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1. A reproduction of the form of a person or object, especially a sculptured likeness.

2. An optically formed duplicate, counterpart,
or other representative reproduction of an object,
especially an optical reproduction formed by a lens or mirror.



With a
microscope

you don't look
at the

...you look at an image of the specimen.




Brad Amos & Stefanie Reichelt
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The diagram shows the entire spectrum of
electromagnetic waves, The scale at the
bottom fndicates representative objects
that are equivalent to the wavelength
scale, The atmospheric opacity determines
what radiation reaches the Earth's surface,
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From: http://ds9.ssl.berkeley.edu/LWS_GEMS/2/em.htm




Sources of Visible Light
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Daylight

Incandescent lamp

Mercury lamp




Spectrum of a Mercury Lamp

100/

T

~

300 600 ; T 900

Wavelength (nm)

Spectrum of a Xenon Lamp
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(Modified from: http://www.cairn-research.co.uk)

Light
sources
for
fluorescence



Eyelid Pupil

Superior rectus muscle

Lens

Optic nerve

Medial rectus muscle

Sclera

Comea

Infenior rectus muscle

Conjunctiva

Infenor obligue muscle



ONCE UPON A TIME...........

/X

Alhazen |
(965-1 040) The eye, from Al-Hazen's (hpticae Thesmirus—an 1038

(Ibn al-Haytham)



Alhazen was the first to show how the image is
formed on the retina in the human eye, using the
camera obscura as his model. However, as far as
the camera obscura was concerned, he explained
"Et nos non inventimus ita” we did not invent this.
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Image taken from: http://micro.magnet.fsu.edu/optics/timeline/people/alhazen.html www.islamicspain.tv/.../Physics-and-Optics.htm






The relative intensity of the

When the three
types of cones are
1 ed at the
1&11%%1@11111 1ght
same time.. ..
you see green

430nm light
stimulate blue light
sensitive cones.
You see blue!

Your eyes see
ACHROMATIC
light...
WHITE LIGHT

ye of cones determines

At 630nm
you see red
light
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Eye

Light here
reaches the
air a little
later and

speeds up

Light from fish

Light bends
as it passes
from water
to air

Light here
reaches

the air first
and speeds up

\:" »l,‘
_\
A Light from sun

Perceived image of fish
(light appears to
corme from here)

Actual position of fish



Refraction of Light
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Total
Internal
Reflection

n(2) > n(1)










DIFRACTION
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XV Century. Leonardo Da Vinci ...
The necessity to use lenses to facilitate vision and too see small things....

13th Century

Reading stones

XVII Century.
Zaccharias & Hans Jansen 1590
Galileo Galilei 1609
Christiaan Huygens 1621

Early Microscope Attributed to Jansen
(about 1595)

Images taken from: http://micro.magnet.fsu.edu/optics/timeline/people/alhazen.html

htto://www.biol.unlp.edu.ar/historiabiologiacelular.htm
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Human sperm

Antony van Leeuwenhoek
1632 - 1723
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MICROGRAPHIA :

OR SOME

Phyfiological - Defcriptions

MINUTE BODIES

MADE BY

MAGNIFYING GLASSES.
WITH

Osservarions and INQUIRIES thereupon..

o
'

By R.HOOKE, Fellowofthe RovarL Socrety.

Non poffis oculo quantuns contendere Lincens,
Nor tamen 1dcirco contemnas Lippus inungi. Horat. Ep. lib. 1.
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Robert Hooke 1635 - 1703
Micrographia 1665
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Ernst Abbe Carl Zeiss
1840 - 1905 1816 - 1888

-

Otto Schoft
(1851 - 1935)
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Shapes and Principal Planes of Simple Lenses

(@ (b)) (c) (d) (e) (f)

Curvature - Principal ical
Radius . Planes

Uncommon Lens Geometries
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Converging lens

Diverging lens















distant object
focused in
front of retina

(c) Farsighted eye (short eyeball)

convex lens converges
rays, object focused
on retina



From Peter Evennett



This is unfortunately not possible with a
single-element lens
because of several aberrations
- spherical, chromatic and others



Field Curvature Aberration

Flat Specimen Spherical

(a) Edges in Focus {b) Entire Viewfield in Focus (e) Center in Focus



Spheric Aberration



Spheric Aberration Correction



Spheric Aberration
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The objective lens

Is the microscope

The other parts support its function
and adapt the image
to the receiving device




Objective Correction for Field Curvature Common Objective Optical Correction Factors

Achromat Plan Achiroeial 10x Achromat 10x Fluorite 10x Apochromat
i/ Lens |
Lens Doublet
Doublet = Group
Group Lens
Triplet
Group
Lens
Doublet

Group

Meniscus
Lens

Objective Correction for Optical Aberration

Objective Spherical Chromatic Fleld
Type Aberration Aberration Curvature
Achromat 1 Color 2 Colors No
Plan Achromat 1 Color 2 Colors Yes
Fluorite 2-3 Colors 2-3 Colors No
Plan Fluorite 3-4 Colors 2-4 Colors Yes
Plan Apochromat 3-4 Colors 4.5 Colors Yes

micro.magnet.fsu.edu/.../anatomy/objectives.html



@ Eyepieces @ Revolver @ Field Diaphragm
S Lamp house (Halogen lamp
@ Objectives @ P : ® Condenser Diaphragm

@ Focusing Knob @ Condenser adjusting knob O o
ondenser

@ Filter wheel Lamp house (Mercury lamp)



: @ Condenser
@ Eyepieces @ Lamp house (Halogen lamp)
@ Fiterwheel @ Condenser Diaphragm @) condenser adjusting knob
@ Revolver @ Field Diaphragm

0 Lamp house (Mercury lamp)
@ Objectives Focusing Knob



e 4 sl Field of View — -

- Large Field of View -




Field Size Variations
with
Field Number

Field Number = 20
Field Number = 26
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Microscope lllumination

Two basic methods of illumination:

Source-focused or ‘Critical’ [llumination:
Light-source imaged on to specimen

Kohler lllumination:

Light-source imaged in the aperture of
the condenser



Final image
plane

=

S Primary image
plane

-~ Specimen plane
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August Kohler
1866 - 1948

Published

A new sfvstem of illumination for
photomicrographic purposes

(in German) in 1893.

Kohler 1llumination

Kohler alignment

Microscope alignment

Did you......Kohler??







A\

A\

A\

2

|

AVAVAVAVY,



N
/" OPTIONAL (JUST IN CASE)

Light up the specimen uniformly
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Set of “aperture” + Set of “field”
Conjugated planes Conjugated planes

2 Sets of conjugated Planes



e Final image of the specimen
+

Condenser aperture image Diaphragm image

+
Lamp Filament image

0

Primary image of the specimen
+

Diaphragm image

Condenser aperture image
+

Lamp Filament image

Specimen
+

Diaphragm image

0
0 0

Condenser aperture
+

Lamp Filament image

0

v o Diaphragm

Lamp Filament AV h\/\l\/\)

Aperture Set of planes 2 Conjugated set of Planes Field Set of planes
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t are we trying to do w
minating a microscopic
specimen??

t up the specimen uniformly
ver a controllable area

Inate the objective aperture unif

ver a controllable angle




(O Condenser () Field Diophragm. (FD) @ Condenser Aperture. (CD)
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Condenser Aperture too large

v

Image hazy and ‘washed out’




Condenser Aperture correct

Image contrast optimal




Condenser Aperture too small

Image contrast too high; artefacts present

From Peter Evennett



Condenser Aperture too small

From Peter Evennett




aperture
correct

Condenser 2
aperture '
too small

From Peter Evennett



eter Evennett




ler lllumination prov

Control of Area illuminated by th
llluminated Field Diaphragm,
IS adjusted according to magnifi

ontrol of Angle of illumination by t
llluminating Aperture Diaphrag
(the condenser aperture),
adjusted according to objective a




