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Aim: which technique to use

A Light Microscopy c¢1600
I bright field + stains

.|. relectgnce 1800s
i dark field Add Visibility
I polarising Pretty Colour

I phase contrast  Analytical

I Interference / DIC

I fluorescence

I computerised / confocal
A Electron Microscopy

| transmission

I scanning
A Scanning Probe/Stylus
AXNI &8 L2y . SI




Microscopy Landmarks

A <1600smagnifying lens

A 1600ssimple microscopes

A 1650scompound microscopes

A 1830sexpansion of light microsco@DF
A 190080 UV & fluorescence microsc

A 1930-1950sphase contrast & interference
A 193060 electron microscopes developed

A 1980sconfocal microscopy

A 1990s2010sscanning probe microscopies
A 2010s+supetres, UCT, Xay, 3D, Ahicroscopies....



Light Microscope Theory

Properties of Light =) Microscopies

A Geometric Optics
I Image location
I magnification / resolution

A Wave Optics

% I

F F

S — B

I direction I reflection,refraction,diffraction / BF / DF
I amplitude i absorption / BF

i wavelength I colour

i phase i__phase contrast, interference

I vibrational plane | polarisation

I velocity I refraction / oil immersion

A Quantum Optics
I formation & destruction
T fluorescence
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Christiaan Huygens 1628695 (Dutch)

Mathematics, Physics, Engineer, Astronomy, Inventor

Optics .Wave Theorypl1703), Lenses, Telescopes & Microsct

Robert Hooke
16351703
1665Micrographia 1689 |

Isaac Newton 1643727 (English)

Mathematics, Physics, Astronomy, Alchemy, Inventor

Optics .. Colour Spectrum (1666)
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Refraction Corpuscular Theorywaves(1704)




Etienne Malus Sir David Brewster William Nicol  Henry Fox Talbot FRS
17751812 1781-1868 17701851 18001877

History - People

Giovanni Amici Edwin Land Walter McCrone Gustav Delly
17861863 19091991 19162002 19342024
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Discovery / Inventions

1670s Iceland Spdcalcium carbonate crystals, calcite), %
Bartholin .. double imageHuygensX a LJt A U |

1808 Malus . ) <l <

i NPOUlO0S LOSftflFYR {LJ N 3 y2UESS

Sir David Brewster S -
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William Nicol ***

I 1828 created Nicol Prism to polarise light, used thin ground sections

Giovanni Amici

I 1830 built polarising microscope

Henry Fox Talbot

I 1834 uses of polarising microscopy

XXOP

Edwin Land

I 1928 synthetic polarising sheet (Polaroiddpquininesulphate, herapathite] _
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1950s Smith/Baker, Barer Interference Microscopy
1952 Georgedlomarski5 L / 2 X O o
1960s2000sWalter McCrone, Gustav Dely LJ- NI A Of S |y



Refraction

Reflection at the Critical Angle
Refracted

Figure 9

Air

Polarisatior




Nicol Prism

Unpolarised
light Canada Balsam
incident ray
$ * ‘ aloed
Calcite | extraordinary ray

Linearly
polarised light




Single Linear Polaroid Filter

Polarizing filter

Polarization

’J'* direction

E Direction
of ray

Diatoms



Single Linear Polaroid Filter
Pleochroism

Hornblende Asbestos



Single Polac Becke Line Estimation of Refractive Index

. .

Figure 9. Becke line for isotropic glass. [8.8]
Monochromatic Light
Raise objective .. Becke Line moves into material with HIGHER refractive index

ChangeMountantswith different Rls



Crossed Linear Polaroid Filters
%

Polarizing filter

Axis Polarizing filter

i

Axls

black -




Polarising Microscope 1

Polariser Analyser

In use since 1830s
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+ Bertrand Lens

+ Compensator




Polarising Microscopy (Specimens) 2

Anisotropy / Birefringence

unpolarised
Waves oul of phase .
; light

Plane
polarised
light

)

Starch
grain

Direction of lower

fotractve index t/'[')irecticn of higher

rolractive index

A such objects show two different refractive indices
A dependent on the orientation of plane polarised light

Pa
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Constructive
Waves in phase Interference
Destructive

/\/\/\/\/ Interference

Waves out of phase by %2 &(180°)

Waves out of phase by % &(90°) = hardly noticeable change in amplitude !
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Synthetic Fibres

Cross Hair Eyepiece
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Yeast Asbestos






BONE

Unstained Polarised (Crossed Polars)




What about Polarising Colours?

Pink Floyd Dark side of the Moo

Polarized Light Microscope Configuration

Recombined
Light Rays
After
Interference

-Analyzer

- 1 D==0Ordina
Extra- .  Ray
Ordinary—¢-
Ray
r - Birefringent
l Specimen
Plane "& "
Pol?rihzed--" i
Light - Polarizer
Light
From ==
Source

But polarsingcolours not in same order !






Polarising Microscope 3

Michel -Levy Colour Chart (1888)
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StereomicrosCope;, Croésel Pofars
Human Hair (I\/Iike)/’



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



Compound Micfoscope Crossed polars + DIC (x40)
Human Hair (Mike) Diameter ~80um



Videosc polarising microscopy in action with rotation of microscope stage

Human Hair (Mike)

Maximum brightness when sample main Rl is &td%olars
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Polarising Microscope 4

Michel -Levy Colour Chart

Birefringence n,-n
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A Insert Fulks oy <fetardatiam plate to change colours

550, 275, 137 nm

A Insert wedge compensator to measure thickness

de Sénarmont Comp

Interference Colors in Gout and Pseudo-Gout Crystals

Retardation Analyzer
Monosodium Urate Pseudo-Gout Compensator ' 12t&, Lock Knob
(Gout) Crystals  Figure 6 Pyrophosphate Crystals Orientation Analyzer § B Calibrated
@ 0 0 @ e — | ) at 49 to Analyser
#ame Orientation
Information 2
/ Figure 1
Slow 546-Nanometer
Yellow Blue Bl
Subtraction Addition) AXiS (addition Su&r“a%‘th‘on S Q Inter{eance
( ) ) ( ) ! )
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Cdzt t 413> Nb RFirJt‘grdl'er Retardation Plate in White Light
o Wl _
Analyzer : ‘
--93 0 o=* AR
7 gy W gE_ -
No Specimen - : l z z ( z —
Magenta Speclmen
Figure 2 o?a":?é‘ﬂ.e M etiow
First Order Retardation Plate Anatomy
Primary Colours Birefringent .. at 4%to Analyser

Retardation
Material Compensator

Slow Axis Cheap version !
Orientation »

Compensator
rame

: Manufacturer’s
Figure 1 Specifications



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

Quekett, Don Thompsom Experiments with Sellotape

Cellophane



Crossed Polars




Videosc polarising microscopy in action with rotation of microscope stage

. . + 530nm Full Wave plat
Human Hair (Mike)
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Figure 16. (a) CP with no waveplate. (b) CP with red waveplate. (¢) CP with quarter-wave plate. [8.8.8]
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.. also Reflectance Polarising mode, Conoscopic mode

Polarising Microscopy Uses

Micro/Macro T images with pretty colours !

Histology -i denti fying orientation (bone, t
Pathology -i denti fying deposits (amyl oi d,
Forensics - fibres, glass, plastics, particle analysis

Chemistry T crystals

Geology T rock, oils, composition

Metallurgy T metal organisation, stress

Ceramics 1 clays, provenance

Astrophysics T meteorites, planets

ITisemi conductor analysis, LCD scrhNkems,
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Fiberglass

Glass

Paper

Opaque Material

Cotton



Particle / Fibre Analysis

No Polars Single Polars Crossed Polars
Shape/Morphology * Pleochroism » |sotropy vs.
Size * Individual refractive Anisotropy
Color indices + Extinction
Surface features * Becke line » Retardation
Transparency/Opacity < Dispersion staining « Birefringence
Number of phases » Degree of
Homogeneity Birefringence
Aggregation » Sign of Elongation
Presence of * Anomalous
associated polarization colors
substances
« Optical axial angle
» Optic sign

See McCrone, Delly, NASA



Polarized Light Microscope Configuration
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Stauroncis phoen



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjik-a4k_zVAhVNb1AKHeyDBF4QjRwIBw&url=http%3A%2F%2Fwww.spachoptics.com%2FBH2-FL-p%2Folympus-bh2-fluorescence.htm&psig=AFQjCNEBEVvTwojRoRVPth8tK0BEbi2A6Q&ust=1504085918806438
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjLwJC74fzVAhVBVxQKHZ1WBDoQjRwIBw&url=http%3A%2F%2Fwww.microscopy-uk.org.uk%2Fmag%2Fartmar06%2Fgo-phase.html&psig=AFQjCNFeGJ_Xn9puZECD7HPECFj74U-Bjg&ust=1504106886991444

+ Reflected Light Polarising Microscopy




Addendum



Single Polar Dispersion Staining Objective

SENTRAL STOP ANNULAR STOP  OBLIQUE STOP

500 ym »




Crossed Polars Parallel POl&I’& David WalkerMicscape 2020

Aspartic acid

Zeolite

Barium Platinocyanide




Circular Polarising Filtersused on Cameras

Not usually for polarising
microscopy !!

Elliptical / Helical !




