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Reproductions of recent work with the Fhase contrast Microscopo

are included av the end of this beokler for which we are indebred to the
Direcrer of the National Institute for Medical Research for Nes. 1, 2, 4, 5, 6,
7.% 14, 16, 17 and &, o Dr. Robert Barer, Department of Human Anatomy,
Oxford for Nes, 3, |0, 1 and 12, 13, I5, 19 and 20, and to Dr. A. F. W,
Hughes and Dr. A Martin, Strangeways Research Laboratory, Cambridge,
for Ne. &.

Acknowledgment of permissien to reproduce is made te the Cauneil
of the Royal Microscopical Society for Nos. |, 2, 4, 5, & and 14, the Editor
of che Quarterly Journal of Microscopical Science for Nos. 10, 11, 12 and 13,
and the Editor of British Science News for Mas. 3, 15 and 20,

A5 designs gre conslently subject to revision, the (liustrecions and descriptions herein
ey net be corroct in overy detil,
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PHASE CONTRAST MICROSCOPY

The phase contrast microscape has already been azpplied to a aumber
of problems with interesting results and new applications are constantly
arising.  To assist the blologlst we have listed below some of the directiors
in which useful progress has recently been made.

I. For the study of living cells in tissue cultures when the explanted
fragments of tissue grow outwards in 2 thin sheet on the nutritive
mediuvm.  Both embryonic and adule dividing cells may be examined
and records of the mitotie process obtained.

2. Examinatian of living eells In accessible materizl such as insect larva,
membranes such as the mesentry, talls of tadpoles, etc,

3. Living macrophages, protozoa. ete., may be studicd.

.

. The motility and morphology of spermatozoa.

wn

. The study of living bacteria including the actien of drugs thercen,
Counting of bloed and bacteria in hacmacytometer,

6. As an adjunct te the routine metheds for the study of erdinary fixed
and stained (or unstalned) material.

-

. In pathology for che study of exudates, urinary depasits, smears frem
tumour biopsies, etc.
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THE PHASE CONTRAST MICROSCOPE

One of the mosc difficule casks wich which the microscopisc is confronted
is that of rendering visible the decail in transparent macerial which is immersed
in a medium of almest Identical refractive index. This problem may arise
in varlous ferms and occurs commenly in the examination of small living
organisms formed of transparent tissue immersed In an aqueous medium,
Apart from staining techniques (which usually invelve fixation and consequent
death of the specimen) the problem has been partially solved previcusly by
two methods

(a) By the use of dark ground illumination. Thiz mechod i very satis-
factary for some types of object, but tends to reveal the surface
layers rather than the incernal details of che object. It alse necessitates
a very intense light source, which may damage delicate specimens.

(b) By the use of bright field illumination with a very narrow cons of
rays, |.e. with the condenser iris diaphragm nearly closed. Con-
siderable diffraction effects are produced by this means, so that the
ewtent 1o which the image is a true representation of the object is
doubtful and the full resolving power of the ebjective is not urilized.
Also the depth of focus is very great, which is a disadvantage for many
purposes,

The phase-contrast method docs net suffer from any of the limitations
enumerated above and the internal details of living cells are brought out In a
striking manner. Thote parts of the abject having higher refractive indices
than the surrcunding medium appear dark against 2 lighter background.
A light source of only low Intensity need be used, and the whole aperture
of the chjective contributes In farming the final image, which is therefore
well defined and the depth of focus small.

The principlc of the phase-contrast method has been deseribed by Zernike
and athers (see references on page 19) and may be stated bricfly in non-
mathematical terms, as follows :

According 1o the Abbe theory of illumination * in the microscepe, when
light from the candenser is incident upon an object consisting of a fine grating,
diffraction spectra are formed and may be observed In the back focal planc
of the objective. The detall In the image is a resuls of interference becwsen
the direct and diffracted light and is resolvable if at lcast the zero order and
first order spectra can be observed. This is commenly verified by observing
the diseom Pleurosigma Angulacum, the regular scruceure of which glves rise
to a striking series of spectra when observed with a high power objective,

¥ Martin,  An Inersduction to Applied Optics, pages 100119, Pitman, 1932,
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If now the ghraling be ranrded as composed of alternate strips of trans.
parent material having slightly different refractive Indices (representing, say,
the detail in transparent cells in an aqueous medium) then rays of light which
have passed through alternate strips acquire slight phase differences which,
in the case under consideration, are so small that the observed differences
in incensity are slight or naglizible under ordinzry shserving conditions and
the image of the grating is barely visible, The introduction of a phase plate
Into the facal plane of the abjective canverts these slight differences of phase
inta appreciable changes in intensity.

A diagrammatic scheme of the arrangement adopted in che Cooke Phase
Contrast Qutfit is shewn in Fig. .

An annular diaphragm is mounted
in che anterior fecal planc, F. of the
substage condenser so that the object
Z is illuminated by a hollow cone of
light. The direct Image of this bright
annulus is formed by the objective O
In |ts back feczl plane F* together with
other  diffraction  images  (due to
structure in the object) which are
displaced from the optic axis. In rthe
plane F' Is placed the phase retarding
plate which consists of anather annulas,
exactly matching the direct (or zero
order;tmage of the condenser annulus.
This introduces a phase difference
of w2 radians (one quarter of a
wavelength) berween the beam which
is directly transmitted and the light
diffracted by the object and passing
through the arza of che back apercure
of the- abjective not covered by the
annulus. A sectional view of the phase
plate is shewn in Fig. 2 greacly exag-
geraced In wvertleal dimensions,

The optical paths AR and ab differ
by one quarter wavelength of green
light and therefore intreduce a phase
difference of w2 radians.
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The effect ofthis, as has already been staced, 1s to canvery phase _d ifferences
inta intensity variations and causes the image of the gmu:j previously con-
siderad to consist of alternate light and dark strips, inste of being almost
Invisible.

Whilst the mechod gives che above advantages when used enatransparsac
ohbject, it does not help i the sbservation of light absorbing material, such as
stained specimens. In face, Io will be found that a less satisfactory image results
when phase contrast is used on an object which varles the amplitude and nat
the phase of the inzident light.

The anndlus X3, YY, is mecallized in order to reduce its transmission,
so that the Intensitics of the ewo intzrlering beams may be mare nearly equal
and result In cnhanced contrase.

It ix important that the annular diaphragm at F shall be positioned se that
its image is entirely cavered by the phase annulus XX, YY, and henze accurace
centring means arc pravided.

The Cooke Phase Contrast Microscope is illustrated on page |, s most
important faatures are :

[¥) Phase contrast objectives. 2 mm, achramarcic, ail immersion

4 mm, 3
&mm. i
l6 mm.

cach fitted with a phase retarding annulus in its back focal plane.
This can be seen as a grey ring when the objective is held up to the
light, but dees nev interfers with its use by ocher methods of illumi-
matian, except when the requirements are of a mose exacting nature.

(b} Rotatahle changer for annular condenser diaphragms, mounted
beneath special .0 NLA. condenser. A separate diaphragm is required
for cach objective and centring is provided by means of the twe
screws. The iris diaphragm has independent centring adjustment,

i)

Auxiliary microccope for examining the back focal plane of objectives
and ensuring that the image of the condenser annulus is In colncldence
with the grey ring of the phase plate. This fits inte the micrescope
tube in place of the eyepiece and has a considerable range of focusing
mavement.

The condenser is designed to have 2 working distance adequate for slides
of standard thickness.

The phase-cantrast aytfic is suiable for use with microscopes of the
MIDOO (mxcept MIODS[25/27), M2000, M3000, M4000 and M7000 serles.
bath with monocular and binocular eyepicces.

PAGE ¢ W
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Adjustment

The microscope is set up in the usual way, except that the special
condenser unit is fitted to the instrument In place of the standard condenser
and the phase-contrast objectives are screwed Into che objeetive changer.

The condenser annulus changer (1) is rotated until the figure O appears
in the circular window and the iris diaphragm is stopped down and brought
to afocus. The Irls Is chen centred by means of the adjustment provided
(not shown abave),  The object is brought into focus, using the required
abjective, the annulus changer belng then retated untll the appropriate
magnification figure (10, 20, 40 or 95) appears In the window,

The eyeplece Is now replaced by che auxiliary microscepe (2) which can
be adjusted upon unclamping the serews (3 and 4) until the brightly illuminated
condanser annulus iz sharply focused and can be scen overlapping the groy
ring of the phase plate, Fig. 3a.

The condenser annulus is centred by means of the screws 55 and &)
until frs Image Is concenerle with and Is completely covered by the phase
annulus, Fig, 3b. If nceessary the condenser may be raised or lowered slightly
in order to perfect the registration, and a slight movement of the substage
mirrar may be desirable Lo ensure chat the annulus is unifermly Huminated,
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fig. 1a fig. 3b

The system is then in adjustment, and on replacing the auxiliary micro-
scope by the eyepiece a phase contrast image is observed. The registration
af the twe rings must be reset 2s above whenever the objective Is changed,
but it will be found chat with practice this becomes a very simple and rapid
operatian,

If it is required es examine che object under bri%h[-ﬂdd cenditians, it
is only necessary ta rotate the annulus changer undl the 0" appears In
the window and close the iris diaphragm to the desired extent,

MIT4l Phase-contrast Unit for use with normal slides with cover glasses,
complete with condenser, four annular diaphragms and auxiliary
micrascope, for use on Ceoke microscopes of MIODD (except
M1 005/25), M2000, M3000, M4000 and M7FO00 series equipped for use
with transmitted light.

Mé21 Phase-contrast Unit as MI74] but suitable for use on Vickers
Projection Microscopes of M300 serles equpped for use with
transmitted light.

Achromatic Objectives equipped for phase contrast and corrected for
160 mm. tube length.

s i | e
MIdal Méb1 16 mm.. WA, 028, [0
MI466 Mébs 4 mm., MN.A, 0-45, 20
MI1471 | Mé&TI 4 mm., N.A. D-65, 403,
M 1476 MeTE 1B mm., M.A 130, 95

M55 Correceor Lons, required when using MES1, Meés, MaF1 or METS,

FAGE &

PHASE-CONTRAST EQUIPMENT FOR
INCIDENT LIGHT

Incorporating positive and negative phase contrast and dark
ground illumination.

Phass-contrast cquipment is alse made for use with incident light for
cwamination of opaque specimens.  The illustration on page |0 shows the
cquipment mounted on & Cooke M3140 stand, and it may be supplied with
fituings suitable far attachment te most Cooke micraseapas, inel uding the
Vickers Projection Microscaps,

The illuminatar tube carrics the annulus which is used for all powers of
abjectives. The annulus is readily moved in and aur ef aceion and is provided
with a centring adjustmient,  The illuminater tube also contains a condensing
lcns, fieead with a varlable power adjustment whereby che annulus may be
made to coincide with the phase plates. An auxiliary microscope, which is
Inserzed in place of the nermal eyepiece, enables the annulus to be centred
on to the phase plates.

Each objective is fited with quick-change adaptor enabling it to be
mounted in the reflectar body, The latter carrics » slide enzbling four
systeme of llumination to be available, viz. pesitive and nepative phase
cantrast, dark ground illumination and aormal incident illumination.

The optical systems are * bleomed " in accordance with our usual practice
for incident light microscopy.

MI752 Incident light phase-contrast equipment for use on Caooke
Microscopes of MI00D series.

M2753 25 MI753 hut for use on Cooke Microscopes of M2000 or M3000 series.
M4753 as MI753 but far use on Cocke Microscopes of M4000 series.

M7853 as 11753 but for use on Cooke Polarizing Microscopes of M7000 series,
M.B. Falarizing agents eannot be used in conjunction with phase-cancrast,

Objectives for use on Bench Microscopes =—

Achromatic, provided with individual abjective centring quick-change
adaptor. Corrected far usc an unceversd spueimens and 160 mm. tube
length.

MI463 |16 mm., N.A, 028
MI468 B mm., PM.A 045
MI4T3 4 mm. MLA 06R5
MI4TE 2 mm, MLAL 13D

prEETRETTEEeE P AGE ¢



Incident light phase-contrast equipment for use with Vickers
Projection Microscope, s shown above. The unit supparting
the objective and illuminatcr tube is atcached ta the Instrument by
2 bayonet jeint and is interchangesblc wich the universal illuminatar.,
The specimen is supported on a superstage which Is clamped firmly
te the main stage of the instrument, The reflector body, which
incerporates a slide with four positions. zs described on page 5, is
provided wich 2 magnetic centring mount and a quick-change systam
for the oblectives.

Objectives or Vickers Projection Micrescope :—

Achromatic, provided with quick-change adapror, Caorrected for
usean uncovered specimens and 250 mm. twbe length,

Mé&E3 16 mm,, MN.A, 028

MEGE 8 ., NLA. 045

MET3 4 mm., N.A, 165

M6T8 L mm, BLA. 130
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PRICE LIST

Ind April, 1952

MICROSCOPES

{Abridged Catalogue, Publication No. SM 1000C)

The prices quoted In this list are subject to any alteration which
may be eccasioned by increases in the cost of materlals, wages, etc.
Orders are only accepted for ewccution at the prices ruling at the date
of despazch of the goods.

The prices quoted in this list are for delivery at the factory. The
cost of packing, carriage and Insurance is payable by the purchaser.
Every precaution is taken in packing, but goods in transit are at the
risk of the purchaser.
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5 MiozsY 4l 18 MI301 10 MI1227 il 0
MIDBZ 51 12 MI326 12 & Mi30z & 10
MIDZTZ 65 |4_
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; M3IS0 164 14 M2303 4 2 MITIZ 36 16
M3344 4 4 MI852 16 2 Mi34 3 6
Mi3Te 18 MIi&91 21 16

N.B. MI6%1, MI73| and MI732 require the following condensers:—
! MIT04 For 4mm. and Bmm. cbjectives, M1486 and MI481 9 4
MI708 Fer |6mm. objectives, M52 714

12 MI235K 70 12* MI25H &4 O Misér 4
2

]
MIZEL 86 16 MI225L 8 & MI3z8 12 6
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