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Figure 2.1 is an image of striated muscle taken with a misaligned microscope and
figure 2.2 is with a properly aligned microscope. To the untrained eye, figure 2.1 looks
good and figure 2.2 looks washed out. However, in 2.1 the illumination is uneven (it is
darker in the lower right corner than in the upper left) and artificial fringes appear in the
image. In 2.2, the illumination is even, there are no artificial fringes, and resolution is
higher.

Figure 2.1 Micrograph from a badly aligned microscope.
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Figure 2.2 Micrograph from a well-aligned microscope.

Illumination Methods
Aligning a microscope is all about illumination. The color and intensity of light,
and the way it is brought to the specimen, whether as diverging, converging, or parallel
rays, greatly influences the appearance and resolution of the specimen. Figure 2.3
illustrates two different illumination methods.
Critical Illumination
Critical Illumination (or Nelsonian Illumination named for its inventor) forms a
real image of the light source in the specimen plane. In so doing, the specimen acts as if it
were a “self luminous” object. This has certain theoretical advantages when the physical
optics of the microscope system are considered. I will discuss this further in the chapter
on confocal laser scanning microscopy. One problem with critical illumination is that it
requires a large light source that is very homogeneous since the image of the light source
is in focus along with that of the specimen. A wide, ribbon-like filament was used for this
propose. The practical advantage of a small, coiled filament (as used in the Köhler
method) far outweighs any theoretical advantage in image improvement due to critical
illumination. Fig 2.3 left illustrates Nelsonian illumination using light rays. Light rays
are discussed at the beginning of Chapter 4.
Köhler Illumination
In the late 1800’s, August Köhler invented an illumination technique that was so
profound it is still the standard method used today. Köhler illumination uses optics that
place the image of the filament in the back focal plane of the objective lens. This results
in the light source being completely out of focus in the observer’s eye. A small,
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inhomogeneous, coiled filament can therefore be used as the light source. Fig 2.3 right
illustrates Köhler illumination utilizing light rays.

Figure 2.3 Different Illumination Methods
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Figure 2.4
August Köhler (figure 2.4) invented his method in 1893 while he was at the
Institute of Zoology in Giessen Germany. All modern microscopes are designed for
Köhler illumination and will function at their best only when aligned this way. The
purpose of Köhler illumination is to provide partially coherent light to the specimen plane
at an angle equal to the acceptance angle of the objective lens. That last phrase is very
important, and will be taken up in the chapter on lenses and resolution.

Köhler Alignment
Köhler alignment involves the following sequence of steps. They should be done
exactly in order. The sequence includes centration of the illuminator. This step is
normally done only after replacing a lamp or after moving the microscope. An
abbreviated method is listed later on. Common mistakes are (1) not starting with the field
and aperture irises open, and (2) not beginning with a specimen in focus. If the
microscope is greatly out of alignment, the specimen may go out of focus as the field iris
is brought into focus. In this case the specimen should be refocused and then the field iris
refocused. Both specimen and field iris should be in focus together.
1)

Turn on the illuminator.

2)

Open the field iris fully.
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3)

Open the condenser (aperture) iris fully.

4)

Select a low power, dry objective lens (10 X or 20 X).

5)

Put a specimen slide on the stage. A well-stained specimen is best.

6)

Adjust the binocular tubes for your interpupillary distance. You should see one big
circle of light.

7)

Focus on the specimen as best you can.

8)

Adjust the eyepieces and / or binocular tube to correct for your vision. See the
section on binocular tubes in Chapter 1.

9)

While observing the specimen, close the field iris until its edge appears. This is the
hardest step for beginners since the field iris may be hard to find if it is very much
misaligned. Watch for the movement of the iris or its shadow as you close and open
it.

10) Focus the field iris using the condenser focus knob. Try for a thin purple fringe at
the edge of the iris. If you can’t focus on the field iris, check the condenser for flipin lenses and find the configuration that lets you focus on the field iris. If the iris
moves out of the field of view as it is focused, bring it back into the field of view
with the condenser centering screws.
11) Center the field iris with the condenser centering screws.
12) Open the field iris just to the edge of the field of view.
13) Pull out an eyepiece (you could instead insert a phase telescope or Bertrand lens –
Chapter 10).
14) Remove the diffuser. (Some diffusers are not removable. If this is your case, go to
step 17).
15) While looking down the empty tube, focus and center the filament image using the
adjustment screws on the lamp housing. You should see neither the top nor bottom
edge of the coiled filament nor its ends. Some illuminators have no adjustments.
16) Insert the diffuser.
17) While looking down the empty tube close the condenser iris to cover 10% to 50%
of the full bright circle.
18) Put back the eyepiece.
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19) When you change objectives, repeat steps 9 - 12, 17 and 18.
Tip:
When changing a lot between objectives, align the field iris for the lowest
magnification and the condenser iris for the highest and forget repeating steps 9 - 18. Do
you understand why this will work?

Exercise
Align your microscope for Köhler illumination. Include the bulb centering procedure if
you can remove the diffuser. If you do not have a Bertrand lens or phase telescope for
observing the objective’s back focal plane, remove an eyepiece, make a pinhole in some
aluminum foil and use this as a cap over the empty eyepiece tube to improve this image.
Write a note about your success and / or problems doing this.
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