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SUMMARY

One of the problems encountered while pursuing a study of artifacts induced by
a laser beam in ice was the requirement for photographs of the artifacts (see cover).
These artifacts occurred on the surface and in the bulk of a highly reflective, trans-
parent material (ice) not ideally suited to conventional photographic methods. In
addition, these artifacts were predominantly in the difficult photomacrographic range
of magnification (0.1 mm to 70 mm), with some larger or smaller artifacts (i.e. in the
close-up and photomicrographic ranges) further compounding the problem. It was
found that special procedures had to be devised in order to achieve satisfactory re-
sults, and that there was little information available in the literature to serve as a
guide.

This report provides a discussion of the problems encountered, a detailed presen-
tation of the techniques used, a checklist designed to guide the technician, sugges-
tions on modifications of equipment, and several photographs as examples of the
kind of results to be expected. A tabulation of pertinent data is also included as a
convenience to the reader,

Sample preparation techniques are discussed with emphasis on achieving an
optically clear surface (or window) through which bulk artifacts can be viewed.
lllumination and sample orientation are discussed in an attempt to clarify and
simplify much of the discussion in the literature.



PHOTOMACROGRAPHY OF ARTIFACTS IN
TRANSPARENT MATERIALS

Stephen ). Marshall

INTRODUCTION

For scientific purposes, photography may be classi-
fied by magnification. 1f d is a given distance be-
tween two points in an object and d; the distance be-
tween the same points in the photographic image of
the object, the magnification M of the photograph is

M=d/d, . (1)

If M is a fraction or unity, the photographic technigue
required is known as “‘close-up photography™’; if M is
greater than unity but less than or equal to 50, the
photographic technique required is ‘‘photomacro-
graphy"’; for values of M greater than 50, the required
technique is “photomicrography.”

This report will be concerned primarily with photo-
macrography, which limits the discussion to objects
in the size range of 0.01 mm to 70 mm. The lower
limit is determined by the maximum magnification,
50X, and the resolution of the eye. The upper limit
is fixed by the field of view of readily available
cameras, e.g. a 35-mm camera or a camera incorpo-
rated into an optical microscope (sece Appendix).

For the purposes of this work, a transparent ma-
terial is defined as one for which the transmission of
electromagnetic waves at optical frequencies and
ordinary intensities is greater than 99%. Examples
are NaCl, glass, and ice. It is well-known that optical
beams of extraordinary intensities (such as those
produced by high-powered lasers) will damage such
materials and thereby introduce artifacts.? The study
of these artifacts has recently become important in
the development of materials for use in optical sys-
tems associated with lasers.*

The study of fractures in transparent materials
also involves the study of structural artifacts in these
materials.” These studies often require photographs
of the artifacts in question, and most such artifacts
fall into the size range of interest in this work."

Both the particular size range and the type of
material pose special problems for the photographer
interested in artifacts in transparent materials. As
can be seen from the information in the Appendix,
it is difficult to assemble a photomacrographic system
with appropriate magnifications and field of view
because most available microscopes are designed for
the microscopic range. Transparent materials often
have highly reflective surfaces and their artifacts show
little contrast to the transparent matrix. These sur-
face reflections are known as “‘catchlights” to close-up
photographers and “pointlights” to photomacro-
graphers.

For artifacts embedded in the bulk of the matrix,
the photographic system must be capable of focusing
into the bulk while maintaining sufficient depth of
field. Depth of field is normally not too critical in
the macroscopic examination of thin sections in trans-
mitted light. However, when ice samples greater than
25 mm thick exhibit artifacts in the bulk that have a
shape such that 25% or more of their length is in the
direction of observation, depth of field then becomes
a problem beyond the capability of standard com-
mercial setups without modification (again, sce
Appendix). Such a situation requires, in effect,
macro-examination of thick sections, and any perusal
of the literature will show that many of the artifacts
of interest in transparent materials pose depth of field
problems.



Contrast, specular reflection, magnification, field
of view, and depth of field must all be considered for
photography of optically transparent materials at
magnifications of 1 to 50. This report presents some
solutions for common photomacrographic problems
caused by these factors.

EQUIPMENT

The microscope system

In this report, the Leitz-Wetzlar Ortholux Micro-
scope fitted with the Aristophot photographic ap-
paratus is used as an example of a system for cover-
ing the 1 to 50X range. In particular, it covers the
very difficult range of 0.2 to 1X, which will be dis-
cussed further below.

The Ortholux System (Fig. 1) coupled with the
Aristophot Universal Photographic System (Fig. 2)
provides a choice from a wide range of illumination
options. These options include lightfield and dark-
field photography using both transmitted and inci-
dent light, as well as phase contrast work. Many light
sources can be used with this system, including halide
illumination, which produces a more intense light
beam to improve image brightness and sharpness and
makes Normalski® microscopy possible.

The Leitz-Wetzlar Ultropak Incident Light Illumi-
nator (Fig. 3a) was primarily used in this study. This
illuminator allows incident lighting of a sample
with a vertically adjustable ring condenser that sur-
rounds the objective lens concentrically and guides
the light to the object. Layers of the specimen’s bulk
can thus be examined. A polarizer and analyzer may
be used to eliminate disturbing reflections, greater
depth of field may be achieved through use of insert
diaphragms, and dipping cones (Fig. 3b) may be used
to eliminate surface reflections. In certain samples,
fine structural details are clearly visible only under
extremely oblique illumination, This may be
achieved by employing a relief condenser (Fig. 3c)
for less powerful objectives or a mirror condenser in
conjunction with objectives of higher magnification
than 22X,

Total magnification is determined by

M=MoMeMM (2)

where Mg is the objective magnification, Mg the eye-
piece magnification, M the camera factor, and M+

the tube factor (inclined eyepiece tubes usually intro-
duce a M of 1.25, which is engraved on the tubes).
M is defined as

Mg = Lg/Q (3)

where Lg is the bellows length, and Q is a constant
commonly set at 250 mm, which is the minimum
distance of distinct vision of the eye.'> A 3.8X
incident objective and a 2.2X transmitted objective
are the lowest power objectives obtainable commer-
cially. Consequently, the above relation sets the
lower magnification limit of the system with 5X
eyepieces (which are also used in the camera’s optical
path, Fig. 2a) at 23.8X incident and 13.8X trans-
mitted. For lower magnifications one has no choice
but to rely on a cruder system and give up many of
the useful Ortholux features previously mentioned.

Anather limiting factor is the field of view. To
determine the field of view in the specimen, the fol-
lowing relationship is used:

D = Fp/MgMy (4)

where D is the diameter of the field in the specimen
plane, and F is the field diameter of the eyepiece.
Conventional microscope tubes are 23.2 mm in
diameter and equipped with eyepieces with a maxi-
mum field of view of 18 mm in diameter. Therefore,
the lowest transmitted objective (with Mg = 2.2X)
and the lowest incident objective (with Mg = 3.8X)
yield maximum system fields of view of 8.2 mm and
4.7 mm, respectively. Special wide tubes of 30-mm
diameter (such as the Leitz GW series) are available,
together with eyepieces with a 28-mm field of view.
Using these numbers in eq 4 yields an absolute field
of view for the system of no greater than 15.9 mm
with transmitted objectives, and 9.2 mm with inci-
dent objectives. For wider field of view and/or
lower magnification requirements the Leitz photo-
graphic system used alone (Fig. 2c) with the lenses
suggested in Table Alll gives an additional close-up
photographic capability.

The camera system

A system (Fig. 2b) equipped with a variable bel-
lows and facilities for accepting 10.5-cm x 12.5 cm
(4 x5-in.) film has the versatility necessary for high-
quality photomacrography. These bellows usually
have an adjustable range from 100 mm to 600 mm.



THE BRIGHTFIELD OPTICAL MICROSCOPE

Figure 1. A typical (a) transmitted and (b) incident light microscope. (Re-

printed by permission of E. Leitz, Inc.)

When Q in eq 3 is set at 250 mm (the microscopist’s
definition of normal viewing distance),'? the beam
may be switched back and forth from eyepiece to
camera without refocusing. Therefore, the magnifica-
tion at the film plane using any bellows is found from
eq 4 where Mg is the eyepiece in the photographic

path and M = 250/250 = 1. The Polaroid 545 Land
Film Holder together with Polapan Type 52 black and
white 4-x 5-in. film packets provide a convenient means
of recording artifacts in transparent materials® (Fig. 4).
Another widely used system employs a single-lens
reflex (S.L.R.) camera with 35-mm film. The 35-mm
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a. Optical path of the system.

Figure 2. The microscope-camera system used. (Reprinted by permission of E, Leitz, Inc.)
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b. Photographic system used with microscope.

¢. Photographic system used without microscope.

Figure 2 (cont 'd).

S.L.R. (single lens reflex) camera body used was a
Nikon F. All modern S.L.R. camera bodies are es-
sentially similar and contain a film advance-rewind-
count mechanism, a 1 to 1/1000 focal plane shutter,
and a bayonet connector which allows the body to
be attached to various accessories. The accessories

used were extension tubes (Table All), supplementa-

ry lenses (Table Al) and an adjustable bellows com-
bined with a 12.5-mm to 120-mm selection of lenses
(Table Alll). These tables, together with a selected

bibliography, are included to facilitate use of these
accessories.

Tools for preparation of sample

A major problem in photographing artifacts in
transparent materials is sample preparation and han-
dling, which almost always require special innovative
tools and techniques. In general, these problems are:
size and configuration, surface characteristics, mount-
ing into the microscope system, and ambient
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513

Path of rays in the ULTROPAK

a. The Ultropak Incident Light llfuminator,

b. An attachment (dipping cone) designed
to eliminate reflections from highly reflec-
tive surfaces such as ice.

3339-513

c. An attachment (relief condenser) designed
to produce extremely oblique illumination
necessary for photographing artifacts in trans-
parent materials.

Figure 3. Illlumination system used. (Reprinted by permission of E. Leitz, Inc.)

temperature, in samples such as ice. Examples of tools
selected to overcome these problems for three types of
samples are discussed below. The details for use of
these tools will be given in a later section. These ex-
amples are not exhaustive but should serve to suggest
innovations for solving special problems presented by
a specific sample.

Ice. Tools that are useful in trimming ice to a
usable configuration are an aluminum slab and a hot
plate. For better control, an apparatus such as that
shown in Figure 5a (to be referenced as the *‘ltagaki
Apparatus”) may be constructed.' For improving
the surface, thin cover glasses (i.e. Corning no. 1%,
22 mm) can be used with the hot plate. Another
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a. Sheet film holder, model 545.

b. Development process of Polaroid
sheet films.

Figure 4. Polaroid film holder.

useful tool is a sledge microtome, such as the Leitz-
Wetzlar model 1700, shown in Figure 5b. This micro-
tome can prepare several specimens simultaneously at
thickness increments as small as T um, leaving behind
a reasonably mechanically smooth surface.® '

Mounting problems may be solved by using a hot
plate or other source of heat and a hypodermic needle
filled with water. For ease in adjusting the sample for
photographing from more than one perspective, a uni-
versal joint from a camera tripod, such as that shown
in Figure 6b, may be added to the microscope system
in place of the usual microscope stage. Since ice
must be kept at temperatures below 0°C, an environ-
ment that will do this must, of course, be provided;
the microscope system can either be placed in a cold-
room or provided with a cold stage.

Lucite. Lucite can be trimmed with a saw and its
surface smoothed at first with fine sandpaper and then
with toothpaste or fine abrasives, such as those used
by telescope manufacturers (Table I). Tallow and
whiting can also be used for polishing.'" Mounting
problems may be solved with glue, mechanical stages
(Fig. 7) or a solvent such as methyl ethyl ketone (MEK)
that will soften a Lucite surface. The universal joint
in Fig. 6 is useful for orienting a sample for photo-
graphing. The mechanically flat microtome stage is
a good way to assure that mounted Lucite samples are
all equally flat on a plane perpendicular to laser
radiation. The microtome knife can be used to check
surface flatness and assure uniform thickness among
similar samples. It is not advisable to employ a micro-
tome in cutting Lucite, however, Lucite does not



a. ltagaki apparatus: A) movable platform,

B) laboratory jack, C) fixed supports, D) Lucite
plate, E) rotatable head, F) telescope, G) ice sam-
ple, H) microscope slide, ) transformer.

b. Sledge microtome,

Figure 5. Tools useful for preparing ice surfaces.

Table I. Mirror polishing abrasives listed
from coarse to fine.

#80 Alundum #600 Alundum

#120 Alundum #305 Emery
#220 Alundum Red jewelers' rouge
#320 Alundum Cerium oxide

=00 Alundum Barnesite
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Figure 7. Attachable mechanical stage traversing area
40x20 mm, graduated vernier reading to 0.1 mm. (Re-
printed by permission of E. Leitz, Inc.)



require any special environment but must be kept away
from heat.

NaCl, The easiest way to trim NaCl samples is to
take advantage of their crystalline cleavage planes.
Ordinary razor blades (single edge) and a small ham-
mer can be used for cleavage. For fine-scale thinning,
either a microtome or a fine jet of water directed
through a hypodermic needle may be used. Cleavage
automatically produces a mirror surface. For storage,
a dessicator filled with CaCl, or silica gel should be
used to keep the specimens dry.*

BaF,. BaF, crystals are bent slightly, then polished
with a wool polishing felt rotating at between 64-132
rpm. Polishing solutions of 30% H,SO4 plus 70% H, O
and 40% HCI plus 60% H, O are used. The crystals
are cleaned with a solution of 80% aerosol OT and 20%
acetic acid. The samples can be polished flat to within
1/10 wavelength of mercury greenlight and a rms rough-
ness of 0,004 um.’

LABORATORY PROCEDURE

How one chooses to prepare a given sample for
photomacrography is determined by the size and loca-
tion of the artifact as well as the type of sample. There
are two general types of artifacts as classified by loca-
tion: those located at the surface of the sample and
those located in the interior (or bulk) of the sample.
Also, size generates two classifications of artifacts:
those that require magnification before photographing
and those that do not. Here, the microscope field of
view of 4.5 mm is the approximate point where the
decision between M > 1 and reduction is made. The
following discussion will confine itself to ice and will
give a detailed procedure for handling, preparing, and
photographing such specimens. This will provide a
specific example and the reader will be left to general-
ize the procedure to apply to his own type of sample.

Table 11. Checklist for laboratory procedure.

A. Categorizing artifact

1. Size
a. Large (4 mm to 70 mm)
b. Small (0.01 mm to 4 mm)
2. Location
a. Surface (front or rear)
b. Bulk

. Choosing setup

1. 35-mm camera or bellows camera
2. Microscope

. Preparing sample

1. Handling substrate
a. Remove conductors (metals)
b. Orient insulators (non-metals)
2. Trimming or sculpturing sample
3. Mounting sample
4. ldentifying sample

. llluminating sample

1. Lighting for cameras
2. Lighting for microscopes

. Photographing artifact

1. Choosing exposure, speed, light level, film
2. Focusing
a. Bellows at 250 mm
b. Ground glass
3. Handling depth of field
a. Aperture
b. Multiexposure varying focus
4, Handling environmental problems such
as freezing, fogging, etc.

4 mm. An artifact’s location would be cither at the
surface (front or rear) or in the bulk. The material
would be either opaque or transparent, and environ-
mentally stable or unstable. With this information in
mind a photographic setup may now be chosen.

Table 11 presents the basic outline of the procedure
and can be used as a convenient checklist. This out-
line is amplified below.

Categorizing artifact

The first step in proceeding to photograph an artifact
is to categorize it according to size, location, and ma-
terial in which it is implanted. A large size is defined
as having its longest dimension between 4 mm and 70
mm, and a small size would be between 0.01 mm and

Choosing setup

A large artifact would require the choice of either
a 35-mm camera with a micro lens or a bellows camera
setup. The choice between these two would depend on

10



whether one has the facilities and/or the time to de-
velop and process negative film. If not, the quick
developing of Polaroid positive film would be an ad-
vantage. A microscope setup would be used to
photograph small artifacts. The next step is to pre-
pare the sample for photography.

Preparing sample

A sample such as ice must be prepared in a con-
trolled environment. If the sample has a metallic sub-
strate that interferes with the setup’s ability to “see”
the artifact, it may be removed by quickly and care-
fully heating the substrate until it falls off, then allow-
ing the ice interface to solidify. One should practice
with scrap samples until proficient in this technique.
Unfortunately, porous nonmetallic substrates cannot
be removed in this manner. Because of their low
thermal conductivity the ice interface will be com-
pletely destroyed long before the substrate de-adheres.
The only recourse is to orient the substrate carefully
out of the optical path.*

Most of the ice surrounding the artifact may be
carefully removed, so as to cut down scattering when
illuminating by transmitted light or to better orient
a smaller specimen in the confined area beneath a
microscope objective. An aluminum slab heated on
a hot plate will sculpture or trim ice accurately enough
so that one may control the amount of ice removed
without damage to the artifact site. Usually the new
surface or window through which the microscope will
look must be visually smooth — without visible ripples
that cause shading contrast in the photograph. This
surface should be level while it cools or held vertically
until all the liquid water drains below the artifact and
refreezes out of the way, Thin cover glasses may then
be heated on the hot plate and gently pressed into
place on the specimen to provide a surface which is
smooth to the tolerance to which the glass is manu-
factured. As a variation of the above procedure,
purposely allowing the liquid to freeze in ripples or
hillocks in strategic locations can sometimes bring out
certain characteristics of the artifact that are difficult
to photograph.

The sledge microtome and the apparatus designed
by ltagaki'® provide two ways of preparing samples
prior to inflicting artifact damage. (Flat, smooth
surfaces may be a requirement for studying such
things as surface damage to materials.) lce may
be frozen to a microtome stage, making this aspect of

microtoming most convenient for this type of sample.
(For mounting of other materials to the microtome
stage see references 8 and 14.) The microtome can
also slice off a portion of an extremely deep artifact,
which cannot be captured photographically because
of depth of field limitations, without altering the re-
mainder. It is capable of slicing materials to within

a few micrometers of the artifact, which is beyond
the capability of the other two technigues. Again,
practice on scrap samples is the best way to optimize
these techniques before actually preparing valuable
samples.

Providing space for a sample under a microscope,
especially one including a substrate, is a problem that
may best be resolved by removing the portion of the
microscope stage that was designed to hold glass
slides. The samples can then be mounted (or frozen
in the case of ice) to the remaining rack and pinion
portion that provides focusing adjustment. A small
universal joint may be attached or frozen between
the sample and this moving bar, which will provide
three degrees of freedom for sample adjustment.
Otherwise the sample will have to be sculptured fur-
ther, risking alteration of the artifact.

For photographing with incident light, the sample
may be placed on the complete stage just as a con-
ventional glass slide is. (One must keep in mind that
there is a limit to the amount of light that can be
brought to bear on an ice sample, as hot light bulbs
in some setups will melt or alter the artifact.) In some
cases, ice samples will creep out of the field of view
just as they are ready to photograph. Placing samples
on a light table will work only for materials that are
not heat-sensitive.

Cutting off a small portion of a transparent plastic
ruler, calibrated in millimeters, and placing it as close
to the artifact as possible is a convenient method of
recording artifact size for surface defects. Placing such
a scale on the surface when photographing into the
depth of a sample is limited in that one must focus on
the artifact instead of the scale. Although the scale in
the photograph will not be in focus, this method is still
better than having no reference at all. The ideal
referencing method is to have a graduated eyepiece
placed in the optical path of the camera. A sample
may be identified by carefully writing an identifying
number or other code on a piece of white paper and
placing this in the field of view, but not in the way
of the artifact. For magnifications where the field

* A newly discovered technique for preventing damage to ice when removing it from a metal substrate is the

use of @ microwave oven,
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of view is restricted, one has no choice but to remem-
ber to write on the back of the photograph as soon as
it is pulled from the film holder. A log (such as DA
Form 3315) should be kept when exposing 20 or 36
exposure 35-mm film. The numbers on the film will
sometimes be off by one count, depending on where
the operator started when he loaded the film, but they
are still in numerical sequence. The individual frames
should be compared with the log before they are cut
into strips or individual frames.

Illuminating sample

In any photographic system there are essentially
three parts: the source of illumination, the sample,
and the camera, How these three parts are arranged
with respect to each other determines the information
that can be recorded in the photograph. Figure 8
shows four configurations of a general photographic
system that will be discussed below. There are four
general types of illumination: transmitted, incident,
normal, and oblique. The first two terms describe
where the illumination originates with respect to the
sample and camera. The last two terms refer to the
angular relationship between the illuminating beam
and the sample.

If the sample is illuminated from one side while the
camera is positioned on the opposite side, the photo-

graph is being taken by “transmitted” light (Fig. 8aand b).

b. Transmitted Oblique Illumination

Figure 8. Four configurations of the
photographic system.

d. Incident Oblique Illumination

If the sample is illuminated on the same side as the
camera, the photograph is being made by “incident”
light (Fig. 8cand d). If the illuminating beam strikes the
surface of the sample at an angle of 90°, then the
photograph is said to be taken in the “normal” mode
of illumination (Fig. 8a and 8c). If the illuminating
beam strikes the surface of the sample at an angle
substantially different from 90°, the photograph is
said to be taken in the “oblique’ mode of illumina-
tion (Fig. 8b and 8d).

Figure 8 also illustrates two major types of
photography: “brightfield"” and “‘darkfield.” Once
the illuminating beam interacts with the sample it is
theoretically divided into transmitted, reflected, and
scattered portions (see Fig. 9). Either the reflected
or the transmitted portions will contain most of the
intensity of the original beam, depending upon the
nature of the sample. Those portions produce a
“brightfield” photograph. When any of the scattered
portion strikes the film, it produces a “darkfield”
photograph.

The beam portion that is transmitted through the
sample (without any change in direction) can provide
information on the bulk of the sample; the portion
that is reflected can provide information on the surface
of the sample; and the portion that is scattered can
provide information on irregularities that are not char-
acteristic of the sample as a whole. In order to obtain
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Figure 9. Transmitted, reflected, and scat-
tered beams.

one of these various types of information, it is neces-
sary to position the camera and the illumination sys-
tem so that only the part of the beam that contains
the desired information strikes the film plane.

The various configurations and photographs that
are theoretically possible are shown in Figure 8. The
configurations in Figure 8a and b are not practical for
opaque specimens. The configurations in Figures
8a and ¢ are most convenient for brightfield and those
in Figures 8b and d for darkfield. For this reason,
the obligue illumination mode is often equated with
darkfield microscopy, but it is worthwhile to realize
that oblique illumination is not the only way to ob-
serve a specimen by darkfield. If the camera can be
mounted so that its position can be easily altered, it
will be possible to select portions of the darkfield
beams for study, no matter what illumination mode
was selected. For example, in Figure 8a the darkfield
camera could be moved (without changing sides of the
sample) to intercept various portions of the scattered
beam. This would provide a great deal more informa-
tion about the sample.

Figures 10-12 illustrate the three most practical
illumination setups for photographing artifacts in trans-
parent materials. Figure 10 is a practical way to
illuminate a sample for photography with a 35-mm
camera using oblique illumination. A flat area with
little or no contour is best lighted with the illuminator
at a small angle to the normal optic axis as shown.
Texture and contours may be best lighted with the
illuminator set at a large angle to the normal over the
specimen.
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CAMERA

Figure 10. A practical camera setup for photographing
artifacts in ice.

Figure 11 is a setup designed primarily for bright-
field photography by transmitted-normal illumination
which can also be used for darkfield with incident-
oblique illumination. The intensity may be varied by
adding or subtracting neutral density filters in addi-
tion to varying lamp voltage. This setup does not
cause heat damage to ice samples as an ordinary
photographer’s light table may.

Figure 12 shows the technique for providing
obligue-incident illumination to microscopes that are
not normally equipped to handle this choice of illumi-
nation. The microscope’s light bulb and condenser
housing is removed and attached to aring stand. This
light source can be positioned above and to the right
of the microscope stage just out of the field of view.
Careful adjustment of the light in angular position
and distance from the sample while viewing can be
made to achieve the desired tonal qualities in the image.
Sample photographs using these three setups will be
displayed in the last section, Results.

Photographing artifact

A choice must now be made between a 35-mm
camera with 20 or 36 exposure film or a bellows cam-
era with a Polaroid sheet film attachment, Some of the
advantages and disadvantages of both are as follows.

A 35-mm camera can use a great variety of film
types, offering a wide range of film speeds and resolu-
tion (Table 111). Many pictures may be quickly taken
in sequence, and the development and printing methods
may be varied in the darkroom to improve or alter
final results. Incorrectly exposed negatives may be
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FOCUS

ADILSTMENT Figure 11. A practical transmitted light

setup for photographing artifacts in ice.
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DAMAGE

OBJECTIVE LENS

CONDENSER
LENS

o7 Arce
L ]
Q§§§§§£S;;; -
MIRROR
FILTER

P Photographic plate holder
R Ring stand supporting illuminating lamp

B Bellows for camera

E Binocular eyepiece

L [Hluminating lamp mounted to supply oblique, incident
illumination to the sample

OL Objective lens

F Focusing controls
CL Condenser lens attached to illuminating lamp
SL Substage condenser lamp (not being used)

S Sample mounted on universal mount

SCL Well for substage condenser lens, which has been re-
moved to allow use of universal mount

SB Substrate discs used in preparation of samples

H Hypodermic needle

Figure 12. A practical incident light setup for photographing artifacts in ice. (Reprinted by permission of E. Leitz, Inc.)
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Table I11. Available 35-mm Kodak films.

Resolving
ASA speed Graininess power Process
Color slide films
Kodachrome 25 film 25 extremely high K-14
(daylight) fine (lab only)
Kodachrome Il professional film 40 extremely high K-12
(type A) (3200 K) fine (lab only)
Kodachrome 64 film 64 extremely high K-14
(daylight) fine (lab only)
Kodak Cktachrome-X film 64 very fine medium E-4
(daylight) (lab or user)
Kodak high speed Ektachrome film 160 very fine low E-4
(daylight) (lab or user)
Kodak high specd Ektachrome film 125 very fine low E-4
(tungsten) (3200 K) (lab or user)
Color negative films (for prints)
Kodacolor 11 film 80 microfine medium c-41
(daylight) (lab or user)
*Kodak Vericolor Il 100 extremely medium C-41
professional film, type S (daylight) fine (lab or user)
*Kodak Vericolor 11 80 (3200 K) extremely medium C41
professional film, type L (1/50-1/5 sec)  fine (lab or user)
Black-and-white films (for prints)
Kodak Panatomic-X film 32 extremely very (black-and-white
fine high developers)
Kodak Plus-X pan film 125 extremely high (black-and-white
fine developers)
Kodak Verichrome pan film 125 extremely high (black-and-white
fine developers)
Kodak Tri-X pan film 400 fine high (black-and-white
developers)
Special-purpose films
Kodak recording film 2475 effective coarse medium (recommended
(Estar-AH base) 1000- black-and-white
(extremely high-speed black-and-white film) 4000 developers)
Kodak Roval-X pan film 1250 medium medium (reccommended
(extremely high-speed black-and-white film) black-and-white
developers)
Kodak high contrast copy film 5069 64 extremely ultra (recommended
(very sharp black-and-white film for making (tungsten) fine high black-and-white
greatly reduced copies. Can be used as a developers)
continuous-tone film with special processing)
*Kodak Ektachrome infrared film 100 fine medium ME-4
(talse-color slide film) (daylight, (with (with EA-S
w/#12 process process E-4
filter) EA-S) EA-5) (lab or user)
*Kodak high speed infrared film 50 moderately  medium (recommended
(black-and-white negative film) (daylight coarse black-and-white
w225 developers)
filter)

* Intended mainly for professional usec.
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saved by applying special chemicals and processes de-
signed for that purpose. Slide film may be used for
audience presentation. Duplicates may be easily made
and the original prints and negatives are more easily
preserved.,

Polaroid film provides an almost instant display of
results. The photographs may be quickly analyzed and
studied and any gross errors or equipment malfunctions
quickly noted and corrected. The image may be pro-
jected on a ground glass slide, focused, composed, and
enlarged. (This is impossible to do with most 35-mm
cameras after they have been loaded, since access to
the film plane is restricted.) An annoying disadvantage
of the Polaroid process, however, is that the rollers
tend to get dirty and jam the film, causing partial coat-
ing and developing of the picture or multiple spotting
(Fig. 4). Also, duplication of Polaroid pictures can be
difficult,

A correlation exists between emulsion speed and
grain size for all films. Faster film is coarser grained
and so is less capable of recording detail. The most
suitable combination is one of ultra-fine grain and
ultra-thin emulsion layer, since these produce the
sharpest possible image owing to the intrinsic resolving
power of the emulsion and the reduction of scatter
in the thin layer itself. Slow film speed is usually
acceptable for photomacrography of transparent arti-
facts. A filter may also be used to enhance resolution
by shortening the wavelength of the rays used. Blue
light has about twice the resolving power of red light.

Exposure is changed either by adjusting the shutter
speed, inserting neutral density filters or varying the
intensity of the light at the source or through the
aperture. The brighter the illumination, the shorter
the exposure time. Exposure time also varies as the
square of the total magnification and inversely as the
square of the numerical aperture.

When working with a 35-mm camera it is a good
idea to “bracket” the chosen exposure setting by
snapping two additional exposures with settings on
either side of it. This increases the probability of
producing a successful photograph by allowing for
errors in judging the proper exposure needed for tricky
transparent specimens.

A simple way to choose exposure settings when
using sheet film is to pull out the darkslide sleeve only
one-quarter of the way and expose the film. Then,
keeping the same settings, one can pull out one-half,
expose again, and continue this process for three-
quarters and full. When developed, the four contrasting
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exposures will give an approximate idea of what set-
tings to use. When very slow shutter speeds are used,
some shutters tend to become sluggish in a cold en-
vironment. The best way to compensate for this is
to snap the shutter several times at the chosen setting
before the darkslide is pulled. It is also a good idea
to keep the type 500 film holder outside the cold-
room when loaded with film and take it out immedi-
ately after exposing. Low temperature affects ex-
posure time and retards the ability of the developer
to spread evenly over the photograph surface while
being pulled for development.

Focusing a single-lens reflex 35-mm camera is no
problem at close distances. The microscope may be
focused in the normal manner by operating the
coarse and fine focusing controls, even though part
of the stage has been removed to accommodate the
sample. If the bellows length of the camera is kept
at 250 mm, the image will usually be in focus on the
photographic surface and one may take the picture
without further adjustment. For best results it is
advisable to: 1) place a ground-glass slide in place of
the film holder, 2) open the aperture as widely as
possible, 3) open the shutter, 4) turn up the illumina-
tion, 5) turn off the room lights for maximum con-
trast, and 6) adjust the image in order to perfect de-
tails of interest. Image adjustment must be done when
examining artifacts in the bulk, as their depth and
orientation usually require decisions to be made about
which aspects or characteristics one wishes to photo-
graph. The illumination should be increased and the
aperture “‘stopped down’’ before shooting the picture.

Depth of field (Figure A3) is a problem that must
be considered when trying to photograph artifacts
with depth of detail. An objective lens with an ad-
justable aperture contained within it is a useful tool;
some microscope tubes (such as the Leitz FS 45) have
an adjustable pinhole diaphragm built into the optical
path. The depth of field may be increased by de-
creasing the magnification and the aperture size, or by
increasing the focal length, which is a fixed length in a
commercial microscope. As the aperture diaphragm
is reduced in diameter, the depth of field increases
while the image brightness is reduced. The ideal setting
is that which yields just the required depth of field.
Multiple exposures of the same artifact while varying
the focus slightly between shots is a technique that
will sometimes work successfully.’

If a lens is stopped down all the way, the resulting
photograph will be in focus over a wide range of



distances on both sides of the chosen focus setting.
This hyperfocal distance is usually engraved in some
manner on modern 35-mm camera focusing rings but
is not found on labor.tory cameras. Unfortunately,
total gathered light is sharply reduced at small aper-
tures which may require higher film speeds.

Moisture and dust are enemies of a successful photo-
graph. Once a lens is badly scratched or a shutter pit-
ted, all future efforts are impaired. A piece of appa-
ratus should never be taken from a cold area to a warm
area unless it is wrapped in plastic to allow moisture
to condense on the plastic instead of the delicate sur-
faces. Lens tissue should be kept handy to clean a
lens, as the temptation to use ordinary tissue or a fin-
ger could ruin optical surfaces. Since dust settles on
equipment even in coldrooms, it should be covered
when not in use. Such simple housekeeping practices
are necessary in order to assure good photography.

RESULTS

Figures 13-15 are photographs of artifacts that il-
lustrate the results that can be obtained with the pro-
cedures discussed above and with the three practical
setups shown schematically in Figures 10-12.

Figure 13a is a brightfield photograph of a Bausch
and Lomb glass calibration slide. The field surrounding
the ruled lines does not appear to be seriously scratched
or dirty. Yet the darkfield photograph of the same sur-
face, shown in Figure 13b, dramatically displays the
full extent of the damage and dirt. This is a good
illustration of the advantage of darkfield over lightfield
illumination in revealing surface artifacts. Figure 14a
shows a highly polished (to visual inspection) plexi-
glass surface that exhibits extensive surface damage
when examined by darkfield.

The damage site in the bulk (produced by the laser
beam) in Figure 14a is out of focus since the lens was
focused on the surface. In order to photograph the
artifact in the bulk by transmitted illumination, the
surface should be further polished.

Figure 14b, another photograph of this artifact, il-
lustrates the lack of detail from limitations in depth of
field caused by using a large aperture. An aperture of
around /32 would correct this situation but would re-
quire a substantial increase in the intensity of illumina-
tion. This photograph was also an attempt to use both
transmitted and incident illumination in varying
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amounts at the same time in order to enhance the
contrast and better define the artifact. It can be seen
that this procedure is not successful and should be
avoided in favor of other techniques.

Figures 15a and b demonstrate the use of a 35-mm
camera with black and white film and a micro lens
(see Fig. 10) to photograph ““large” artifacts (on the
order of a few centimeters) in polycrystalline ice.
Some 35-mm cameras can be used with fractional
diopters, bellows extension tubes, or lens reversal
tubes. However, an adjustable focus micro lens is the
most convenient way to photograph large artifacts in
transparent materials at distances of less than the con-
ventional lens minimum focal distance of about 0.5
m. Oblique incident lighting was used. The bubbles
and strains, characteristic of polycrystalline ice, are
also clearly shown in these two photographs.

Figure 15¢c shows a six-sided crack in a single crystal
of ice. Itisa '‘small” artifact in ice adhering to a glass
slide, which lent itself well to the technique of using
a simple bellows camera with transmitted normal
illumination (Fig. 11). Polaroid high-speed type 57
film was used (ASA 3000) which called for settings
of f/5.6 at 1/50 s. The sample sat on a condenser lens
that was cool enough not to melt the bulk of the sam-
ple, but the lens did supply enough heat to cause the
sample to tend to creep out of the field of view.

Figure 15d shows an artifact at the interface be-
tween a concrete substrate and ice. A bellows camera
attached to a microscope with a Zeiss lens containing
an adjustable aperture was used (Fig. 12). Superfluous
ice was removed, as described above, in order to allow
illumination by transmitted light. The substitution of
a fabricated mounting for the usual stage of the micro-
scope allowed the side view of the artifact to be photo-
graphed without undue alteration of the sample. How-
ever, use of the universal joint mount could have im-
proved the results.

Figure 15e shows an artifact that contains a bubble
path extending through the bulk of an ice specimen,
adhering to a substrate. The universal joint allowed the
bulk of the brightfield beam to be diverted from the
central portion of the photograph which was produced
by darkfield beams. Leaving a poorly sculptured sur-
face, as suggested in the section on procedure, helped
to scatter enough light to give the artifact satisfactory
contrast. The arrow in the photograph points to the
artifact.



i
@

a. Brighttield,

b. Darkfield.

Size: Small

Location: Front surface

Setup: Bellows & Microscope
Preparation: No substrate
lllumination: Transmitted normal

Settings: 1/5s
4 amps

Magnification: 50X

Size: Small

Location: Front surface
Setup: Bellows & Microscope
Preparation: No substrate
[llumination: Incident normal

Settings: 1/5s
b amps

Magnification: 50X

Figure 13. Photograph of a Bausch and Lomb glass calibration slide.
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a. Darkfield photograph showing surface scratches.

b. Photograph illustrating lack of depth of field.

Size: Large

Location: Front surface
Setup: Bellows & Microscope
Preparation: No substrate
Illumination: Incident normal

Settings: 1/5s
b amps

Magnification: 50X

Size: Large
Location: Bulk

Setup: Bellows & Microscope

Preparation: Highly polished top

surface

lllumination: Normal incident and

transmission

Settings: 1/2s
5X lens
4A trans
4A incident

No depth of field
Magnification: 50X

Figure 14. Photograph of artifact damage in Lucite.
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Size: Large

Location: Extends through bulk
from front to rear surface
of sample

Setup: 35-mm camera

Preparation: 1) Al substrate isin
place
2) fixed, flat surface
mounting

Illumination: Incident/oblique

Magnification: 1.7X

a. 35-mm format print showing large crack in ice with aluminum
substrate.

Size: Large

Location: Extends through bulk from
front to rear surface of
sample

Setup: 35-mm camera

Preparation: 1) Asphalt substrate
is in place

Illumination: Incident/oblique

Magnification: 1.7X

b. 35-mm format print showing large crack in ice with asphalt sub-
strate.

Figure 15. Photographs of damage sites in ice.
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c. Single crystul ice.

d. Ice side view.

Figure 15 (cont'd).
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Size: Small
Location: Bulk of sample
Setup: Bellows camera

Preparation: 1) Glass substrate is not
in place
2) Fixed stage mounting

illumination: Trans/normal
Settings: 1/50s
Magnification: 9X

Size: Small
Location: Rear surface of ice (inter-
face)
Setup: Bellows camera with micro-
scope

Preparation: 1) Concrete substrate is
in place
2) Fixed, fabricated
mounting
Illumination: Trans/normal
Settings: 1/50s
4 amps

Magnification: 45X



e. Single crystal ice mounted on glass substrate with bubble damage
path in bulk.

f. Single crystal ice with keyhole-shaped damage site.

Size: Small
Location: Bulk

Setup: Bellows camera with micro-
scope

Preparation: 1) Glass substrate is in
place
2) Fixed, fabricated
Al mounting

Illumination: Trans/normal
Settings: 1/50s at /22
Magnification: 45X

Size: Small
Location: Front surface of ice
Setup: Bellows camera

Preparation: 1) Glass substrate is
in place
2) Universal mounting

Illumination: Oblique
Settings: 1/50 s at £/22
Magnification: 6X

Figure 15 (cont’d). Photographs of damage sites in ice.
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g. Single crystal ice, top view of same site as in f.

Size: Small
Location: Front surface of ice
Setup: Bellows camera

Preparation: 1) Glass slide is in place
2) Universal mounting

Illumination: Trans/oblique
Settings: 1/50 s at /22
Magnification: 6X

Figure 15 (cont'd).

Figure 15f is a photograph of an artifact in the sur-
face of a 0.3 cm-thick specimen of ice mounted on a
glass substrate. This keyhole-shaped artifact was pro-
duced at the surface by laser irradiation. Before photo-
graphing, the surface was prepared by the techniques
described above. Figure 15g is the same artifact as
photographed from the side. Cracks fan out in a
spherical bowl-shaped pattern from the front surface,
with several longer flares in evidence. This is an ex-
ample of how obligue illumination can be adjusted
incrementally until the most satisfactory conditions
are met for a good photograph. It shcws how a photo-
graphic system can be modified to allow an artifact to
be photographed from more than one perspective, thus
displaying its full three-dimensional character.
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APPENDIX. REFERENCE INFORMATION FOR PHOTOMACRO-
GRAPHIC AND PHOTOMICROGRAPHIC APPLICATIONS

SECTION I, TABLES FOR CLOSE-UP RANGE (Tables Al-Alll)

Table Al. Table for general close-up photography for supplementary lenses. (Reprinted by permission of

Time, Inc.).
approximate
image approximate approximate
supplementary camera setting subject dist reducti area covered (inches) depth of field
lens (teet) (inches) using 50mm lens using 50mm lens (inches) at 1/8
+1 diopter infinity 39 .05x 19x 28 9
(1 m. focal length) 20 34 06X 16 x 24 6
10 30 .07x 14x21 5
23% .08x 11 x16%2 3
1834 Alx 8'2 x 123% 2
2 143 A4x 62 x 10 1
+2 diopters infinity 19% A0x 9% x 14 2V2
(500mm focal length) 20 18Ya A1x 8% x 13 2
10 17 Jd2x 8x12 1%
5 15 Adx 7x10% 1%
12%2 16x 5% x BY2 %
2 102 .20x 4% x7 12
+3 diopters infinity 13 15x 6x9 1
(333mm focal length) 20 12% 15% 6x9 ]
10 12 A6x 5% x 8% %
] 10% J18x 5x7% Ya
3 92 22X 4%a X 6% Ya
2 8Ys .26x 3% x 5% %
+4 diopters infinity 9% .20x 4ve x 7 V2
(250mm focal length) 10 9 .22x 4Ys x 6% i1
5 812 24x 4x%x6 Y2
2 7 .30x 32 x 4% Va
+5 diopters infinity 8 .25x% 3% x5 ]
(200mm focal length) 5 7 30x % x 4% %
2 612 .33x 3 x4 Ya
+6 diopters infinity 612 .30x 3Va x 4% Ya
(187mm fosal langth) 2 5% 38x 29k x3% %

This chart shows how suppiementary lenses can
be used. The columns showing image reduction
and area covered apply only to a 50mm lens

(or any lenses from 45 to 55mm used on a 35mm
camera). The other columns are valid for

camera lenses of any focal length. The chart is
particularly applicable for rangefinder and
twin-lens cameras (page 100). Since the focusing
mechanisms of these cameras cannot be used
accurately at close distances, the “subject
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distance' must be measured physically. The
figures refer to the precise distance between the
subject and the front face of the supplementary
lens. The image reduction column indicates the
relation between the size of the image on the film
and life size; thus the number .10x means that

the image on the film is one tenth life size. The
depth of field is given for an aperture set at

1/8. Accordingly, at an aperture of {/4, divide each
figure in hall; at 1/ 16, double each figure.



Table All. General close-up range table for extension tubes. (Reprinted by per-
mission of Focal Press, Ltd.)

Focal Length Scale of Reproduction with Extension Tube of
of Camera Lens  § in. in. I in, It in. 2in. 2% in. 3in. 3% in. 4 in. 6 in.

in. em.  I'3em. 19cm. 25em. 38cm. Scm. 63cm. 75cm. 9 cm. 10em.  15cm.
2 5 0-25-0-31 0-38-0-44 0-5-0-56 0-75-0-B1 1:00~1-06 [-25 15 1-75 2 3

2% 625 02-027 0-3-0-37 0-4-0-47 0-6-0-67 0-80-0-87 1-00-1-07 12 14 1-6 2:4

3 75 0'17-0-25 0-25-0-33 0-33-0-41 0-5-0-58 0-67-0-75 0-83-0-9| 1-00-1-08 1-16 1-33 2

3 9 0-14-0-24 0-21-0-31 0-29-0-39 0-43-0-53 0-57-0-67 0-72-0-82 0-86-0-96 1-00-1-10 1-14 1-7

4 10 0-12-0-24 0-19-0-31 0-25-0-37 0-37-0-49 0-50-0-62 0-63-0-75 0-75-0-87 0-87-0-99 1-00-1-12 1-5
4% 112 0-11-0-26 0-17-0-32 0-22-0-37 0-33-0-48 0-44-0-59 0-55-0-70 0-67-0-82 0-78-0-93 0-89-1-04 1-33
5 125 0-10-0-17 0-15-0-22 0-20-0-27 0-27-0-34 0-40-0-47 0-50-0-57 0-60-0-67 0-70-0-77 0-80-0-87 12
5% 137 0-09-0-16 0-14-0-21 0-18-0:25 0-27-0-34 0-36~0-43 0-45-0-52 0-55-0-62 0-64—0-7| 0-73-0-8| 11

6 15 —  0:12-0-21 0-16-0-25 0-20-0-29 0-33-0-42 0-42-0-5| 0-50-0-59 0-57-0-66 0-67-0-76 |

7 17-5 —  011-0-22 0-14-0-25 0-21-0-32 0-29-0-40 0-36-0-47 0-43-0-54 0-50-0-61 0-57-0-68 0-85-0-96
8 20 —_ —  0-12-0:18 0-19-0-25 0-25-0-31 0-31-0-37 0-38-0-44 0-44-0-50 0-50-0-56 0-75-0-81
[] 25 —_ —_ —  0:15-0-22 0-20-027 0-25-0-32 0-30-0-37 0-35-0-42 0-40-0-47 0-60-0-67
12 30 _— —_ - — 0:17-0-26 0-21-0-30 0:25-0-34 0-29-0-38 0-33-0-42 0-50-0-59

There is not much point in using short extension tubes with long focus lenses, as the focusing extension is often longer
than the extension tube,

Table Alll. Table for macro objective lenses with built-in adjustable aperture.
(Reprinted by permission of E. Leitz, Inc.)

FOCAL NUMERICAL | RELATIVE
TYPE OF OBJECTIVE LENGTH APERTURE | OPENING

MM
PHOTAR 12.5mm 124 0.26 1:1.9
PHOTAR 25mm 25 0.20 1:25
PHOTAR 50mm 51 0.12 1:4
PHOTAR 50mm 52 0.18 1:2.8
PHOTAR 80mm 81 0.1 1:4.5
PHOTAR 120mm 123 0.09 1:5.6
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SECTION Il. WORKING CURVES FOR GENERAL PHOTOMACROGRAPHY RANGE (Fig. Al and A2)

M: PERMISSIBLE TOTAL MAGNIFICATION

L: LONG DIMENSION, mm
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Figure A1, Permissible total magnification vs long dimension, shape factor and depth of detail.
(Copyright Eastman Kodak Company, 1970).
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Figure A2. Table for bellows camera with interchangeable lenses, (Reprinted by permission of E, Leitz, Inc.)
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SECTION I1l. REFERENCE DATA FOR GENERAL PHOTOMICROGRAPHIC RANGE (Tables AlV, AV, Fig. A3)

Table AIV. Eyepieces for photomicrographic range. (Reprinted by permission of E. Leitz, Inc.)

Huygens eyepieces

Inexpensive eyepieces with normal field of view, pri-
marily for low and medium power objectives.
Huygens eyepieces can also be used with high power
objectives but better results are obtained in such cases
with periplanatic eyepieces.

Periplanatic eyepieces

With normal field of view for medium and high power
objectives and especially for all fluorite and apochro-
matic systems.

Periplanatic wide-field eyepieces

Plano objectives should be used only with these eye-
pieces.

For binocular observations the GF 25X M micrometer
eyepiece can be paired with a normal GF 25X eye-
piece.

High-point eyepieces

Since the exit pupil of the microscope is usually only
just above the level of the eyepiece top it is not possi-
ble for spectacle wearers to get close enough to the
exit pupil to see the entire field of view. For persons
wearing spectacles special eyepieces have therefore
been designed in which the distance separating the
eyelens and the exit pupil has been sufficiently in-
creased.
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Field
diam
Magnification (mm)
6X 19.0
6X 16.7
10X 13.6
16X 10.0
Micrometer-
eyepiece
6X M 17.5
Field
diam
Magnification (mm)
P6X 19.5
P6X 18.0
P 8X 16.0
P 10X 15.2
P 12X 13.0
P15X 12.5
Field
diam
Magnification (mm)
GF 10X 18.0
GF 16X 15.0
GF 20X 12.0
GF 25X 10.0
Micrometer-
eyepiece
GF 25X M 10.0
Field
diam
Magnification (mm)
Huygens
6.3X 20.0
6.3X 16.8
Periplanatic
P 10X 14.0




Table AV. Obijectives for micrographic range. (Reprinted by permission of E. Leitz, Inc.)

Objectives for Brightfield-Darkfield Transmitted Light

Corrected for 170mm Tube Length

gs [ &
Type of Objective Magnification/ g &~ E | 4|25
_c |28 [58(9%
Aperture 32 |z |82 ¢¢:
£5 |28 |3(88
Pl Apo 6.3/0.20 27. 92| P |DO
Pl Plano Pl Apo 16/0.40 105 [122| P [DO
Apochromatic Pl Apo 25/0.65 724 | 065( P |D
Objectives Pl Apo 40/0.75 40 | 044 P |D
45mm Adjustment Pl Apo Qil 40/1.00 022( P |D
Length Pl Apo OIl 63/0.95 0.15
Pl Apo QI 100/1.32 1.76 025| P |D
Pl Plano Fluorite
Objectives-45mm PI FI 10/0.30 18 69| P |[DO
Adjustment Length
Pl Plano PI 1/0.04'~
withirisdiaphragm &condenser 33 30| P |[DO
Achromatic Ob- PI 2.5/0.08 56 11| P |DO
jectives-45mm
Adjustment Length
NPL Plano NPL 6.3/0.20 24 20| P |DO
Achromatic Ob- NPL 10/0.25 16 053| P (DO
jectives 45mm NPL 16/0.40 11 050 (P |D
Adjustment Length NPL 25/0.50 70 [038| P |D
NPL 40/0.65 45 | 015 P |D
NPL 63/0.90 012
NPL Oil 100/1.30 1.7 | 026 | P |D
Fl 40/0.85 43 | 028| P |D!
Fluorite Fl 40/0.85 43 | 028 | P |O
Objectives Fi 63/0.85'% 014 | P [D
37mm Adjustment
Length Fl Oil 54/0.95 34 (017 P (DO
Fi Qul 95/1.32 20 [012| P |D
Ins FI Qil 95/1.32-1.10 20 |012| P |D
Fluorescence Qb- Apo 25/0.65 Fluor 7.4 076 | P |DO
jectives (for use FI 40/0.85 Fluor 43 033| P |O
without cover glass) FI Ol 95/1.32 Fluor 20 |0a2| P (O
37mm Adjustment
{Lengrh
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e T ' This table was calculated accord-
I ing to the formula:

2.2 . f. (R+1
r2

2mm

Z = circle of confusion 1/30mm
(Leica format) 1

T f = f/number

R = ratio (magnification)

With the 4 x 5 format (circle of
confusion 1/10mm), the depth .
of field found in this table has to -+
be multiplied by 3.

03mm 1

0.2mm

DEPTH OF FIELD

0,07mm 1

0008 mm

0006§mmt—
0005mm - — . s ! fe aiferendmestbresibiont

0004émm 4+ —— . S e [N BRSSO, S |

0003mm §—————— - g .

o,oazm,,,q—..._+ ‘ } I T ‘

0001 mm ’ . e - + o v —
11 2:1 31 5:1 7:1 10:1 150 2041 304 50:1
MAGNIFICATION

Figure A3. Depth of field by the general micrographic range. (Reprinted by per-
mission of E. Leitz, Inc.)
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