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 In microscopy, pictures are data. Take pictures! The cost of disk space is 
insignificant compared to the expense of getting the experiment to the microscope. Take 
pictures! 
 
 This chapter gives you the background for making excellent photomicrographs. It 
is divided into two parts.  The first part deals with digital cameras and digital 
micrographs. The second part deals with film cameras and film micrographs. The chapter 
concludes with a step-by-step procedure then expands those concepts that are most 
important to making excellent photomicrographs. 

Digital Photomicrography 
 
 This section will introduce important features of charge coupled devices (the film 
of digital photomicrography), discuss the analog to digital conversion process, explore 
the digital to analog conversion process for image display, and provide a step-by-step 
outline for making excellent digital images. 
 
The Charge Coupled Device   

At the heart of a digital camera is the charge coupled device (CCD). For an in-
depth discussion of CCD types, see Inoue and Spring. For our purposes, consider the 
CCD as a light-collecting device composed of a specific number of discrete light 
collecting elements (pixels). When light strikes a pixel, the photons are converted to 
electrons that are stored in the pixel. The more electrons that are stored in the pixel, the 
brighter the pixel is. A CCD consists of a two-dimensional array of pixels. For the 
purposes of photomicrography, the important parameters of a CCD are: the number of 
pixels, the dynamic range (maximum number of electrons per pixel), the signal to noise 
ratio, the readout rate, and the spectral sensitivity. 
 
 The number of pixels determines how big a digital image can be before it looks 
“pixilated”. In general, the more pixels the better. A 512 X 512 pixel CCD will produce 
good images at about 3.25 X 4.25 inches enlargement; a 2048 X 1536 pixel (3.3MP) 
CCD will produce good images at about 8 X 10 inches enlargement. It is important not to 
confuse the number of pixels in a CCD camera with resolution of specimen structure by 
the microscope. Each objective lens of the microscope has a specific resolving power D 
that is determined by its NA and the wavelength of light being used (D=0.61lamda/NA 
objective). All that is required is that D be magnified sufficiently so that the detection 
system can faithfully interpret the fine structure. How much magnification is that? From 
sampling theory it has long been know that a given frequency (or in microscopy the 
smallest dimension of a structure) must be sampled 2.3 times for it to be accurately 
represented. This is known as the Nyquist criterion. Thus, D must be magnified 
sufficiently so that it is sampled at least 2 times by the detecting system. So, each 
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resolved structure must fall on at least two pixels. The microscope can easily be made to 
produce this magnification at that point in its optical path where the CCD is placed. The 
CCD itself is about 1/2 to 2/3 inch square. This will intercept only a part of the total 
magnified image as seen by the microscopist in the eyepieces. Obviously, the bigger the 
CCD, the more of the total image from the microscope will appear in the final digital 
image. The pixels of the CCD are displayed in enlarged form on a monitor for 
observation. The number of pixels in the CCD will determine the size of the displayed 
image at any given setting of the display’s resolution. The number of pixels in the CCD 
will also determine the number of times the image can be “enlarged” by pixel replication 
before it begins to look “pixilated”. An interesting consequence of all this is that at low 
magnifications, more pixels make a better image. Figure 14.0 illustrates images of a stage 
micrometer made on a macroscope using two different CCD cameras. The macroscope 
magnification is the same for both images and both are displayed at the same display 
resolution. The camera with the higher pixel count makes a larger image and clearly 
resolves the 10 µm spacing of the micrometer bars whereas the lower pixel count camera 
makes a smaller image and does not resolve the micrometer bars. 
 

 
Figure 14.0 

 
 
Table 14.1 (based on Carl Zeiss Microimaging Newsletter 6/07) illustrates the number of 
pixels in x and y needed for adequate sampling given a 2/3 inch CCD using different 
magnifications and numerical apertures. 
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Magnification NA Pixels in X Pixels in Y 
100x 1.3 693 520 
63x 1.4 1139 858 
20x 0.75 1921 1446 
20x 0.50 1333 1000 
10x 0.5 2550 1920 
2.5x 0.075 1600 1200 
Table 14.1 – CCD pixel requirements for various magnification / NA lenses. 
 
Note that as shown in Table 14.1, except for 2.5x, the number of pixels decreases with 
increasing magnification and for the same magnification (20x) a higher NA requires more 
pixels. 
 

The size of the pixels in the CCD will determine the CCD’s dynamic range. The 
larger the pixel the greater its dynamic range. Dynamic range refers to the maximum 
number of signal electrons that can be stored in a pixel divided by the noise in the pixel. 
The number is usually expressed as a power of 2 since the charge in a pixel must be 
converted to a digital number before it can be used by a computer. The larger the pixel, 
the more charge it can store and the greater its dynamic range. A scientific CCD should 
have a dynamic range of 2 to the 12th to 2 to the 16th. 
  

Noise is introduced into a CCD primarily by heat. Heat can cause charge to 
accumulate in a pixel. The amount of real signal relative to noise in a pixel (signal to 
noise ratio) should be quite large. For this reason, scientific grade CCD cameras often 
have the CCD chip cooled. 
 
 How quickly the signal can be read out of the CCD and into a computer 
determines the readout rate of the camera. For real time imaging, a readout rate of 30 
frames per second is required. Fast readout rates often lead to noisy images as the CCD 
does not have enough time to accumulate sufficient signal above background noise in the 
darkest pixels. 
 
 The CCD is not equally sensitive to all colors. It is quite insensitive in the UV 
unless special coatings are applied to enhance UV absorption. It is quite sensitive in the 
IR; so much so that CCD cameras often are equipped with an IR blocking filter. This will 
be a problem if IR emitting dyes such as Cy5 are used. 
 
Analog to Digital Conversion 
 The number of electrons in a pixel must be converted to a digital number for use 
by a computer. The charge in each pixel is conducted to an Analog to Digital converter 
that performs this function. The A to D converter must have the capacity to cope with the 
largest number of signal electrons that can be in any one pixel of the CCD. For some 
CCD chips with large pixels, this number can be in the 35000 range. This requires a 16 
bit A to D converter ( 2 to the 16th = 65536). In addition, prior to the A to D converter, 
the camera hardware can also multiply the analog signal by a gain factor and add an 
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offset value. Gain and Offset values can often be controlled through software settings. 
Manufacturers often list their CCD cameras as being 12 or 16 bit cameras. 
 
Digital to Analog Conversion 
 After each pixel is converted to a digital number and stored in a memory array 
that corresponds to the x-y layout of the CCD, the data must be displayed on the 
computer monitor. Computer monitors are analog devices so the numbers in the array 
must be converted back to analog values. However, this is not a simple one to one 
conversion. Human vision is more sensitive to bright toned values than it is to dark toned 
values following a logarithmic distribution. Thus, to make the digital image more 
interpretable to a human, a factor called gamma is applied to the digital data before 
conversion to analog. The original data is not changed. 
 
CCD Compared to Film 

There was once much discussion of the relative merits of film versus CCDs. In 
terms of pixels per inch, film is still about 3 times better than the best CCDs. And of 
course, film can be made into very large sheets e.g. 35mm (1.5 inches) wide requiring 
less enlargement to produce a picture of a given size than a CCD. In practical terms 
however, an 8 X 10 inch image from a 2048 X 2048 CCD will look, to a human, no 
different than an 8 X 10 inch image printed from a 35mm film. Both will completely 
show everything that the microscope has resolved. In terms of dynamic range, film and 
CCDs are now about equal: 1 X 2^16 or 65536 levels. This dynamic range is vastly 
higher than can be printed on photographic paper and much higher than can be displayed 
by a CRT or LCD monitor. Special software must be used to appreciate the subtleties of 
this long gray scale. 
 

Steps In Making Excellent Photomicrographs with a CCD Camera 
 
A. Prepare the Microscope and Camera 

1. Clean the lenses. 
2. Set up Köhler illumination. 
3. Adjust the transmitted illuminator’s voltage to 9 - 12 volts and turn on the epi-
illumination light source to allow it to stabilize. 
5. Remove all colored filters from the transmitted and epi-fluorescence light 

paths. 
6. Set the camera system to the resolution at which you wish to make your 

photographs. 
7. Image an empty field by transmitted light, turn off any gain or offset settings, 
adjust the camera’s exposure setting to give a neutral gray field, and perform a 
white balance. 

B. Prepare your Slides 
1. Clean your slides on both sides. 
2. Try to insure that only one cover glass is present. 
3. Place the slide on the microscope stage with the specimen side facing the 

objective lens. 
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C. Make Final Adjustments and Shoot 

1. Adjust Köhler illumination for the objective lens in use. You can stop down the 
field iris to just outside the area that will be in the photograph; you should 
carefully adjust the condenser iris to achieve the best contrast without creating 
diffraction artifacts. 

2. Focus: at magnifications below 10 X use a focus aid or magnifier if one is 
present. If using a high dry objective lens with a cover glass correction collar, 
adjust the collar for the sharpest possible image with the condenser iris fully 
open, then re-close the iris. If you are using an oil immersion lens, check for 
bubbles by observing the objective’s back focal plane. 

3. Adjust the exposure time using neutral density filters and the camera’s 
exposure controls to achieve a relatively short exposure - between 1/10 and 
1/100 second. In fluorescence microscopy the exposures will be longer so 
check for vibrations, focus drift and stage creep. 

4. Recheck the focus by observing the image on your monitor, block the 
eyepieces if this is not done automatically, allow the microscope to settle, and 
capture the image. 

5. Save the image as an uncompressed TIF image file. 
 
TIP: Concerning file names, keep names to no more than 32 characters and do not 

use the following characters in your file names: 
 

* | \ < > ? / “ : 
 
 

+ , . ; = [ ] ‘ 
 

 
 

Film Photomicrography 
 
 Digital cameras are gradually replacing film for photomicrography. All the same, 
many microscopes still have fully functional film cameras. I have kept the following 
notes in this series as an aid to those who still are utilizing film. The section starts by 
outlining the steps in making excellent film photomicrographs then expands on various 
points in the outline. 

Steps In Making Excellent Photomicrographs on Film 
 
 Following is a step-by -step procedure for making excellent photomicrographs. 
 
A. Prepare the Microscope 

1. Clean the lenses. 
2. Set up Köhler illumination. 
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3. Adjust the photographic reticule for your eyes. 
4. Adjust the illuminator’s voltage to 9 - 12 volts. 
5. Insert, or remove, color temperature filters for the film to be used: for tungsten 

balanced film or black and white film use no filter; for daylight balanced film 
use a Kodak 80A or equivalent. 

6. Set the camera system to the film’s ISO or to the desired ISO if you know that 
you need to under or over expose the film. Also make any necessary 
adjustments for the reciprocity effect. 

7. Load the film and insure that it advances properly. 
8. Turn off the room lights. 

B. Prepare your Slides 
1. Clean your slides on both sides. 
2. Try to insure that only one cover glass is present. 
3. Place the slide on the microscope stage with the specimen side facing the 

objective lens. 
 

C. Make Final Adjustments and Shoot 
1. Adjust Köhler illumination for the objective lens in use. You can stop down the 

field iris to just outside the area that will be in the photograph; you should 
carefully adjust the condenser iris to achieve the best contrast without creating 
diffraction artifacts. 

2. Insert any color correction filters that you know are necessary for your work. A 
green filter is often helpful for black and white photomicrographs. 

3. Focus: at magnifications below 10 X use a focus aid or magnifier. If using a 
high dry objective lens with a cover glass correction collar, adjust the collar 
for the sharpest possible image with the condenser iris fully open, then re-
close the iris. If you are using an oil immersion lens, check for bubbles by 
observing the objective’s back focal plane. 

4. Adjust the exposure time using neutral density filters to achieve a relatively 
short exposure - between 1/10 and 1/100 second. In fluorescence microscopy 
you should select the type of metering system that is best for your preparation 
(average or spot) and insure that you have made corrections for the reciprocity 
effect. 

5. Recheck the focus, block the eyepieces if this is not done automatically, allow 
the microscope to settle, and push the shutter release. 

 

The Photographic Reticule 
 
 A device used for insuring that the microscope image is in focus on the film plane 
is called the photographic reticule. Figure 14.1 illustrates the Nikon FXA reticule. The 
reticule may be a separate focusing system form the eyepieces or it may be viewed 
through the eyepieces. In either case, the reticule must be brought into focus using its 
focusing mechanism and the specimen brought coincidentally in focus by focusing the 
microscope. The photographic reticule may also indicate the area of the field of view that 
will appear in the photograph. This area will vary depending on the film format (35 mm, 
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Figure 14.1 Nikon Photographic Reticule: Center lines are focused by 
adjusting the eyepieces. The circle indicates the metering area. Angle 
brackets, edge lines and outer box indicate photographic area for 
different film formats. 

 
 

4 x 5 in etc.). Lines in the reticule indicate the image area for various formats and the area 
viewed by the light 
meter. 
 
 Careful focusing 
of the photographic 
reticule is very 
important in making 
diopter corrections for 
the microscopist. The 
microscope should be 
set up for Köhler 
illumination and a 
specimen brought into 
focus before setting the 
reticule’s focusing 
system. Your eyes 
should be relaxed when 
focusing the reticule. It is best to move the specimen out of the field of view while 
focusing. If the microscope’s eyepieces are used to focus the reticule, then each eyepiece 
should be focused independently for its respective eye. Some reticules appear only in one 
eye. If you have trouble keeping one eye closed or ignoring the image in that eye, try 
placing a peace of black paper in front of one eyepiece while focusing the other eyepiece. 
Some microscopes have a separate monocular photographic viewer with reticule, but the 
same principles apply. Once the reticule is in focus use the microscope focus controls to 
focus the specimen. The reticule and the specimen must be in focus simultaneously for 
the photograph to be in focus. 
 

Color Temperature 
 
 Modern illuminators are fitted with variable voltage transformers. By changing 
the voltage to the light source, both its brightness and color temperature are affected. 
Color temperature refers to the mixture of colors that comprise white light. For example 
light with a high color temperature will appear bluish while light with a low color 
temperature will appear reddish. Color temperature is an important factor in color 
photography. Color films are manufactured to respond correctly to a certain color 
temperature and microscope manufacturers recommend a certain voltage setting for their 
illuminators that will achieve this color temperature. Black and white films respond more 
strongly to some colors so they too are affected by color temperature. In general it is best 
to use the recommended voltage setting for the light source and to vary brightness by the 
use of neutral density filters. 
 
 See the section below on daylight and tungsten balanced films for more 
information on color temperature. 
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Film Selection 
 
 Color or black and white, prints or slides, daylight or tungsten balanced, fast, 
moderate, or slow film speed, large or small format – choosing a film can be like 
choosing a deli sandwich. The choices are not infinite however, and practicality plays a 
part. 
 

Color or Black and White 
 Your study may require color photographs. Color slides are the most accurate and 
simplest way to prepare microscopic images for presentations. Publication of a color 
figure can run several thousand dollars per plate. Very often, black and white pictures can 
demonstrate excellent differential contrast in areas of varying color if appropriate color 
filters are used when exposing the film. For more information on this, see the section 
below on Color Correction Filters. 
 

Prints or Slides 
 Kodak recommends making color transparencies even if the intended result is a 
color print. The reasoning here is that there is a large degree of latitude in adjusting color 
in a print made from a color negative and, unless you are doing your own color prints, the 
photo finisher will probably not get the color right the first time around. With a print 
made from a color slide however, the photo finisher has the perfect example of what the 
print should look like – the slide itself. 
 
 There are many good black and white negative films for photomicrography. My 
current choice is Kodak Technical Pan film for ordinary work and Kodak T-Max 3200 
film for fluorescence work. 
 

Daylight or Tungsten Balanced Film 
 Color films are designed to be exposed by light having a certain color 
temperature. Daylight balanced films are the most common being balanced for 5500 
degrees K. Some films are balanced for Tungsten illumination such as that of the light 
microscope: 3200 degrees K. Tungsten balanced films are good for photomicrography. 
There are only a few choices of film speed with these. Many more choices are available 
with daylight balanced films. When using daylight films, the microscope’s illumination 
must be adjusted to daylight color temperature by the use of a Kodak 80A color 
balancing filter or its equivalent. Disastrously yellow prints and slides will result if this 
color balance adjustment is ignored. 
 

Fast, Moderate, or Slow Film Speed 
 Film speed relates the amount of light necessary to make a correct exposure. Fast 
films (ISO 400 and above) need less light than slow films. Fast films produce a somewhat 
“grainer” result than slow films. If exposure time is not a problem, use a moderate or 
slow film. If the microscope image is faint – as is often the case in fluorescent 
photomicrography – use a fast film. 
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Large or Small Format 
 Small, 35 mm, films are the most common choice for photomicrography. Images 
made on these films must be enlarged to be seen well. If the film is very fast and 
somewhat grainy, the enlargement will make the graininess worse. Most 35 mm print 
films can be enlarged about 5 times without noticeable degradation in image quality. 
Prints for publication purposes are enlarged about 3 times from 35 mm film. Most 35 mm 
transparency films can be projected to fairly large sizes without graininess. 
 
 Large format films (4 x 5 or 3.25 x 4.25 in) are useful for obtaining quick large 
prints. In this case, Polaroid films would be used. Large format films would be necessary 
if greatly enlarged prints (greater than 5 x enlargement) are required. 
 
 

ISO Setting 
 
 ISO is a system for rating the exposure speed of films. The faster a film is, the 
less time is required to expose it correctly and the higher its ISO value. ISO is an 
International Standards Organization rating for films. It is a combination of the American 
standard ASA rating, which is based on a linear exposure scale, and the European 
standard DIN rating which is based on a logarithmic scale. A typical ISO rating is printed 
as ASA/DIN such as 100/21˚. In the US, films may have only the ASA value listed. 
 
 A one stop increase or decrease of exposure represents either a doubling or 
halving of the exposure time respectively. (This relationship does not hold for exposures 
of 1 second and longer do to the reciprocity failure effect). In photomicrography where 
automatic exposure systems are used, it may be more convenient to adjust the ISO value 
on the exposure system than to adjust the exposure time on the exposure system. A 
change of 1/3 stop is usually the minimum distance between ISO values on the exposure 
system. Table 14.2 lists the ISO (ASA) series of exposure values. The difference in 
exposure between consecutive numbers is 1/3 of a stop. 
 
 
12, 16, 25, 32, 40, 50, 64, 80, 100, 125, 160, 200, 250, 320, 400, 500, 600, 800, 1000, 
1200, 1600 
 

Table 14.2 – ASA series in 1/3 stop increments. 
 

Filters for Photomicrography 
 
 Filters used in photomicrography fall into three categories: 1) neutral density 
filters, 2) light balancing filters, and 3) color compensating filters. The Kodak publication 
Photography Through The Microscope by John Gustav Delly presents a good summary 
of these filters. 
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Neutral Density Filters 
 Neutral density filters have no effect on color and are used to change the intensity 
of light. They are used to adjust exposure time and light intensity to the microscopist’s 
eyes. 
 

Light Balancing Filters 
 Light balancing filters are used to adjust the color temperature of the light source. 
When using “daylight balanced” film, the light source color temperature must be 5500 
degrees K. Tungsten-halogen light sources produce light at about 3200 degrees K when 
operated at about 12 volts. A Kodak 80A light balancing filter will make the correction to 
5500 degrees K. Many microscope manufacturers choose to operate the tungsten-halogen 
lamp at less than 12 volts in order to prolong the life of the lamp. In this case the 
manufacturer will provide or recommend the appropriate light balancing filter for 
daylight film. Even with the 80A filter, slight adjustments in color temperature might be 
necessary. This can be done by slightly adjusting the lamp voltage: lowering the voltage 
to make the light more yellow and raising the voltage to make it more blue. This can also 
be done by using Kodak series 81 filters to make the light more yellow or Kodak series 
82 filters to make the light more blue. No color correction filter should be used if the film 
is listed as “Tungsten balanced” or “Type A,” or “Type B” color film.  
 

Color Compensating Filters 
 Color compensating filters change the color rendition of your specimen in color 
film. The most familiar of these is the didenium filter used to enhance the appearance of 
H&E stained sections in color photomicrographs. There is a full range of color 
compensating filters in tints of red, green, blue, cyan, magenta and yellow. Use of these 
filters requires a good deal of knowledge and practice.  
 
 Black and white films are also sensitive to color. Generally, these films are most 
sensitive to blue, least sensitive to green, with red in-between. Colored filters can be used 
with black and white films to enhance selected areas of stained specimens. Table 14.3 
lists three good filters for this purpose. Figure 14.2 illustrates the effect of using these 
filters on a color wheel shown in figure 14.3 (see pdf file for color picture). The color 
triangles starting at the bottom and going clockwise are: black, green, blue, yellow, red 
with white in between. 
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Figure 14.2 Effect of color filters on black and white film. 
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Figure 14.3 Color wheel in figure 14.2 

 

 

 
Minus-blue Kodak No. 12 Deep yellow 
Minus-green Kodak No. 32 Magenta 
Minus-red Kodak No. 44A Light blue-green 

Table 14.3 – Filters used to enhance black and white photographs of colored specimens 
 

Exposure Time 
 
 Several factors should be considered before deciding on the length of an 
exposure. This section outlines the important points. 
 

The Best Exposure Time 
 Exposure time should be kept short if possible. Short exposure times avoid 
reciprocity failure of the film. What is reciprocity failure? At long exposure times, the 
increase in density of the film is no longer linearly related to the time of exposure. 
Compensation for this can be made by further increasing the exposure time. Some 
photomicrography metering systems have reciprocity compensation built into them. The 
proper setting must be made based on the type of film being used. Different families of 
films have different reciprocity failure curves. You can learn more about this by 
obtaining the technical documentation for the films you use. Reciprocity failure is likely 
if exposures are much longer than 1 second. Short exposure times will also reduce the 
possibility of vibration showing up in the photomicrograph. Reciprocity failure can also 
occur at extremely short exposure times (less than 1/1000 second) that are unlikely in 
photomicrography. 
 

Measuring the Exposure Time 
 The exposure measuring system and the nature of the specimen must be 
considered when adjusting exposure. Some exposure systems use only an averaging type 
exposure meter. In this case, if the specimen is homogeneous there is no problem, but if 
the specimen were dispersed as in dark field, some logical adjustment must be made by 
the microscopist. In this dark field case, the exposure should be decreased because the 
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metering system will read too much black area. Some metering systems have spot 
metering capability. In this case, the spot can be placed over a representative bright area 
of the dark field image and no correction is required. 
 

Reciprocity Failure 
 The density of a film normally increases as a linear function of increase in 
exposure time. This is true for normal exposure times. When exposure times become 
excessively long or short this one-to-one relationship, known as reciprocity, no longer 
holds true. In the case of photomicrography, exposure times can be excessively long. 
Each type of film has its characteristic reciprocity failure point. Beyond this point, 
exposure must be increased beyond that indicated by the metering system to compensate 
for reciprocity failure. Typically an exposure longer than 1 second will need 
compensation. Many automatic metering systems incorporate reciprocity failure features. 
In these systems the microscopist enters a reciprocity factor that is indicated for the film 
in use and the system takes care of the rest. Otherwise, some test exposures must be made 
for a given film and specimen to determine the best amount of over exposure. If your 
metering system has reciprocity compensation capability, make sure you understand how 
it works. You can have unpredictable results if you do not. 
 

Fooling the Exposure System 
 Photomicrography systems must have some method for adjusting exposure 
beyond that set by the system. In the simplest system, exposure can be adjusted by 
changing the ISO value entered for the film. Increasing the ISO will decrease the 
exposure time, and decreasing the ISO will increase the exposure time. By referring to 
the ISO chart above, you can make 1/3 stop changes in exposure using this method. More 
sophisticated systems have methods for setting the exact exposure you want, for varying 
the exposure in 1/3 stop increments, and for basing all exposures on an initial reading. 
Remember, if your color slides are coming out too dark you must increase the exposure; 
if they are coming out too light, you must decrease the exposure. 

Fluorescence Photomicrography 
 
 Photographing a fluorescent specimen requires techniques that differ from 
standard photomicrography. Things to consider are 1) the intensity of fluorescence, and 
2) the pattern of fluorescence. 
 

Intensity of Fluorescence 
 If the fluorescence is very bright, photomicrography will be little different from 
standard. Usually, however, the intensity is quite low. In this case, choice of film 
becomes very important. Use a fast film in order to avoid problems with reciprocity 
failure and vibration. 
 
 Very fast black and white negative films are available, such as Kodak T-Max 
3200, and you have a large degree of control over the film and print processing. If the 
color of fluorescence is important then a color slide film is the first choice. There are 
some very fast color slide films such as Kodak Ektachrome 1600. There are also some 
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very fast color print films, such as Kodak Gold 1600. If you know that the film will 
require under-exposure do to the pattern of fluorescence, then a slower film speed can be 
used such as Kodak Ektachrome 400. Slide films have the advantage over print films in 
that the colors will be more accurate. Prints can be made from a slide with the slide acting 
as an example of the correct colors for the print. Print films have the advantage that the 
exposure does not have to be as precise as for slide films, and you get a print right away. 
The initial print will, most likely, have to be reprinted to get the colors right. 
 
 Vibration becomes a problem if exposure times become longer than about 0.3 
seconds. Mount the fluorescence microscope on an anti-vibration table. 
 

Pattern of Fluorescence 
 The fluorescent image may, occasionally, be uniformly bright; however, more 
often it is very irregular with bright patches dispersed in a sea of black. The microscope’s 
exposure meter must be able to cope with such an image. Most averaging meters would 
give an incorrect reading in this case. The large area of black in the meter’s field of view 
causes the exposure to be much too long. The fluorescing parts of the image are therefore 
over exposed. Adjusting the exposure system to compensate for the over exposure is the 
solution. Do this by adjusting the film’s ISO setting in the microscope’s exposure 
circuitry to a higher value thus shortening the exposure. Some microscopes have built in 
methods of altering the normal exposure. If the microscope’s exposure system has a spot 
metering capability, this is the method of choice for dispersed fluorescent staining 
provided the fluorescent specimen is placed directly on the metering spot. Some exposure 
adjustment might still be required if the fluorescing objects are much smaller than the 
spot meter’s reading area. 

Making Black And White Prints 
 

Understanding Exposure and Contrast in Printing 
 Selection of exposure time and paper contrast grade is one of the more difficult 
aspects in photography. Use of density vs. log of exposure curves is one method of 
understanding the underlying principles. A D/Log-E curve for any photographic material, 
whether film or paper, is made by measuring the density (log of the transparency for film 
and log of the reflectance for papers) of the material for various amounts of exposure and 
plotting the density readings as the abscissa and the log of the exposures as the ordinate 
on a graph (figure 14.4). 
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Figure 14.4 D/Log-E curves of photographic materials. The left graph illustrates high 
contrast, the center moderate, and the right low.



Chapter 14 Photomicrography 

Pathology 464 – Light Microscopy 
 

16 

Figure 14.5 Frequency vs. density curves. 

 

Figure 14.6 Mapping of low and high contrast 
negatives to high and low contrast papers. 

 

 
The general appearance of 
these graphs is a toe on the 
left followed by a straight 
line portion followed by a 
shoulder on the right. The 
straight line portion 
indicates the exposure 
region where reciprocity 
holds. The more vertical the 
straight line portion (which 
is referred to as gamma) the 
more “contrasty” the 
material. For example if the straight 
line portion was exactly vertical 
then the material would go from 
white to black at a single exposure 
step. In selecting a paper contrast 
grade for a given negative, the 
object is to choose a paper with a 
D/Log-E curve that will best 
represent all the information in the 
negative. If the negative is very 
contrasty then a paper with a less 
steep curve will best display all the 
tonal gradation in the negative. 
Conversely, if the negative has low 
contrast then a paper with a steeper 
D/Log-E curve will best display the 
negative’s tonal range. This idea is 
illustrated in figures 14.5 and 14.6. 
Figure 14.5 is a graph of a 
negatives density range versus the 
number of areas in the negative that 
have a particular density (frequency 
of occurrence) for low and high 
contrast negatives. Figure 14.6 
illustrates the mapping of different 
contrast negatives onto the straight 
line portion of a photographic paper’s D/LogE curve. This illustrates how approximately 
the same gray scale can be printed from both low and high contrast negatives by selecting 
the proper contrast paper grade. 
 
 Paper grades range from a value of 1 for a very low contrast paper to 5 for a very 
high contrast paper. These numbers are referred to as F numbers. The grades applied to 
photographic papers are exposure grades, like the ISO values for film. However, there is 
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no international standard for paper grades so an F3 paper may be different from one 
manufacturer to another. Each paper grade is capable of representing a full range of 
reflection densities from black to white. 
 

Determining Exposure and Contrast 
 It is best to start with a lower contrast paper and work your way up. First the 
proper exposure must be chosen. Make an exposure test strip by printing a negative while 
uncovering the photographic paper in short time increments. (Try a 1 minute exposure 
divided into 5 second time increments.) Proper exposure is determined by examining the 
light parts of the print. On your exposure test strip, find light areas that should just show 
some “texture” and choose the exposure that reveals this texture. The pure white parts of 
the print are useless for this determination. Make a test print at this exposure. Proper 
contrast is determined by examining the dark parts of this print. If the darkest areas are 
not sufficiently black then increase the paper contrast grade. If information has been lost 
in the dark areas then decrease the paper contrast grade. A new exposure test strip will be 
required for the new paper grade. 
 

Exercises 
 
For Digital Photomicrography 
 
1) Make a series of micrographs of a stage micrometer at all of the combinations of 
microscope magnification and camera resolution that you commonly use. These image 
files can be used to produce a scale bar for inclusion in your micrographs. A scale bar in 
a digital micrograph is very important as there is no other way to really tell how much the 
digital image has been changed in size through image processing. 
 
2) Make a series of micrographs at your lowest magnification of the same area of a 
specimen at all the different resolution settings of your CCD camera system. Determine 
which resolution setting is adequate for your lowest magnification. 
 
 
For Film Photomicrography 
 
1) Check out the photography system on your microscope. What film format does it use? 
What type of focusing system does it have? What type of metering system does it have? 
Does it have reciprocity compensation capability? How do you set the film ISO? What 
method is available for over and under exposing film? 
 
2) Determine the photographic enlargement factor to your film: Make a photograph of a 
stage micrometer at a known objective lens magnification. Measure the image of the 
micrometer on the film and calculate the total magnification. Divide by the objective lens 
magnification to get the enlargement factor. You can also place a sheet of lens tissue in 
the camera film plane and measure the micrometer’s image directly. 
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3) Determine the correct color balancing filters for your microscope: Photograph a 
familiar color specimen using daylight balanced color slide film using a Kodak 80A filter 
and varying the voltage of your lamp between 9 and 12 volts. By inspection of the 
processed film, determine the best voltage for photomicrography on your system. 
 
4) Explore the use of color filters in black and white photomicrography: Make exposures 
of a familiar colored specimen on Kodak Technical Pan film using each of the Kodak 
filters Minus-Red, Minus-Blue, and Minus-Green. Develop the film in the lab’s darkroom 
and make a contact sheet. What effects do the filters have on contrast in your print? 
 
 


