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Figure 1— The Balphot Metallograph

Knowledge gained through close association with a generation of
metals men has resulted in this new member of the Bausch & Lomb

Line of Practical Metallographic Equipment.
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BAUSCH & LOMB

The Bausch & Lomb Balphot Metallo-
graph has been designed to meet the
needs of both those doing routine
metallurgical analysis and those carry-
ing out investigative studies of metals.
Its ease and simplicity of operation
commend its use for routine work by
the laboratory technician. Its versa-
tility as to modes of illumination makes
it an excellent tool for the metallurgical
microscopist.

This reference manual is intended to
help the user get the most out of his
equipment by giving him not only in-

METALLOGRAPH

structions as te the mechanics of
manipulation but also some insight as
to the most effective use of the various
optical combinations at his disposal.

Naturally it would be impossible to
describe here in detail all of the optical,
photographic and metallurgical princi-
ples and practices involved in the
microscopic study of metals. For these
the reader is referred to the books and
journals devoted to these subjects.
some of which are mentioned in the
brief bibliography on the last page of
this reference manual.

THE MICROSCOPE

Stage Assembly

The stage assembly comprises a circu-
lar, centerable, ball-bearing rotating
stage, a mechanical stage, a stage
plate, and a specimen clamp and clamp
post. Each of these units is considered
separately below.

The rotating stage is provided with
a vernier (Fig. 2—1) which reads to 6
of arc. The stage rotates on a ball-bear-
ing support, and may be secured in any
desired orientation by means of the
clamp screw (2). Centration of the
axis of rotation of the stage to the axis
of the microscope is accomplished by
means of the two centering screws (3).
The centering screws work against a
spring-loaded pin.

The mechanical stage surmounts the
rotating stage and permits traversing
of the specimen over an area one inch

in diameter. Duplicate controls are
provided for both north-south (5) and
east-west (6) movements of the stage.
Vernier scales (7), reading to 0.1 mm,
permit measurement of the amount of
stage travel.

The stage plate (8) is provided to
support the specimen accurately per-
pendicular to the optic axis. One of the
stage plates provided with the instru-
ment has a circular recess 1”7 in diam-
eter, and is meant to hold plastic
mounted specimens of this size. It has
a 34" aperture. The other stage plate
has a tear-drop shaped aperture and is
used primarily for unmounted speci-
mens, the smaller specimens being
placed over the narrower region of the
aperture. When this stage plate is in
place on the stage its full surface should

be flush with the stage surface.

BALPHOT METALLOGRAPH



Two other stage plates, similar to
the 1” recessed plate deseribed above,
having 114” and 115" recesses are
available (Cat. Nos. 42-34-24 and
42-34-65) for use with plastic mounted
specimens of these diameters.

When placing the stage plates in the
stage aperture, care should be taken
that they are not tipped in the slight-
est, because of either careless insertion
or dust on the bearing surfaces. They

should be handled with reasonable
care, as any nicks or dents on the edges
will result in a tipping of the specimen
with respect to the nominal specimen
plane, resulting in an out-of-focus
image at one edge of the field.

The specimen clamp (9) serves to
hold the specimen securely against the
locating surface of the stage plate. To
clamp the specimen, rest the ball tip of
the specimen clamp on the center of

Figure 2— The Stage Assembly
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Figure 3— Field and Aperture Diaphragms

the specimen mount and press, with
moderate pressure, on the hollow rod
which slides on the specimen clamp
post. If it is desired to place an ex-
ceptionally large specimen on the
stage, the specimen clamp post may be
removed by simply unscrewing it from
its tapped hole in the stage.

Field and Aperture Diaphragm
Assembly

The field and aperture diaphragms are
located in the unit which extends from
the upper right hand portion of the
microscope body. The aperture dia-
phragm, located necarest the light
source, is operated by means of the
handle (Fig. 3—10), while the field
diaphragm is actuated by the knurled
ring (11). Both diaphragm controls are
graduated in millimeter openings of
the respective diaphragms. The aper-

ture diaphragm may be decentered by
turning the small knurled knob (12),
and it may be rotated by turning the
whole aperture diaphragm housing
{13). A click stop indicates when the
aperture diaphragm is centered to its
axis of rotation.

The dark field stop control handle is
shown in Figure 4—14, When the stop
handle is pushed all the way in toward
the microscope body, the stop is swung
aside and the microscope is set for
bright field illumination. By pulling
out on the handle, in the direction of
the engraved arrow, the stop is swung
into position and the unit is ready for
dark field illumination. (Field and
aperture diaphragms must be opened
wide.) It must be remembered that
dark field is attainable only with the
four plastic-mounted objectives.

Objective Retaining Mechanism

The objective-holder retaining spring
(Fig. 5—16) serves to seat the objec-

Figure 4— Dark Field Stop
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Figure 5— Placing an Objective

tive holder securely against its locating
shoulder. The microscope body shoul-
der, as well as the objective holder
shoulder, should be kept as clean and
dust-free as possible. A small particle
of dirt between these two locating
shoulders will tip the objective with
respect to the microscope axis and,
particularly with the higher power ob-
jectives, will result in a decentered
image. To put an objective in place, it
is most convenient to hold the objec-
tive handle, objective uppermost, in
the right hand, and place it on the
microscope body, as shown in Figure
5. Giving the handle a clockwise turn
of about 45° until it strikes the locating
pin (17) will seat the objective firmly
in place, as shown in Figure 6. This
procedure is reversed upon removing
the objective.

Axis Selector

The paddle-shaped lever (Fig. 7—18)
enables the operator to direct the light
to any one of the three axes, as de-
sired, for visual observation, photo-
micrography or for projection on the
Magna-Viewer. The selector handle is
engraved for each of the positions, and
a click-stop indicates when the handle
is properly positioned.

Stage Elevating Mechanism

The microscope has been designed to
work with parfocal objectives: that is,
the relation between the stage surface
on which the specimen rests and the
objective shoulder remains the same,
within close limits, for all objectives
which are normally used on this instru-
ment.

Figure 6—Objective in Place

8
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Figure 7— Axis Selector

For this reason, the normal “coarse
adjustment” with its tedious cranking
up and down has been eliminated and
a quick-acting stage elevating mecha-
nism has been substituted in its place.
The operating handle for this mecha-
nism is shown at 19, Figure 8. During
normal observation the stage is down
and the handle is pointed toward the
observer’s left.

To change objectives the stage must
be elevated. Simply grasp the handle
and rotate it about 180° clockwise.
The stage will be raised sufficiently to
permit easy interchange of objectives.
Upon completion of the objective
interchange, it is only necessary to turn
the elevating handle counter-clock-
wise and the stage will be automatically

lowered, returning to the same posi-
tion it occupied before being elevated,
An air-cushioned dash pot prevents
the stage from dropping too rapidly
and injuring the fine adjustment
mechanism.

A friction clamp (20) is provided in
case it should be necessary to hold the
stage between the full *up” and the
full “*down” position. It would be
necessary to use this feature if the
operator should desire to use a low-
power, non-parfocal objective, such as
the 32mm, or if the specimen to be
examined should be grossly irregular
with the portion under examination
protruding considerably through the
stage plate aperture. When the stage is
elevated in this manner the fine focus-
ing mechanism is not effective. There-
fore, it is recommended that this be
done only with a low power objective,

Figure 8—Stage FElevating Controls
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Figure 9— The Fine Adjustment

for which the depth of focus is con-
siderable. The friction clamp mecha-
nism is shown actuated in Figure 8—20.

Fine Adjustment

The fine adjustment mechanism is
operated by the large knob located on
the lower righthand side of the micro-
scope body (Fig. 9—21). The button is
graduated in 100 divisions, each divi-
sion being equal to one micron (0.001
mm) of vertical motion of the stage.
The total vertical travel of the stage is
4.0mm — 2.0mm above and 2.0mm
below the parfocal position. A focusing
index lever (22) indicates the position
of the stage relative to the parfocal
position. Plus and minus signs en-
graved on the index mark plate show
whether the stage is above or below
the parfocal position.

Half-Aperture lllumination

To achieve half-aperture illumination
(equivalent to “prism illumination™)
move the lever handle (Fig. 10—23)
inward to the position shown. This
procedure moves the vertical illumi-
nator plate toward the observer, and
the illuminating beam is reflected from
part of the aluminized portion of the
vertical illuminator plate.

Body Changing Mechanism

For the greater part of its use the in-
strument will undoubtedly be used
with the binocular body for visual
observation, because of the greater
comfort for the observer gained there-
by. However, for measuring work with

Figure 10— Half-Aperture Illumination
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Figure 11— Body Interchange—
Binoeular Body

micrometer and grain size eyepieces, it
is more convenient to use the monoc-
ular body tube.

The procedure for the interchange
of the monocular and binocular bodies
is illustrated in Figures 11 and 12,
which are more or less self-explana-
tory. Outlined in brief, the procedure
is to pull upward on the knob (24)
until the locking mechanism disen-
gages from the body retaining screw
(25). Remove one body and replace it
with the other, making sure that there
is no dirt on the bearing surfaces to

create a misalignment of the body tube
with the optic axis. Push the locking
knob downward to secure the body.

Visual Magnification Factor

To determine the magnification under
which an object is being viewed, it is
only necessary to multiply the objective
magnification by the eyepiece magni-
fication. Thus, the 40X objective used
with a 12.5 X evepiece produces a total
visual magnification of 500X. The
above table may be referred toif desired.

Polarized Light

Polarized light accessories for use on
the Balphot Metallograph include a

Figure 12— Body Interchange—
Monocular Body
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Objective Eyepiece

Magnification 5% 6.4% 7.5% 10X 12.5% 15X | 20%
5 25 32 37.5 50 62.5 5 100

8 40 51 60 80 100 120 160

10 50 64 75 100 125 150 200

20 100 128 150 200 250 300 400

25 125 160 188 250 312 375 500

40 200 256 300 400 500 600 800

50 250 320 375 500 625 750 1000

75 375 480 562 750 | 938 | 1125 | 1500

Table of Visual and Magna-Viewer Magnifications

rotatable polarizer, a sensitive tint
(first order red) plate, and a built-in
analyzer. The polarizer and analyzer
are made of high grade polaroid, the
sensitive tint plate of crystal quartz.

The polarizer (Fig. 13—26) is rotat-
able through 100°; a white-filled index
mark, with which the handle is to be
aligned, indicates the position at which
the polarizer is crossed with the ana-
lyzer. The Polaroid of the polarizer is
protected from excessive heat from the
light source by an interference-type
heat-reflecting filter. This filter should
always be faced toward the light
source. Its color is red whereas the
polaroid filter is green.

The filter holder fourth in position
from the light source is specially adapt-
ed to receive the polarizer assembly.
Only when the polarizer is held in this
particular holder will it be possible to
rotate it, by means of its handle,
through its full range of motion. The
sensitive tint plate must be located be-
tween the polarizer and analyzer. Its
proper position, therefore, is in the fil-
ter holder immediately adjacent to the
aperture diaphragm assembly. Its en-
graved edge should face the operator

when the filter holder is swung into
position.

The analyzer is carried in a sliding
mount in the microscope body. Pulling
out the knurled knob (Fig. 13—27),
until the click stop is engaged, removes
the analyzer from the optical path;
pushing it in inserts the analyzer into
the path of the image—forming rays of
light. During normal brightfield oper-
ation of the instrument, the analyzer
(as well as the sensitive tint plate and
polarizer) should be removed from the
light path. Figure 13 shows polarizer,
sensitive tint plate, and analyzer in
their operating positions.

Condenser Support

The light-source condenser support is
located at the right of the microscope
proper. It embodies a focusable con-
densing unit comprising two condens-
ing lenses and a filter made of heat-
absorbing glass, five filter holders, and
a low-wattage illuminator for use dur-
ing visual observation.

Condenser Unit

The condenser unit serves to image the
licht source (carbon arc, etc.) on the

12
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aperture diaphragm. It is focusable by
means of the handle (Fig. 14—28).

Filter Holders

The five swing-out filter holders ac-
commodate all of the standard Bausch
& Lomb 2” square filters of the neutral
density or interference type. (Gelatin
type filters should not be used in this
equipment as they will be damaged by
the heat from the light source.) The
filters may be used either singly or in
combination.

Two of the interference-tvpe filters
are supplied with this equipment. One
filter transmits nearly monochromatic
light in the neighborhood of 5500A

(green) and the other transmits in the
neighborhood of 4500A (blue).

The three filter holders nearest the
light source are ordinarily used for the
neutral and interference filters; the two
filter holders nearest the microscope are
reserved for the polarizing accessories.

Electrical Wiring System

The supporting stand of the Balphot
Metallograph contains an internal wir-
ing svstem for use with a motor driven
carbon arc and the low wattage visual
light source. Refer to the “*Unpacking
and Assembly”™ instructions at the back
of this manual for information con-
cerning the initial connections to be

Figure 13— Polarizing Accessortes
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Figure 14— Condenser Support

made upon assembly of the instrument.

Twoswitches, with pilot lights, (Fig.
14—59 and 60) will be noticed on the
right front of the supporting stand. The
switch marked **Vis,” (Fig. 14—59)
when turned on, energizes the circuit
to the visual light source. This visual
source utilizes a 6.5v, 2.75 amp. pre-
focused lamp (Cat. No. 31-31-79) and
is intended for use during visual ob-
servation when the moreintense illumi-
nation of the larger light sources is not
needed. It operates through a small
transformer located-in the right hand
accessory cabinet of the supporting
stand.

The switch marked “Arc” (Fig. 14—
60) when turned on, energizes the cir-
cuit of the motor driven arc lamp. Both
of these switches feed through a micro-

switch located in the condenser sup-
port, this latter switch being controlled
by the position of the visual lamp. As
the visual light source is brought into
position by means of the handle (Fig.
14—29), the arc lamp circuit will be
opened and the arc lamp will be auto-
matically turned off. Returning the
visual lamp to its ineffective position
turns the visual lamp off and the arc
lamp on. Thus, although both switches
may be turned on and both pilot lights
lit, only one circuit will be in operation
at any time. Needless to say, if the one
switch is not turned on, that circuit
will not operate, regardless of the posi-
tion of the visual light source.

The automatic cut-off of the larger
light source does not apply to any
source other than one of the motor

14

BAUSCH & LOMB INCORPORATED



driven arc lamps, although the visual
light source will always go off and on
as it is moved out of or into position.

Adjusting the lllumination

To check the illumination for proper
centration of the light source, it is
easiest to direct the light to the Magna-
Viewer, delocus the condenser lenses
until the field is only partially illumi-
nated, and observe the location of the

spot of light. Using the knobs (30)
bring the spot of licht to the center of
the field. Then focus the condenser
lenses until the field is evenly lighted.

An alternative method is to direct
the light to the camera axis and hold a
piece of white card about 6” away
from the camera eyepiece so that it in-
tercepts the full field transmitted by the
eyepiece. Center and focus the light
source, as directed above, until the field
isevenly andsymmetricallyilluminated.

MAGNA-VIEWER

The Magna-Viewer, Figure 15, com-
prises an eyepiece holder, a 10” focal
length lens, a first surface aluminized
mirror, a plastic Fresnel-type lens, and
a high contrast projection screen. In
addition, a Grain Size Chart is pro-
vided for quick and convenient grain
size determinations.

The Fresnel-type lens makes the
projected beam somewhat directional
in nature; that is, an observer located
at an angle to the screen considerable
from the normal will see little of the
projected image. However, an observer
located approximately centered to the
screen will receive the full benefit of
the image, the projected image being
evenly illuminated from center to
edge. The “hot-spot’ commonly asso-
ciated with ordinary rear-projection
systems is thus eliminated.

The projection screen provides an
image of high contrast due to the fact
that room light, upon entering the

screen from the observer’s side of the
screen, is trapped, and cannot scatter
about, washing out the image and
making the blacks appear gray.

The Grain Size Chart is a replica of
portions of the Grain Size Chart for
Classification of Steels—ASTM Desig-
nation E-19-Plate 1. In order that
proper magnification may be obtained,
so that a direct comparison may be
made between the projected image on
the Magna-Viewer screen and the
Grain Size Chart, it is necessary to use
a combination of objective and eye-
piece which will give a total magnifi-
cation of 100X. One may use the 8 X
objective and 12.5 X evepiece, the 10X
objective and 10X eyepiece or the
20X objective and 5X eyepiece. The
10X objective and 10X eyepiece com-
bination is recommended.

To put the Grain Size Chart on the
Magna-Viewer simply grasp it by the
two knurled knobs, (Fig. 15—31), hold

BALPHOT METALLOGRAPH
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Figure 15— The Magna Viewer

the screen vertical and with the knobs
in a line parallel with the floor, and in-
sert it in front of the Magna-Viewer
projection screen. Two spring loaded
plungers will hold the chart securely
in place.

The Grain Size Chart is reproduced
on a photographic plate and should be
treated with care. Avoid scratching or
fingerprinting the emulsion surface
(the surface next to the projection
screen when on the Magna-Viewer).
The glass surface of the screen may be
wiped with a damp cloth but the
emulsion surface is best left untouched.

To Attach the Magna-Viewer

Note: before attaching the Magna-
Viewer one should be sure to remove

the projection hole cover from the
microscope. This cover is located at the
rear of the microscope, on the stage
support, and serves to cover the hole
through which the light ordinarily
passes when the Magna-Viewer is in
use. It is readily removed simply by
pulling it out.

Loosen the bolt (Fig. 16—32) lo-
cated on the under side of the micro-
scope slide base until the T-shaped
clamp block is free to rise slightly.
Slide the Magna-Viewer into the
microscope base, the flanges of the
clamp block engaging the slots (Fig.
15—33) in the bottom portion of the
Magna-Viewer, pushing it all the way
forward. Tighten the bolt (32), clamp-
ing the Magna-Viewer securely to the
microscope base. The slight amount of
adjustment available may be used 1o
insure that the image of the field dia-
phragm centers with the viewing
screen.

To Insert an Eyepiece

To insert an eyepiece in the Magna-
Viewer, it is only necessary to raise the

Figure 16— Magna Viewer Clamp Bolt
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eyepiece holder cover by means of the
small knob (Fig. 15—34) and place the
desired eyepiece in the eyepiece holder.
Be sure that the evepiece holder is fully
returned to its proper location upon
completion of the insertion of the
evepiece,

Magnification

The magnification of the image pro-
jected on the ground glass screen is
given by the product of the magnifica-
tion values of the objective and eye-
piece. Refer to the Table of Visual and
Magna-Viewer Magnificationson page
12 for tabulated values of various com-
binations of objectives and eyepieces.

The carbon arc is by far the most

satisfactory light source to use when
viewing the projected image on the
Magna-Viewer and is recommended
for this purpose. The brightness of the
image depends upon the brightness of
the light source, the reflecting char-
acteristics of the speciinen, the numeri-
cal aperture of the objective used. and
the magnification. Since the latter
three factors will be subject to con-
siderable variation from case to case, it
is best to have as bright a source of
light as possible. It is for this reason
that the carbon arc is recommended.

Dark field and polarized light ob-
servation should be done through the
visual eyepiece alone as the low level
of the image brightness does not per-
mit good projection for observation.

PHOTOMICROGRAPHY

Camera

The horizontal camera which extends
to the left of the observer is more or
less self-explanatory. The front and
rear supports are held by the clamping
screws (Fig. 17—35) in the positions
desired. The front camera support is
movable to permit interchange of eye-
pieces in the camera eyepiece tube,
and the rear camera support is mov-
able in order to vary the magnification
of the image. In use, the front board of
the camera should be brought up to
the camera eyepiece tube, so that the
male and female portions of the light-
tight connector are well engaged.

Make sure that the evepiece is po-
sitioned against its shoulder so that the
shutter leaves will not be damaged bv
contact with the eyepiece.

The camera back is reversible in

that the long dimension of the 5” x 7”
photographic plate can be positioned
either vertical or horizontal. To ac-
complish this, press down on the two
leaf springs (36), thus disengaging the
two bottom retaining studs. Turn the
camera back 90° and replace it, mak-
ing sure that all four studs engage their
retaining holes.

The ground glass holder should be
inserted in the camera back in such a
way that the ground surface of the
olass faces the interior of the camera.

When the camera is not to be in use
for a considerable length of time, it is
best to keep the front and rear sup-
ports of the camera fairly close together
to avoid unnecessary sag of the bel-
lows. A wire bellows support (37) is
supplied with the camera but it is best
to avoid letting the bellows remain ex-
tended over a long period of time.
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Reversible Eyepiece Adapter

The camera eyepiece tube has a re-
versible eyepiece adapter to hold the
various eyepieces used for photo-
micrography. When using the Huy-
genian, hyperplane, and compensat-
ing eyepieces, the adapter should be
inserted with the small diameter out.
When using the 10X negative ampli-
fier, the adapter should be pulled out
and reversed from the usual position.
The negative amplifier should be
pushed into the large end of the adapt-
er until it seats against the inside
shoulder of the adapter, at which po-
sition it will protrude about 14"
beyond the small end of the adapter.

Do not use the negative amplifier with
the adapter in the position for conven-
tional type eyepieces (i.e. with the
small end out), since this will cause the
objectives to be working at the wrong
tube length.

Fine Focusing with the Camera

When working with the camera bel-
lows extended considerably, it would
be impossible to reach the fine adjust-
ment buttons on the microscope body
and still view the image on the ground
glass. To facilitate camera ground-
glass focusing there is a remote-con-
trol. fine-focusing rod (38) extending
along the back of the camera bed. By
pushing this rod gently toward the

Figure 17— The Camera
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microscope, a [riction contact is
established between the beveled fine-
adjustment knob on the left-hand side
of the microscope body and the two
neoprene rings of the beveled end of
the rod. A click stop arrangement
maintains this contact and the image
may be brought to sharp focus by turn-
ing the rod. There is a 2:1 reduction
between the microscope fine adjust-

ment knob and the camera focusing -

rod: i.e., one revolution of the camera
focusing rod is equivalent to 0.05 mm
vertical travel of the stage.

To obtain the most critical focus for
photography it is best to use the focus-
ing magnifier, resting it on the clear
central portion of the camera ground
glass, viewing the image through it and
critically focusing on the center of the
field.

A refinement of the focusing tech-
nique which arises from the fact that
an objective has a certain depth of
focus (see page 27) may be advantage-
ously employed to obtain a photo-
micrograph which exhibits maximum
field flatness. If one focuses critically in
the center of the field several times and
notes the reading of the fine adjust-
ment knob graduations, it will un-
doubtedly be found that these readings
will differ slightly. The greater the
numerical aperture, the less these read-
ings will vary. The optimum focusing
setting is that for which the specimen is
closest to the objective while still be-
ing in sharp focus at the center of the
field. For this setting, one will obtain a
photomicrograph having the largest
possible area in focus with no loss of
definition in the center of the field.

Upon obtaining sharp focus one
should leave the focusing rod engaged
until after the exposure is made, as it is
difficult to disengage the rod without
imparting some slight rotary motion

to it, thus destroying the critical focus
setting. Needless to say, great pains
should be taken to avoid touching the
rod in any way once it is set for a
particular exposure.

When the instrument is in focus and
ready to make a picture, gently remove
the ground glass holder and slide in
the plate holder. Be sure that the
shutter is closed before the dark slide
is withdrawn.

Shock Absorbers

To eliminate the effects of the vibra-
tion which is normally found in any
manufacturing installation, a 16-spring
shock absorbing suspension is provid-
ed. To let the instrument float on this
suspension, partially unscrew the four
knurled heads, one of which is visible
(Fig. 17—39), until it is evident that
the instrument bed is floating freely
without touching any part of the sup-
porting stand. With the instrument
thus suspended, long photographic ex-
posures at high magnifications may be
made even under conditions of exces-
sive vibration.

For partial shock absorption, the
knurled heads may be tightened
until the sponge rubber damping
cushions under the knurled heads be-
come effective. This stiffens the swing-
ing of the instrument and makes
manipulation easier.

[t may even be found that, particu-
larly for wvisual observation, it is
feasible to tighten the knurled heads
completely and not use the spring sus-
pension, as the supporting stand itself
rests on rubber shock absorbers.

Camera Shutter

The camera is equipped with an
Eyepiece shutter, which has provision
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for making instantaneous, time, and
bulb exposures. The figures T, B., 50,
25,10, 5 and 2 which are engraved on
the face of the shutter indicate time,
bulb, 1/50, 1/25, 1/10, 1/5, and 1/2
second exposures. To make an expo-
sure of the desired duration, turn the
knurled ring (Fig. 11—40) until the
index mark engraved on it is over the
proper exposure figure, then either
press down on the trip lever (Fig.
11—41) or press on the cable release
plunger. It is preferable to use the
cable release, as this will impart less
vibration to the instrument. When set
for a bulb exposure, the shutter will
stay open as long as the trip lever or
cable release plunger is actuated.
Upon the release of the actuating
mechanism, the shutter will close.
When making a time exposure, the
trip lever or cable release plunger
must be pressed twice—once to open
the shutter and once to close it.

It must be remembered that there is
no camera lens with the shutter, and
none is to be used. The microscope
objective and evepiece form the image
on the photographic plate.

Camera Scale and Photographic
Magnification

The camera scale (Fig. 17—42) is
graduated in tenths of inches and is
used to measure the bellows extension
of the camera. The scale reads the
distance of the ground glass or photo-
graphic plate from the exit pupil of the
microscope when using a Huygenian,
hyperplane, or compensating eye-
piece. To compute the approximate
photographic magnification one should
use the formula
m BD

10

M =

where

M = total photographic magnifica-
tion

m = microscope magnification
(product of objective magni-
fication and eyepiece magni-
fication)

BD = bellows draw in inches, read
from the camera scale.

Thus, with a 10X objective, a 5X
Huygenian eyepiece, and a bellows
draw of 20.0”, the magnification of the
photographic image will be

z 20
10. % 5 ¥ 10 = 100:X.
When using the 103X Negative

Amplifier, a correction factor must be
applied to the above formula as the
exit pupil is formed within the camera
eyepiece tube, 2.68” to the right of the
exit pupil position of the other eye-
pieces. (It is for this reason that the
Negative Amplifier cannot be used as
an eyepiece for visual observation).

Therefore, the magnification formula
given above becomes

M = m BD —;]2.68

when calculating the magnification in
using the Negative Amplifier. For ex-
ample: a 40X objective in combina-
tion with the 10X Negative Amplifier
and a bellows draw of 9.82” will give
a total magnification of

40 X 10 X 9.82 + 2.68
10

The magnification values as ob-
tained from the above formulae are
only approximate because of varia-
tions in eyepiece and objective mag-
nifications which arise [rom necessary
manufacturing tolerances. To obtain
exact magnifications one should use a
stage micrometer and measure its
magnified image on the ground glass.

= 500X.
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: Approxi-

Photo- OBJECTIVES

. EYEPIECES mate
&raphic | 4 heomatic | Fluorite Apochromatic Bellows

Magnifi Draw
caton | Mag.| N.A.| Mag.| N.A. | Mag.| N.A. | Huyg. | Hyper. | Amp. | in inches

25X | 5X | 0.10 5% 10.0

50X | 5X |0.10 5X [ 20.0

75X | 5X|0.10 10X | 15.0

X | 0.20 7.5% 12.5

100X | 8X | 0.20 10X | 125

10X | 0.25 10X | 10.0

150X [10X | 0.25 10X | 150

200X 20X | 0.40 10X | 10.0

250X |20 | 0.40 10X 12.5

25X | 0.50 10X 10.0

500X 40X | 0.65 10X 9.8

750X | 50X | 0.85 10X 12.3

50X | 0.85 | 50X | 0.95 | 10X 12.3

50X | 1.00 [ 10X 12.3

1000 X 50X | 0.95 10X 17.3

50X | 1.00 10X 17.3

75% | 1.25 ‘ 10X | 10.6

1500 X 75X [1.25 [75X [ 1.40 10X 17.3

2000 X% 75X | 1.40 10X 24.0

ASTM Standard Magnifications and Recommended Optical Combinations

for Photomicrography
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Figure 18— The Carbon Arc Hluminator

LIGHT SOURCES

While the low wattage visual illumi-
nator before mentioned is ordinarily
satisfactory for visual observation, it
does not provide sufficient illumina-
tion for projecting the image on the
Magna-Viewer or for use during pho-
tomicrography, unless longer expo-
sures are of no consequence. For this
reason, two larger light sources are

made available. They are, in order of

decreasing intensity, the automatic
motor-driven carbon arc illuminator,
and the zirconium oxide illuminator.
The lamp housings are interchange-
able on the microscope.

Carbon Arc llluminator
The motor-driven carbon arc can be
supplied for use on 115v or 230v, A.C.
or D.C. Precautions should be taken

against attempting to operate the unit
on the wrong current or using the
wrong carbons. For D.C. operation, an
8mm diameter carbon should be used
horizontally and a 5.6mm diameter
carbon vertically. A.C.. operation re-
quires the use of 6.4mm diameter car-
bons both vertically and horizontally.

The 115v, D.C. carbon arc illumi-
nator is illustrated in Figure 18. This
illuminator is similar in appearance
and operation to all of the arc illumi-
nators. Refer to the Unpacking and
Assembly instructions at the rear of
this manual for directions as to the
proper electrical connections between
the illuminator, the rheostat, the mi-
croscope, and the source of supply. The
connection to the wall plug should be
such that the horizontal carbon burns
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the brighter. This may be ascertained
by observing the inverted image of the
carbons which is formed on the eround
glass window (Fig. 18—43). If the ver-
tical carbon should be burning bright-
er, simply reverse the wall plug con-

nection, thus reversing the polarity of

the D.C. input.

The switch (Fig. 18—44) turns the
rheostat on and off. When used in con-
nection with the internal wiring of the
supporting stand, this switch should be
left on at all times and the “Arc”
switch on the stand (Fig. 14—060) used
to turn the illuminator on and off. The
rheostat knob (Fig. 18—45) may be
used to vary the current between 5 and
10 amperes.

To move the carbon holders to per-
mit the insertion of carbons, turn the
clutch knob (46) counter-clockwise,
and then move the carbon holders by
turning the knob (47). The carbons

should be set so that, when they make
contact, the center of the horizontal
carbon lines up with the tip of the
vertical carbon. Avoid setting the
vertical carbon so high that it cuts into
the illuminating beam. or so low that
it causes the horizontal carbon to have
a tilted or overhanging crater. Re-
engage the clutch mechanism after
changing the carbons by turning the
knob clockwise.

NoTE: Be sure that the “Arc® switch
(Fig, 14-60) is turned off before at-
tempting to change carbons.

A limit switch inside the lamp hous-
ing, which is actuated by movement of
the horizontal carbon holder, turns the
current off when the carbons are
burned to their permissible limits.
This switch must be reset, after insert-
ing the new carbons. by turning the
limit switch lever in the direction of
the horizontal carbon holder. Leave

Figure 19— The Jirconium Oxide Illuminator
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the lever approximately perpendicular
to the direction of travel of the hori-
zontal carbon.

Carbon Arc Rheostat: The rheostat
unit for 115 volt operation (Cat. No.
42-46-30) has two rheostats for con-
trolling the carbon separation in the
lamp. These rheostats are set at the
factory but may require some slight
readjustment due to a slightly different
line voltage at the point of installation.

Adjustment may be made by insert-
ing a screw driver in the two holes (48)
and (49) and engaging the slots in the
ends of the rheostat shafts. With the
screwdriver, turn the left rheostat (48)
clockwise as far as it will go, and turn
the right rheostat (49) counter-clock-
wise. Start the are lamp and allow it to
burn about three minutes and then
observe the carbon separation.

For a D.C. lamp this separation
should be about 14” and not more than
84": for an A.C. lamp the separation
should be 14” to 15”.

If it is too short, turn the left rheo-
stat (48) in a counter-clockwise direc-
tion about 15 degrees and observe the
carbon separation after about three
more minutes of operation. If the sepa-
ration is still too short, continue the
adjustment in the counter-clockwise
direction until satisfactory separation
is attained.

If the carbon separation is too great
when both rheostats are set against
their stops as described above, it can
be shortened by adjusting the right
rheostat (49) in a clockwise direction.

The rheostat for use with 230 volt
(Cat. No. 42-46-31) has but one ad-
justment for controlling the carbon
separation. This is in the same relative
position as the left rheostat (48) for the
115 volt unit, and its adjustment is the
same.

Zirconium Oxide llluminator

This provides a source having small
area and high brilliance. The source
brightness is less than that of the
carbon' arc being 1/5 as bright.
The =zirconium oxide illuminator
operates at a color temperature of
3200°K. Inasmuch as type B Koda-
chrome is corrected for 3200°K color
temperature, this lamp is an excellent
source for use in color photomicrogra-
phy. The long life of the lamp, plus the
fact that no adjustments need be made
during operation, make this a very
convenient and economical source.

The zirconium oxide illuminator
consists of a No. 42-44-78 lamphouse
having a No. 42-42-06 300-watt zir-
conium oxide lamp, operated through
a No. 42-46-78 power supply unit. It is
illustrated in Figure 19.

To operate the illuminator, first plug
the lamp into the socket inside the
lamphouse. The base of the lamp has
two large-diameter and four small-
diameter prongs fittinginto correspond-
ing holes in the socket. This arrange-
ment insures the proper orientation of
the lamp in the lamphouse, so that the
source is directed toward the micro-
scope. The power supply unit can now
be connected to the lamp by a similar
plug located on the outside of the
lamphouse. The connections having
been made, connect the power supply
unit to a 115 v A.C. line by means of
the ordinary two-prong plug. The
small wire protruding from the side of
the plug is for grounding purposes, and
should be attached under the head of
the screw at the wall outlet.

caution: Do not attempt to use this
illuminator on direct current.

To start the illuminator, snap the
toggle switch (Fig. 19—50) on the
power supply unit to the “on™ position
and press the starting button (51) for a
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few seconds until the erratic blue arcs
in the lamp give way to a fairly steady
vellow-white light, then release im-
mediately. The lamp should continue
to burn after releasing the start button.

MICROSCOPE

The various components and mecha-
nisms of the microscope having been
described in detail, a few words are in
order as to how to use them in com-
bination to the best advantage. The
reader is referred to the preceding text
for specific details concerning subjects
which are covered in general here.

Bright Field lllumination

To study a specimen by visual observa-
tion with bright field illumination the
following procedureissuggested, rough-
ly in the order listed.

1. Turn on the light source.

2. Check to see that the dark field
stop lever is pushed all the way in, that
the analyzer is completely withdrawn,
that the polarizer is swung out of the
illuminating beam, that the half-
aperture lever is pulled back, and that
the aperture diaphragm is not de-
centered.

3. Using the fine adjustment, bring
the stage to the focus position as indi-
cated by the focusing index lever.

4. Elevate the stage, place the de-
sired objective in position, and lower
the stage.

5. Center the stage plate aperture
roughly to the objective axis, using the
mechanical stage controls.

6. Place the specimen on the stage
plate and secure it with the specimen
clamp.

7. Insert the desired eyepiece in the
binocular body (or monocular body).

8. Turn the axis selector lever to the
“Micro” position, thus delivering the
light to the visual observation system.

If it fails to do so, repeat this starting
procedure.

NoTte: The Zirconium Oxide illuminator
equipment cannot be connected to
the supporting stand wiring circuit.

MANIPULATION

9. Using the fine adjustment, bring
the image into sharp focus.

10. Swing in any filters desired.

11. Adjust the openings of the aper-
ture and field diaphragms.

12. In order to rotate the specimen,
it will be necessary to see that the
center of rotation of the stage coincides
with the center of the field of view. Re-
lease the rotating stage clamp and
rotate the stage while observing the
image. If a spot central to the field of
view does not revolve about its own
center, centering of the stage will be
necessary. This is accomplished by
means of the stage centering screws,
moving the stage until the center of
rotation does coincide with the center
of the field. A good way to judge when
exact centration is obtained is to see
whether or not an object near the edge
of the field remains a constant distance
from the field diaphragm as the stage
is rotated.

Other Methods of lllumination

Once bright field illumination has
been obtained, it is a simple matter to
switch to dark field, polarized light,
oblique or half-aperture illumination.
The plastic mounted bright field-dark
field objectives may be used to obtain
any of these types of illumination, but
they are the only objectives with which
dark field illumination may be ob-
tained.

In the following four paragraphs it
will be assumed that the instrument
has first been set up for bright field
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illumination according to the above
instructions and returned to bright
field illumination each time before try-
ing the next type of illumination.

To change to dark field, fully open
both aperture and field diaphragms,
and pull the dark field stop lever out in
the direction of the engraved arrow.
Adjust field and aperture diaphragms
until the highest contrast in the image
is obtained.

Polarized light is obtained by swing-
ing in the filter holder which contains
the rotating polarizer and sliding in
the analyzer. Rotate the polarizer until
maximum extinction of the light is
obtained near theindex line. At this ori-
entation of the polarizer and analyzer,
their axes are crossed. By rotating the
stage you can determine whether or
not the specimen is optically active.

Upon swinging the sensitive tint
plate into position when the polarizer
and analyzer are crossed, the field of
view will become predominantly ma-
genta in color. Evidence of weak bi-
refringence in the specimen can be de-
tected by rotating the specimen and
observing if any change of color occurs.

To obtain oblique illumination,
simply decenter the aperture dia-
phragm. It may be desirable to close
the diaphragm somewhat in order to
emphasize the relief structure of the
specimen. The decentered diaphragm
may be rotated through 360° in order
that the oblique illuminating beam
may strike the specimen at any desired
azimuth.

Half-aperture illumination is readily
obtained by pushing in on the half-
aperture lever. It must be kept in mind
that the use of half-aperture illumina-
tion involves the loss of resolving power
in one direction, since half of the objec-
tive aperture is prevented from contrib-
uting to the formation of the image.

When using the lower power objectives
this effect is not serious, but the use of
half-aperture illumination is not rec-
ommended for the higher powers.

Trouble Shooting

If a satisfactory image is not obtained,
the following points should be checked.
I't will almost invariably be found that
the defect is due to one or more of
these conditions:

1. Light source not centered.

2. One of the filter holders inter-
fering with the illuminating beam.

3. The aperture diaphragm de-
centered when oblique illumination is
not desired. i

4. Specimen and/or stage plate
tipped.

5. Mechanical stage decentered so
much that a high power objective
strikes the stage plate before focusing
on the specimen.

6. Objective holder not firmly seat-
ed and properly located.

7. Dark field stop handle not accu-
rately set at either its full “in™ or its
full “out” position.

8. Half-aperture lever intermediate
between “in” and ‘“‘out,” or pushed
“in” when half-aperture illumination
is not desired.

9. Analyzer neither “in” or “out,”
or “in” when polarized light is not
desired,

10. Axis selector lever not posi-
tioned so that the click stop is properly
locating it.

It should be realized that no micro-
scope, no matter how perfect, can pro-
duce a satisfactory image of a specimen
which has not been properly prepared
or mounted. The proper preparation
of metallographic specimens is an art,
and should be given as much attention
as any other phase of metallography.
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THEORY OF THE MICROSCOPE

A brief discussion of the optical prin-
ciples which should be considered in
the use of the microscope are given
here. For a more complete and de-
tailed treatment of the various sub-
jects one should consult one of the
many books devoted to microscopy.

The optical system of the compound
microscope may be sub-divided into
three units: the condensing system, the
objective, and the eyepiece.

Condensing System

The condensing system is provided to
ensure that the light energy emitted by
the light source is so directed that the
aperture and field of the objective are
completely and evenly filled with
light. In the usual metallurgical micro-
scope the lenses of the condensing
system are an integral part of the unit
and are not subject to interchange at
the discretion of the operator. The
field and aperture diaphragms, which
are also part of the condensing system,
are subject to the control of the opera-
tor. Their function and use will be
discussed in a later section.

Objectives

The objective forms an enlarged image
of the object. The degree of magnifica-
tion depends on two factors: the focal
length of the objective and the tube
length of the microscope. All of the
objectives to be used on current Bausch
& Lomb Metallographic Microscopes
should be corrected for use with an
uncovered object (no cover glass) at
215mm tube length. Under such con-
ditions the image formed by the objec-
tive will display the minimum amount
of aberration.

One other characteristic of the ob-
jective, of even greater importance

than the magnification, is the numeri-
cal aperture.

Numerical Aperture

The numerical aperture of an objec-
tive is a measure of its resolving power,
which is its ability to separate the fine
details which may exist in the speci-
men structure, An objective of a given
numerical aperture (usually abbrevi-
ated to N.A.), whose full aperture is
filled with light, is capable of resolving
specimen structure which is separated

A where A
TN A_» Where A repre-
sents the wavelength of the illumina-
ting light. Assuming that light of wave-
length 5500A (0.000022") is used, two
lines separated by a distance of approxi-
mately

1 :
Y3600 NA™ Goooo N.A. )
will be resolved. For an objective of
0.95 N.A., this is equal to 0.00029 mm
(0.000012"").

The numerical aperture is also in-
dicative of the depth of focus of the
objective; the greater the N.A., the
smaller the depth of focus. The image
formed by the objective is not that of a
mathematical plane located at the
specimen surface, but rather that of a
thin layer which extends above and
below the ideal specimen plane, all
points located in this thin layer being
in sharp focus. The extent of this layer
varies from +0.055 mm for the 5X,
0.10 N.A. objective to +0.0003 mm for
the 77 X, 1.40 N.A. apochromatic ab-
jective. Thus it will be noticed that
specimen flatness is very critical, par-
ticularly for the higher N.A. objectives.

As the numerical aperture increases,
the greater are the demands placed
upon the objective to form a more per-
fect image so that full use may be

by a distance

m (
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made of the increased resolving power.
It is for this reason that there are three
types of objective construction: achro-
matic, fluorite, and apochromatic,
which, in the order given, have in-
creasing complexity of construction
and produce increasingly good quality
of image.
Achromatic Objectives

The achromatic objective, in which
chromatic aberration is corrected for
two wavelengths and the spherical
aberration is corrected for one wave-
length, is generally useful for most pur-
poses up to a numerical aperture of
0.85 for dry objectives.

Fluorite Objectives

The fluorite objectives, which use the
mineral fluorite as one of the refracting
elements, produce an image superior
to that of the achromatic objectives,
primarily because of the reduction of
the secondary spectrum or spread be-
tween the foci of the chromatically and
spherically corrected wavelengths.

Apochromatic Objectives

Apochromatic objectives represent the
closest approach to the ideal objective
as vet attained. Chromatic aberration
is corrected for three colors and spheri-
cal aberration for two. Secondary spec-
trum is virtually eliminated. These
objectives should be used when the ut-
most in resolving power is desired.
The decision as to which objective to
use in any particular case will depend
on the requirements as to magnifica-
tion, resolving power, and flatness of
field. One rule to follow in regard to
the relationship between magnifica-
tion and numerical aperture is that the
total magnification should not exceed
approximately 1000 times the numeri-
cal aperture of the objective. The
“1000 times” rule insures that the

magnification is more than sufficient to
reveal all of the detail which the ob-
jective is capable of resolving.

If the magnification is greater, no
new detail will be revealed; therefore, it
is termed “empty magnification.” Ex-
ceptions to this rule may be made pro-
viding that great care is taken. Ex-
perience has shown that satisfactory
photomicrographs may be made at
2000 X and even higher with an objec-
tive of 1.40 N.A.

All Bausch & Lomb objectives for
metallurgical microscopes are now
anti-reflection coated to increase image
contrast. This is of importance when
employing vertical illumination, in
order to eliminate light which would
otherwise be reflected by the lens com-
ponents and thereby reduce image
contrast.

This coating is a layer of magnesium
fluoride which is one-quarter of a
wavelength of green light (0.000005”)
thick. and its action is to cause the
ordinarily reflected light to interfere
destructively; the transmitted light is
reenforced to give closer to the ideal
1009 transmittance.

Eyepieces

The eyepiece magnifies the image pro-
duced by the objective much as a
magnifying glass permits one to ob-
serve an object held close to the eve.
The type of evepiece used has no effect
upon the resolution obtained in the
image but its type of aberration cor-
rection does affect the general image
quality, particularly with respect to
the aberration known as chromatic
difference of magnification.

The Huygenian eyepiece is best
suited for use with the lower power
achromatic objectives. It consists of
two plano-convex lenses, one at each
end of the eyepiece tube, with a field
diaphragm between them.
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The hyperplane eyepiece features a
flatter image plane than the Huyge-
nian type and is recommended for use
with the medium and higher power
achromatic and fluorite objectives.

The compensating eyepiece is in-
tended primarily for use with apochro-
matic objectives, being corrected to
compensate for the considerable chro-
matic difference of magnification which
is typical of apochromats.

The negative amplifier is meant to
be used for photomicrographic pur-
poses only, and is recommended for
use at photographic magnifications of
500X and higher. It was previously
pointed out that the evepiece adapter
must be reversed when using the nega-
tive amplifier.

Aperture Diaphragm

The aperture diaphragm has as its pri-
mary purpose the control of the illumi-
nating beam so that only that bundle of
light which is sufficient to fill the aper-
ture of the objective is passed through
the system. It is also used to increase
the flatness of field, depth of focus, and
contrast in the image. It must be
realized that these advantages are
gained only at the expense of loss of
resolving power. As soon as the dia-
phragm is stopped down beyond the
point at which the back aperture of the
objective is just filled with light, the
effective numerical aperture and,
therefore, the resolving power are re-
duced.

It cannot be too emphatically stated
that the aperture diaphragm should
never be used merely to reduce the in-
tensity of the illumination. Neutral
density filters are available for this
purpose and their use involves no loss
of resolving power.

The proper setting of the aperture
diaphragm can best be determined by

slowly closing it while watching the
image. At some certain setting an ideal
compromise between image contrast
and resolution will be found. Closing
the diaphragm beyond this point will
bring about a thickening of the image
structure due to diffraction effects;
opening it wider will cause the image
to lose contrast.

The optimum setting of the aperture
diaphragm is generally found to be
that for which the objective aperture is
approximately 2/3 filled with light.

The opening of the aperture dia-
phragm relative to the objective aper-
ture may best be observed by using the
pinhole cap in the observation eye-
piece tube instead of an eyepiece.

Field Diaphragm

The field diaphragm serves to control
the illuminating beam so that only
that portion of the specimen which is
under examination is illuminated, thus
eliminating stray light which might
cast a haze over the image. It is usual
to close the field diaphragm until its
image lies just outside of the field of
view of the eyepiece.

Filters

Filters are normally used for metallo-
graphic photomicrography and are
generally used to control resolving
power and image contrast, rather than
to reproduce tone values in the photo-
graphic image.

In the section on numerical aperture
it was pointed out that the resolving
power depends on the wavelength of
the light employed as well as on the
numerical aperture of the objective.
Therefore, it might be assumed that a
blue filter should be used at all times to
obtain the maximum resolving power.
Thisis true when one uses apochromatic
objectives with their superior color and
spherical aberration correction. How-
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ever, when using the achromatic ob-
jectives, it is best to employ a green
filter as these objectives are spherically
corrected for this region of the spec-
trum. A blue filter would give greater
resolving power for the achromatic ob-
jectives, but the resolving power thus
gained would be more than offset by
the fuzzier image obtained.

Neutral density filters should be
used when it is desired to reduce the
intensity of the illumination without
changing its spectral characteristics.
The Bausch & Lomb evaporated in-
conel neutral density filters closely ap-
proximate an ideal neutral filter which
has a constant transmission over the
range ol the visible spectrum.

PHASE CONTRAST ACCESSORIES

In the following section. instructions
are given for the use of the Bausch &
Lomb Phase Contrast Accessories for
Metallography (Cat. No. 42-32-51-54)
in conjunction with the Balphot
Metallograph.

The Bausch & Lomb Phase Con-
trast Accessories for Metallography
make possible the application of the
principles of phase contrast micros-
copy to metallographic microscopes.
No special phase objectives are needed
with this equipment, since all of the
standard metallographic objectives are
usable. The equipment shown in
Figure 21 consists of one phase con-
trast accessory and one annular stop
holder. A lined, leatherette-covered
case is supplied.

Fitting to the Microscope

The phase contrast accessory fits di-
rectly into the camera evepiece adapter
tube. Figure 24 shows the unit in place
and ready for use. To attach the unit,
first remove the reversible eyepiece
adapter from the camera axis tube and
insert the phase contrast accessory in
its place. Rotate the unit until the eye-
piece tube is at a convenient angle and
then turn the large knurled ring (I'ig.
21—53) in the direction of the arrow,
as shown, clamping the unit securely
in position.

Insert the annular stop holder (Fig.
21—54) into the end of the aperture

diaphragm assembly. Should the hold-
er fit a little too loosely, bend the lips
of the T slot slightly until a snug fit is
obtained. With the aperture dia-
phragm in the centered position, open
it all the way.

Image Formation
Figure 22 shows schematically the op-
tical system of the phase contrast

Figure 20— The Phase Contrast Accessories
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Figure 21—Schematic Diagram of the Optical Path of the Phase Contrast Accessory

accessory in conjunction with the
microscope. The annular stop is placed
at A, the plane of the aperture dia-
phragm. The stop is imaged by the
condensing system at A’, in (or close
to) the rear focal plane of the objec-

tive. The objective images A’ at in-
finity and, upon reflection from the
specimen, it is imaged back upon itself
at unit magnification. The projector
system relays this image onto the phase
retarding annulus at A", and the re-

Figure 22— Centration of Stop Image and Phase Disc
A—Not Centered

B—Centered
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Figure 23— The Balphot with Phase Contrast Accessories

tarding and absorbing action of this
annulus converts the light energy into
a phase contrast image.

Changes in surface clevation of a
specimen result in a “phase image”
whose phase pattern is a replica of the
surface contour, depressions being re-
tarded in phase, elevations being ad-
vanced. This phase pattern is invisible
in normal bright field illumination.
but can be made visible by super-
imposing a ‘““coherent background”
upon the image. This coherent back-
ground is simply a level illumination
backeround of light which has a def-
inite phase relation with respect to the
invisible “phase image.” Its addition
to the phase image causes this image to
become visible by interference. in

much the same manner that super-
position of a test glass on an optical
surface causes the otherwise invisible
surface contour of the optical surface
to become visible.

The coherent background in the
case of the test glass comes from the
reflection from the test glass face; in
the case of the phase microscope it
comes from the direct undiffracted
light which goes through the phase-
retarding annulus. The beam-splitting
cube permits approximately 859 of
the light to pass on out to the camera,
and directs the remaining 159 of the
light to the visual observation tube of
the phase unit.

Lens D serves as a telescope objec-
tive, focusing the light so that any

s
(8]
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standard eyepiece (E) may be used for
visual observation. The phase visual
observation system has a magnification
factor of 2.5 X ; i.e., the total magnifica-
tion is 2.5 times the product of the eye-
piece and objective magnifications.

The auxiliary centering lens (F)
may be swung in and out of the optical
path as desired. When swung into
position, as shown by the dotted lines,
and with an eyepiece (E) in place, the
system is focused on the phase disc
(A") and centration of the annular
stop image may be made. With the
lens (F) swung out of the optical path,
the system is focused on the specimen
under examination. The projection
lens system (C) is equivalent to a 5X
evepiece in its photographic magnifi-
cation. It is corrected to give not only a
sharp image of the specimen but a
sharp image of the illumination annu-
lus as well.

Adjustment and Alignment

Attach the desired objective to the
microscope and insert the desired eve-
piece in the phase visual observation
tube. Make sure that the aperture dia-
phragm assembly is centered, and that
the auxiliary-centering, lens-actuating
handle (Fig. 21—55) is turned so that
it is parallel with the camera axis.
With the light directed into the micro-
scope camera axis (and thus into the
phase contrast unit), focus the micro-
scope in the usual manner. Rotate the
handle (55) 90° counterclockwise.
This will swing the auxiliary centering
lens into position and bring the phase-
altering annulus (dark ring) into focus.

By turning the focusing knob (56),
bring the image of the annular stop
(bright ring) into focus in the plane of
the phase disc. With the phase disc
centering screws (57) center the dark
annulus to the bright annulus. The

bricht annulus must be concentric
with, and completely covered by, the
dark annulus to insure correct per-
formance. Figure 23A shows the ap-
pearance of the two overlapping annu-
lar patterns when the stop image
(bright) is properly focused but not
properly centered to the phase-altering
annulus (dark). The regions of com-
plete overlap appear gray.

Figure 23B shows the optimum con-
dition for the concentric overlap of
the two annular patterns. Rotate the
auxiliary centering lens handle 90°
clockwise and the image of the speci-
men will be seen. It may be necessary
to refocus the microscope slightly. The
unit is now in adjustment and the
specimen may be studied under the
conditions of phase contrast. This
alignment procedure must be re-
checked upon changing objectives or
specimen,

Phase Photography

To take a phase contrast picture after
the above alignment is completed, it is
only necessary to bring the light-tight
connector of the camera up to the
light-tight adapter of the phase con-
trast unit and focus the image on the
ground glass in the usual manner.

Comparison of Phase and Bright Field

With the phase unit attached to the
microscope and in adjustment, it is
possible to view the image under bright
field conical illumination simply by
switching to the visual observation
tube of the microscope. While the
bright field image under conical illu-
mination will appear somewhat differ-
ent from the image as seen under the
more conventional central axial illu-
mination, it will serve as an adequate
guide as to what characteristics of the
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specimen the phase contrast is reveal-
ing which would be unnoticed other-
wise. To obtain central axial bright
field illumination it is necessary to
remove the annular stop from the illu-
minating beam. If this is done and
then one wishes to return to phase con-
trast conditions, simply replace the
annular stop, open the aperture dia-
phragm, and check the focus and cen-
tration of the phase disc and the
annular stop image.

Filters

For optimum photographic results the
green filter should be used, but visual
observation may conveniently be car-
ried out without the use of filters,

Type of Contrast

The phase-altering annulus supplied
with the unit is designed to give posi-
tive, or dark, contrast. That is, in the
resulting phase image, regions of

greater optical path will appear darker
than those of less optical path. This
means that areas which are depressed
with respect to the general surface
level of the specimen will appear dark,
and elevated areas will appear bright.
Thus the surface contour of the speci-
men may be interpreted from the gra-
dations of tones in the phase image.

Care of the Instrument

As with any optical instrument, one
should take precautionary measures to
prevent the accumulation of dust on
the optical elements. When it is not in
use, keep the unit in its case. When the
unit is attached to the microscope,
always keep an eyepiece in the visual
observation tube. Should dust accumu-
late, brush it off gently with a camels
hair brush or blow it off with a gentle
blast of air. If necessary, the exposed
lens surfaces may be wiped with a
piece of lens tissue or a soft lintless
cloth moistened with Xylol.

UNPACKING AND ASSEMBLY

The Balphot Metallograph is shipped
disassembled, packed in several boxes
and crates to provide protection dur-
ing transportation. The number of
boxes used will depend, of course, on
the particular equipment ordered. No
detailed instructions are necessary as
to the unpacking of these boxes as all
screws, etc., will be evident upon in-
spection. Needless to say, rough treat-
ment and handling are to be avoided.
Remove all bracing blocks which
hinder easy removal of the equipment
from its crate.

Certain portions of the equipment
will be wrapped and tied both to pre-
vent dirt and dust from getting into the
mechanisms and to prevent movement

during shipment. Dust the equipment
off before removing these wrappings.

NoTE: Do not use the camera eve-
piece tube as a handle when removing
the microscope from its case.

A study of Figure 1 will indicate the
relative positions of the various com-
ponents with respect to each other and
will serve as a guide to assembly.

The supporting stand and optical
bed are shipped as an assembled unit.
The shock-absorbing knobs (Fig. 17—
39) will be tightened and should be
left tightened until all is assembled.

Unscrew the two lock screws in the
microscope base (Figs. 9 and 14—58)
until they do not protrude through the
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inside of the base. Place the micro-
scope on the optical bed. It will be
necessary to tilt it backwards some-
what in order that the dovetail surface
of the microscope base contacts the
rear dovetail surface of the optical bed.
A scribe mark, located approximately
10” from the first engraved line of the
camera scale, will indicate the position
of the left end, of the microscope base.
Make sure that the dovetail surface at
the rear of the microscope base is in
contact with its mating surface of the
optical bed and tighten the screws (58).
Slide the camera supports on the
optical bed from the left, making sure
that the camera support gibs are in
place in their respective supports. Two
small headless screws on the front of
each of the camera supports control
the separation between the gibs and
the front dovetail surface of the optical
bed. To adjust these properly, with the
camera in place on the optical bed,
tighten the screws completely and then
back them off about one half a turn. If
the gibs are too loose, there will be
chatter as the supports are moved.
The remote-control fine focusing rod
is held in place by two screws, one in
each of the supporting pieces. Seribe
lines on the optical bed will indicate
the correct positioning of supports.
The stage will not be on the micro-
scope when it is received. Unscrew the
centering screws (Fig. 2—3) until they
do not protrude through the stage sup-
port. On the under side of the rotating
stage there will be seen a notch and two
plane beveled surfaces. The centering
pin engages the notch and the centering
screws contact the plane surfaces when
properly positioned. Hold the stage,
right side up, allowing it to tip slightly
toward the rear. Engage the centering
pin in its notch on the lower side of the
stage, push forward against the spring,

and allow the stage to settle gently into
position. Screw in the centering screws
until they contact their bearing sur-
faces. Instructions for centering the
stage are given on page 25.

A hexagonal head bolt will be seen
in the bottom of the left hand acces-
sory cabinet. This belt is provided to
permit the leveling of the supporting
stand with respect to the floor on which
it rests. A socket wrench is provided
with the equipment for adjusting this
bolt.

Before attaching the Magna-Viewer
to the microscope see page 15,

Electrical Connections

Three loose wiring cables, two long
and one short, are supplied with the
supporting stand in order that proper
connections can be made between the
integral wiring system of the metallo-
graph and the sources of electrical sup-
ply. In addition, there are three other
cables, one emerging from the rear of
the condenser support and two emerg-
ing from the carbon arc rheostat.
These will have to be connected, for
proper operation, in the manner de-
scribed below. The lengths of the wires,
and the sizes and shapes of their plugs

Figure 24
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Fioure 25

and receptacles. are such that it will be
difficult to make a wrong connection.

Figure 24 shows the wiring panel
which is located on the lower right side
of the right column of the supporting
stand. Connections to this panel are as
follows: The female plugs of the two
long loose cables are to be connected to
the matching male plugs of the panel,
one is marked “115V Input, 50-60
Cycles” and the other **Arc Input.”
The male plugs of these two cables are

to be connected to the proper sources
of electrical supply: the former to a
110-120v A.C. line and the latter to a
line suitable for the characteristics of
the carbon arc lamp purchased. Both
of the cables which are integral with
the carbon are rheostat are to be con-
nected to the two remaining receptacles
of the wiring panel, the ones marked
“Carbon Arc Rheostat.” Note: The
power switch of the rheostat (Fig. 18—
44) may be put in the “On™ position
after all connections have been made
and left on. Use the “*Arc” switch (Fig,
14—60) as the control switch.

The short loose cable is to be con-
nected between the receptacle in the
rear of the arc lamp housing and the
receptacle in the upper right rear of
the supporting stand. See Figure 25.

Connect the cable which emerges
from the rear of the condenser support
to the receptacle which is immediately
beneath the condenser support in the
supporting stand. Refer to Figure 25.

As a final precaution, a grounding
wire should be connected between the
“terminal G,” adjacent to the wiring
panel (Fig. 24), and a radiator, water
pipe, or other grounding medium. Use
a wire no smaller than No. 14 AWG.
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THESE DIRECTIONS or instructions do not presume to cover all details, varia-
tions, or changes in this equipment; nor to provide for all possible contingencies
to be met in connection with installation or use. We would be glad to help on any

problems not covered in this manual.

RESPONSIBILITY FOR DELIVERY: Every shipment of Bausch & Lomb prod-
ucts is in good condition when it leaves the factory. The transportation company,
when it accepts the shipment, becomes the consignee’s agent and is responsible
for safe delivery.

If shipment shows evidence of rough handling, the receiver should have the
agent note on the receipt “Received in bad order”; or if “concealed damage” is
revealed after unpacking, he should call the representative of the transportation
company within 48 hours and have him make out a “Bad order” report. Unless
this procedure is followed, the customer loses all right to recovery from the carrier.

—Bauwusch & Lomb Incorporated

Hiustrations shown berein are of Bausch & Lomb products current at the time of this printing. However
due to our constant efforts to improve and refine, we reserve the right to supply products that may differ
slightly fram those shown in accompanying illustrations,



Sketched below are the main offices and works of
Bausch & Lomb Incorporated at Rochester,
New York. There are other Bausch & Lomb and
affiliated plants in Rochester, N.Y., California,
Canada, Brazil, Argentina, England, Ireland,
Switzerland, Australia, and Sweden. Sales offices

are in many of the larger cities.
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Typical Photomicrograph taken on the

Bausch & Lomb Balphot Metallograph
(Reproduction)

Specimen: Manganese Bronze
Magnification: 100 X
lllumination: Brightfield
Objective: 82X, 0.20 N. A.
Eyepiece: 5X Huygens

E2-751, Appendix A LUTHO IN U.S. A.




Typical Photomicrograph taken on the

Bausch & Lomb Balphot Metallograph
(Reproduction)

Specimen: Pearlite

Magnification: 500 X

lllumination: Darkfield

Objective: 40X, 0.65 N. A,
Eyepiece: 10X Negative Amplifier

E2-751, Appendix B LITHO IN U. S, A,




Typical Photomicrograph taken on the

Bausch & Lomb Balphot Metallograph

(Reproduction)

Specimen: High Speed Steel

Magnification: 750 X

lllumination: Brightfield

Objective: 50X, 0.85 N. A,

Eyepiece: 10X Negative Amplifier

UTHO IN U. 5. A,

E2-751, Appendix C




Typical Photomicrograph taken on the
Bausch & Lomb Balphot Metallograph

(Reproduction)

E2-751, Appendix D

Specimen: Martensite
Magnification: 500 X

lllumination: Polarized Light
Obijective: 40X, 0.65 N. A,
Eyepiece: 10X Negative Amplifier

LITHO IN U, S. A,




Typical Photomicrograph taken on the

Bausch & Lomb Balphot Metallograph
(Reproduction)
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Specimen: Pearlite

Magnification: 1500 X

lllumination: Brightfield

Obijective: 75X, 1.40 N. A. Apochromat
Eyepiece: 10X Negative Amplifier




