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Figure 15
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make the optimum setting for illuminated N.A. as a best compromise between resolving power
and contrast.

Where the microscope illuminator has an iris diaphragm, it is intended to be used to control the
size of the illuminated field of view on the specimen. The substage condenser should be adju-
sted to form a sharp image of the lamp iris on the specimen plane. The size of the iris should
then be adjusted to lie just outside the field of view of the microscope.

13.0 Condenser Types

The function of the substage condenser is to direct a light beam of the desired N.A. and field
size onto the specimen. There are several types of condensers, three of which are shown in
Figure 16.

The Abbe Condenser is a 1.30 N.A. condenser utilizing only two lenses. Because of its simpli-
city and good light-gathering ability, it has become extensively used for general microscopy. It
is, of course, not corrected for spherical or chromatic aberration, but for general visual obser-
vation it serves very well.

The Variable Focus Condenser is a two-lens condenser, 1.30 N.A. maximum in which the upper
lens element is fixed and the lower one focusable. By this means it is possible to fill the field of
low power objectives without the necessity of removing the top element when the lower lens
is raised to its top position. This condenser is basically similar to the 1.30 N.A. Abbe. When the
focusable lens is lowered, the focus of the light is brought in between the elements, and when
this focus is at the pointindicated in the diagram, the light emerges as a large diameter paral-
lel bundle.

The Achromatic Condenser is a 1.40 N.A. condenser which is corrected for both chromatic and
spherical aberrations. Because of its high degree of correction itis recommended for research
microscopy and color photomicrography where the highest degree of perfection in the image
is desired.

It will be recalled, from the previous discussion on immersion objectives, that to obtain N.A."s
over about 0.95 it is necessary to oil-contact the lens system to the specimen slide. A drop of
immersion oil, placed on the lower surface of the object slide or the upper surface of the con-
denser hemisphere, achieves this result.

Generally it is not necessary to immerse the condenser, but special tasks occasionally do
require immersion for optimum results.
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Figure 16
OBJECT ! Condenser types.
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14.0 Critical Illumination

Critical illumination is a form of illumination in which the light source is imaged directly on the
specimen. Itis used in high power microscopy, microprojection, and photomicrography, where
an intense and controlled beam of light is necessary. Critical illumination was held in highest
regard for many years, as early theoretical consideration indicated that it should permit higher
resolving power than other forms of illumination. The reasoning for this was founded on the
theoretical basis that two adjoining points in a specimen could be better resolved if their illu-
minated background had no point-to-point phase relationship. Such a background is provided
by critical illumination where a source is imaged directly on the specimen, since the various
points of a light source have the completely random phase distribution characteristic of ther-
mal emission. With the passage of years, critical illumination has been gradually replaced by
another intense form of illumination known as Koehler lllumination. The two systems are shown

in Figure 17.
Figure 17
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Koehler lllumination presents certain advantages over critical illumination and has gradually
replaced the latter. With the Koehler system inclusion of field diaphragm control is made feasi-
ble. Another advantage of the Koehler system is that uneven distribution of energy in the sour-
ce does not result in uneven brightness in the field of view, since the source is imaged in the
aperture of the system. These practical advantages have led to the gradual replacement of cri-
tical illumination by Koehler lllumination, and when M. Berek showed that the two systems
were theoretically equivalent in resolving power, the final argument favoring critical illuminati-
on was removed.

Many modern microscopes utilize built-in illumination systems. These are permanently aligned
so that centering by the microscopist is not necessary. Usually they employ a low voltage con-
centrated filament lamp so that high brightness levels may be attained. Optically they are the
equivalent of the Koehler system shown in the lower half of Figure 17, but one of the lamp con-
densers is invariably frosted to produce even illumination at all microscope powers, and the
mirror is factory adjusted to give permanent centration to the illuminating beam.

15.0 Selective Filters

Contrastin the image of a colored microscope preparation can be controlled by the use of colo-
red or selective filters. If, for example, the microscope preparation consists of red and blue
areas, use of a red filter, which absorbs the blue but not the red, will darken the blue areas and
cause the red areas to stand out bright by contrast with the blue. This type of contrast control is par-
ticularly useful in photomicrography and a set of selective filters is, accordingly, generally supplied
with photomicrographic equipments. Colored glass filters and colored gelatine filters have been
used extensively for this purpose in the past, but another type, operating on the principle of interfe-
rence, has advantages over these, and will be described in the following section.

Interference Filters utilize the principle of optical interference to accomplish selective or colo-
red transmission. The principle is illustrated in Figure 18. In the upper part of this figure, the
effect of adding two waves which are in phase, is shown to result in a wave which is additive.
The converse situation, where the waves are out of phase, is shown to result in destructive
interference, or darkness. The former case is generally more easily understood than the latter.
The “destruction” of energy by other energy is, however, understandable if labeled as a “redis-
tribution” rather than a “destruction” of energy. The energy actually reappears elsewhere. For
example, if destructive interference at a surface causes the transmitted energy to lessen, it will
at the same time cause the reflected energy to increase. The interference filter utilizes this
principle to accomplish conductive interference for a narrow band in the visual spectrum and
destructive interference for the rest of the spectrum, so that only a narrow band of colored light
is passed by the filter. The filter is composed of two semitransparent silver layers separated by
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a thin layer of transparent material (magnesium fluoride generally). The thickness of the trans-
parent layer is so controlled that multiple reflections between the silver layers are in a state of
constructive interference in the transmitted beam for some chosen wavelength. The thickness
chosen is slightly too great for constructive interference of shorter wavelengths, and slightly
too small for longer wavelengths. As a consequence only wavelengths close to the desired
wavelength get through the filter. The spectral transmission curve of a typical interference fil-
ter is shown in Figure 18.

Figure 18
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16.0 Darkfield Illumination

Two types of darkfield condensers are shown in Figure 19. These produce an intense hollow
cone of light with apex (or focal point) in the plane of the specimen. If the specimen is com-
pletely transparent and homogeneous, the light continues directly on through and does not
enter the objective, since the N.A. of the illuminating cone exceeds that of the objective. The
field of view will thus look dark. If, however, the specimen has fine transparent detail which dif-
fers in refractive index from the embedding medium, it will scatter light due to refraction and
reflection, and will appear bright, since some of this scattered light will enter the objective.
This type of illumination, known as “darkfield,” is useful principally on transparent unstained
material where bright field illumination fails to make the object visible due to the low contrast.
Figure 20 is a photomicrograph of such a specimen taken in darkfield illumination.

Figure 19
Two types of Darkfield Condensers. Each

delivers a hollow intense cone of light, of
greater N.A. than the objective N.A.,

oBJECTVE hence objects are seen only by virtue of
the light which they scatter.

Figure 20
Emulsion of Sulphonated 0il in darkfield
Photomicrograph by G.G. Schneider.

OBJECTIVE

Darkfield condensers depend on the use of a high N.A. hollow cone of light, and must be oil-
contacted to the lower face of the object slide in order to obtain the required N.A. in the illu-
minated cone. It is also, of course, necessary to use an objective of N.A. somewhat under the
illuminated N.A. of the darkfield condenser, to avoid direct light getting into the image.

20

o



EDU-1024 Theory RvF.gxd:EDU-1024 Theory %D.qxd 23.04.2009 10:07 Uhr Seite 24

Objectives higher than 1.0 in N.A. must be provided with the appropriate “funnel stops” to redu-
ce their N.A.'s to 1.0. The “funnel stop” is a small baffle, which fits into the back of an objective,
reducing the aperture at the rear lens surface.

The effectiveness of a darkfield system is also dependent on the use of an intense, non-diffu-
sed, light beam from the lamp condenser. A homogeneous brilliant source, such as a ribbon fila-
ment or carbon arc, is required.

17.0 Polarized Light

Light energy is transmitted by waves, known as “transverse waves.” This means simply that the
waves vibrate at right angles to the direction of transmission of the light. Generally speaking,
this vibration will be in any direction at right angles to the direction of transmission, but it is pos-
sible by means of devices known as “polarizers” to restrict the vibration to a single direction.
If two such polarizers are inserted in the optical beam in such a manner that the second one
transmits in a direction at right angles to the first, the light will be extinguished. Such an arran-
gementis called “crossed polarizers.” If, however, in between these crossed polarizers we ins-
ert an object which is crystalline in nature, it will in general appear bright against the dark
background caused by the crossed polarizers. Furthermore it will brighten and darken upon
every 90° of rotation about the optical axis of the microscope. The reason for this is that crystal-
line materials generally have different properties in different directions, and as a consequence
they alter the state of polarization of the light and thereby effectively “uncross” the polarizers.
This form of illumination is particularly valuable in the study of crystalline chemical compounds
and minerals. Very beautiful and striking color effects can be obtained by this method.

18.0 Fluorescence Illumination

A fluorescent specimen is one which when illuminated by light of one color, emits light of ano-
ther color. Since fluorescence is usually rather weak it is necessary to use a very intense sour-
ce, and to provide special filtering techniques to accentuate the fluorescent image.

The source used is normally a high pressure mercury arc, which has a number of strong emis-
sion lines in the spectral region between 300 and 600 nm. Most of the visible spectrum is filte-
red out by “exciter filters” which are located in the illuminating beam and pass only those
wavelengths needed to excite fluorescence in the specimen. Since the deep blue and violet
visible energy is not completely removed by the exciter filter, a second filter called a “barrier
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filter” is used in the image forming system (i.e. after fluorescence has taken place) to remove
the blue and violet but pass the longer fluorescent wavelength emitted by the specimen.

Another method of blocking off the unwanted blue and violet is to use dark-field illumination, so
that no direct light of any wavelength can get through. Combination of the barrier filters with
the dark-field system results in rather complete removal of the unwanted background of
blue-violet light.

19.0 Phase Contrast Microscopy

The normal microscopic object is seen because it has regions of varying density. In normal
“brightfield” illumination a completely transparent specimen is very difficult to see in any detail,
as all parts are equally dense. Darkfield illumination shows up border effects in such comple-
tely transparent specimens due to edge scattering and diffraction. Polarized light is also useful
when transparent specimens have directional or crystalline properties. Another form of illumi-
nation, known as phase contrast, is of value in the study of transparent media, and has found
extensive use in the study of transparent living media where staining for normal illumination
methods cannot be used.

Phase contrast is basically a method of illumination in which a portion of the light is treated dif-
ferently from the rest, and subsequently caused to interfere with the rest, in such a manner as
to produce a visible image of an otherwise invisible transparent specimen. The arrangement
necessary for phase contrast is shown in Figure 21. A clear annulus in the focal plane of the
condenser is imaged at infinity by the condenser and then reimaged by the objective in its rear
focal plane. The undiffracted energy all passes through this image and is both reduced in inten-
sity and given a quarter-wave phase shift with reference to the diffracted energy, by means of
an annular phase pattern in the rear focal plane of the objective. The end effect of these two
changes in the undiffracted portion of the beam is to simulate the phase and intensity distribu-
tion which would be present in the objective focal plane if the specimen had density variations
rather than refractive index variations, and as a consequence the image formed by this beam
interfering with the diffracted beam simulates that of a specimen having density variations.
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Figure 21

Image formation by Phase Contrast. An annular aperture in the diaphragm, placed in the focal plane of the
substage condenser, controls the illumination on the object. The aperture is imaged by the condenser and
objective at the rear focal plane, or exit pupil, of the objective. In this plane a phase shifting element, or
phase plate, is placed. Light, shown by the solid lines and undeviated by the object structure, in passing
through the phase altering pattern, acquires a one-quarter wave length of green light advance over that
diffracted by the object structure (broken lines) and passing through that region of the phase plate not
covered by the altering pattern. The resultant interference effects of the two portions of light form the
final image. Altered phase relations in the illuminating rays, induced by otherwise invisible elements in the
specimen, are translated into brightness differences by the phase altering plate. (The eyepiece is not
shown in this diagram.)
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20.0 Concluding Remarks

This booklet has aimed toward helping the microscopist understand some of the basic theory of
the microscope. It is admittedly an abbreviated text on a subject which might well be extended
to several times the length of this text. The aim has been to present the material in an interesting
non-mathematical style, and it is recognized that in some cases this has oversimplified some of
the explanations. The reader is encouraged to go on to more extensive treatments in the litera-
ture, and it is hoped that this booklet may have stimulated interest to do so.
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