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Transmitted-light. Bright-field

-

Directly into the eye

Light passes through
the specimen

An unusual way of looking at things!



Consider that every ray leaving the object carries some information about fine detail in the object
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Airy and Rayleigh
Airy (1801 - 1892)

Astronomer

The image of a point source
formed by a lens of finite
diameter was a disk with halos
around it (left) whose properties
depended entirely on the size of

the lens.

Rayleigh (1842 - 1919) explained how the wave nature of light
determined how it was scattered (Rayleigh scattering). In microscopy
he gave the first mathematical analysis of resolution, defining a
resolution criterion based on the Airy disk and showing how it was

determined by the Numerical Aperture of the objective.



The Image of a point...is not a point
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RESOLUTION is not a measure of how small an object we can see,
it is the ability to distinguish which are closer together
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Image of a point source:
the Airy Pattern

Small aperture Larger aperture
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The Image of a point....

Original object '

Larger aperture

and IF , smaller disc |F , better resolution
shorter wavelength







INFORMATION CAPTEEED

INFORMATION WASTED

INFORMATION CAPTERED

INFORMATION WASTED

INFORMATION CAPTEEED

INFORMATION WASTED




Microscope
objective lens

-
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Refracted and
reflected
light rays § Cover
lost to lens ) glass

Unrefracted
light rays
enter
lens

Slide

-] | r \Object

Light source
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Violet —

Indigo

Blue

Green *.

Yellow -

Orange -

Red




does 1t mean?

A / 2nsin o
A/ 2NA

F THE SPECTRUM)

LE 40.50; ACCEPTANCE ANGLE 810)
r 40X objective

r = gSO = 423nm

2 X 0.65













Increasing image contrast

Low contrast High contrast

Edge contrast Colour contrast




In the Microscope by optical and illumination techniques techniques

Colour Filters

Dark Field

Phase Contrast

Differential Interference Contrast

In the Photographic Image by Choice of film
Choice of developer
Choice of printing paper




DARK FIELD







Darkfield Microscopy

Objective

Cone of
Hlumination

/"‘
Light Diffracted | /

by Specimen

Speclmen

Condenser

Central Opaque
Light Stop ———
(Beneath Condenser)




Dark Field

1 IMAGE PLANE

DIFFRACTED
LIGHT

OBJECTIVE <

| —
CONDENSER
| —
CONDENSER
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‘Digital’
L S oblique illumination

Stage

N e e e e e

Nee=
I
| A ‘no-cost’ option
> i for most microscopes

Fi1c. 62. OBLIQUE LIiGHT WITH A
CONDENSER.

(From Chamot).







The full name of the microscopy technique
could be something like

"phase-strip method for observing phase objects
in good contrast, but shortened 1s phase contrast.”




Transforms differences
in relative phase of object waves....
to amplitude differences in the 1mage

Original Phase Contrast Photomicrographs of Human Cells
T "‘-" . 9(’;:‘;"- i .4""" b . " '_“.3 -'.l 'L '- - '. > .‘_ . l'.“o .

Frits Zernike
(1888-1966)
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Zero order

Resulta nt Y




Zero order

Resulta nt




Zero order

Resulta nt

In these positions the diffracted ray
must have a value of zero




Zero order

Resulta nt

In these positions the diffracted ray
must have a value of zero




Zero order




Zero order

Resulta nt




Points for plotting the diffracted ray

"/~ \\ Zero order

Resulta nt




Zero order

Resulta nt




Zero order

Resulta nt




Zero order

Resulta nt

One wavelength




Zero order

Resultant- \/

Half a wavelength
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Quarter of a wavelength




Zero order

Diffracted ray
shifted to left
by A/4.




Diffracted ray now one half wavelength
behind zero order

Zero order

Diffracted ray
shifted to left
by A4.
Now half A
displaced
from zero order

The diffracted ray is now in a position to interfere destructively
with the , but it is of lower amplitude




Diffracted ray now one half wavelength
behind zero order
and amplitude of zero order reduced

Amplitude of
Zero order reduced

New Resultant beam of low amplitude, providing contrast




PHASE CONTRAST

T™AGE PLANE
NON DIFFRACT NON Dggg?CTED
LIGHT
DIFFRACTED DIFFRACTED
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PHASE PLATE )
OBJECTIVE
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Phase Contrast Optical Components

Phase Contrast

Condenser e
Top Lens, \ _ Objectives

Lens
Swing
Arm

Universal  E—
Swing-Lens
Condenser Annulus

Phase
Telescope —

Universal

i 7-Position
Figure 1 pOakH




Phase Contrast Objective

Phase Condenser Annulus Plate Alignment

Rear
Focal
Plane

Internal
Lens
Element

Objective -
arrel

Phase Annulus Plate s';f;‘,;.ﬂ?ﬁ,‘lr

Front
Lens



Phase Contrast Light Pathways

= Phase ————
. Deflected
Light

Objective

— ~— Specimen

. ’— Condenser

Annular -
| = Ring

Light
From
Source



View of Objective Back Focal Plane
for Dark Contrast Phase Objective

Dark
Phase
Ring




The final result -







Phase Contrast Gives Contrast to Structural
Detail in Transparent Specimens

Brightfield Phase Contrast






View Objective Back Focal Plane
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Cheek Cell, No
Condenser
Annulus
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Cheek Cell,
Miss-Aligned
Condenser
Annulus



Cheek cell,
Properly Aligned
Condenser Annulus
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Polarization of Light Waves

Polarizer 1 Polarizer 2
(Vertical) (Horizontal)
\
Incident Beam
(Unpolarized)

Polarized
Light Wave



Light waves

Natural light




Crossed polars

0

Natural light

Modified from Graham Dunn &Peter Evennett




Crossed polars

Modified from Graham Dunn &Peter Evennett



: g Crystals of
'VATION | B8 e Acetanilide.
Natural light

lide B

Between
crossed
polars

Modified from Graham Dunn &Peter Evennett



Crossed polars % tepe %7 Crossed polars
Rotated 45° P ol |t 1lambda plate

Modified from Gra




Quartz wedge
between

crossed polars

Modified from Graham Dunn &Peter Evennett




Blue
filter

A= 480nm/

Quartz Wedge

between crossed polars 7 ﬁfd
lnier

in monochromatic light ol

Modified from Graham Dunn &Peter Evennett




550nm 1100nm
Optical path difference

Modified from Graham Dunn &Peter Evennett




The Michel-Lévy Interference Colour Chart
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Transmission of Polarized Light Through an Analyzer

Polarizer
Parallel alyzer Polarizer TransmII:slon
@ O O | @
30° Analyzer
Transmission
Axis
PPRL——
LA A LA R R LR R LR R goo
Parallel Crossed
YT L = -
Excluded Transmitted Analyzer
Light Light Transmission

Axis



Light Path Through A Calcite Crystal

0 tiical In&ldﬁtnt
Xis ght —
W, Calcite
\ Wave \}" Crystal
e '
g Slow
Wave
Fast\
Wave
'\T—Ordina
Extraordinary’ Ray L

Ray



POLARIZATION

IMAGE PLANE

POLARIZER oo

4

<
Peleteledets
A

OBJECTIVE <

CONDENSER

POLARIZER {



= Polarized
Recombined Digital—_ :
Light Rays Ca.%,e,a . - _Microscope
After System Configuration
Interference
Eyeplc:ces Bertrand
Lens
Intermediate
Tube
- Analyzer é. Frame
y \.k . I

= Ordinary O

EXtra- Ra l -

Ordinary — Y Objectives
Ray — Birefringent
Specimen

e Sraing
Polarized-< |

Light Stage

- Polarizer
Light

From ——— .
Source B



Nylon Fiber in Polarized Light

(a)

™2
-

L

Oolite Thin Section in Polarized Light

(b)

(c)

Figure 11

Chrysotile Asbhestos Fibers in Polarized Light







Constructive Interference

D =Propagation
D Direction

—_—

Aw c A=Amplitude

- Wavelength -
A A=A,
D (Resultant)
Aw! ¢ Waves in Phase
Path Differnce =0

C =Vibration
D Direction

Destructive Interference

D D=Propagation

Direction
Ay C —_—
A=Amplitude
& c‘ 5 AA,-A,
Aw c (Resultant)
i- Wavelength -i c;I\:::::T;rn 1
— | ~ D
Ag C

Young's Double Slit Experiment

Light

Propagation
Dl::ctlon

Coherent
- Laser
Light

Destructive
Interference

Screen

Barrier with
> Double Slits

__Constructive
Interference

Intensity Distribution of Fringes
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POLARIZER

SECOND NOMARSKI {
WOLLASTON PRISM

OBJECTIVE <

IMAGE PLANE

CONDENSER

FIRST NOMARSKI {
WOLLASTON PRISM

POLARIZER {




0',{"‘ us
Digital BX61
otorized

Fluorescence
and DIC Microscope

Differential Interference
Contrast Microscope
Configuration

North-South

- Analyzer

Prism
Shear Axis

_ Objective
- =~Nomarski
Prism

-Condenser
Nomarski
Prism

- Polarizer

East-West



wavefront




0" Polarised 0" Polarised

Forr o

Unpelarised 45" Polarised 135° Polarised 135° Polarised

e S et [t

Polarizing Filter (45°) -
Prepares light for the
first Wollaston prism.

Polarizing Filter (135°) -
Removes directly
transmitted light.

Wollasten Prism - Condenser Lens Sample & Slide Objeclive Lens Woltaston Prism -

Separates incoming Recombines incoming
light into perpendicular 90° Pelansed S0° Polarised perpendicular polarised

polarised components. light into the same
polarisation (phase
difference converted
to amplitude),
Phase shifted

by sample.




Wollaston Prism Interference Fringes

Maximum Prisms
Extinction Translated (Bias) 40x
A Extraordinary Wave
A Ordinary Wave
0O E 20x
0O

Wollaston Prism (Crossed Polarizers)
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The final result -
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