
Das Mikroskop



Das erste Mikroskop



Luxusmikroskop

http://www.microscopyu.com/articles/formulas/conjugatemicroscope.html



Funktionsprinzip Mikroskop

58

4.3. Das Mikroskop
Das Mikroskop erzeugt eine hohe Vergrößerung nahe gelegener Objekte.

Dabei erzeugt das Objektiv ein reelles umgekehrtes Zwischenbild, das vom Okular
vergrößert wird. Zum Scharfstellen wird das gesamte Mikroskop bewegt.

Die Vergrößerung des Objektivs ist:

Die Vergrößerung des Okulars ist:

Objektivvergrößerung

Okularvergrößerung

Objektiv
Okular

fokL

b



Microscope

OPTICAL MICROSCOPY
Davidson and Abramowitz
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of a conventional finite tube length microscope (17).  An

object (O) of height h is being imaged on the retina of

the eye at O”.  The objective lens (L
ob

) projects a real

and inverted image of O magnified to the size O’ into the

intermediate image plane of the microscope.  This occurs

at the eyepiece diaphragm, at the fixed distance fb + z’

behind the objective.  In this diagram, fb represents the

back focal length of the objective and z’ is the optical tube

length of the microscope.  The aerial intermediate image

at O’ is further magnified by the microscope eyepiece

(L
ey

) and produces an erect image of the object at O” on

the retina, which appears inverted to the microscopist.

The magnification factor of the object is calculated by

considering the distance (a) between the object (O) and

the objective  (L
ob

) , and the front focal length of the

objective lens (f).  The object is placed a short distance

(z) outside of the objective’s front focal length (f), such

that z + f = a.  The intermediate image of the object, O’, is

located at distance b, which equals the back focal length

of the objective (fb) plus (z’), the optical tube length of

the microscope.  Magnification of the object at the

intermediate image plane equals h’.  The image height at

this position is derived by multiplying the microscope

tube length (b) by the object height (h), and dividing this

by the distance of the object from the objective: h’ = (h x

b)/a.  From this argument, we can conclude that the lateral

or transverse magnification of the objective is equal to a

factor of b/a (also equal to f/z and z’/fb), the back focal

length of the objective divided by the distance of the object

from the objective.  The image at the intermediate plane

(h’) is further magnified by a factor of 25 centimeters

(called the near distance to the eye) divided by the focal

length of the eyepiece.  Thus, the total magnification of

the microscope is equal to the magnification by the

objective times that of the eyepiece.  The visual image

(virtual) appears to the observer as if it were 10 inches

away from the eye.

Most objectives are corrected to work within a narrow

range of image distances, and many are designed to work

only in specifically corrected optical systems with

matching eyepieces.  The magnification inscribed on the

objective barrel is defined for the tube length of the

microscope for which the objective was designed.

The lower portion of Figure 1 illustrates the optical

train using ray traces of an infinity-corrected microscope

system.  The components of this system are labeled in a

similar manner to the finite-tube length system for easy

comparison.  Here, the magnification of the objective is

the ratio h’/h, which is determined by the tube lens (L
tb

).

Note the infinity space that is defined by parallel light

beams in every azimuth between the objective and the tube

lens.  This is the space used by microscope manufacturers

to add accessories such as vertical illuminators, DIC

prisms, polarizers, retardation plates, etc., with much

simpler designs and with little distortion of the image

(18).  The magnification of the objective in the infinity-

corrected system equals the focal length of the tube lens

divided by the focal length of the objective.

Fundamentals of Image Formation

In the optical microscope, when light from the

microscope lamp passes through the condenser and then

through the specimen (assuming the specimen is a light

absorbing specimen), some of the light passes both around

and through the specimen undisturbed in its path.  Such

light is called direct light or undeviated light.  The

background light (often called the surround) passing

around the specimen is also undeviated light.

Some of the light passing through the specimen is

deviated when it encounters parts of the specimen.  Such

deviated light (as you will subsequently learn, called

diffracted light) is rendered one-half wavelength or 180

Figure 1.  Optical trains of finite-tube and infinity-corrected

microscope systems.  (Upper) Ray traces of the optical train

representing a theoretical finite-tube length microscope.  The object

(O) is a distance (a) from the objective (Lob) and projects an

intermediate image (O’) at the finite tube length (b), which is further

magnified by the eyepiece (Ley) and then projected onto the retina

at O’’.  (Lower) Ray traces of the optical train representing a

theoretical infinity-corrected microscope system.
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Bei Mikroskopobjektiven unterscheidet man Trocken- und Immersionssysteme.

Nomenklatur bei modernem Objektiv:
A-Plan: Objektiv aus der A-Plan Serie (Objektive mit

erweiterter Bildfeldebnung)
40x: Vergrößerung des Objektivs
0.65: numerische Apertur des Objektivs

: Tubuslänge unendlich
0.17: Objektiv für Deckgläser mit der Dicke 0,17 mm berechnet

Ein Immersionsöl (z.B. Zedernholzöl mit n=1,5) reduziert 
den Verlust von Teilstrahlen durch Totalreflexion an der 
Glas-Luft-Grenzfläche.
Dadurch kann die NA größer als 1 (bis 1.4) werden.

Moderne Objektive mit geringen Linsenfehlern (siehe 
4.5) enthalten bis über 10 Einzellinsen. Dies ist 
erforderlich, da im Gegensatz zum Okular das gesamte 
Objektiv von Lichtstrahlen durchdrungen wird.
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Luftobjektiv

Immersionsobjektiv

Objektivtypen



Objektivnomenklatur



andere Objektivtypen

dark field image of a silicified cell



differential interference contrast



phase contrast microscopy



phase contrast microscopy



Konfokales und Weitfeldmikroskop

wide field microscope
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• larger excitation volume
ø     ~10 µm
!z   ~ depends (TIRF)

• parallel acquisition

pro

con

• large detection volume
• larger background signal
• no sample sectioning

7&!$-

confocal microscope

2.4. Microscopy & Near-field Optics 29
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(b) line cut

Figure 2.13: Two spots in the image plane at the resolution limit
of an optical microscope. Two spots can be classified as resolved, if
their centers are further apart than the first minimum of the Airy
function (see figure 2.12, the minimum is at 1.22 �). Following this
definition, the resolution can be defined as in equation 2.63. The
height of the intensity dip in the middle of the structure amounts to
26.5%.
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Figure 2.14: In this figure the principle setup of a confocal micro-
scope is shown. One major component is the pinhole in the detection
arm, which allows a higher resolution in the depth of the sample.
Objects which are not in the image plane are virtually cut out by
the pinhole and do not contribute to the detected signal. In our
experiments the small (125µm diameter) detector area of an APD
was used as a pinhole in the detection arm. The beam quality of
the excitation beam is optimized by the excitation pinhole, in our
experiments usually an optical single mode fiber.

• small excitation volume
ø     300 nm
!z   500 nm

• small detection volume
• spatial filtering due to pinhole
   (sectioning capabilities)

pro

con

• small excitation volume
   no parallel data acquisition

•!imaging by scanning (slow)
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Teleskop



Teleskop



Cassegrain Teleskop



Newton Teleskop


