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Aim: which technique to use?
ÅLight Microscopy
ïbright field    + stains

ïrelectance

ïdark field

ïpolarising

ïphase contrast

ïInterference / DIC

ïfluorescence

ïcomputerised / confocal

ÅElectron Microscopy
ïtransmission

ïscanning

ÅScanning Probe/Stylus

ÅX-ǊŀȅΣ Lƻƴ .ŜŀƳΣ Χ

1800s
Add Visibility
  

Pretty Colours
  

Analytical

c1600



Microscopy Landmarks
Å<1600s magnifying lens

Å1600s simple microscopes

Å1650s compound microscopes

Å1830s expansion of light microscopy + pol, DF

Å1900-80 UV & fluorescence microscopy

Å1930-1950s phase contrast & interference

Å1930-60 electron microscopes developed

Å1980s confocal microscopy

Å1990s-2010s scanning probe microscopies

Å2010s+ super-res, µCT, X-ray, 3D, AI microscopies,...



Light Microscope Theory

ÅGeometric Optics
ï image location

ïmagnification / resolution

ÅWave Optics
ïdirection

ïamplitude

ïwavelength

ïphase

ïvibrational plane

ïvelocity

ÅQuantum Optics
ï formation & destruction

ï fluorescence

Properties of Light

ï reflection,refraction,diffraction / BF / DF

ïabsorption / BF

ïcolour

ïphase contrast, interference

ïpolarisation

ï refraction / oil immersion

Microscopies

Image result for quantum optics

Geometric

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjypvienqPPAhWBVxQKHcv4BgYQjRwIBw&url=https%3A%2F%2Fwww.picoquant.com%2F&bvm=bv.133387755,d.ZGg&psig=AFQjCNH78l3lPmTDNqhMG8nxNi9xMA4zEQ&ust=1474642662251897


Christiaan Huygens 1629-1695  (Dutch)

Mathematics, Physics, Engineer, Astronomy, Inventor

Optics .. Wave Theory (p1703), Lenses, Telescopes & Microscopes

Isaac Newton 1643-1727 (English)

Mathematics, Physics, Astronomy, Alchemy, Inventor

Optics .. Colour Spectrum (1666)
               bŜǿǘƻƴΩǎ ǊƛƴƎǎ όмстмύ
               Refraction, Corpuscular Theory + Waves (1704)

1689 !

Robert Hooke
1635-1703
1665 Micrographia



Sir David Brewster
1781-1868

Henry Fox Talbot FRS
1800-1877

William Nicol
1770-1851

Edwin Land
1909-1991

History - People

Etienne Malus
1775-1812

Giovanni Amici
1786-1863

Walter McCrone
1916-2002

Gustav Delly
1934-2024

ΧΦ



Discovery / Inventions
Å 1670s Iceland Spar (calcium carbonate crystals, calcite), 

                 Bartholin .. double image, Huygens Χ ǎǇƭƛǘǎ ƭƛƎƘǘ
Å 1808 Malus
ïǊƻǘŀǘŜ LŎŜƭŀƴŘ {ǇŀǊ ϧ ƴƻǘŜŘ ƛƴǘŜƴǎƛǘȅ ŎƘŀƴƎŜǎ ΨǇƻƭŀǊƛǎŀǘƛƻƴΩ

Å Sir David Brewster
ï 1815-муолǎ ŜȄǇƭŀƛƴŜŘ ǘƘŜƻǊȅ ƻŦ ƭƛƎƘǘ ǇƻƭŀǊƛǎŀǘƛƻƴΣ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄΣ Χ Fresnel

ÅWilliam Nicol ***
ï 1828 created Nicol Prism to polarise light, used thin ground sections

ÅGiovanni Amici
ï 1830 built polarising microscope

Å Henry Fox Talbot
ï 1834 uses of polarising microscopy

ÅΧΧΦ
Å Edwin Land
ï 1928 synthetic polarising sheet (Polaroid) [iodoquinine sulphate, herapathite]
ǳǎŜŘ ƛƴ ǎǳƴƎƭŀǎǎŜǎΣ ƳƛŎǊƻǎŎƻǇŜǎΣ ŎŀƳŜǊŀǎΣ [/5ǎΣ о5 Χ ώHerapath 1852]

Å 1950s Smith/Baker, Barer Interference Microscopy  
Å 1952 Georges Nomarski 5L/Σ  ΧΦ
Å 1960s-2000s Walter McCrone, Gustav Delly Χ ǇŀǊǘƛŎƭŜ ŀƴŀƭȅǎƛǎΣ ŦƻǊŜƴǎƛŎǎ



Refraction                                Polarisation

Reflection



Nicol Prism

Calcite

Calcite

Canada Balsam

Linearly 
polarised light

Unpolarised 
light



Single Linear Polaroid Filter

Salt Diatoms Sucrose

duller



Pleochroism

Single Linear Polaroid Filter

AsbestosHornblende



Single Polar ς Becke Line Estimation of Refractive Index

Raise objective .. Becke Line moves into material with HIGHER refractive index

Change Mountants with different RIs

Monochromatic Light



Crossed Linear Polaroid Filters

black



Polarising Microscope 1

Image result for polarising microscopy

Image result for polarising microscope

In use since 1830s

Image result for polarising microscope

Polariser Analyser

Cheap Version !
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+ Bertrand Lens

+ Compensator



Polarising Microscopy (Specimens) 2

Anisotropy / Birefringence

Åsuch objects show two different refractive indices

Ådependent on the orientation of plane polarised light

ÅǿŀǾŜŦǊƻƴǘǎ ǿƛƭƭ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ Χ

ÅǊŜǎǳƭǘ қ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄΣ ǘƘƛŎƪƴŜǎǎΣ ƻǊƛŜƴǘŀǘƛƻƴ

unpolarised 

light

Plane 

polarised 

light
Image result for polarising microscope starch

Starch 

grain

OPD= (n1-n2) x t

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjH896YyuTPAhUiIcAKHW19AjUQjRwIBw&url=http%3A%2F%2Fwww.scirpus.ca%2Fcap%2Farticles%2Fpaper034.htm&psig=AFQjCNFycucpiGWg9_9sUpPnxvH3qOa3LQ&ust=1476887611658572


Constructive 

Interference

Destructive 

Interference

Waves in  phase

Waves out of phase by ½ ɚ (180o)

Waves out of phase by ¼ ɚ (90o) = hardly noticeable change in amplitude !



Starch

Yeast Asbestos

Hairs Synthetic Fibres

/ǊƻǎǎŜŘ tƻƭŀǊǎ Χ

Cross Hair Eyepiece



Plants



Unstained

H&E

Polarised (Crossed Polars)
BONE



What about Polarising Colours?

Pink Floyd ς Dark side of the Moon

Newton

w h ¸ D . L ±  Χ т
But polarsing colours not in same order !





Polarising Microscope 3
Michel -Levy Colour Chart  (1888)Pool of 

water 

on oil

bŜǿǘƻƴΩǎ wƛƴƎǎ

Gray White Yellow Orange Red Violet Blue Green

Soap 
Bubble

┐ ƴƳ



Stereomicroscope
Human Hair (Mike) FOV = ~ 2cm



Stereomicroscope ς Crossed Polars
Human Hair (Mike)



Compound Microscope ς Crossed polars (x40)
Human Hair shavings (Derek Haworth)



Compound Microscope ς Crossed polars + DIC (x40)
Human Hair (Mike) Diameter ~80µm



Videos ς polarising microscopy in action with rotation of microscope stage

Human Hair (Mike) Maximum brightness when sample main RI is at 450 to polars



Rocks



Crystals



Polarising Microscope 4

ÅInsert Full ˂Σ ѹ ┐Σ  ѻ  ˂retardation plate to change colours
                  550, 275, 137 nm

ÅInsert wedge compensator to measure thickness

Michel -Levy Colour Chart

Image result for polarising microscope starch

Image result for polarising microscopy uses

Pool of 

water 

on oil

┐ ƴƳ

.. at 450 to Analyser
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Olympus

Primary Colours

Cǳƭƭ ┐Σ ǊŜŘ ǇƭŀǘŜ

.. at 450 to Analyser

Cheap version !

Cellophane

https://evidentscientific.com/en/microscope-resource/knowledge-hub/techniques/polarized/firstorderplate


Quekett, Don Thompson ς Experiments with Sellotape

Cellophane



Starch
Crossed Polars /ǊƻǎǎŜŘ ǇƻƭŀǊǎ Ҍ Cǳƭƭ ┐ /ƻƳǇŜƴǎŀǘƻǊ



Videos ς polarising microscopy in action with rotation of microscope stage

Human Hair (Mike)
+ 530nm Full Wave plate



Tardigrade ς /ǊƻǎǎŜŘ tƻƭŀǊǎ Ҍ Cǳƭƭ  ┐ /ƻƳǇŜƴǎŀǘƻǊ όMotic)





Polarising Microscopy - Uses

Image result for polarising microscope Image result for polarising microscope Image result for polarising microscope

Å Micro/Macro ï images with pretty colours !

Å Histology  - identifying orientation (bone, tendon, teeth, ligaments, muscle, é)

Å Pathology - identifying deposits  (amyloid, urate, é)

Å Forensics  -  fibres, glass, plastics, particle analysis

Å Chemistry  ï crystals

Å Geology  ï rock, oils, composition

Å Metallurgy  ï metal organisation, stress

Å Ceramics  ï clays, provenance

Å Astrophysics  ï meteorites, planets

Å IT ï semiconductor analysis, LCD screens, 3D, é

Image result for polarising microscopy

.. also Reflectance Polarising mode, Conoscopic  mode
Demo

Nikon
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Particle / Fibre Analysis

See McCrone, Delly, NASA





Image result for olympus bh2 fluorescense microscope

Modular Research Microscope

BF, DF, Phase, DIC, Fluor

Image result for microscope stained objects amplitude
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+ Reflected Light Polarising Microscopy



Addendum



Single Polar ς Dispersion Staining Objective



Crossed Polars        Parallel Polars ς David Walker, Micscape, 2020

Aspartic acid

Zeolite

Barium Platinocyanide



Circular Polarising Filters ς used on Cameras

Elliptical / Helical !

Not usually for polarising 
microscopy !!


