 
  Cytoplasm   1.38 
  Glycerol   1.46 
  Crown Glass  1.52 
  Immersion Oil  1.515 
  Protein   1.51-1.53 
  Flint Glass   1.67 

n increases with 
decreasing λ 



Note: electronic cameras do not have same spectral response as eyes 



The simplest microscope: a magnifier 



The compound microscope 



 
 
 
The purpose of the microscope is to create  
magnification so that structures can be  
resolved by eye and to create contrast to make  
objects visible. 



In the compound microscope, the objective forms 
a real, inverted image at the eyepiece front focal 

plane (the primary image plane) 

The optical tube length (OTL), typically 160mm, is the distance between the rear focal plane 
of the objective and the intermediate image plane 



Mt  = Mobj   x  Mep 

Total magnification in the  
compound microscope 

Max Mt = 1000xNA; > 1000NA, empty mag. 



Modern microscope component identification 

Prisms Used to  
Re-Direct Light 
In Imaging Path 
While Mirrors  
Are Used in  
Illumination  
Path 
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Camera 

Camera Adapter Binocular 

Eyepiece 

Beam Switch  

Filter Cube  
   Changer 
Slot for Analyzer 

Slot for DIC Prism 
Objective Nosepiece 
Objective 
Stage 
Condenser: 
  Diaphragm&Turret 
   Centering 
   Focus 

Field Diaphragm 

Coarse/Fine  
Specimen Focus 

Filters 
and Diffuser 

       Lamp: Focus, Centering 

Mirror: 
Focus and 
Centering 

Mirror: 
Focus and 
Centering 

Focus, Centering 

Trans-Lamp Housing 

Epi-Lamp Housing 
Epi-Field 
 Diaphragm  

Epi-Condenser 
Diaphragm 

Shutter Filters & Centering 

Slot for Polarizer 

Upright Microscope  
Stand 

Body Tube 

MICROSCOPE COMPONENTS 

Magnification 
  Changer 

 
Identify 
Major  
Components 
And 
Their  
Locations 
And Functions 
Within 
Modern  
Research Light 
Microscope 
(See Salmon  
And Canman, 
2000, Current 
Protocols in Cell 
Biology, 4.1) 
  



In the compound microscope, the objective forms 
a real, inverted image at the eyepiece front focal 

plane (the primary image plane) 

The optical tube length (OTL), typically 160mm, is the distance between the rear focal plane 
of the objective and the intermediate image plane 



A word about infinity 
corrected optics and its 

advantages. 
[object is set at front focal 

plane of  
objective] 

Eliminates ghost images caused by con- 
verging light, allows filters and polarizers  
to be inserted in ‘infinity’ space without 
corrections 



Key component: the objective 

 
 
--> Aberrations 



Achromat 
R,B corrected 

Fluorite 
R,B corrected 

Apochromat 
R,G,B corrected 

Chromatic aberration and its correction 

Lens designer, using various glasses & elements, tries to bring all colors to common focus 



Spherical Aberration 



Objective Classes 

Achromats: corrected for chromatic aberration for red, blue 
 
Fluorites: chromatically corrected for red, blue; spherically 
corrected for 2 colors 
 
Apochromats: chromatically corrected for red, green & blue;  
spherically corrected for 2 colors 
 
Plan-: further corrected to provide flat field 



The 3 Classes of Objectives 

Chromatic and Mono-Chromatic Corrections 
E.D. Salmon 



Multilayer anti-reflection 
coatings 

•  Highly corrected objectives may have 15 
elements. Each uncoated glass-air 
interface can reflect 4-5%, dropping 
objective thruput to as low as 50%. 

•  Multi layer AR coatings suppress 
reflections increasing transmission > 
99.9% as well as reducing ghosts and 
flare to preserve contrast. 



Objective Specifications 

E.D. Salmon 


