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DEPTH OF FOCUS AND LATERAL RESOLUTION.....

Even a very thin microscopic specimen has to be considered a threedimensional structure.
The restricted depth of focus of the optics will bring only a limited axially extended
region of the specimen into sharp focus. This optical sectioning is desirable when fine
detail in the direction of the optic axis is to be resolved. For other applications
great depth of focus is mandatory. Conditions for great depth of focus however are in-
compatible with those necessary for the often simultaneously demanded high lateral
resolution. The following discussion of the factors influencing depth of focus and
lateral resolution shows, how a satisfactory compromise can be found.
Lateral resolution increases in direct proportion to the effective numerical aperture
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N'A‘eff = 5 . A specified lateral resolution demands a certain

effective numerical aperture.
Depth of focus decreases with higher effective numerical apertures, therefore requires
low numerical apertures, which means limited lateral resclution.

Two terms enter into the calculation. One accounts for geometric optical conditions,
the other describes a wave-optical influence. Both contribute independently to the total
depth of focus,
The geometric term's contribution depends upon the effective numerical aperture and the
total magnification. Geometric-optically, a point in an object plame is focused into
an image point in the image plane. Neither ome has lateral extension. A point above the
original object point will be focused into a point above the original image plane. The
cone of rays converging to form this second point passes the image plane. Here its
cross-section appears as a small circle, called the "circle of confusion". The desig-
nation refers to the very cause for the occcurence of peometric depth of focus: the

~ Iimited resolving powér of the recelver, be this the human retina or a photographic
emulsion. As long as the circle of confusion diameter is smaller than the finest detail
resolvable by the receiver, the latter can not discern whether it is a sharp point or
a minute circle. Both appear to be sharp points, they "are in focus". As secon as the
circle diameter exceeds the receiver's resolving power, it appears as something with
lateral extension, not sharp, or "out of focus". Closing of an aperture diaphragm will
reduce the diameter of the circle of confusion and depth of focus can thus be increased,
but at the expense of lateral resclution. (5ee Fig. 1). For a given aperture setting
there is a certain axial range of object points, the circle of confusion diameters of
which are still below the resolving power of the receiver. This range represents the
geometric depth of focus Dg'

Geometric optics are a useful abstraction, assuming an infinitely small wavelength.

Image points formed by wisible light can not be considered a mathematical points. Thew
are diffraction discs with a finite lateral extension. The diffraction pattern however
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not only extends laterally in the image plame,
it also extends axially. The image plane no
longer is a mathematical twodimensiomal plamne,
but the image now extends inte a third dimen-
sion along the optic axis. Anywhere in this
space it would appear sharp on a ground glass.
Projected back into the object space, this
means that for a given ground glass position
a certain axially extended region of the ob-
jeet will appear in sharp focus. This is called
the wave-optical depth of focus D,. It in-
creases propertiomally to the wavelength and
decreases with the square of the effective
numerical aperture. Since half of the wave-
optical depth has to be added to the upper
ebject plans limit of the geometric optical depth of focus,
Figure 1 half to the lower limit, D; and D, add up to
the total depth of focus Dy. The wave-optical
contribution increases rapidly with higher numerical apertures, whereas at low numerical
apertures it contributes only a few percent.

girale Fo
ol
confusion

Depth of focus can be increased by:

1.) Reducing the effective numerical aperture. Closing the
condenser aperture stop is to be preferred over am iris
diaphragm in the back focal plane of the objective,

2.) Using the lowest possible total magnification by

a. selecting an objective with the lowest magnification
available for a certain numerical aperture, This / 1
normally means a fluorite or apochromatic objective. | |

b. using a low power eyepiece. This must be of proper { \
correction, Huyghenian or periplanatic. The total | \
magnification should be kept at the minimum that will | |
magnify the finest detail to just 75 - 150 m, so it | .

can be recognized by the eye. This is often the case m
already below the 500x N_A. lower limit of useful mag- \\
L4 '.\.l'

|
nification, OEr y :
¢. using short bellows extensions in photomicrography. ;// 5
It is however a misconception to think that a high N ! 3
depth of focus could be maintained by taking a low -

depth of focus and then enlarging the negative. The
circles of confusion are emlarged just the same and
become unsharp to the eye, But use can be made of the
high resolving power of thin layer photographic emul-
sions, which is up to 10 times higher than that of
the human eye,
3.) Embedding the specimen in a medium of high refractive
index.
4,) A red filter is useful only if apochromatic ob jectives
are used and when at high magnifications and high N.A. the wave-optical influence
is pronounced.
5.) Since the effective numerical aperture inters into D, as well as into Dy and there
even by the square, a slight reduction has a pronounced effect,

#
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magnification photomicrograph, '"freezing-in" the high e | % J”



epth of focus can be decreased for highest axial resolving power by:

Using objectives with the highest numerical apertures and magnificationm;
Combining them with eyepieces of high power;

Employing long bellows extensions in photomicrography;

Inserting a blue filter, but only if apochromatic objectives are used;
Opening the condenser aperture stop to f£ill the back lens of the objective
completely with light.
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THE NEW LEITZ-FLUORESCENCE LIGHT SOURCE MODEL 250.....

In the previous issue of this bulletin we showed an illustration of the new fluores-
cence light source. The following constitutes a review of fluorescence microscopy as
such and the special features of this new light source.

The term "fluorescence” is used to describe the ability of many materials to emit their
own luminosity if and when they are irradiated with ultraviolet or blue light. The emit-
ted rays are usually of longer wave lengths than the ultraviclet or blue light produc-
ing the fluorescence. The emitted light of the fluorescent substance lasts practically
“only a5 long as the radiating energy strikes the sample. Tf the auto-luminescence con-
tinues for some time with reasonable intensity, then one talks of "phosphorescence'.

A whole series of nmatural specimens show fludrescence phenomena, which we term "primary
or auto-fluorescence". These are particularly structures of botanical and mineralogical
ob jects, which show unusually clearly differential features; it is in this particular
area, that fluorescence microscopy produced its first excellent results.

Similar experiments with samples from zoology and human medicine were at first less
satisfactory. Some of the structures did fluoresce, but with very low intensity and
without the desirable differentiation.

The observation was therefore at first limited to specimens, which show fluorescence of
their own until Haitinger of Vienna discovered that certain substances, even though
they had been highly diluted, still showed the phenomenon of clearly differentiating



different structures of histological materials with respect to color as well as con-
trast, The fluorescence, which results in this manner, is called "secondary fluores-
cence", The dyes which Haitinger used were called "Fluorochromes'". Aside from this
new secondary fluorescence the fluorochromes have another advantage, namely they can
be used in extremely small concentrations and therefore keep the damage to living
cells to a minimum.

With respect to the application of fluorescence microscopy in bioleogy, medicine, and
mineralogy, those interested will find excellent references in the modern literature
on the subject.

The so-called "Coon's Techmique', which is also termed "Fluorescent Antibody Technique",
has gained great importance in this country as well as abroad and has done a great deal
to popularize the use of the fluorescence microscope. The Communicable Disease Center

in Atlanta, Ga,, was the first one to establish courses in the fluorescent antibody
technique and has trained hundreds of health laboratory technicians in the use of the
method. The work is under the direction of Dr., William B. Cherrxy, Chief of the Special
Research Wnit, Microbiology Section, and his Assistant, Dr. Max D. Moody.

TECHNICAL DESCRIPTION OF THE EQUIFPMENT

The LEITZ Fluorescence Unit is supplied in three ways, differing only with respect to
the microscope stand:

Fluorescence equipment with ORTHOLUX Microscope

for reflected and transmitted light;

Fluorescence equipment with LABOLUX Microscope
for transmitted light;

Fluorescence equipment with SM Microscope
for tramnsmitted light only.

The apparatus comprises: Lamp housing with the Mercury arc lamp, filter and optical out-
fit. The construction elements are the same in these three cases, while the base plate
of the lamp housing varies, depending upon the microscope stand used,

THE LAMF HOUSING 250 AND THE UV SOURCE

Specimens used for fluorescence microscopy, when they are termed "auto-luminescent",
produce light of low emergy. In order to obtain a higher intensity fluorescence, it is
necessary to:
1.) Use objectives with numerical apertures as high
as possible;

2.) Use light sources with high intrinsic intensity.

As an energy source of high intensity in the ultraviolet, there are two types of high
pressure Mercury arc lamps available. The best known omes are the HBO 200 W/l and the

C5 150 W, The new lamp housing Model 250 is suitable for all types of lamps up to 250 W.
A centering device with reflector, which can be operated from the outside, allows for
the critical positioning of the Mercury arc lamp and the collecting lens, so as to pro-
duce maximum intensity for all methods of observatiom. Aside from these advantages, the
new lamp housing Model 250 has a considerably increased collecting lens aperture as com-
pared to all previous models., This means quicker and more accurate centering of all
optical elements, Particular mention should also be made of the quick changing dewice
for the four excitation filters. These filters are located in the quick changing de-
vice and are identified by an engraving on their mount, so that it is possible to put
any desirable combination into the path of rays at will. In order to provide for alter-
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nate illumination (6V 30W or 6V 15W) an attachable mirror reflex housing Model 30 or 15
are supplied, depending on whether the Ortholux, Labolux, or SM Microscope is being
employed. With this equipment the microscopist may quickly alternate to work either
with the Mercury arc lamp or the standard low voltage lamp.

FILTERS

The fluorescence unit is generally supplied with a complete set of filters, consisting
of excitation as well as UV absorptiom filters. The excitation filters have the purpose
to allow that light te pass, which excites the fluorescence, while the absorption f£il-
ters are used to stop passage of the excitation energy. The excitatiom filters are made
of Schott-glass and are located in the engraved mount in the filter changing device of
the lamp housing. The absorption filters are supplied either in pairs to be threaded to
the bottom of the eyepiece, or singularly to be inserted into the back of the microscope
nosepiece,

CONDENSERS

Depending on the application we supply either brightfield or darkfield condensers. The
microscopist himself must decide, which condenser is to be preferred for his particular
purposes. If conditions permit, one should choose the UV transmitting three-lens con-
denser oil 1.30 UV, which in comparison to a darkfield condenser allows a much greater
amount of energy to pass. In all cases, however, where insufficient darkness of the
background is a handicap, a darkfield condenser should be recommended instead.

OBJECTIVES AND EYEPIECES

The choice of the objectives and eyepieces again depends largely on the problem under
investigation, In some cases regular achromats are satisfactory, otherwise fluorite
systems may be recommended or even apochromats. In a great many cases the standard achro-
matic objectives are perfectly satisfactory in the fluorescent antibody technique. If

the highest degree of resolution and brightness is required, the fluorite systemswith
their larger aperture should be preferred. In most cases these highly corrected objec-
tives are used with darkfield condensers, so that the tendency of auto-fluorescence is
reduced to a minimum. For use in brightfield, however, it is recommended to use a UV
absorbing cover glass., For smears a special set of fluorescencecobjectives with built-

on UV absorption cover glass is available.

EYEPIECES

We recommend particularly Periplan eyepieces with standard field of view. If the fluo-
rescence intensity is low, one should use eyepieces with low magnification, since the
intensity of the image is reduced in the square of the eyepiece magnification.

MICROSCOPE TUEBES

If the fluorescence is of sufficient magnitude, a binocular tube is to be preferred,
gince it takes advantage of the seeing ability of both eyes. For weak fluorescence, how-
ever, a monocular tube is essential; the intensity in which in comparison to a binoe-
ular tube is roughly five times greater. For photomicrography with the automatic camera
attachment ORTHOMAT special binocular photo tubes FSA are available, which automatical-
ly compensate for the focusing difference when adjusting the interpupillary distance.
The advantages of this tube and particularly the constant readiness and the automatic
compensation for any interpupillary distance, are of major importance, if ome is willing
to take into account an increase in exposure time.
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FHOTOMICROGRAPHIC ACCESSORIES

The ORTHOMAT is of particular importance for the fluorescence microscopist., The exposure
time, even though it may be five minutes or more, will be determined automatically

with the aid of the special "detail measurement" facilities. The high monochromacy of
the fluorescence has of course to be taken into account. Acting as an analog computer,
the Orthomat will automatically adjust the exposure time even for fading fluorescence.

MICRO MIRROR OBJECTIVES AND MICRO MIRROR CONDENSERS.....

In connection with the UV Microscope and UV Microspectrograph Leitz has introduced a
series of micro mirror objectives and micro mirror condensers made of quartz glass for
use in ultraviolet or wisible light. The optical data of these lenses are as follows:

Description Thread Focal vignett- area shadowing free work- distance of
Length ing effect (t2) ing distan- object to
factor(t) in % ce in mm image in mm

Dry Objective thread system

Q 170/0.50 (20,25x36Gg) 2.50 0.1/0.5 5 | 427

Mirror Objec-

tive

Q Glyc.300/0.85 thread E.35 018/ 0.85 5 0.4 427

Q Glyc.300/0.8% system F35 0shEfe 85 5 0.4 427
distance

Mirror Conden- light

sor (also to source -

be used as dry object in

condensor mm

Q Glyc. 0.60 M 26x0.5 Loks 0L.Z{0.6 12 ) approx. 200

Mirror Conden-

s50T

Q Glyc. 0.85 M 26x0.5 1.35 0.45/0.85 28 *) approx. 200

%) Quartz glass object carrier 0.5 mm

LEITZ micro mirror objectives
and micro mirror condensers

made of quartz glass for Schematic Drawing of the path of
ultravioclet and visible light rays in micro mirror objective




The mirror objectives have the following advantages:

They are without chromatic aberrations and without focus difference, A new minimum of
vignetting (Schwarzschild-factor) has been achieved, The transmittamnce for this type

of system is surprisingly high. The S-series of reflecting objectives incorporate con-
tinuously gradient coatings. This practically eliminates artifacts due to phase effects.
This type of lens guarantees highest accuracy for quantitative measurements.

POL-CONDENSER NR. 50 P WITH EXIT FACILITIES FOR THE ORDIMARY RAY.....
A polarizing prism or filter is so designed that the ordinary ray is absorbed in the
prism or filter mount; that is the reason why these mounts are usually black. When

high intemsity light sources are used, the intensity of the ordinary ray remains rather
strong and the mount has to absorb a large amount of heat. This heat can adversely in-
fluence the stability of the filter and the cement of the prism. Therefore, we recommend
for use with high power light sources, such as arc lamps and Mercury wapor or Xenon
lamps, that a special polarizing condenser Nr. 50 P he gelected, which has facilities
for the exit of the ordinary ray. By being able to pass out of the mount into the open
air, the heat passes out of the polarizer mount and cannot harm the cemented surfaces.

OBJECT MARKER WITH DIAMOND POINT.....

The LEITZ factory has discontinued the diamond point object marker. This marker is
designed like a microscope objective body. The optical elements are replaced by a pin
with an industrial diamond. The pin is adjustable horizontally to permit the user do
describe a smaller or larger circle around the object, depending on requirements.

We decided to manufacture this marker in our shops here in New York. They will be

avail-
able again in about four weeks from now and will cost § 38.00 each,

ULTRA-MICROTOME AFTER FERNANDEZ MORAN.....

We have often been asked whether tungsten carbide could be cut with an Ultra-Microtome
and diamond knives. We consulted Dr. H. Fernandez Moran, Head, Mixter Laboratories for

Electron Microscopy, Neurosurgical Service, Warren Building 452, Massachusetts General
Hospital, Boston, Mass., who informed us as follows:

"Using a diamond knife we were able in 1955/56 to cut germanium and other extra hard
metals, provided that the specimen area had an extremely small cross section (not more
than 0.05 mm times 0.02 mm approximately, and even less if possible). In the meantime
Dr. Ludwig Reiner, Muenster, Westfalen (Germany), has published a comprehensive survey
of his experiments for sectioning of metals by using diamond knives for the Ultra-
Microtome. He has published an interesting paper in "Zeitschrift fuer Metallkunde",
Heft 1, entitled "Elektronenmikroskopie an Metall-Duennschnitten mit Diamantmesser™,
If you are attempting to section tungsten carbide, I would strongly recommend that you
begin by embedding the thinnest possible lamella or filament of this material, if pos-
gible well below 1 - 10 microns, preferably in a hard plastic matrix of the epoxy group,
like araldite. You may have to experiment with different orientations, since we have
found that extra hard crystalline metals can be cut (literally cleaved) by the diamond

knife cutting edge into their unit layers, if the proper orientation and mounting of
the specimen are achieved."
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NEW PLANO OBJECTIVE PL 25x/0.50, PLAWT.....

The present series of plano flatfield objectives for transmitted light has been ex-
tended by the above objective with a focal length of 7.6 mm and a free working distance
of 0.90 mm. The lens is corrected for use with periplanatic compensating eyepieces.

Availabiliry: approx. 3 months.

PHOTOMICROGRAPHIC CAMERA ORTHOMAT.....

The ORTHOMAT Camera includes a 10x eyepiece; this combined with the camera objective
of approx. 80 mm focal length produces on the negative a magnificatiom of 3.2 : 1.

The 35 mm negative will have to be enlarged approx. 3x in order that the size of the
photographic image becomes the product of objective magnification x tube faxtor x eye-

piece magnification.

SCIENTIFIC INSTRUMENT DIVISION
E. LEITZ INC., 468 PARK AVENUE SOUTH, NEW YORK 16. N. Y.
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