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MICROSCOPE ACCESSORIES

Optical Systems for the Microscope

Optical systems for the microscope
depend for their performance upon
three factors, namely, correct design,
optical material that meets the rigid
specifications, and manufacturing skill
and experience through which the de-
signer’s calculations are translated in-
to working instruments.

The formulae of Bausch & Lomb
objectives are based upon the most
precise and extended calculations. All
the elements of construction, radii,
thickness of component lenses, sepa-
ration, etc., are determined in ad-
vance. Utilizing the wide range in
choice of optical material made pos-
sible by the production of optical
glass in the Bausch & Lomb Glass
Plant, the designer can control more
completely the effects of each element
on the image-forming qualities of the
entire system and apply his resources
to the best advantage.

The importance of complete con-
trol of optical material can not be
overestimated. Because the designer
has at his disposal the resources of
the Bausch & Lomb Glass Plant, he
need not effect a compromise between
favorable design and available ma-
terial. In fact, he is in position to
specify combinations of refractive in-
dex and dispersion that are required
for more complete accord between op-
tical theory and the optimum imagery
in practice.

Because of their long experience
and the complete technical equipment
at their disposal, Bausch & Lomb engi-
neers have been able to realize the
expectations of the designer in the
actual system.

As a final guarantee of uniformity
and excellence each objective is sub-
jected to a most severe test conducted
on a rigid scientific basis. This final
test is independent of previous steps
in design or manufacture.
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Bausch & Lomb objectives are
mounted with the standard Society
screw thread. The lens elements are
precisely centered and burnished in
the individual threadless metal cells,
which remain unchangingly centered
even though the objectives are taken
apart and reassembled for any reason.

Consequently it can be safely said
that Bausch & Lomb objectives are
the best that can be made for the
various kinds of work for which they
are intended. Specifications of focal
lengths are accurate to within 2%
numerical apertures are as given.

Examples of
Bausch & Lomb Threadless Cell Mounting

Balcoted Optical Elements

Bausch & Lomb now offers optical
parts with Balcoted air-glass surfaces.
Through wide experience with treated
optics for binoculars, camera lenses
and metallographic microscopes, the
advantages of anti-reflection filming
have been thoroughly established. In
biological microscopes, Balcoted op-
tics perform especially well where
specimens contain a marked contrast
between light and dark portions.
The reflection of light from a lens
surface is an inherent characteristic
that follows the natural laws of physi-

cal optics. This reflection, multiplied
several times in a complex lens sys-
tem, results in internal flare, detract-
ing from the clarity and crispness of
the image. Balcoting of the several
surfaces minimizes these objection-
able reflections. The
sharper, clearer image most truly in-
terpretive of the tonal characteristics

result is a

of the specimen.

The treatment, itself, consists of the
deposition, on each air-to-glass sur-
face, of a film, its thickness equal to
one-fourth the wavelength of the color
of light for which maximum transmis-
sion is desired. The refractive index of
this film is the square root of the in-
dex of refraction of the glass to which
it is applied.

Balcote surfacing is of about the
same hardness as glass and its pres-
ence on the exposed surface of an opli-
cal part poses no special problem in
handling. It can be cleaned in the
same way that a glass surface is
cleaned and, with the usual careful
handling given fine optical parts, will
last for the life of the lens.

Magnification
The objective of a microscope, when
properly focused, produces, in the up-
per end of the body tube, an image of
the object on the stage. The ratio of
the size of the image to that of the
object is termed initial magnification
and increases with increase in tube
length and with decrease in the objec-
tive’s equivalent focal length (E.I.).
The eyepiece acts as a magnifier.
the number of times it magnifies the
image formed by the objective mul-
tiplied by the initial magnification of
the latter being the total magnifica-
tion. Thus an objective with an initial
magnification of 43X and an eye-
piece magnifying 10X will give a total
magnification of 430X.



Specific magnification factors are
engraved on each Bausch & Lomb ob-
jective and eyepiece. This enables their
total magnification to be determined
at a glance when the prescribed tube
length, 160mm, for which the objec-
tives are computed. is used.

Numerical Aperture

Resolving power is the property by
which an objective shows distinetly
separated two small elements in the
structure of an object, which are a
short distance apart. The measure for
the resolving power is the numerical
aperture (N.A.). The higher the N.A.,
the greater the resolving power of the
objective and the finer the detail it
can reveal. N.A. is given by the form-
ula, N.A. = n sin u wherein n is the
lowest refractive index that appears
between the object and the front lens
of the objective, and u is half the an-
gular aperture of the objective.

Importance of N.A.

If a very narrow central pencil is used
for illumination, the finest detail that
can be shown by a microscope, with
high enough magnification, is equal

to I% , where w.l. is the wave length
of the light used. The wider the pencil,
the greater the resolving power, until a
maximum is reached, when the width
of the pencil is sufficient to fill the
whole aperture of the objective. In
this case, the resolving power is twice
as great, the finest detail that the ob-
jective can show being now equal to

w.l.
2N.A.
when a narrow pencil of greatest pos-
sible obliquity is used. For example,
the wave length of the brightest part
of the spectrum may be assumed to
equal 0.00053mm. Consequently, an
objective of N.A. equal to 1.00 will
resolve two lines separated by a dis-
0.00053

1.00
a narrow central illuminating cone,

. This same limit is reached

tance of —0.00053mm with

0.00053
2 X 1.00
cone filling the whole aperture, or
with a narrow oblique cone. A 4mm,
0.85 N.A. objective should, theoreti-
cally, resolve lines separated by dis-
tances ranging between 0.00062 and
0.00031mm, dependent upon the
mode of illumination employed. For a
4mm, 0.65 N.A. objective the limiting
values are 0.00081 and 0.000405mm.

The N.A. can also be expressed by
the equation

NA. =

= 0.000265mm. with a

and

d
2x Equivalent Focus
wherein d is the effective aperture of
the back lens.

Hence, it is evident that an objec-
tive cannot show its full efficiency if
it is not used with a condenser of suf-
ficient N.A. to fill the back of the ob-
jective with light. Whether the back
of the objective is filled with light can
be ascertained by removing the eye-
piece and viewing the back lens of the
objective with the naked eye. If the en-
tire back lens is filled with light, the
full aperture engraved on the objec-

tive comes into action.

Depth of Focus

Depth of focus (known also as depth
of sharpness or penetration) is an-
other important factor which is often
not clearly understood. It depends on
the N.A. and the magnification and is
inversely proportional to both. The
higher the N.A. and the higher the
magnification, the less the depth of
focus. It is beyond the power of the
optician to change these conditions.

Every effort aiming at an increase
of the depth of focus, for instance, by
inserting diaphragms above the back
lens of the objective, decreases the
effective diameter of the back lens and
hence the resolving power.

For example, the depths of focus
of the two 4mm objectives, of N.A.
0.85 and N.A. 0.65 respectively, when
used with the same magnification, are
in the ratio of 3:4.
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Cover Glass Thickness

Bausch & Lomb dry objectives are
corrected for a cover-glass thickness
of 0.18mm, the mean thickness of No.
2 cover glass, which has been found
the most practical for general use. For
critical work where a dry objective is
expected to show all its efficiency,
a measured cover glass of 0.18mm
thickness should always be employed.
This is very important, as when using
large aperture dry objectives a varia-
tion of 0.03mm in the thickness of the
cover glass may destroy the spherical
correction, and with it the definition
of the object.

The influence of slight differences
in the thickness of the cover glass may
be compensated for by increasing the
tube length in case of too thin a cover
glass, and shortening for one too
thick. The amount of compensation
thus obtainable varies with the E.F.
and the N.A. of the objective. In a
4dmm objective of 0.85 N.A., for in-
stance, an increase in tube length of
30mm will balance a decrease in
cover-glass thickness of 0.03mm.

The performance of homogeneous
immersion objectives is quite inde-
pendent of variations in the thickness
of cover glass, as the refractive index
of Bausch & Lomb immersion liquid
(Cargille’s oil)
same as that of the cover glass. How-
ever, due to limitations of working
distance, the cover glass used with
apochromat immersion objectives
should be thinner than used with
achromat immersion objectives. On
the other hand, the correct tube length
(160mm) must be strictly adhered to,
a variation of 5mm being sufficient to
destroy image perfection.

Tube Length

The tube length for which all Bausch
& Lomb objectives are computed, un-
less otherwise stated, is 160mm
(about 6% inches), reckoned from
the upper end of the microscope tube
to the shoulder of the objective screw.

is practically the

3



BAUSCH & LOMB

MICROSCOPE ACCESSORIES

|

1.8mm, 97 Oil

Achromatic Objectives —Balcoted

Resolution of Bausch & Lomb Achromatic Ob-
jectives is of a very high order, fitting them for
a wide range of visual and photographic work.
Chromatic aberration is fully corrected for two
colors and the spherical aberration generally
for one.

Bausch & Lomb Achromatic Objectives are
corrected for cover glass of 0.18mm thickness
and mechanical tube length of 160mm.

The 21X objective, 0.50 N.A., has found
great favor in histological investigations where
a high order of correction and great brilliancy
at relatively high magnifications are desirable.
Its long working distance makes it desirable
for micro-projection as well as for visual work.

The 43%, 0.65 N.A. objective is distin-
guished by a long working distance which per-
mits focusing through the thickest cover glass
used in laboratory work. The 45X, 0.85 N.A.
objective has a shorter working distance and
less depth of focus, but it has as compensation
a greater resolving power.

A series of Achromatic Objectives is supplied
for opaque object work (as metallurgy) where
the vertical illuminator in use makes necessary
correction for uncovered specimen and in-
creased tube length. Complete information is
given in Catalog D-1053, “Metallurgical Micro-
scopes.” It will be sent on request.

Fluorite, or Semi-Apochromatic, Objectives

This type of objective combines with glass the
crystal, Fluorite, which, because of its dissimi-
lar index of refraction and dispersion produces
an image quality approaching that of Apochro-
matic Objectives. When a better resolution is
desired than can be obtained with the Achro-
matic series, the moderate cost of the Fluorites
makes them preferred to the more expensive
Apochromatic series. They are also excellent
for use in photomicrography.

Bausch & Lomb offers two Fluorite objectives,
both oil immersion, one of 40X, the other 98X.

Catalog Number Initial E.F. | W?rk.
Type Magn. in N.A. Dist.
Balcoted % o | -
ACHROMATIC OBJECTIVES
31-10-05-01 2% 48 0.08 59.0
31-10-07-01 2.6% 40 0.08 43,5
31-10-06-01 *3.5% 30 0.09 17.8
31-10-09-01 4% 32 0.10 38.0
31-10-18-01 6% 22.7 0.17 15.5
31-10-19 | 10X 16 0.25 6.2
31-10-20-01 | Dry §10% 16 0.25 7.7
31-10-22-01 10 16 0.25 4.5
31-10-27-01 21% 8 0.50 1.6
31-10-24 43X 4 0.55 0.4
31-10-29-01 43% 4 0.65 0.6
31-10-31-01 45% 4 0.85 0.3
31-10-35-01 60X 3 0.85 0.2
31-10-71-02 oil 97X 18 | 125 0.13 :
ACHROMATIC OBJECTIVE WITH IRIS DIAPHRAGM Achromatic Objective
31-10-72-02 |  Oil 97X | 1.8 125 | 013 with Iris
FLUORITE OBJECTIVES
31-10-59-02 | Sii | a0x 43 1.00 0.27
31-10-73-02 ! 98X 1.8 1.30 0.13

*These are parfocal with higher powers.
**Intended for use in dark field microscopy.

All Objectives are supplied with Balcoted
anti-reflection treated lens surfaces, except

§MNon-divisible.

tDivisible—4 % with lower element removed.

{This Objective can be supplied on special
arder with working distances from 0.27 up to
1.5mm. Price on request.

“Without Balcote for ST Student Microscope
(calor-coded).

os noted otherwise.
All Objectives supplied in transparent plas-
tic boxes, except 31-10-19 and 31-10-24,
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Apochromatic Objectives — Balcoted

Témm, 10%

The superiority of Apochromatic Ob-
jectives over other types lies in their
finer color correction. Chromatic ab-
erration is corrected for three colors
of the spectrum and spherical aber-
ration for two colors, which means
that practically all of the images pro-
duced by the different colors of the
spectrum lie in the same plane and
are equally sharp. The consequence is
a higher efficiency for Apochromats,
revealed by absence of color halo
when focusing with central illumina-
tion on a black and white object and
by the appearance of such an object
(Abbe test plate) under oblique illu-
mination.

The image of the Abbe test plate
formed by an Achromatic Objective
is fringed by heavy borders of color,
but that produced by the Apochro-
matic Objective has practically no
noticeable color fringes. Diatoms,
plant sections, etc., are rendered in
their natural black and white, while
the Achromatic Objective will show
them in the yvellowish or greenish hue
of the color for which spherical ab-
erration is corrected.

8.3mm, 20X 4mm, 47.5%

Although differently colored im-
ages lie in the same plane, they are
of different sizes which, with ordinary
eyepieces, would give color fringes
near the edge of the field. This dif-
ference, however, is neutralized by
Compensating Eyepieces, so that the
combination of Apochromatic Ob-
jective and Compensating Eyepiece
gives a field free of color to the very
margin.

The common designs of Apochro-
matic Objectives produce a field of
view decidedly lacking in flatness.
Bausch & Lomb engineers have reme-
died this condition to a remarkable

2mm, 90 Oil

degree without shortening working
distance or reducing numerical aper-
ture.

All Apochromats are mounted so as
to be parfocal.

To obtain the full benefit of the
superior quality of these objectives
and particularly in making compari-
sons, it is absolutely imperative that
the conditions for which they are in-
tended are strictly adhered to. A tube
length of 160mm must be constantly
maintained and the 4mm dry objec-
tive with correction collar must be
carefully adjusted for the thickness of
the cover glass used.

APOCHROMATIC OBJECTIVES—Balcoted

p— E.F. Working

c""':‘g Type 0 in N. A. Dist. in

Number agnification i i
31-11-71-01 10X 16 0.30 4.85
31-11-78-01 Dry 20 8.3 0.65 0.50
31-11-81-01 47.5%" 4 0.95 0.18
31-11-89-02 61 3 1.40 0.2
31-11-91-02 Qil Immersion 90X 2 1.30 0.12
31-11-93-02 90X 2 1.40 0.07

*Adjustable for cover glass thickness from 0.15 ta 0.25mm by means of graduated correction cellar.

All Objectives supplied in Transparent Plastic Boxes.
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Huygenian Eyepiece

Hi-Point Eyepiece

Microscope Eyepieces — Balcoted

Huygenian Eyepieces

The simplest type of eyepiece is the Huygeni-
an, designed principally for use with Achro-
matic Objectives. It consists of two plano con-
vex lenses mounted one at each end of the eye-
piece tube, with a field diaphragm between
them. These eyepieces effect a certain amount
of correction for chromatic difference of mag-
nification in the Achromatic Objectives. Six
Huygenian Eyepieces are listed, with the newly
designed 5X providing a particularly long eye
relief.

A 7.5% and a 10X eyepiece with focusing
eyelens are listed, for use with micrometer
discs. The disc (see page 8) is placed on the
diaphragm and the eyelens can then be focused
until the lines of the micrometer disc are sharp.

Each eyepiece is engraved with its magnifi-
cation value when used as a simple magnifier.
This value multiplied by the magnification
value of the objective, gives total magnifica-
tion. The cone shaped cap of B&L eyepieces
provides greater viewing comfort, particularly
for those who wear spectacles.

Hi-Point Eyepiece

The 10x Hi-Point is most satisfactory for all
visual applications (except photomicrography)
wherever a Huygenian or Wide Field would
normally be used. Eye relief, 25.0mm on a mo-
nocular microscope, and 21.1mm on a binocu-
lar. is about three times that of a 10X Huy-
genian. Although field coverage is slightly less,
improved fatness of field offers more usable,
in-focus area than any other eyepiece giving
similar measured field coverage.

The Hi-Point is the ideal choice for those
who wear glasses, have long lashes or otherwise
prefer eyepieces with long eye relief.

Hyperplane Eyepieces

Hyperplane Eyepieces are featured by a flatter
image plane than Huygenian Eyepieces. The
advantage of this is especially appreciated in
photomicrography.

They have a color compensation about mid-
way between the Huygenian and Compensat-
ing Eyepieces. This makes their use with high
power Achromatic and Fluorite Objectives ex-
tremely advantageous.

The Hyperplane Eyepieces have larger fields
than the Huygenian.

Compensating Eyepieces

Compensating Eyepieces are primarily cor-
rected for use only with Apochromatic Objec-
tives. They are properly computed to eliminate
the color fringes which are conspicuous when
such objectives are used with ordinary eye-
pieces. The Compensating Eyepiece balances
the chromatic difference of magnification of
the Apochromatic Objective, hence the name.

They can, however, be used successfully with
the higher powers of Achromatic and Fluorite
Objectives, with good results.

Wide Field Eyepiece

These eyepieces, manufactured especially for
use with stereomicroscopes are positive Achro-
matic Eyepieces, having a large eye lens and a
high eyepoint. They may also be used with
achromatic objectives on biological micro-
scopes. The field of view is larger than with
other eyepieces. These eyepieces are designed
for the acceptance of a micrometer disc.

Correlation of Objectives and Eyepieces

To secure the best optical performance of
standard microscope eyepieces and objectives,
the table, which appears on the following page,
has heen prepared showing the most satisfac-
tory type of eyepiece to use with each objec-
tive. By following this suggested combination,
the complete microscope optical system exhib-
its a residual chromatic difference of magnifi-
cation of less than 0.5 per cent, and hence the
clearest image possible.



BAUSCH & LOMB

MICROSCOPE ACCESSORIES

Catalog Number Magnification E;fepoml
Balcoted o in mm
HUYGENIAN EYEPIECES
© 31-15-08-02 50X (Paired) 1.7
31-15-08 5.0 (Single) 21.2
31-15-06-02 6.4 % (Paired) 16.6
" —_— . . 31-15-06 6.4 (Single) 16.6
Correlation of Objectives and Eyepieces, Continued 31-15-07-02 7.5% (Paired) .8
To clearly see the detail in a specimen it is not 31-15-07 7.5X (Single) 1.8
b to destde sati toral Bica: 31-15-09-02 10.0¢ (Paired) 8.3
c.noug 0 e'm ¢cona (Eer ain to l.nagm 31-15-09 10.0% (Single) 8.3
tion. More important is the selection of an 31-15-12-02 12.5% (Paired) 6.2
objective with adequate resolving power. Hav- 31-15-12 125X (Single) 6.2
i det ined th AP hich wsll ag 31-15-15-02 15.0¢ (Paired) 4.2
ing determine e o _]ef: ive w ‘lC w.l serve 31-15-15 15.0% (Single) a7
best then select an eyepiece which will make 31-15-17 7.5% (Standard)* 1.8
possible the easy recognition of the detail seen 31-15-18 10X (Standard)* 8.3
by the objective. To choose a suitable eyepiece HI-POINT EYEPIECES
for any given objective a general rule to follow —
x th o ihoati 13 1000% 31-15-14-02 10 (Paired) 21.1
s : e. eyepliece .rr.lagm ca lo.n t?qua ; 31.15-14 10X (Single) . 250
objective N.A. divided by objective magnifica- :
tion.* Then select an eyepiece of this magnifi- HYPERPLANE EYEPIECES
cation of the type recommended in the table 31-05-40-02 5.0% (Paired) 16.1
below for the best visual results. 31-05-40 5.0X (Single) 16.1
NA 31-05-42-02 7.5% (Paired) 9.4
#7 == el 31-05-42 7.5 (Single) 9.4
M.EP:= 1000 ( MO ) 31-05-44-02 10.0X (Paired) 8.4
31-05-44 10.03¢ (Single) 8.4
31-05-46-02 12,5 (Paired) 57
CORRELATION CHART 3"25'“ 12,5 (Single) 57
; ; e _Point 31-05-48-02 15.0% (Paired) 15.3
Wl:tere f-luygema.n Ey?plece is mdlc‘afed, Hi-Point or 31-05.48 15.0% (Single) 15.3
Wide Field Eyepiece is equally satisfactory. 31-05-50-02 20.0% (Paired) 10.8
31-05-50 20.0% (Single) 10.8
, Most
Objective E.F. Sati
Used A atisfactory COMPENSATING EYEPIECES
Eyepiece
=== = - 31-05-70-02 5.0 (Paired) 15.2
Achromul:c 48.0 Huygenian 31-05-70 5.0% (Single) 15.2
Achromatic 40.0 Huygenian 31-05-72-02 7.5% (Paired) 9.8
Achromatic 32.0 Huygenian 31-05-72 7.5 (Single) 9.8
Achromatic 30.0 Huygenian 31-05-75-02 10.03X (Paired) 7.7
Achromatic 16.0 Huygenian 31-05-75 10.0X (Single) 7.7
Achromatic 8.0 Hyperplane 31-05-86-02 12.5% (Paired)** 21.2
Achromatic 4.0 Hyperplane 31'05‘:: 125X {Single)®* 21.2
A 31-05-88-02 15.0% (Paired) 15.7
t 3.0 H
iczr""‘“if‘ g C""e""““: 31-05-88 15.0X (Single) 15.7
bt = : ampensonng 31-05-90-02 25.0% (Paired) 9.4
Fluorite 4.3 Hyperplane 31-05-90 | 25.0X (Single) 9.4
Fluorite 1.8° Hyperplane B
. v 5 WIDE FIELD EYEPIECES
Fluorite 1.8 Compensating
Apochromatic 16.0 Compensating g‘l'g:'::'oz ‘ 10X ':P“i"id; 12.4
. i -05- 103 (Single 12.4
t c t
i"“‘:'“""’:‘ i’3 c“""”:‘:if"g 31-05-52-02 15X (Paired) 12.3
phometly 2 ampensating 31-05-52 15X (Single) 12.3
Apochromatic 3.0 Compensating 31-05-53-02 20X (Paired) 9.0
Apochromatic 2.0° Compensating 31-05-53 20 (Single) 9.0
*0il Immersion Objective. *Eyepiece with focusing eye lens. Particularly for use with micrometer discs, see poge 8,
**This eyepiece has @ high eyepoint. See page 14, Number 31.50-76.
When ordering eyepieces, give serial number of microscope.
Hi-Point, Hyperpl and Comp ting Eyepieces have a rubber insert in the eye lens
mount to prevent scratching of spectacle lenses,
All eyepi are 23mm standard di ter.
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Micrometer Disc, 31-16-05

Howard Disc, 31-16-15

Whipple Disc, 31-16-13

Reticulocyte Disc, 31-16-21

Micron Disc, 31-16-09

Micrometer Discs

These discs are 21.0mm in diameter, and are
placed in the eyepiece, resting on the dia-
phragm, scale downwards. A spring ring is
supplied to hold the dise in place. In this posi-
tion the scale lies in the focal plane of the real
image formed by the field lens. See page 9,
“Measuring With the Microscope.”

Howard Disc

The Howard Disc for mold counting has one
square 9.96mm on a side ruled in 36 squares,
each with an area equal to one-sixth the diame-
ter of the opening in the 10X Huygenian eye-
piece diaphragm, with the microscope cali-
brated for the Howard method.

Whipple Disc

The Whipple Disc, used for counting bacteria
and dust particles, has a large square, 7.0mm,
subdivided into four smaller ones, each of
which in turn is subdivided into twenty-five
smaller squares. One of the latter is further
subdivided into twenty-five more squares,

Milk Smear Disc

A Milk Smear Dise, for the counting of bac-
teria in milk smears, has an 8.0mm diameter
circle with cross lines dividing it into quad-
rants for easy and accurate counting. This disc
should be used in a 6.4X Huygenian Eyepiece
on a monocular microscope, and with an oil
immersion objective. The draw tube of the

monocular microscope should be adjusted so
that the diameter of the circle has a value of
0.146mm at the specimen.* Binocular micro-
scopes require a specially engraved disc.

#*“Counting Bacteria by Means of the Microscope,”

Robert S. Breed and James D. Brew, Circular No. 58,
N. Y. 5. Exp. Sta., Geneva, N. Y.

Reticulocyte Disc

For the study of the rate of red blood corpuscle
production, a rapid method of counting retic-
ulocytes in seriatim has been worked out by
Doctor F. M. Johns of Tulane University
School of Medicine, which calls for the use of
a specially ruled Reticulocyte Disc, in conjunc-
tion with a 10X eyepiece, an oil immersion
objective, and a mechanical stage.** The
space between the two lines is 2mm.

##<An Inexpensive Ocular Ruler to Facilitate Reticu-

locyte Counting.” F. M. Johns, M.D., American Jour-
nal of Clinical Pathology, Vol. 11, No. 4.

Micron Disc

A budget priced stamped metal disc for ap-
proximate measurements, the Micron Disc pro-
jects a saw-looth pattern at the margin of the
field. The disc does not obstruct the field of
view. When used with B&L 10X Huygenian
eyepiece and achromatic objectives, the value
between divisions of the pattern is 50 microns
with the 10X objective, 12 microns with the
43 objective and 5 microns with the 97X
objective.

Catalog

Number [ Specifications

31-16-01 Micrometer Disc, scale 5mm long, ruled to 0.05mm, with every twentieth line numbered

31-16-02 Micrometer Disc, scale 10mm long, ruled to 0.1mm, with every tenth line numbered

31-16-03 Micrometer Disc, ruled to measure 0.001” divisions on the specimen, when used with calibrated
combination of 16mm objective, and 10X eyepiece

31-16-05 Micrometer Disc, scale 5mm long, ruled to 0.1mm with every tenth line numbered

31-16-08 Micrometer Disc ruled to measure 0.001” divisions on the specimen when used with calibrated
combination of 10X widefield eyepiece and 3.0 X paired widefield objective

31-16-09 Micron Disc, with instructions for use

31-16-11 Micrometer Disc, ruled in 196 squares, each 0.25 square mm in area, with every second line on
two adjacent sides numbered

31-16-12 Micrometer Disc, ruled in 49 squares, each 1.0 square mm in area, with every line on two adjacent
sides numbered

31-16-13 Whipple Micrometer Disc, as described, for counting bacteria

31-16-15 Howard Micrometer Disc, as described, for mold counting

31-16-20 Milk Smear Micrometer Disc, as described

31-16-21 Reticulocyte Disc, as described

31-16-30 Cross Line Disc, 21mm in diometer

31-16-57 Eyepiece pointer, wire, projecting a pointer into the field of view
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Measuring with the Microscope

Eyepieces fitted with micrometer discs
are known as micrometer eyepieces
and are used for measuring the linear
dimensions of microscopic objects.
Micrometer discs are either glass
plates of a diameter which permits
introducing them into standard eye-
pieces or they are mounted perma-
nently in an eyepiece. The first type
should be placed on the eyepiece dia-
phragm with the scale downwards.
The second type is available in two
forms, in one of which the plate is
fixed in position and in the other mov-
able laterally by means of a screw.

Before measurements can be made
with any eyepiece micrometer it must
be calibrated for the particular ob-
jective, eyepiece, and tube length
employed.

This consists of determining the
magnification factor, or the value of
a division in the eyepiece scale of a
known dimension, shown magnified
in the field of view. For this purpose,
a stage micrometer is required. This
is usually a glass slide carrying a scale
of known intervals.

The first step is to focus the stage
micrometer scale. Then set the stage
micrometer so that one line on it co-
incides with a line to left center of
the eyepiece scale. Count across the
eyepiece scale to right from this point
to another point where a line of the
eyepiece scale coincides with a line on
the stage micrometer scale. If no lines
coincide within the range of the eye-
piece scale, estimate the fraction of a
division marked by a line on one scale
by the other.

Magnification Factor Method

When both stage micrometer and
eyepiece micrometer are graduated in
the same system, it is very easy lo
determine the number of times an ob-
ject is magnified by the objective and
field lens of the eyepiece when focused

in the plane of the eyepiece microm-
eter disc. Therefore, the size of any
object, as shown on the eyepiece scale,
will be that dimension divided by the
magnification factor. To determine
the magnification factor, divide the
dimension subtended in the eyepiece
scale by the actual dimension on the
stage micrometer scale included. Thus,
if 0.1mm on the stage covers 1.86mm
on the eyepiece scale, the magnifica-
tion factor is 18.6 (1.86 — 0.1 —=
18.6). If an object subtends 0.25mm
in the eyepiece, its actual size is
0.25mm —= 18.6 = 0.0134mm.

Eyepiece Scale Value Method

If the value of the eyepiece microm-
eter scale is not known, this method
is more convenient. In this case one
simply determines the number of divi-
sions in the eyepiece scale subtended
by a known value on the stage microm-
eter when in focus.

To determine the value of one eye-
piece scale interval, simply divide the
value of the stage micrometer interval
by the number of eyepiece scale inter-
vals which it subtends in the image.

For instance, 0.lmm on the stage
micromelter scale covers 18.6 divisions
in the eyepiece scale. Therefore. one
division of the eyepiece scale equals
0.1lmm - 18.6 or 0.00537. The size
of an object subtending 2.5 divisions
in the eyepiece will be 2.5 x 0.00537
= 0.0134 mm.

In calibrating the instrument and
in making measurements, il is impor-
tant that the object and the eyepiece
micrometer scale appear to lie exactly
in the same plane. This can be brought
about by careful attention to focusing.

The Necessity for Practice

Facility in the manipulation of an
instrument so complex as the com-
pound microscope cannot be acquired
by reading once through a simple set

N[]

simple or how elaborate your equip-

of “instructions.” matter how
ment may be, you should learn what
its capabilities are and be able to use
the instrument without hesitation in
such a manner as to exhaust these
capabilities. To this end it is suggested
that you obtain access to any of the
several treatises on Microscopy in
order to learn what the capacity of
various objeclives is in resolving fine
detail in various classes of objects, and
that you then practice adjusting illu-
mination, perfecting focus, etc., until
you make your instrument yield these
results. Begin with low powers first
and proceed gradually to the higher
powers.

For such practice work certain well
known preparations serve excellently
and have been standard for many
years,

For low powers, use the proboscis
of the blow fly (this should be flat and
transparent), or the scales from Le-
pisma saccharina.

For medium powers, the diatom
Pleurosigma angulatum mounted dry,
stained bacteria, and micrococci.

For high powers, the diatoms Am-
phipleura pellucida and Surirella
gemma mounted in balsam or styrax.
stained bacteria, and micrococei.

These objects, especially the di-
atoms, are characterized by definite
markings of fairly uniform size. The
character and size of these markings
will be found described in
every treatise on microscopy, together

almost

with statements of the equipment re-
quired to resolve them. A study of
such specimens, therefore, offers you
means of judging your proficiency in
the use of a microscope.
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Micrometer Eyepieces — Balcoted

The Filar is the most accurate of the
micrometer eyepieces. It is a Ramsden
12.5% focusable on the movable cross-
line, actuated by a micrometer screw.
One revolution of the drum, which has
100 graduations, moves the crossline
1.0mm. Estimations to one-tenth of
each interval are easily made.

A fine line through the center of the
field parallel to the screw axis serves
as a guide in orienting the object with
reference to the direction of move-
ment of the crossline.

In the lower section of the field a

scale ruled in 0.5mm with every
second interval numbered serves for
counting the screw revolutions.

Two 7.5X Huygenian eyepieces have
scales divided into 0.Imm with every
fifth and tenth lines numbered. The
eyelens focuses on the scale, which is
fixed in one and movable in the other
by a screw on the side.

To determine the absolute value of
each graduation on these micrometer
eyepieces it is necessary to calibrate
the eyepiece with a stage micrometer.

(See section below.)

Catalog Number |

Specifications

31-16-50-01
31-16-56
31-16-66 |

- 31-16-50 ‘

Filar Micrometer Eyepiece, 12.5X, without case
Filar Micrometer Eyepiece, 12.5<, in case
Micrometer Eyepiece, 7.5 X, with fixed scale
Micrometer Eyepiece, 7.5, with movable scale

Micrometer, No. 31-16-99
Scale ruled fo 0.01mm

Micrometer Eyepiece, No. 31-16-66

Stage Micrometers

Stage Micrometers, of which there are
three, consist of glass slides 25mm x
75mm with scales ruled directly upon
them. One, No. 31-16-90, has a scale
2.2mm long, with .2mm of the scale
divided into 0.01mm, which divisions

w o | (]

Micrometer, No. 31-16-90
Scale ruled to 0.01mm

Micrometer, No. 31-16-89
Scale ruled to 0.001 inches

Catalog Number

Specifications

31-16-89 Stage Micrometer, glass, ruled to 0.001"
31-16-90 Stage Micrometer, glass, ruled to 0.01mm
31-16-99

Stage Micrometer, precision ruled to 0.01mm with certificate of accuracy
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appear uniformly spaced at 200 mag-
nification, and the remaining 2Zmm
divided into 0.1mm. The second, No.
31-16-99, is a precision scale with
twenty 0.0lmm divisions, certified
=+0.05 micron, and the complete scale
does not have an accumulated error
greater than 0.1 micron when used at
68°F. The third, No. 31-16-89, has a
scale 0.22" long, the smallest division
of which is 0.001".

The scale on each stage micrometer
is protected by a cover glass cemented
over it. Reflected or transmitted light
may be used, and the scales are clearly
visible. Each Stage Micrometer is sup-
plied in a leatherette case.




Revolving and Centering Nosepieces

Revolving Nosepiece

For rapid change from one objective to an-
other a revolving nosepiece is used. Bausch &
Lomb has engineered the finest revolving nose-
piece that can be obtained. It will fit the new
line of Dynoptic Laboratory Microscopes as
well as many of the earlier models. This Roto-
sphere Ball Bearing Nosepiece is available to
carry two, three or four objectives. Its precise
action is achieved by ball bearings located
around the periphery. A compensator distrib-
utes the weight equally to all bearing pressure
points and automaltically adjusts for any wear
that might develop. As the nosepiece is re-
volved the objectives are accurately positioned
on the axis by a ball stop engaging a slot. Re-
peat settings are identical.

Single Nosepiece, No. 31-19-01,

on microscope tube with objective

A single nosepiece is offered for use in spe-
cial applications and wherever the need for fre-
quent change of objectives is not encountered.

Cataleg . .

Moibat Specifications

31-19.01 Single Nosepiece

31-19-22 Double Nosepiece, reveolving
31-19-23 Triple Nosepiece, revelving
31-19-24 Quadruple Mosepiece, revolving
31-19-31 Centering Nosepiece Tube part
31-19-32 Obijective part (one for each objective)

Wrench for Interchanging Revolving
Nosepieces

Centering Nosepiece

This sliding nosepiece for a single objective
permits quick interchange of any number of
standard objectives. It also provides means for
accurate and rapid centering of the individual
objective so that each may be replaced by an-
other without disturbing the centering accom-
plished. It consists of two parts: the tube part,
and the objective part. The tube part has the
usual Society screw thread and attaches to the
body tube. The objective part, one for each ob-
jective, contains the centering device worked
by two keys. Of extremely sturdy construction,
the nosepiece will provide many years of
trouble-free service.

=
e
e

Roto-sphere nosepiece with top removed
to show ball bearings

BAUSCH & LOMB
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Double Nosepiece,
No. 31-19-22

Triple Nosepiece,

No. 31-19-23

Quadruple Nosepiece,
No. 31-19-24

E
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Inclined Monocular
Eyepiece-Holder, No. 31-19-72

Inclined Binocular Body
on C Type Microscope

Monocular Tube
Adjustable, 145-175mm

12

Eyepiece Holders

Inclined Eyepiece-Holder

The Inclined Eyepiece-Holder can be attached
to any monocular microscope in place of the
regular eyepiece-holder and permit the observ-
er to sit at the microscope in an upright natural
position without the necessity of inclining the
microscope from the vertical position, a valu-
able feature when observing specimens in lig-

Binocular Bodies—Balcoted

Parallel eyepiece tubes are used on Bausch &
Lomb binocular bodies. This permits full re-
laxation of normal eye muscles. The right eye-
piece tube may be focused by a rotatable collar
to effect acuity balance of the user’s eyes. A
graduated scale on the collar enables resetting
quickly to the user’s established position. The
left eyepiece tube is rotated to adjust for inter-
pupillary distances from 50 to 75mm. The

Monocular Tubes

Monocular tubes for Bausch & Lomb micro-
scopes of the convertible body type made since

uids. The Holder is quickly and easily fitted
to current Bausch & Lomb microscopes with
35mm and 39mm body tubes (see listing)
by simply removing the existing Holder and
screwing the Inclined Holder into its place.
A standard tube length of 160mm is rigidly
maintained.

binocular bodies are available either inclined
or vertical, and for use only on microscopes
manufactured by Bausch & Lomb since 1941
of the convertible body type. If you are in
doubt as to whether your microscope will ac-
commodate a Bausch & Lomb binocular body
simply send in the instrument’s serial number.
The Company will be glad to advise you
whether your model is of the convertible type.

1941 are available either fixed length or with
graduated adjustable draw tube.

Catalog Number

BINOCULAR BODIES—BALCOTED

Specifications

31-19-83-91

31-19-84

31-19-72
31-19-74

31-19-61 Vertical Binocular Body for microscopes Type C (cat. no. 31-20-53, 31-20-60, 31-20-63, 31-21-81,
31-21-82, 31-21-83, 31-21-85, 31-21-86, 31-21-88, 31-21-90, 31-21-91) Type CC (cat. ne.
31-22-02, 31-22-03, 31-22-08, 31-22-09) and Type T (cat. no. 31-20-55, 31-20-61, 31-20-62,
31-20-65)
31-19-55 Inclined Binocular Body for same microscopes as above
31-19-78 Inclined Binocular Body for research microscopes Types E and R
MONOCULAR TUBES
31-19-26 Monocular Tube, fixed length for microscopes Type C (cat. no. 31-20-53, 31-20-60, 31-20-63)
and Type T (cat. no. 31-20-55, 31-20-61, 31-20-62, 31-20-465)
31-19-26-91 Monocular Tube with groduated adjustable draw tube, graduvated 145-175mm, for same micro-
scopes as above
31-19-83 Monocular Tube, fixed length for microscopes Type C (cat. no. 31-21-81, 31-21-82, 31-21-83,

31-21-85, 31-21-86, 31-21-88, 31-21-90, 31-21-91) and Type CC (cat. no. 31-22-02, 31-22-03,
31-22-08, 31-22-09)

Monocular Tube with graduated adjustable draw tube, graduated 145-175mm, for same micro-
scopes as 31-19-83, above

Monocular Tube, with graduated adjustable draw tube, graduated 145-172mm, for research
microscopes Types E and R

Inclined Monocular Eyepiece-Holder for B&L 39mm dia. menocular tube (Balcoted)

Inclined Menocular Eyepiece-Holder for B&L 35mm dia. monocular tube (Balcoted)

Adapters, for attaching this holder to other models and makes of microscopes, can be supplied




Triocular Bodies — Balcoted

Comfortable visual use with inclined
binocular eyepieces and the conven-
ience of a built-in monocular tube for
photomicrography are combined in
the Triocular Body.

Time-saving, short exposures are
assured by the BRL design delivering
80% of the source illumination to the
camera tube. The remaining 20%
gives ample light for visual work,
which is continuous. even during the
photographic exposure.

The observer can rotate the body a
full 360° for orienting the specimen
in relation to the picture frame, and
quickly lock the body for most com-
fortable viewing.

The Triocular Body doubles normal
magnification without extending the
bellows to its limit. If used with the
B&L Model N eyepiece camera, the
Triocular records normal (eyepiece
times objective) magnification at the
film plane.

Catalog

Description
Number

Triocular Microscope Body,
Baleoted: without eyepieces.
For Laboratory microscope
models T, C, CSA, CTA and CC.
Triocular Microscope Body,
Balcoted, with ottachment
screws; without eyepieces. For
research microscope models E
and R.

31-19-54

31-19-56

BAUSCH & LOMB
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Polaroid Accessories

The Bausch & Lomb Polaroid Micro-
scope accessories are available for
B&L Laboratory and Research micro-
scopes. They serve as inexpensive sub-
stitutes for Nicol Prisms in certain
types of work.

The analyzers and polarizers are
made from selected sextant grade Po-
laroid. mounted between plane glass
plates without strain.

Disc Polarizer, No. 31-57-15, fits in
the filter holder which is part of the
iris diaphragm on the substage Con-
denser. Disc Polarizer, No. 31-57-38.
fits in the aperture of the rotating,
swing-out iris diaphragm of some
B&L Research Microscopes. Each po-
larizer is so mounted that rotation of
more than 180° is possible.

Cap Analyzer, No. 31-57-11, is a
Polaroid disc which fits snugly over
the eye lens of B&L standard diameter
eyepieces and does not restrict field
size.

The Body Tube Analyzer, No. 31-
57-37, fits in the aperture of the nose-
piece adapter of B&L Laboratory and
Research Microscopes having binocu-
lar bodies. This eliminates the ellipti-
cal polarization caused by the use of a
cap analyzer on each eyepiece of bin-
ocular microscopes.

The plane of vibration for each of
the preceding accessories is parallel to
the index lines engraved on their
mounts, except 31-57-15 polarizer in
which it is parallel to the handle, per-
mitting quick determination of the
positions for extinction and maxi-

| mum transmission.

The minimum equipment for work
with polarized light is an analyzer
and polarizer, while the addition of
retardation plates greatly extends the
range and variety of interesting work
possible. Two retardation plates are
available for use with the cap ana-
lyzer as used on a monocular micro-
scope. These plates fit inside the

31-51-11
31-57-37

mount of the No. 31-57-11 Cap Ana-
lyzer and are provided with pins for

31-57-15
31-57-38

proper positioning. No provision can
be made for using retardation plates
when the body tube analyzer is used
in the microscope.

Retardation Plate, No. 31-57-45, is
red of the first order. It is used to de-
tect weak double refraction, to esti-
mate the order of interference color in
Newton’s scale and to determine the
fast and slow axes of the specimen.
This is also a very attractive addition
to the microscopist’s outfit, due to the
vivid color effects provided.

The Quarter Wave Retardation
Plate, No. 31-57-44, is used to deter-
mine whether a crystal is positive or
negative. This retardation plate is al-
so used to determine whether optically
active substances are dextrorotatory
or laevorotatory.

Polaroid is covered by United States Pat-
ents Nos. 1918848; 1989371; 1951664;
1956867; 2011553 and others pending.

IEI:::::: Specifications

31-57-15 Disc Polarizer

31-57-11 Cap Analyzer

31-57-37 Body Tube Analyzer

31-57-38 Disc Polarizer

31-57-45 First Order Red Retardation
Plate

31-57-44 Quarter Wave Retardation
Plate

31-57-02-15 Disc Polarizer and Cap
Analyzer, in case
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Demonstration Eyepiece

The Demonstration Eyepiece permits
two people to view a specimen at the
same time. A movable pointer in the
vertical eyepiece allows one observer
to indicate to the other, interesting
parts of the field. The magnification of
6.4>< is the same in both the vertical
and horizontal eyepieces, the latter of
which is focusable in a spiral mount.
This fits any standard 23mm eyepiece.

Comparision Eyepiece
The Comparison Eyepiece permits ex-
amination and comparison of two mi-
croscope fields through the same eye-
piece. The circular field of view is
divided vertically, the right half being
from the right microscope and the left
half from the left, image unreversed.
This eyepiece can be used only with
any lwo standard microscopes, and,
since its magnification is unity it
does not change the magnification of
the microscope’s optical system.

Demonstration Eyepiece No. 31-15-95

Diaphragm Cap

For people who do not wear specta-
cles, diaphragm cap No. 31-50-76 is
useful in reducing the otherwise de-
sirable high eyepoint of the 12.5%
Compensating Eyepiece.

Lens Paper

This paper gives an extremely high
polish to lenses, leaving them free
from lint or fine scratches. It is sup-
plied in packages of 100 sheets, size
9 x 12 inches, and book form, 50
sheets, 4 x 514 inches.

Comparison Eyepiece No. 31-15-99

Immersion 0l

Cargille’s Immersion Oil, No. 31-50-
95, in glass bottle with applicator is
available with refractive index (np =
1.5150) and in medium viscosity.

Catalog . =

Nombar Specifications

31-15-95 | Demonstration Eyepiece, in case

31-50-60 | Lens Paper, 100 sheets 9" x 12"

31-50-62 | Lens Paper, Book Form

31-50-76 | Diaphragm Cap for 12.5 % Com-
pensating Eyepiece

31-50-95 | Cargille's Immersion Qil, 7 ml

31-15-99 | Comparison Eyepiece, 1

You Will Get More Out of Your Microscope with the Right Illuminator

The finest microscope is only as good
as the light poured into it. So Bausch
& Lomb makes a full line of Illumina-
tors to provide the proper light source
at the price you want to pay. They are
gathered together in one -catalog,
D-119, which we would like you to
have.

Here you will find just the right
one for the work you are doing—Re-
flector, Fluorescent, Nicholas, Dark
Field, Panfocal, Professional, Micro-
Lite, Opti-lume, Mechanical Feed Are.
Also all complementary accessories
including electrical controls and fil-
ters of all kinds. Some are designed
for use as attachable illuminators,
others as separate sources,

Please ask us for your copy of
D-119, today.
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Attachable Mechanical Stages

Mechanical stages are available with or with-
out graduations and verniers. The graduations
permit the making of records of particular
fields on a slide, for convenient relocation. The
adjustments are made by well-fitted rack and
pinion, giving equal speed in two directions at
right angles one to the other.

Mechanical Stage No. 31-59-59 is graduated
in millimeters reading to tenths by verniers. It
can be used on plain rectangular stage micro-
scopes such as the A, B, C, H, and G models.
The slide brackets, one spring actuated, accom-
modate standard specimen slides up to 50 x
75mm. Pinion heads are close together in con-
stant relative position. It is securely attached
by a double screw clamp.

Mechanical Stage No. 31-59-59-01 (grad-
uated) is similar to No. 31-59-59 except that
it has a centering slide. The centering slide has
cross lines within a circle and is used to re-
locate selected fields when using a different
mechanical stage, or when transferring the
stage to another microscope.

Mechanical Stage No. 31-59-53 (plain) is
similar to No. 31-59-59 but has no graduations,

Mechanical Stage No. 31-59-19 (graduated
in millimeters reading to tenths) is made to fit
microscopes such as the A, B, C, H, G and
Dynoptic Laboratory models with plain rec-
tangular stage. It will hold the standard 50 x
114mm slides used in making bacteria counts
according to the Breed method. (See Circular
No. 53, N. Y. State Agricultural Experimental
Station, Geneva, N. Y.)

Mechanical Stage, No. 31-59-66-01, is un-
graduated. It is designed for attachment to the
Bausch & Lomb Dynoptic Laboratory Micro-
scopes. While being an attachable type, when
installed on a microscope it becomes so com-
pletely a part of the instrument that for all
practical purposes it is integral. Yet, if removal
is desired the simple turning of two screws
releases the mechanical stage.

Contributing to smooth operation and long
wear are the stainless steel slides. Racks and
pinions used are fitted individually. The knobs
are so attached to the pinions that the opera-
tor can easily adjust the bearing pressure to
obtain the freedom of motion he prefers. In
their position below the stage the knobs are
comfortably manipulated and the hand is close
to the fine adjustment knob of the Dynoptic
microscope.

Another unique feature of this mechanical
stage is the slide holder. The finger contacting
the object slide is actuated by a vacuum-spring
combination which is positive but gentle in its
action. Positioning of the object slide is posi-
tive and consistent due to the three-directional
force exerted—down, across, and cornerwise—
by the pressure of the finger and its shape.
Slides 75mm long and from 25mm to 50mm
wide can be accommodated.

The same mechanical stage is also available
with graduations in millimeters and verniers
reading to tenths of a millimeter. It is listed by
catalog number 31-59-67-01, including a
leatherette covered. plush lined case.

Catalog Number

Specifications

31-59-59%
31-59-59-01*
31-16-95
31-59-53*%
31-59-19%
31-59-66

Centering Slide, in case

Microscopes only, without case
31-59-66-01
Microscopes only, with case
31-59-67
scopes only, without case
31-59-67-01
scopes only, with case

Mechanical Stage, with graduations, for 50 x 75mm Slides, in case
Mechanical Stage, with graduations, for 50 x 75mm Slides, with centering slide, in case

Mechanical Stage, without graduations, for 50 x 75mm Slides, in case

Breed Mechanical Stage, with graduatiens, for 50 x 114mm Slides, in case

Mechanical Stage, without graduations, for 50 x 75mm Slides, vsed on Dynoptic Laboratory
Mechanical Stage, without graduations, for 50 x 75mm Slides, used on Dynoptic Laboratory

Mechanical Stage, with graduations, for 50 x 75mm Slides, used on Dynoptic Laboratory Micro-

Mechanical Stage, with graduations, for 50 x 75mm Slides, used on Dynoptic Laboratory Micro-

*May be ordered without cose. See price list for deduction.

NOTE: When ordering o mechanical stage, give serial number of Bousch & Lomb microscope or exact size of stage to which it will be

attached.

BAUSCH & LOMB
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Mechanical Stage,

No. 31-59-59

L

Mechanical Stage,

No. 31-59-19

Mechanical Stage,
No. 31-59-66

15



BAUSCH & LOMB

Abbe 1.25 N. A.

MICROSCOPE ACCESSORIES

Substage Condensers —Balcoted

Variable Focus 1.25 N. A.

The outside diameter of these con-
densers is 1.528".

Variable Focus Condenser

For Bausch & Lomb microscopes
originally supplied with the Variable
Focus condenser replacement parts
are listed. It is not advisable to apply
this special type condenser to micro-
scopes which were factory equipped

Abbe 1.40 N.A.

Achromatic 1.40 N.A.

with any other type condenser or with
none at all. When ordering parts for
replacement purposes it is necessary
to inform the factory of the serial
number of the microscope on which
the parts are to be installed.

Abbe Condensers
0.70 and 1.25 N.A. Condensers may
be used on any Bausch & Lomb micro-

CONDENSERS
Caotalog
Number Style N.A Slide N.A. N.A. both
Condenser G thick. top off uppers off
Balcoted
31-58-72 Abbe 1.40 1.0 0.70 0.40
31-58-74 | Abbe 1.25 1.3 0.30 X
31-58-76 Abbe 0.70 1.6 X X
31-58-79 Variable Focus*® 1.25 1.3 X X
31-58-83 Achromatic** 1.40 1.55 0.59 0.20
31-58-85 Achromatic 1.40 1.55 0.59 0.20
SUBSTAGE ACCESSORIES
:::Loj f Specifications
31-50-01 Microscope Mirror 50mm diam.—plano and concave
31-50-18 Microscope Mirror, concave, for 5T Elementary and Intermediate Microscope
31-50-21 Microscope Mirror 55mm diam.—plano and concave
31-50-22 Microscope Mirror 55mm diam.—plano, aluminized on front surface
31-58-04 Condenser Sleeve, spiral focusing type
31-58-09 Sliding Condenser Plate
31-58-18 Mirror support for ST and STA Series Student Microscopes
31-58-19 Mirror Suppert for Dynoptic Laboratory Microscopes
31-58-28 Iris Diaphragm
31-59-04 Ring Adapter, for attaching Variable Focus upper lens or iris diaphragm te
underside of stage
Blue Glass Disc, 33mm diam., frosted one side

*For use only on B&L Loboratory Microscopes since 1947
**For use on B&L Research Microscopes with 31-58-09 sliding condenser plate
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scope designed to accept a condenser.
The 0.70 N.A. Condenser is effective-
ly used with 32mm to 4mm objectives
because no refocusing is necessary to
fill respective fields with light. The
1.40 N.A. Condenser may be used on
rack and pinion substages, either
simple or research type.

Achromatic Condensers

These two Condensers, consisting of
three separable elements, have an op-
tical correction comparable to an ob-
jective lens system and therefore pro-
vide the best form of illumination,
particularly as required for maximum
efficiency of apochromatic objectives.
They are best used in a substage
which is centerable. No. 31-58-83 is
used only in a complete research sub-
stage and applied by means of the
sliding condenser plate, No. 31-58-00.
No. 31-58-85 is designed for ring type
substages as on Bausch & Lomb labo-
ratory microscopes.

If an iris diaphragm is required for
any of these condensers it must be
ordered separately by the No. 31-58-
28. The iris diaphragm includes a slot
for the insertion of the 33mm diame-
ter blue glass disc.

For Dark Field Condensers, see
Catalog No. D-122.

Condenser Sleeve
No. 31-58-04

Ring Adapter
No. 31-59-04
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Accessories for Ultra-violet Microscopy

Ultra-violet microscopy is hastening

major advances in cancer research, in
living-cell studies, in all bio-chemistry.
B&L ultra-violet equipment reveals
differential absorption of biological
materials at high numerical aperture,
with twice the resolving power attain-
able in the visible portion of the spee-
trum.

While not listed here. the B&L
250mm and 500mm Grating Mono-
chromators, when used with the high
intensity mercury arc light source,
provide satisfactory illumination for
microscopy and photomicrography in
the ultra-violet, where a line spectrum
is desirable. It is only necessary to
substitute the UV condenser lens for

the collective lens at the exit slit of the
monochromator, and put the reflect-
ing UV optics on the microscope. For
complete information and prices on
B&L. Monochromators and Photomi-
crographic equipment write for Cata-
logs D-259 and E-21.

The condenser lens is constructed of
quartz and fluorite lens elements.
Highly corrected for both chromatic
and spherical aberrations, it elimi-
nates the need to refocus the lens for
different wave lengths. An iris dia-
phragm is provided which acts as a
field stop when Koehler illumination
is used.

Objectives

Two UV objectives are available — a
53% dry objective and a 94X water
immersion objective (at 160mm tube
length). Each is adjusted to provide
the best images with a quartz object
slide 1.0mm to 1.3mm thick and a
0.18mm thick cover slip.

The two objectives are similar in
construction. Two spherical reflecting
surfaces are combined with refracting
lens elements of quartz and fluorite.
One refracting element serves as a
support for one of the reflectors and
combines with the other refracting
element to complete the correction of
the optical system. While complete
achromatism obtained with
these objectives (partially due to dis-

is not

OBJECTIVES
Catalog EF N.A Occluded Magnification Working
Number o i N.A. {160mm TL) Distance
31-10-02 2.8mm 0.72 0.20 53X 0.8mm
31-10-03 1.65mm 1.00 0.16 94 0.19mm

CONDENSERS
31-58-02 0.72 NLA. Te match 31-10-02 objective
31-58-03 1.00 NLA. To match 31-10-03 objective

EYEPIECES

31-15-13 35X Huygens Type (Fused Quariz and Fluorite)
31-15-02 103 Ramsden Type (Fused Quartz)

persion in the cover slip over the
specimen) a focal setting made in vis-
ible light will usually suffice for pho-
tography throughout the ultraviolet
region. Any shift from precise focus
in the visible to that at some region in
the ultraviolet is slight and can be
determined readily.

Substage Condensers

A matching condenser is available for
use with each objective. These con-
densers will work through quartz ob-
ject slides 1.0mm to 1.3mm thick. The
high N.A. condenser must be con-
tacted to the underside of the slide
with distilled water.

Both condensers are 1.528" diame-
ter so that they can be used in the ring
substage of B&L Laboratory micro-
scopes without adapters. For use in
the ring substage of the new B&L R
Research Microscopes they can be
supplied with adapter, at slight extra
cost.

Eyepieces

For the purpose of projecting the UV
image to a film or spectrophotometer,
a 3.5% and a 10X eyepiece are offered.
The 3.5X evepiece provides the small-
er field desirable for UV photomicrog-
raphy on 35mm film. The lower mag-
nification results in greater intensity
at the image plane —an advantage
when UV energy is at a minimum.
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MICROSCOPE ACCESSORIES

Magnifications and Real Fields

ACHROMATIC AND FLUORITE OBJECTIVES—HUYGENIAN EYEPIECES

Microscope Tube Length 160mm Image Distance 250mm Real Fields in mm
OBJECTIVES EYEPIECES
Equivalent Focus . Objective Micrometer Value* |
Numerical Aperture | Magnification a GAX FBX 102 with 10X Eyepiece 12:5% N

OggmNmA | 5% 10 12.8% 15X 20X 0.07émm 25% 30%
WG N 10.2 9.6 9.2 7.8 : 6.9 5.65
Achro. |

OggerA 2.6X 13X 16.6 X 19.5X 26X 0.058mm 32.5% 39%
8 P | ' 8.0 7.25 71 | 59 . 5.25 4.25
Achro.

Ogg",‘\l“‘A 585 17.5% 22X 26X 35% b Ol 44% 52%
i . 5.9 5.4 5.2 4.3 ' 3.9 3.4
Achro.

0 ?g"rilm.« s 20X 25.6% 30 40% 0.038mm 50 60
R et 5.25 4.80 4.63 3.87 ' 3.43 2.82

chro.
22.7mm
30 38.4x 45X 60 % 75% 0%

QJ7r NA, oX 3.48 3.20 3.08 2.56 0:024mim 2.26 1.87
Achro.
16mm

50X 64X 75X 100 125% 150

0.25 N.A. 10X 2.05 1.90 1.80 1.50 0.0149mm 1.33 1.10
Achro.

W 21 105 | 134x | 157% | 210% 0.00720mm 262% | 315%
’ o 1.01 0.93 0.89 0.74 : 0.65 0.55
Achro.

W o o 200X | 256X | 300X | 400x Gi0057 500% | 600%
kg 0.51 0.47 0.45 0.37 : L 0.33 0.27

uvorite
Ainm 215% | 275x | 322x | 430x% 537% | 645%

0.65 N.A, 43X 0.48 0.44 0.42 0.35 0:0034mim 0.31 0.26
Achro.

Gy A 225% | 288X | 337x | 450x — 562x | 675%
o bk 0.47 0.43 0.41 0.35 ' o 0.31 0.26

chro.

RN i 300X | 384x | 450X | 600X ks 750X | 900%
’ x4 0.35 0.32 0.30 0.25 " mm 0.225 0.185
Achro,
1.8mm 485% | 620x | 727x | 970x 1212 | 1455x

1.25 N.A, R 0.205 | 0.19 0.18 0.15 il 0.135 | o0.11
Achro.

Latum 490X 627X 735% 980 1225% | 1470

]i:?l?o'::,':' 28X 0.21 0.195 | 0.185 | 0.155 0.001 5mm 0.14 0115

*Value in plane of specimen corresponding to 0.1mm in plane of eyepiece diaphragm.




BAUSCH & LOMB

MICROSCOPE ACCESSORIES

Magnifications and Real Fields (Cont.)

ACHROMATIC AND FLUORITE OBJECTIVES—HYPERPLANE EYEPIECES

Microscope Tube Length 160mm Image Distance 250mm Real Fields in mm
OBJECTIVES EYEPIECES
Equivalent Focus Obijective Micrometer Value* |
Numerical Aperture | Magnification | SX | 7.5X 10X with 10X Eyepiece 12.5% ‘ 15X 20
o | — -
16mm
50 75X 100X 125% ‘ 150 % 200X
2 e N, 10X | 505 1.90 1.60 Gt 1.33 120 | 0.85
Achro,
Bmm
105 157% 210 262X 315% 420%
0.50 N.A. 21X 1.00 0.93 0.79 0.0063mm 0.65 0.60 0.43
Achro. |
4.3mm
200X 300% 400 % 500% 600% 800X
1.00 N.A, 40X 0.50 0.47 0.40 0.0032mm 0.33 0.29 0.21
Fluorite
4mm
215X 322X 430% 537X 645% 860%
0.65 N.A. 43X 0.47 0.44 0.38 0.0030mm 0.31 0.28 0.20
Achro.
4mm
225% 337% 450% 562% 675% 900 %
0.85 N.A. 45X 0.47 0.44 0.38 0.0030mm 0.31 0.28 0.20
Achro.
3mm
300X 450% 600% 750% 900X | 1200X
0.85 N.A. 60X 0.35 0.32 0.27 0.0022mm 0.23 0.20 0.145
Achro. ‘
1.8mm
485% 727X 970% 1212% | 1455% | 1940%
1.25 N.A. 97X | 0.205 0.19 0.16 0.0013mm 0.13 0.12 0.09
Achro.
1.8mm |
490% 735X 980 % 1225% ‘ 1470% | 1960%
1.30 N.A. 98X 0.21 0.195 0.165 0.0013mm 0.135 | 0.12 0.09
Fluorite |
APOCHROMATIC OBJECTIVES — COMPENSATING EYEPIECES
- OBJECTIVES |7 B EYEPIECES _
e e : . -
Equivalent Focus Objective Micrometer Value*
Numerical Aperture | Magnification aX ‘ 7.5% 10X with 10X Eyepiece 12.5X 15X 250%
16mm 50% 75% 100X 125% 150 % 250%
0.30 NLA. 10 2.13 1.80 1.50 0.0132mm 1.33 1.15 0.65
8.3mm 100X 150 % 200% 250 300% 500%
0.65 N.A. 20X 1.08 0.91 0.76 0.0067mm 0.68 0.59 0.33
4mm 237X 356 % 475% 594% 712x | 1187%
0.95 N.A. 475X | 044 0.37 0.31 0.00275mm 0.275 | 0.235 | 0.135
3mm | 305 457 % 610 762X 215% 1525%
1.40NA. | O 0.355 | 0.295 0.25 C:00dmm 0.22 0.19 0.108
2t 450% 675% 900 % 1125% | 1350% | 2250%
1.30 NLA. 70X 0.23 0.195 | 0.6 0.00142mm 0.145 | 0.125 | 0.070
Fiivti 450 675% 900 % 1125% | 1350X | 2250%
1.40 NA. 0 | 523 ‘ 0.195 ‘ 0.6 | 000M42mm | o345 | 0125 | 0.070

*Value in plane of specimen corresponding to 0.1mm in plane of eyepiece diaphragm.
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TERMS AND PROCEDURE

CATALOG NUMBERS

When ordering, be sure to give catalog number and name
of item.

RETURNING GOODS

If it is desired to return goods, first send Bausch & Lomb full

information by letter. Goods should not be returned for any
reason until approval for their return has been received from
Bausch & Lomb. Each item should be plainly tagged with
sender’s name and address. ldentification tags will be sent

FINANCIAL STANDING

To avoid a delay, a purchaser with whom Bausch & Lomb
has not previously transacted business should accompany his
first order with commercial references or remittance in cash.

TRANSPORTATION CHARGES

Unless otherwise stated on a B&L quotation, all consumer
purchases, except repairs, will be shipped transportation
charges prepaid to any point within Continental United
States of America. Other-than-consumer purchases, all re-
pairs, and goods for delivery outside the above specified area

on request.

ELECTRICAL EQUIPMENTS
Electrical equipments for use on voltages other than those
listed are available on special order. Send complete specifica-
tions for quotations,

INQUIRIES

When writing, please give the date of your order, the Bausch
& Lomb order number which appears on the packing slip and,
if possible, the Bausch & Lomb invoice number.

PRICES

will be shipped f.o.h. Rochester, N. Y., U. S. A. The shipping
charges on products sent on memorandum are not prepaid.
There is no charge for packing unless otherwise stated. Prod-
ucts made on special order cannot be forwarded C. O. D.

Prices are subject to change without notice. Orders are sub-
ject to acceptance at Rochester, N. Y., U. 8. A_, at prices pre-
vailing at time of shipment. Orders for standard items may
be cancelled if not wanted because of price advance. Excise
taxes or other governmental charges will be added wherever
applicable. Shipments to points outside Continental United
States of America and to its territories, dependencies and
possessions, except Hawaii and Alaska, are not subject to
excise taxes. Delivery dates are estimated and cannot be
guaranteed.

SHORTAGE OR DAMAGE

To avoid error, Bausch & Lomb exercises the utmost care in
checking and packing all shipments. All packing should be
carefully examined for small items. If a discrepancy is found,
report it to Bausch & Lomb immediately. Report to the trans-
portation company at once any claim for loss, damage or
breakage. Carriers are responsible for loss or damage to
zoods in transit. When shipping container shows damage, do
not give a clear receipt, but sign for “in bad order.” Save the
container and obtain an inspection report from the carrier.

DESIGN CHANGES

Bausch & Lomb reserves the right to make changes in instru-
ment design in accordance with scientific progress, and to
supply apparatus resultingly different from that described or
illustrated in its literature.

BAUSCH & LOMB OPTICAL CO.
Rochester 2, New York, U. S. A.

DISTRICT OFFICES BAUSCH & LOMB ARGENTINA, S. A.

BUENOS AIRES, ARGENTINA Avenida R. Saenz Pena 740

ATLANTA, GA 78 Marietta St., N. W.
BOSTON 16, MASS 131 Clarendon St.
[ 1170 T S T O N —— 740 West Washington Blvd.
NEWXORITS Noi¥s ossamssammnmusassain 730 Fifth Ave.
PHILADELPHIA 3, PENNA 1814 Chestnut St.
SAN FRANCISCO 2, CALIF 20 Jones St.

AGA-BAUSCH & LOMB A. B.

STOCKHOLM, SWEDEN Malmskillnadsgatan 39v

BAUSCH & LOMB OPTICAL CO. LTD. (CANADA)

MONTREAL, CANADA 1449 §t. Alexander St.
TORONTO, CANADA 16 Grosvenor St.

BAUSCH & LOMB OPTICAL CO. LTD. (LONDON)
LONDON, ENGLAND. .. ... Television House, Kingsway, W.C. 2
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LOS: ANGELES, 14, GALIF.. oo wsmws i v s 314 West Sixth St.
WASHINGTON 5, D. C 1324 Eye St., N. W.

U. K. OPTICAL BAUSCH & LOMB LTD.

LONDON, ENGLAND Bittacy Hill, Mill Hill, N. W. 7
LURGAN, NORTH IRELAND Avenue Road

AFFILIATED COMPANIES U. K. OPTICAL BAUSCH & LOMB PTY. LTD.

MELBOURNE, AUSTRALIA
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358 Lonsdale St.
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PRICE LIST
October 15, 1958

BAUSCH & LOMB
MICROSCOPE ACCESSORIES

Catalog D-184

Catalog No. Price Catalog No. Price Catalog No. Price Catalog No. Price
31-05-40 $ 24.50 31-10-29-01 $ 39.00 31-16-15 $ 14.00 31-50-62 $ .50
31-05-40-02 50.00 31-10-31-01 39.00 31-16-20 13.00 31-50-76 1.00
31-05-42 24.50 31-10-35-01 48.00 31-16-21 7.50 31-50-95 .50
31-05-42-02 50.00 31-10-59-02 128.00 31-16-30 8.00 31-57-02-15 36.00
31-05-44 32.00 31-10-71-02 67.00 31-16-50 100.00 31-57-11 14.00
31-05-44-02 65.00 31-10-72-02 94.00 31-16-50-01 103.00 31-57-15 21.00
31-05-46 33.00 31-10-73-02 132.00 31-16-56 23.00 31-57-37 30.00
31-05-46-02 67.00 31-11-71-01 94.00 31-16-567 1.00 31-57-38 29.00
31-05-48 34.00 31-11-78-01 139.00 31-16-66 54.00 31-57-44 13.00
31-05-48-02 69.00 31-11-81-01 177.00 31-16-89 21.50 31-57-45 19.00
31-05-50 34.00 31-11-89-02 326.00 31-16-90 21.50 31-568-02 588.00
31-05-50-02 69.00 31-11-91-02 278.00 31-16-95 12.00 31-58-03 700.00
31-05-51 17.00 31-11-93-02 326.00 31-16-99 96.00 31-58-04 6.50
31-05-51-02 35.00 31-15-02 91.00 31-19-01 5.00 31-58-09 5.50
31-05-52 17.00 31-15-06 8.00 31-19-22 17.00 31-58-18 1.00
31-05-52-02 35.00 31-15-06-02 17.00 31-19-23 21.50 31-58-19 1.50
31-05-53 17.00 31-15-07 8.00 31-19-24 24.50 31-58-28 10.50
31-05-53-02 35.00 31-156-07-02 17.00 31-19-26 21.50 31-58-72 24.00
31-05-70 24.50 31-15-08 8.00 31-19-26-91 27.00 31-58-74 17.00
31-05-70-02 50.00 31-15-08-02 17.00 31-19-31 29.00 31-58-76 17.00
31-05-72 24.50 31-15-09 8.00 31-19-32 12.00 31-58-79 17.00
31-05-72-02 50.00 31-15-09-02 17.00 31-19-54 260.00 31-58-83 90.00
31-05-75 32.00 31-15-12 11.00 31-19-55 220.00 31-58-85 90.00
31-05-75-02  66.00 31-15-12-02  23.00 31-19-56 260.00 31-59-04 3.00
31-05-86 33.00 31-15-13 91.00 31-19-61 175.00 *31-59-19 123.00
31-05-86-02 67.00 31-15-14 12.50 31-19-72 48.00 *31-59-53 63.00
31-05-88 34.00 31-15-14-02 26.00 31-19-74 48.00 *31-59-59 81.00
31-05-88-02 69.00 31-15-15 13.00 31-19-78 220.00 *31-59-59-01 93.00
31-05-90 34.00 31-15-15-02 27.00 31-19-83 21.50 31-59-66 50.00
31-05-90-02 69.00 31-15-17 14.00 31-19-83-91 27.00 31-59-66-01 55.00
31-10-02 588.00 31-15-18 14.00 31-19-84 27.00 31-59-67 68.00
31-10-03 700.00 31-15-95 128.00 31-50-01 8.00 31-59-67-01 73.00
31-10-05-01 15.00 31-15-99 205.00 31-50-18 6.50
Blue glass disc,

31-10-06-01 24,50 31-16-01 7.00 31-50-21 8.00 froeted, for substage
31-10-07-01 15.00 31-16-02 8.00 31-50-22 12.00 Sl el 3
31-10-09-01 16.00 31-16-03 15.00 31-50-60 1.00 *Without case, deduct $5.00
g}:} &A} 3-01 fzgg g::}gg g% Prices are subject to change withoul notice. Orders are subject to acceptance at Roch-

i % ester, N. Y., U. 8. A, at prices prevailing at time of shi t. Orders for standard items
31-10-20-01 24.50 31-16-09 1.00 may be cancelled if not wanted because of price advance. Excise taxes or other govern-

mental charges will be added wherever applicable. Shipments to polnts oulside Can
tinental United States of America and to its territories, dep and p

g} :} &3-01 g% g: :} g:;; :g% except Hawaii and Alaska, are not subject to excise taxes. Delivery da!es are estimated
31-10-27-01 35,00 31-16-13 14.00 el ey
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