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Basicof OpticalMicroscopy

A Theappearentdimensionof an object dependon the dimensionof the image
that is formed on the e y erétiiga, which is proportional to the angle of view,
whichisthe angleunderwhich an objectis viewedfrom the eye

A Toexplorethe detailsone shouldbring the objectascloseaspossibleto the eye.

A Thereis a minimum distanced, where one can bring the object and where the
eyeis still ableto focusit on the retina.

Kid(10yeary =7cm
Adultman =25cm
Agedman > 25 cm (presbiopy

A Maximumanglein the directvision



Basicof OpticalMicroscopy

A Athin convergentlens providesa positive and virtual imageof an object that is
closerto the lensthan the focallengthf.

A Onecanput the objectin a positionthat is suchthat to provideanimagethat is

at a distance from the eye, which under these conditionscanfocuson th
retina without anyproblem
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A Maimumanglein the vision



Basicof OpticalMicroscopy

A Themaximumangulardimensionof the imageis obtained when the objectis in the
focalplaneof the lens

A In sucha situationthe eye operatesunder completelyrelaxedconditions i.e. it is not
stressedasit focusedan objectthat is at infinite distance
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A Maximumanglein the vision
A Angulamagnification

A Typically



Basicof OpticalMicroscopy

A Basedon two systemsof correctedlenses

A Thefirst ( ) hasa very shortfocallengthf, andis usedto provideareal
and magnifiedimageof the object

A Thesecond( ) hasalongerfocallength, andis usedto observesuchan

imagewith the eyein the bestconditions




Basicof OpticalMicroscopy

A Thetotal angularmagnificationof the composite microscopeis the product of
the linear magnificationm, of the objectiveand the angularmagnificationivi, of
the eyepiece

A Linearmagnificationof the objective

A Angularmagnificationof the eyepiece




Basicof OpticalMicroscopy

A Totalangularmagnification

To

Tipicallyone gets M<1000Q

In common microscopesthe eyepiecéobjective distanceis fixed, as they are
mountedin a tube, and focusingis carried out by shifting the tube with respect
to the objectunderobservation
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Basicof OpticalMicroscopy

A Almost all manufacturers design optical microscopes
that make use of objectives that are corrected for
observation at infinite distance.

ATo create the image, the tube must contain a
supplementary lens, the

AThe provides an image located on the
diaphragm plane of the eyepiecea{
).

AThe systems that are corrected for infinite observatio
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-Show a region where the beams are parallel;

-Eliminate the ghost images due to the transit of
converging beams through planar optical elements

-Permit to introduce between the objective and the
tube lens complex optical systems. This is particula ;
useful in widefield and confocal epifluorescence e
microscopy and their most advanced derivatives.
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Fluorescencd/licroscopy
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Fluorescencd/licrosco
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Fluorescencd/licroscopy
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Fluorescencd/licroscopy

Detectcr
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Dichroic

Excitation Mirror

Filter

Selectsa portion of the spectrum of
the lamp in correspondenceof the
absorptionspectrumof the particular
chromophorethat we are using

Reflectsthe excitation radiation and
transmitsthe radiationemitted by the
chromophores

Selectsthe portion of the spectrum
corresponding to the emission
spectrum of  the particular
chromophorewe are using



Fluorescencd/licroscopy

Aln commercial fluorescence
microscopeghe three filters that are
needed to observe a particular
chromophoreare inserted in a single
block

AThe microscopesare equipped with
severalblocksthat canbe changedby
meansof arevolvercharger

AAlmost all filters are interferential

Newport HPF" Filters for Microscopy Applications filters. They are periOdiC mUItiIayerS

constitutedby highand low refractive
indexmaterials




Fluorescencd/licroscopy

Fluorophores: GFP
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HPF1245 = Dichroic Filter#: HPD 505
Excitation Filter # HPX 475/44 = Emission Filter # HPM 535/50

A Minimum valuesof autofluorescence

A Sharpspectraltransitionsbetweentransmittanceandreflectanceregions
A Maximumtransmittancein the transmissiorwindow

A Maximumsignalto noiseratio



Fluorescencd/licroscopy

Common Fluorophores in Widefield and Confocal Microscopy
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Spectral Profiles of Popular Traditional Fluorophores
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Fluorescencélicroscopy

Three Cavity Bandpass Filter
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Fluorescencd/licroscopy

DETECTOR

AFluorescence that comes from
regions of the samples that are
outside the focal plane is anyhow
collected by the detector This

deteriratesthe contrast(blur). \ | Lawp

AThe thickness of the samples is
limited by the focal depth of the
objectivethat isused

ADetectionof a very low chromphores
concentration is limited by the
signalnoiseratio, i.e. by the capacitiy
of the emissionfilter to completely
eliminatethe phtonsof the excitation
beam

FocalPlane




Fluorescencd/licroscopy
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Fluorescencdlicroscopy

The rpnll-m1 mutant shows a mitochondrial morphology defect

Wild -type

rpnll-ml




Lateralresolutionof a widefield microscope
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Lateralresolutionof a widefield microscope
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Lateralresolutionof a widefield microscope
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Lateralresolutionof a widefield microscope

0.5 (air) 652.7nm 817.4nm

0.75 (air) 435.1nm 544.9nm

1.4 @il) 233.1nm 291.9nm




ConfocaMicroscopy

A The confocalmicroscopeusesthe sameconfiguration
of the widefield fluorescence microscope In
particular the block with excitation and emission
filters anddichroicmirror.

A Thelight sourceis normallya singleline CWlaser

A The fundamentaland novel issueis the use of a
that is positionedin the point where the light
rays coming from the focal plane are converging
( ). Thepin-hole:

A Elimnatesthe radiation comingfrom the off focal

planeplanes _
A Permits to increase the lateral resolution by
filtering the secondarymaximaof the diffraction

pattern: .
4 = 040
MIN N A.

A Byshiftingthe samplealongthe vertical direction one
can obtain imagesof the fluorescencethat comes
from all horizontal sectionsinside the sample with

axialresolution

DETECTOR

i

= LASER

Focalplane



ConfocaMicroscopy
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ConfocaMicroscopy

Theimagesare obtainedby scanninghe excitationlaserpoint by point overthe
sampleby meansof a systemof mirrors mounted on galvanometricactuators
( ). Lightis collectedpoint by point by the pin-hole/detector system

Hyper selector Confocal Microscope Scanning System Configurations
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ConfocaMicroscopy

AThe imagesare obtained by using a Nipkow disk associatedto an array of
microlenses
ASuchsystemscanusedisksconteiningarrayswith up to 20000microlenses

AEve rym ICrOlenSfocusesa portlon Of Yokogawa Spinning Disk Unit Optical Configuration
the excitation laser beam in the > {aser umination sibnoliiome

Microlens CCD Camera

respective pin-hole. This increases Lens ATy
the laserintensity on the sampleto e "EE*:’-";\
up 70% R s

ABy illuminating up to 1000 points [ » S
simultaneously (multi-point  JEEEE N
scanner),it can reach a scanning Y Dihiees lses, TN
speedlargerthan 2000fps. Pinol g,

Alt is therefore a key instrument to Objective 2 ., Light

studylivingcellsin realtime. Figures s iE—Specimen



ConfocaMicroscopy

DETECTOR

AUsingthe pin-hole considerablyeduces _y'_
the brightness of the images It is
therefore necessaryto increase the
sensitivity  of the detectors
(photomultiplier tubes), the intensity of

the excitation laseror the det ect or ' s | LASER

Integrationtime.

Aln all caseswe increasethe doseof the
illumination radiation and the

of the chromophores is
accelerated

A Confocal microscopy cannot therefore
be usedwith chromophoresthat show
low thresholdsfor the photobleaching
processsuchas for example

Focalplane



ConfocaMicroscopy

DETECTOR
AStudy of yeast cells labelled with y
Green Fluorescent Protein (GFP)
Comparison  between Images
obtained by white-light wide-field
microscopyand confocalmicroscopy \ | LASER

Focalplane



