PRINCIPLES OF PHASE MICROSCOPY

Phase microscopy puts in the hands of the micro-
scopist a unique technique of immeasurable value
in the examination of the structural detail of living,
transparent organisms and other specimens of simi-
lar optical properties. So significant is its importance
that Prof. F. Zernike of Holland was awarded the
Nobel Prize in 1953 for his pioneering work in phase
mICcCToOSCoORY.

Stated in simplest terms, the function of the phase
microscope is the conversion, through oplical manip-
ulation, of “optical path” differences into visible dif-
ferences of light intensity. {Optical path being the
product of refractive index times thickness.) The
American Optical Company was among the first
to recognize the virtually limitless application of
phase microscopy and, after long and intensive
development effort, introduced ils initial phase micro-
scopes in 1947,

In conventional microscopy, the details within the
specimen are either darker or lighter them one an-
other, in most cases as a result of differential staining.
The darker the detail, the greater the amount of light
absorbed as it passes through the plane of the speci-
men. [n this manner, each structural element acts as
an absorbing medium and weakens, to a greater or
lesser degree, the light wave as it passes through.
This reduction in intensity results in a corresponding
reduction in light wave amplitude [(distance from
crest to trough of the wave) as shown in figure A.
The selective agbsorption described here produces a
readily visible image becouse specimen detail ap-
pears as differences in brightness or color to which
the eye is sensitive.
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The phase specimen (e.g. an unstained, small, living
organism) is transparent, colorless and, typically, is
meounted in a transparent media of almost identical
optical properties. Because of the transparent na-
ture of the fine detadl within the phase specimen, the
amplifude of the light waves passing through the
specimen and its surrounds is not appreciably al-
tered. With very little or no light absorption by the
structural elements of the specimen, the intensity of

Figure A

the lighl waves remains conslant. Thus, because
varying degrees of light intensity are lacking, an
image visible to the eye comnot be formed in the
classical manner.

However, as light passes through the phase speci-
men, another most significant phenomenon occurs,
called diffraction. There exists within the fine struc-
tural detail of the phase specimen, and the specimen
as a whole relative to its surround, what is termed
"optical path” differences resulling from dilferences
in index of refraction and thickness. Differences in
optical path give rise to diffraction by the specimen
detail. The more pronounced or “abrupt” the dis-
continuities in optical path the greater the diffraction
effect.

One result of diffraction is that light is scattered as
compared to the undeviated light which is trans-
mitted directly through those areas of the specimen
where there is insufficient detail to cause diffraction.
The second important characteristic of diffraction is
that there is a difference in phase between the dif-
[racted and undeviated or direct light. The phase
microscope makes it possible to convert differences
in optical path to which the eye is insensitive into
amplitude or intensity differences which the eye can
see [without the use of staining).

The phase microscope atilizes two unigque compon-
ents: (1) an annular digphragm below the condenser
which directs a hollow cone of light to the tremsper-
ent specimen; and (2) a conventional microscope
objective which iz modified by the addition of a dif-
fraction or “phase” plate. This plate is constructed
and positioned in a manner which separates the dif-
fracted and direct light coming from the specimen
and alters their intensity ond phase relationships so
thet they combine in the image plane of the eyepiece
lo form a visible image.

As the light passes through the phase specimen and
its surround, diffraction cccurs ot each point where
internal structural detail (of different optical path) is
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present. Similarly, the abrupt discontinuity in optical
path around the edges of the specimen where it
adjoins its surround causes diffraction. This diffracted
light is Y4 wave length out of phase with light not
diffracted by specimen detail which passes directly
through the specimen plane. The objective lens
thus receives both the direct light and that portion of
the diffracted orders of light which fall within the
limits of the objective aperture (See figure E).

We have, then, this situation, as all the light moves
from the plane of the specimen toward the diffraction
or "phase” plate: The direct light with considerably
greater intensity than the diffracted light moves as a
cone of concentrated light toward coincidence with
the "ring"” of the diffraction plate. The diffracted light,
relatively weak in intensity and retarded in phase by
Ya wave length, meves so as to be distributed aver
the whole aperture of the diffraction plate.

Since the direct light is brighter, its intensity would
tend to overbalance the weaker, dilfracted light and
dilute or destroy image contrast. To compensate and
bring the direct and diffracted light into “balance,” a
metallic absorbing film in the form of a ring-shaped
disc is utilized. This film or coating on the ring of the
phase plate reduces the intensity of the direct light.
Such obsorption tends to “equalize” intensities or
brightness. Thus, when the diffracted and direct light
later combine at the eyepiece focal plane, they are
balanced to achieve the desired degree of contrast.

Simultaneously, with the absorption procedure de-
scribed above, the diflraction plate performs a second
importamt function. Utilizing a phase retarding ma-

terial, the relative phase relationship of the diffracted
ond direct light is altered by %1 wave length. If a
phase retarding material is placed upon the ring-
shaped disc of the diffraction plate, a “Bright Con-
trast” image results. In this case, as shown in figure
C. the direct light is retarded by Y1 wave length,
bringing it into phase with the diffracted light. In this
manner, the diffracted light wave is reinforced by the
“additive” superposition of the direct light wave.
The result is a specimen image which appears bright
against a darker background. (This assumes the
specimen has greater optical path characteristics
than itz surround as is generally the case.)

When the phase retarding material is placed upeon
all areas of the diffraction plate other than the ring-
shaped disc, a "Dark Contrast” image results. As
shown in figure D, the diffracted light is retarded by
Ya wave length. The eftect of this “shift” is to bring
the direct and diffracted light together at the image
plane of the eyepiece ¥ wave length out of phase.
The result is a “subtractive” superposition of the light
waves whereby the direct and diffracted waves can-
cel each other to form an image darker than its sur-
round.

"B-Minus" Phase Contrast is a modification of "Dark
Contrast.”

Thiz brief ond non-mathematical explanation of
phase contrast microscopy, with the other informa-
tion presented in this reference meanual, should serve
as a sufficient guide for the useful application of the
phase microscope. For those who wish to delve
turther into the theory cnd mathematics of phase
microscopy,. refer to "Phase Microscopy™, J. Wiley &
Sons, 605 3rd BAve., New York, N. Y., 10016.
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INTRODUCTIOM

Phose microscopy reveals details in living or un-
stained specimens loo fransparent to be seen with
ordinary Brightfield microscopy. Two distinguishing
components of o phase microscope are: (a) an an-
nular diaphragm below the condenser, as shown in
figure I;: and {b) a dilfraction or "phase” plate at the
rear local plane of the objective.

AO offers three phase contrasts: Dark, Bright and
B-minus. The Dark Contrast phase chjectives show
details of greater optical path (refractive index x
thickness) darker than surrounding details of lesser
optical path, as shown in figure 2. Bright Contrast,
figure 3, shows the specimen bright against a darker
background. B-minus, figure 4, is o modification of
Dark Contrast and is generally used for examining
slightly absorbing specimens (light pigmentation or
faded colors) or incluszions within other material.

With the proper choice of contrast, specimen detail
may be revealed with an optical equivalent of differ-
ential staining . . . sharp boundaries are provided
for measurement and adequate contrast for counting.

In addition to steps for proper set up and optical
alignment procedure, this booklet contains informa-
tion on all AQ phase parts and accessories . . . Turret
and single Condenser mounts; Condensers; Stand-
ard and Long Working Distance Phase Annuli; the
Phase Aperture Viewing Unit and AO Telescope Eye-
piece and illuminators. Theoretical aspects of phase
microscopy are briefly described on page 15,

To conserve time in phase microscopy and increase
agccomplishment, we suggest that yeu thoroughly
read these instructions now and save them for future
reference.

Gloss fragment mounted in balsam. (Refractive index, glass
1.5%, balsam 1.54.) llustration (A): Brigktfield. Hlustration (B):
AOQ Phase Centrast.
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Figure 2 — Rat Carcinoma
with Dark Contrast Phase Objective

Figure 3 — Rat Carcinoma
with Bright Contrast Phase Objective

Figure 4 — Rat Carcinoma
with B-minus Contrast Phaze Objective



PRELIMINARY PROCEDURE

The preliminary procedure outlined on the next four
pages, while fundamental, is offered to help assure
that you gain full advantage of all the advanced
features built inte your AQ PHASESTAR., or, the
phase parts and accessories which you are adding
to your AQ Series 10 Microscope.

In reviewing this basic information, keep in mind
that the essential adjustments of o phase microscope,
stated briefly, are: (1) the field diaphragm is cen-
tered to the field of view; (2) the image of the
annulus matches (superimposes on) the diffraction
plate; and (3] the illumination is uniform and suffi-
cient with the field diaphragm properly focused.

Bright Confrast Dark Conirast E-minus Controst
10X, 20X, 45X, 100X 10X, 20¥, 45X, 100X 100X

When the phase ebjeclive is viewed through its back
lens, the diffraction or “"phase” plate may be seen as
a grayish ring as shown in figure 5. The area of this
ring is illuminaled by the corresponding annulus in
the phase condenser mount (e.qg.: 10X, 16mm annulus
— 10X objectivel.

In assembling objectives to the nosepiece, a single
series of objectives {e.q.: Dark Contrast) or any com-
bination of contrasts (Bright, Dark or B-minus) may
be used. FPhase objeclive(s) are often used in con-
Junction with companion AC Brightfield objectives.
Regardless of the combination used or the placement
sequence in the nosepiece, centration and parfocal-
ity is assured through precision tolercmeces held in
the manufacture of AQ objectives.

It is generally customary to arrange the sequence of
magnification from lowest to the next highest by
rotating the nosepiece clockwise. Of course, when
utilizing the turret condenser, the relative position of
each objeclive to its corresponding annulus is of pri-
mary importance.

I. ASSEMBLING OBJECTIVES TO NOSEPIECE

Figure § — The dii-
fracticn plate appears
at the rear focal plane
of the phase objective
as a grayish ring.

Figure § — Assemble
abjectives to the nose-
piece in the same ar-
rangement as the an-
nular diaphragmas in
the Turret Condenser,




] Il. USE OF THE APERTURE VIEWING UNIT

The AQ Phase Aperture Viewing Unit No. 1245 per-
mits binocular viewing cand focusing on the diffrac-
tion plate of each objective cmd the image of its
corresponding annulus for fast and easy centration.
The Unit — which in conjunction with the eyepiece

acts as a built-in telescope — is dlso a convenient
and rapid method of checking alignment from time
B to time.

The Aperture Viewing Unit is readily attached to the
FPHASESTAR or AO Series 1) Microscope beneath the
body and held in place with a knurled thumb screw.
The operdting lever can face to either side of the
microscope lo gccommodate your techmigue and
equipment arrangement. Regardless of eorientation,
the Viewing Unit will be precisely located on the
optical axis of the microscope.

Figure ¥ — When mounting Aperture Figure # — Use laver to swing lens into Figure 9 — Knob ingide lever moves in

Viewing Unit, the operating lever can be aptical path to view phase plate; swing emel cut to bring image of annulus emd
positioned on either side of microscope. out to view specimen. diffraction or “phose” plate into sharp
frcua.

Figure 10 — Shown (on far left) the dii
fraction plate and the image of the an-
nular diaphragm out of focus as they
might appear when you lirst swing in
the Aperture Viewing Unit. After adjust-
ment using kneb, they are in sharp focus
as shown in the photegraph to the imme-
dictte left.

AQO Phase Telescope

Remove the eyepiece of the microscope and insert
the Phase Telescope (AOQ Mo. 1265). By sliding the
upper part in or out as required for each objective
and viewing through the Telescope, you simultane-
ously bring the phase plate of the objective and the
image of the annulus in the condenser mount into
sherp focus.




lll. OPERATION OF TURRET CONDENSER

The Phase Turret Condenser No. 1240 contains pro-
vigion for four centerable annuli ond one open space,
any one of which can be positioned by turning the
knurled ring of the turret. Generally, the "A" setting
is used to designate the 10X annulus; “B”, the 20X;
"C", the 45X; and "D”, the 100X conulus with “O"
for the open space as shown in figure 12, Settings
may cssume new meanings with other combinations
of objectives and annuli.

Two captive centering wrenches are used to align
each annulus to its corresponding objective. Once
all objectives and annuli are properly aligned, the
turret setting can be chonged from one magnifica-
tion, or type of contrast, to the next without further
adjustment for centration being reguired. Thiz is a
significont feciure both in terms of time soved and
versatility of objective combinations.

Annuli are easily removable and interchangecable.
The Standard Annuli may be used in the Turret with
either the Standard or Intermediate Working Dis-
temee Condenser. The No. 1251 10X and Neo. 1252 20X
Long Working Distomee Annuli can also be used in
the Turret with the Long Working Distance Con-
denser.

Figure 13 —In mounling the Turret Condenser to the fork, he
certain that the slot in the back of the condenser assembly
seats into the pin (see arrow] in the fork mount. Insert the
condenser all the way inte the fork: rotate until the pin engoges
or “snaps into” the slot; and tighten retoining screw.

Figqure 15 — Annuli are easily removed for diflerent chjective
combinations. Set the turret ring to the setting for the annulus
you wish to change. First, unscrew condenser; then, using
spanner wrench provided, unscrew the annular diaphragm.
Replacement takes only o lew moments.

m 2

Figure 14 — The allen head stop screw with Condenser Stop
Extension Na. 1240-22 attached (zee arrow) con be advonced or
retracled, if required, to properly adjust the maximum height of
the condenser in relation to stage level. If you are adding phase
cquipment to an AC Series 10 Microscope, attach the Condenser
Stop Extension to present stop screw in substage assembly.

Standard Weorking
Distance Phase Condenser

Intermediate Working
Distance Phase Condenser

Long Working
Diztance Phase Condenser

Figure 16



1036A IN-BASE ILLUMINATOR

Figure 17 — INuminator provides Koshler-type illumination. Two
centering screws permit ceniralion of field diophragm. A trans-
jarmer voltoge setling of 5.5V is generally used. Neutral density
filter, contralled by lever in front, has a transmission of approxi-
meately 10%.

MO. 7350 ILLUMINATOR

Figure 18 — To place the image of the lamp filaments from the
mirror between and in the some plane as the filament image,
partially close the irs diophragm ond focus the filoment image
on o wall about two feet from the lamp. Adjust the three cen-
tering screws on the back of the lamp housing until the tweo
filament images intermesh.

IV. METHODS OF ILLUMINATION

Proper illuminalion for phase microscopy can be pro-
vided with either a separate or In-Base illuminator,
using Koehler or Koehler-type illumination.

When using a separate light source, such as AO
Model 735D, place the illuminator approximately 67
in front of the microszcope. Close down the iris dia-
phragm of the lamp (to approx. %" diameter} and
direct the light to the center of the mirror ( plane side).
Remeve any ground or diflusing glass from the illu-
minator. Fully close the iris diaphragm of the micro-
scope. Focus the lamp filaments onto the condenser
diaphragm leaves, adjusting planc mirror tilt as
required. After filaments are in sharp focus and
centered on mirror, open both diaphroagms.

For further steps in using a separate illuminater, or
when using built-in illuminator, follow procedure in-
¢luded in "Optical Alignment Procedure” beginning
cn the next page. With both types of illumination, o
ground or diftusing glass is helpful for more even
illumination. Use of ground or diffusing filters should
be confined to the 10X and 20¥ objectives. For criti-
cal microscopy (45X and 100X), control light intensity
with neutral density filters. No coler filter is required
with AQ phase equipment; however, a green filter
may be used if desired.

MO. 545 FLUOROLUME

Figure 19 — 200 watt Mercury Arc Lamp used in combination
with reflector and high speed glass condenser. fssures meorxi-
mum concentration end transmission of light intensity for phose
and fuorescence microscepy. fAccommodates, with the use of
appropriate height adapter plate, RO Serics il Phaze Micro-
scopes equipped with In-Base illuminator. Available with a
variety of exciter, heat absorbing and neutral density fillers
and compact power supply.




OPTICAL ALIGNMENT PROCEDURE
For AQ Series 10 Phase Microscope Equipment

Proper optical alignment procedure is of paramount
importonee in phase contrast micrescopy. Once fami-
liar, it can be rapidly and easily accomplished. The
essential steps are outlined below. Review them
carefully. It is recognized that set up technigques
vary from one individual to the other; however, the
basic sequence of procedure is generally the same.

Please bear in mind that centration has been care-
fully checked at the factory before each PHASESTAR
is shipped. If you are using a recently delivered A0
Phase microscope, a quick check should find centra-
tien satisfactery with but minor, if any, adjustment
required.

When adding phase equipment to a Series 10 AOQ
microscope, the set-up procedure should be followed
in detail. Also these instructions will be of value
when changes are desired in type of condenser,
annuli or objectives.

In this series of steps, it is assumed that you are
utilizing the No. 1240 Phase Turret Condenser Mount

Figure 20 illustrates: (A} phose condenser; (B) rotatable kourled furret ring;
(C) annular diophrogm ceniering wrenches; (D) turret aperture diophrogm
lever; (E)l centering screws for condenser; (F) retaining screw; (G} knob to
raize or lower condenser oand substage assembly.

and a Standard Working Distance Phase Condenser
(rather thon Intermediate or Long Weorking Distance )
and that either Dark Contrast or Bright Contrasi
Phase Objectives are being employed. (The low
contrast B-minus objective has no absorbing mate-
rials on the diffraction plate and is not readily seen
with the telescope evepiece or Aperlure Viewing
Unit.} Variations in set up for other phase accessories
are considered separately.

1. Make certain that the instrument is properly set
up according to "'Preliminary Procedure”™ instruc-
tions.

2. Cleanliness is essential in phose microscopy.
Check caretully to make certain that the equip-
ment and specimen preparation is clean; in
particular, the slide and cover glass, top con-
denser lens, and front lens of the objective.

3. When using the 1036A In-Base Illuminator, in-
itial centration of the illuminator is meost impor-
tant. This is accomplished by visually aligning

Fiqure 21 illustrates: (A) illuminator field dic-

phragm lever: (B) lamp cenlering screws; (C)
lever to contral position of neutral density filter,

Figure 22 illustrates: (A} retaining screw; (B}
frcusing kanak; (C) lever to swing Aperiure View-
ing Unit into or oul of optical path.



Figure 23 — Rbove left, lamp mount, as it might appear, belore

being positioned concentric with lamp housing. Above right,
correctly centered.

the mount and housing of the illuminctor as
shown in figure 23. Using the tweo centering
screws B figure 21, adjust the position of the
mount until it is concentric with the housing.
When so gecmetrically centered, approximately
the same amount of "thread” will be exposed on
both centering screws.

Fully open the iris diaphragms of both the illu-
minator, & figure 21, and the condenser, D fig-
ure 20.

_ Withdraw the two captive centering wrenches,
C figure 20, and rotate the knurled turret ring.
B figure 20, to the "Q" setting. These wrenches
must be withdroown to permit turret rotation.

Place a stained specimen slide on the stage (as
normally used in ordinary Brightfield).

. With the extension cap in place on the stop
serew of the substage assembly, raise the con-
denser by means of knob G, figure 20.

NOTE: The top element of the standard work-
ing distance condenser should be ap-
proximately the thickness of a piece of
paper beneath the underside of the slide.
See “Preliminary Procedure” for stop
screw adjustment.

. Using the 10X objective, focus on the storined

specimern.
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NOTE: If a separate illuminator is used with the
10¥ or 20¥ objective and the entire field
is not fully and evenly illuminated, it is
acceptable practice to use a ground
glass filter. Neutral density filter(s) or
clear color filters may alse be inserted
as required to reduce light intensity.

Close the field diaphragm, A figure ZI, so that it
iz vigibly superimposed on the specimen image.
Focus the image of the field diaphragm at the
same plane as the specimen by raising or lower-
ing the condenser. Disregard field diaphragm
centration at this point when using the L036A
In-Base Iluminator. After focusing, Iully open
the field diaphragm of the lamp.

NOTE: To facilitate focusing on the field dia-
phragm when using o separate illumi-
nator, remove any ground glass or
diffusing glass filters.

Leaving the phase turret set at "O", rotate the
45X phaose objective into operating position.
Using the fine adjustment knob, bring the image
of the specimen into sharp focus.

Fully close the field diaphragm. Without disturb-
ing the fine focus selting, bring the image of the
field dicphragm into focus at the same plane as
the specimen by raising or lowering the con-
denser by means of knob G figure 20.

Use the aperture diaphragm of the condenser to
enhance contrast of the field diophrogm as
desired. Center the field diaphragm to the edge
of the field of view by means of the condenser
centering screws, E figure 20.

NOTE: It is generally necessary when using a
separate illuminator, to adjust the tilt of
the planc mirror end the illuminator un-
til the image of the field diophragm is
positioned in the field of view.

. ] _...] s

Epithelium Cells, Bright Contrast 100X Objective

Epithelium Cells, Dark Contrast 110X Objective
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12. After centration of the field diaphragm, fully

13.

open the aperture diaphragm. All phase micro-
scopy is carried out with the aperture diaphragm
of the condenser fully opened.

HOTE: Subsecguent touch-up of the field dia-
phragm centration when changing ob-
jectives should be acccomplished with
centering screws B figure 21 on the 1036A
Muminator.

To center the cmnular diaphragm of the Turret
Condenser to the diffraction or phase plate of the
objective, follow this procedure:

{al Rotate nosepiece to return the 10X objective
to operating position (or lowesl power phase
objectivel.

(b} Place an unstained specimen slide on the
stage and open the field diophragm until
the iris leaves just disappear from the field
of view. (Do not open excessively or spur-
ious light will be detrimental to contrast.)
Using the 10X objective, (or lowest power
phase objective), bring the specimen into as
good focus as possible.

() Turn the knurled turret disc to the "A", 10X
annulus, (or lowest power annulus) setting.
Push in the two wrenches C, figure 20. By

14.

I

turning the wrenches slightly as they are
ingerted, you will feel them properly engage
into the centering screws of the centering
mechanism.

(d) Swing in the Aperture Viewing Device with
lever C figure 22 (or remove eyepiece and
insert Phase Telescope).

(e} Bring the image of the annulus of the con-
denser and the diffraction plate of the ob-
jective into simultaneous, sharp focus by
moving the focusing knob, B figure 20, of
the Aperture Viewing Device in or out.

{f) Adjust the annular diaphrogm ecentering
wrenches, C figure 20, until the annulus im-
age is positioned concentric with, and is
superimposed on, the diffraction plate as
shown in figure 24,

{gl Swing out Aperture Viewing Device (or re-
move Phase Telescope and replace ocular).

Bring the phase specimen into shoarp focus. The
microscope is now ready for use with the 10X
objective (or lowest power phase objective).

Center the other annuli to their respective phase
objectives. (Always remember to withdraw the
centering wrenches, C figure 20, belore the tur-

Figure 24 — Appearance of the imoge of the annulus and the
diffreretion plate of the objective when onnulus is: (A) out af
center; and (B) concemtric with, and properly supermposed

on, the difiraction or phase plate.

Oral Specimen, Dark Contras! 100X Objective

Oral Specimen, Dark Contrast 100X Objective



ret is rotated.) Once the annuli have been cen-
tered to o given set of objectives, they will
remain centered for considerable periods of time
with eareful use of the microscope. Centration
should be checked from time to time, particularly
for critical observation or phetomicrography.

16. In phase microscopy, when changing from one
objective to the next, bear in mind the imporl-
ance of: {a) field diophragm centration; {b)
adjusting field digphragm se that the field of
view is just filled with light; and {c) focusing
field diaphragm at the same plane as the speci-
men. The image of the cnnulus always should
be completely filled with white light. If the
cnnulus image is partially colored, it is an in-
dication of incorrect adjustment of condenser
height.

Figure 25 — To engage the annulus mounl, push in the two
centering wrenches and roiate slightly until you feel the allen
head wrench ends move into secured position, When using the
B-minus objective, without the difiraction plate visible, adjust
wranches until best contrast is achieved.

SPECIAL DIRECTIOMNS
FOR B-MINUS OBJECTIVES

The low contrast B-minus ohjective has no absorbing
malerials on the diffraction plate and consequently
cannot readily be seen with the Aperture Viewing
Unit or Telescope. Centration of lhe annular dia-
phragm in the condenser, therefore, must be aoccom-
plished in a somewhat diflerent manner,

For best resulis, first use a 100X Dark or Bright Con-
trast phase objective and center the annulus with
respect to this objective following the steps in “Opti-
cal Alignment Procedure” beginning on page 8. After
proper centration is accomplished and the specimen
is in sharp [ocus now rotate the nosepiece to the B-
minus objective. Slightly turn the two caplive center-
ing wrenches, C figure 20 used to align the condenser
annuli cmd adjust until best contrast is abtained.

GEMERAL COMMENTS ON TECHNIQUE

A few comments on technigque are offered here as
guidelines in the correct orientation of other annuli
o their respeclive phase objeclives.

When using the 45X cbjective, in some instances the
specimen (le. a tissue section) may couse light
diftusion to a degree which makes focusing the field
diaphragm at the plane of the specimen difficult. In
such cases, move to a clear arex of the slide fo ac-
complish the above; however, do not change the fine
focus adjustment of the microscope when using this
procedure.

When centering the field diaphragm using the 100X
objective, fully close the lamp irs. Locate the east-
west boundaries of the area of illumination by alter-
nately moving them into the field of view by adjusting
mirrer tilt with a separate illuminator or by using the
centering screws of the 1036A In-Base Illuminator.
When so oriented to the positions of the light bound-

Drosophila Chromozomes, Bright Confrast 100X Objective

Drosophila Chromosomes, Dark Contrast 100X Qbjective
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aries, arbitrarily select the center-most position of the
area of illumination.

In adjusting condenser height to bring the field dia-
phragm inte proper focus at the same plane as the
specimen, the field of view should be free of color
{with perhaps @ suggestion of gray only). The pres-
ence of color is particularly significant when utilizing
the 100X oil immersion objective. A bluizh colored
area seen in the field of view indicates that the
microscope condenser is focused too high. A brown-
ish-orange color indicates that the condenser is
adjusted too low. Other color aberration is usually
indicative of improper lamp, mirror or condenser
centration.

The use of planc-plano specimen preparations is
essential to clear imagery of the annular diaphragm
to the difiraction or phase plate. Figure 26 illustrates
an example of distortion caused by a wedge shaped
preparation. When such a "cat’'s eye” or other effect
occurs, suspect first that your specimen preparation
iz not plano-planc. Check by turning the slide or
mount 1807, If the distortion of imagery is reversed,
thiz iz evidence of irreqularity in the preparation.

Figure 26 — Turn slide end-for-end when you suspect specimen
preparation is not plano-plano. When imagery distorlion is
reversed, it is evidence of an irregularity in the specimen prep-
aration, such az a wedge shaped condition.

THE USE OF INTERMEDIATE AND
LONG WORKING DISTANCE PHASE EQUIPMENT

The working distance provided with AQ intermediale
phase equipment is to 3mm in gir (or the optical path
equivalent in water or in crown glass). With the long
working distance condenser, |5mm in air, or equiva-
lent optical path, is provided. (See figure 27.)
"Working distance'” as defined here is the distcmee
from the top of the microscope stage to the focal
plane of the specimen. The interchangeability of AO
phase equipment permils fost and easy medification
of your PHASESTAR or AC Series I Microscope from
standard working distance usage to intermediate or
long working distance.

Changing frem standard to intermediate working
distance merely requires the use of the No. 1243 In-
termediate Working Distance Phase Condenser. S5im-
ply unscrew the No. 1242 Standard Condenser from
the condenser mount (Turret or Single Condenser
Mount} and screw the No. 1243 Condenser in place.
This is the only change recuired as the some annuli
are used {or both working distances. All objective
magnifications (10X, 20X, 45X and 100X), in the
phase contrast desired, are utilized in intermediate
working distance phase microscopy.

When changing from standard or intermediate to
long working distance, the annuli (10X, 20X) in the
Turret or Single Condenser Mount, in addition to the
condenser, must be changed. To gain access to the
annular diaphragm, remove the Standard or Inter-
mediate Working Distance Condenser from the type
of mount being used. Using the spanner wrench pro-
vided, unscrew the stondard annulus and replace
with the desired Long Working Distance Annular
Diaphragm(s); then attach No. 1244 Long Working
Distance Phase Condenser to Turret or Single Unit
Mount.

The usze of plano-plane specimen preparations is of
parameount importance in phase microscopy. When
utilizing intermediate and long working distances,

Resin, Bright Contrast 45X Ohjective

Resin, Dark Contrast 45X Objective



Standard Working Distance
Objectives: 103, 20K, 45X, 100X

SPCCIMEN PLANE

Intermediate Working Distance
Objectives: 10X, 20X, 45X, 100X

3 MM {AlR}

~ T

Y,

Long Warking Distance
Objectives: 10X, 20X

Figure 27 — One mm of air
equals 1.33mm of water or
1.52mm of crown glass. {lmm
of water equals 0.73mm of
air. lmm of crown glass
aquals (.66mm of air.) These
ratios of relractive indices
cenn be used to obtoin the
eouivalent working distance
when the specimen includes
more than one medium,

the specimen mount should have parallel walls with
flat surfiaces and be of good optical quality. Irregu-
ler, lens shaped (hollow ground slides) or wedge
shaped preparations upset the alignment of the
phase system. Even with only a small wedge, as
when the cover glass is not quite parallel with the
slide, it moy be necessary lo repeat centering pro-
cedures each time the specimen is moved to maintain
good contrast. Phase microscopy is of little advan-
tage with test tubes becouse of distortion of the an-
nulus image making coincidence with the phase
plate impossible. Cleanliness of specimen prepara-
tions is also meost important to satisfactory interme-
diate and long working distance resulis.

The general sel up procedure for intermediate and
long working distcmce phase microscopy is the same
as for standard distance. {(See "Optical Alignment
Procedure”); however, one addilional slep is sug-
gested in the set up secquence. This follows Step
No. 13, &, page 10 (when the image of the annulus in
the condenser mount is brought inte sharp focus with
the diffraction plate of the objective). Al this point,
adjust the condenser height slightly se as to cbiain
as good o "maltch” (same relative sizel as possible
between the image of the cnnulus end the diffraction
plate as seen through the Aperture Viewing Unit or
Telescope. After such adjustment for size, proceed
with centration.

Figure 28 —In photograph (A}, the image of the onnulus is
aul ol proportion in relative size io the difiraction plate. The
image is too large endd extends beyond the oulside edge of the
difiraction plate. By adjusling condenser height, a goed “match”
iz ablamed as shown in {B).

Figure 29 — Flemo-plano specimen preparalions are essential
to good phase microscopy. Mounts should be fat, parallel and
of good optical quality. Flat bellem Hemacylomelers, AQ No.
147%, are recommended for phase microscopy.

Paramecia Protozoa, Bright Contrast 10X Objective

Starch, Dark Conirast 20X Objective
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OPERATION OF THE PHASE
SINGLE COMDENSER MOUNT

Operation of the No. 1241 Condenser Mount is gen-
erally the some as that of the Turret Condenser. It
accepts the Standard and Long Working Distomece
Fhase Annuli which are attached or removed from
the condenser with a spanner wrench (figure 31). A1
three condensers, Standard, Intermediate and Long
Working Distance, may be used with the Single Unit
Mount.

Atter inserting the desired annuli and attaching con-
denser, direct the light from the illuminant into the
condenser mount. Foeus the filament image of the
lamp at approximately the lower plane of the con-
denser annular diaphragm.

Centration of the condenser is not required with the
Single Mount. When attaching the Mount to the
fork of the microscope substage assembly, make cer-
tain that the pin in the fork engages or “snaps in"”
the slot in the mount and that the knurled holding
screw is lighlened.,

Alignment of the annulus to the diffraction plate of
the objective is the same as the Turret. The two
captive centering wrenches of the mount, as shown
in figure 30, permit fast and easy centration.

With the exceptions of the points above, follow the
steps under "Optical Alignment Procedure.”

PHASE PHOTOMICROGRAPHY

Pictures with excellent detail and contrast can be
taken with your PHASESTAR or Series [0 Microscope
wilh phase accessories. Exposures with B-minus Con-
trast will be about the same as with ordinery Bright-
field; Dark and Bright Contrast usually require ap-
preciably longer exposures (about 10 times). Make
certain that the annulus and the phase plale of the
objective are concentric with no evidence of spurious
light when viewing through the Aperture Viewing
Unit or Telescope.

Figure 30

Mite, Bright Conirast 20X Objactive



