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Reflected/Transmitted Light Microscope 
The Microscope Optical Train

Modern compound microscopes are designed to provide a magnified two-dimensional image that can be focused axially in
successive focal planes, thus enabling a thorough examination of specimen fine structural detail in both two and three
dimensions.

Most microscopes provide a translation mechanism attached to the stage that allows the microscopist to accurately position,
orient, and focus the specimen to optimize visualization and recording of images. The intensity of illumination and orientation
of light pathways throughout the microscope can be controlled with strategically placed diaphragms, mirrors, prisms, beam
splitters, and other optical elements to achieve the desired degree of brightness and contrast in the specimen.

Presented in Figure 1 is a Nikon Eclipse E600 microscope equipped with a trinocular head and DXM-1200 digital camera
system for recording images. Illumination is provided by a tungsten-halide lamp positioned in the lamphouse, which emits light
that first passes through a collector lens and then into an optical pathway in the microscope base. Also stationed in the
microscope base is a series of filters that condition the light emitted by the incandescent lamp before it is reflected by a mirror
and passed through the field diaphragm and into the substage condenser. The condenser forms a cone of illumination that
bathes the specimen, located on the microscope stage, and subsequently enters the objective. Light leaving the objective is
diverted by a beam splitter/prism combination either into the eyepieces to form a virtual image, or straight through to the
projection lens mounted in the trinocular extension tube, where it can then form an image on the CCD photodiode array
positioned within the digital imaging system.

The optical components contained within modern microscopes are mounted on a stable, ergonomically designed base that
allows rapid exchange, precision centering, and careful alignment between those assemblies that are optically
interdependent. Together, the optical and mechanical components of the microscope, including the mounted specimen on a
glass micro slide and coverslip, form an optical train with a central axis that traverses the microscope base and stand. The
microscope optical train typically consists of an illuminator (including the light source and collector lens), a substage
condenser, specimen, objective, eyepiece, and detector, which is either some form of camera or the observer's eye (Table 1).
Research-level microscopes also contain one of several light-conditioning devices that are often positioned between the
illuminator and condenser, and a complementary detector or filtering device that is inserted between the objective and the



Microscope Optical Train Components 

eyepiece or camera. The conditioning device(s) and detector work together to modify image contrast as a function of spatial
frequency, phase, polarization, absorption, fluorescence, off-axis illumination, and/or other properties of the specimen and
illumination technique. Even without the addition of specific devices to condition illumination and filter image-forming waves,
some degree of natural filtering occurs with even the most basic microscope configuration.

Microscope Optical Train Components

Microscope
Component

Attributes

Illuminator  
Light Source, Collector Lens, Field Diaphragm, Heat Filters, Light

Balancing Filters, Diffuser, Neutral Density Filters

Light
Conditioner

 
Condenser Iris, Darkfield Stop, Aperture Mask, Phase Annulus,

Polarizer, Off-Center Slit Aperture, Nomarski Prism, Fluorescence
Excitation Filter

Condenser  
Numerical Aperture, Focal Length, Aberrations, Light Transmission,

Immersion Media, Working Distance

Specimen  
Slide Thickness, Cover Glass Thickness, Immersion Media,

Absorption, Transmission, Diffraction, Fluorescence, Retardation,
Birefringence

Objective  
Magnification, Numerical Aperture, Focal Length, Immersion Media,
Aberrations, Light Transmission, Optical Transfer Function, Working

Distance

Image Filter  
Compensator, Analyzer, Nomarski Prism, Objective Iris, Phase Plate,

SSEE Filter, Modulator Plate, Light Transmission, Wavelength
Selection, Fluorescence Barrier Filter

Eyepiece  Magnification, Aberrations, Field Size, Eye Point

Detector  
Human Eye, Photographic Emulsion, Photomultiplier, Photodiode

Array, Video Camera

Table 1

While some of the microscope optical components act as image-forming elements, others serve to produce various
modifications to illumination of the specimen and also have filtering or transforming functions. Components involved in
formation of images by the microscope optical train are the collector lens (positioned within or near the illuminator),
condenser, objective, eyepiece (or ocular), and the refractive elements of the human eye or the camera lens. Although some
of these components are not typically thought of as imaging components, their imaging properties are paramount in
determining the final quality of the microscope image.

Fundamental to the understanding of image formation in the microscope is the action of individual lens elements that
comprise the components in the optical train. The simplest imaging element is a perfect lens (Figure 2), which is an ideally
corrected glass element that is free of aberration and focuses light onto a single point. A parallel, paraxial beam of light
passes through the converging lens and is focused, by refraction, into a point source located at the focal point of the lens (the
point labeled Focus in Figure 2). Such lenses are often referred to as positive lenses because they induce a convergent light
beam to converge more rapidly, or cause a divergent light beam to diverge less rapidly. A point source of light located at the
lens focal point emerges as a paraxial, parallel beam of light as it leaves the lens, moving from right to left in Figure 2. The
distance between the lens and the focal point is referred to as the focal length of the lens (denoted by the distance f in
Figure 2).

Optical phenomena are often explained either in terms of quantum theory or wave mechanics, depending upon the particular
problem that is being described. In considering the action of lenses, the wave-like properties can often be ignored and light is
considered to travel in straight lines often termed rays. Simple ray diagrams are sufficient to explain many important aspects
of microscopy including refraction, focal length, magnification, image formation, and diaphragms. In other instances, it is
convenient to refer to light waves as being composed of discrete particles (quanta), especially when light is generated by



Demande d ’avis 

• Hb:  15,0 g/dl 

• VGM:  91,0 fl 

• G.B.:  2000 /µl 

• Neutro: 8 % (160/µl)   

• Lymph: 78 % 

• Mono: 13 % 

• Eosino: 1 % 

• Baso: 0 % 

• PLT:  188000/µl 
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 CellaVision™ DM96 



The analyzer offers a high degree of automation with a 
throughput of approx. 35-40 slides per hour. 

Automated image analysis system 

Pre-classification of the various types of white blood cells 

Red morphology 

Functionality for platelet estimation 

CellaVision™ DM96 
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• Réseau créé en 2012 
– Porteur du projet :  Groupe Francophone 

d’Hématologie Cellulaire en partenariat avec le Collège 
d’Hématologie 

 

• Objectif principal:  
– Faciliter les échanges en cytologie hématologie 

– Proposer en < 24h les avis d’au moins 2 experts 
relecteurs pour tout dossier images déposé sur le 
réseau 

– Déploiement national 

 

• Pour tout biologiste hospitalier ou libéral impliqué 
dans le domaine de l’analyse cytologique 
hématologique 

– Sang, moelle osseuse, ganglions, liquides 
d’épanchements, LCR… 

 

 

 

Gabriel Andral (1797 -1876)  
Médecin pathologiste français, professeur 

à l'Université de Paris.  
Par ses travaux sur les maladies du sang, il 

est considéré comme le fondateur de 
l'hématologie. 



Prise en Charge + 

Réponse < 24h 

Lundi/samedi, 8h/20h 

+ Echanges, suivi… 
Autres avis 
spécialisés… 

www.gfhc-reseau-andral.fr  

Réseau ANDRAL 
3 relecteurs de garde 
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• Inscription gratuite :  
– www.gfhc-reseau-andral.fr 

 

 

• Soumission simplifiée de 

demandes d’avis 
– Question posée 

– Exposé bref des données clinico-

biologiques 

– dossiers images (glisser-déposer) 

 

• 42 relecteurs (France et 

Belgique) 
 

– Cytologistes hospitaliers (CHU et CH)  

– Volontaires et bénévoles 

– Associés en trinômes 

– Veille hebdomadaire dans un tour de 

garde 

– Réponses par au moins 2 relecteurs 

experts en moins de 24h 
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• Matériel de numérisation 
– A priori tous types : station avec caméra / appareil photo, automate de 

numérisation,… téléphone portable 

 

• Echanges 
– Images fixes, tous types de fichiers : .jpg, .doc, .xl, .pdf…  (max 40Mo 

par dossier) 

– Formulaire de demande 

 

• Autres fonctions 
– Espace personnel 

– Tableau de bord d’activité 

– Documents en ligne (consentement, convention…) 
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• Bilan d’activité octobre 2017 
– 403 inscrits 

• Biologistes libéraux (36%) et hospitaliers CHU (32%) et CH (32%) 

– 42 relecteurs:  

• Critères requis : activité régulière, reconnaissance des pairs, enseignement / 

publication, expérience en télémédecine 

– Pertinence des réponses : 93,3% 

– Démarche ayant permis de préciser le résultat final : 77,8% 

– Délai de réponse  

• Taux de satisfaction : 94,4% 

• Délai de prise en charge (309 dossiers analysés)  : moyen :1h52 , médian : 1h09 

• Délai (Réponse 1 + Réponse 2) : moyen : 7h20 médian 4h55 
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• Cadre strictement CONFORME à la LEGISLATION / 
REGLEMENTATION et REFERENTIELS 

– Décret Télémédecine n°2010-1229 du 19 octobre 2010, Livre Blanc sur la 
Télémédecine CNOM…. 

– Sécurité / traçabilité / conservation de l’ensemble des données et des 
échanges 

– hébergeur agréé: SILPC  

– Autorisation CNIL n°1635662-déc.2013 

– Convention de fonctionnement avec acceptation obligatoire à l’inscription : 
Organisation, modalités de mise en œuvre, aspects juridiques, règles de 
numérisation… 

 

• Gouvernance par un comité de coordination 
– O. CREPIN (CH Béthune), S. DALIPHARD (CHU Rouen), F. 

DELHOMMEAU (Saint-Antoine Paris), AC GALOISY (CHU Strasbourg), F. 
GENEVIEVE (CHU Angers), V. LEYMARIE (LBM, BRIVE), D. LUSINA (CHU 
Bobigny), JM MARTELLI (CH Meaux), F. TRIMOREAU (CHU Limoges), X. 
TROUSSARD (CHU Caen) 
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Capteurs à bas prix (moins de 400 Euro) 



Correction rapide des images division par le 

bruit de fond de l’optique et du capteur 

= 



Correction rapide des images division par le 

bruit de fond de l’optique et du capteur 



Correction rapide des images division par le 

bruit de fond de l’optique et du capteur 



Conclusion finale « belge » 

Quoiqu’il en soit ne confondez pas Cytologie et 
Zythologie . 

Cette dernière n’est pas virtualisable 
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