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Th€ Phas€ Contrast Equipm€nt "Ph" permits us to perforrn darkfle d microscopy (10X
- 40X) as well as phase contrast mlcroscopy using the Biological f/icroscope OPTIPHOT
OT LABOPHOT.

CAUTIONS CARE AND MAINTENANCE

O Avoid sharp knocks!
Handle the microscope gently, taking care
to avoid sharp knocks.

@ Place for using
Avoid the use of the mlcroscop€ ln a dusty
place, where it ls subject to vibrations or
exposed ro high temperatures, moisture
of  d l r€ct  sunl iqht

@ Dirt on the lens
Do not leave dust, dilt of finger marks on

They wi I prevent you from clear obser
vatlon of the specimen image.

@ tn tishting the lamp
Som€ parts of the lamp hoLrslng may take a
hish temperature while the arnp is beins
lighted, so donl touch the lamp housins
and don' t  br ing ln f lammable substanc€s
such as gasoline, thinner and alcohol
near  to the lamp housing.

Q Cbaning the lenses
To cean the lens surfac€s, remove dusi
using a sofl hair brush or gauze. Only fof
removing finger marks or srease, should
soft cotton cloth, lens tjssu€ or gauze
lighty mohtened with absolute alcohol
(ethanol or methanol) be used.
For cleanins the obiectives and immersion
oil use only xylene. For cleanins the other
lens surfaces, us-" absolute alcoho.

€) cleaning the painted surfaces
Avoid the use of any orsanic solvent (for
ex.mpl€,  th inner ,  ether ,  acohol ,  xy lene
etc.) for cleanins th€ painted surfaces and
p!astic pa(s of the instrumenl.

G) Never attempt to dismantlel
Never attempt to dismantle rhe instrument
so as to avoid the possibility of impairing
th€ operallonal efficiency and accuracy.

@ when not in use
When not in Lrse, cover the lnstrum€nt with
th€ accessory vinyl cover, and store it in a
plac. free from moisture and fungus,
t is especially recommended that the

objectives and eyepieces be kept in an
airtight container contalning desiccant.

€) Periodical checking
To ma;ntain th€ performanc€ of the
instrument, we recomm€nd the customers
to check the instrument perlodicaly by
our quallfied service personnel. {For
detaik. contact our dealers.)
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I. NOMENCLATURE

PHASE CONTRAST EOUIPI\ , lENT "Ph"
mounted on the OPTIPHOT microscope srand

PHASE CONTRAST EOUIPI l lENT "Ph"
mounted on the LABOPHOT microscope stand

4



CF Plan DL or CF DL

100x 40 i  20x  10 i

Markins DL, DM or BM on ihe our€r batrel ot
objective indic.tes the types or conlrast; "Dark
conrasr for genera use", "Dark conrrasi lor
ow phas€ dltferefce" or "Bright coniran",
respociiva y. Ph 1 - Ph 4 are the mark nos on
ihe objecrives, wiih which that ol rhe condenser
ann!lardiaphragm k ro be matched.

CF Plan DIVI

Phase Contrast Obiectives

Phase Contrast Turret Condenser

CF Plan BIV

100:  40!  20x 10i

$&ffi&ffi& ffi&ww
IVlagnif ication indication plate

Fi l ters

Mark i .qs  [Ph ] l  -  [Ph4]  i .d i
o l  en .uar  d ia -

phrasms whlch are respecllvely
used ror phase .onrrast objec
i i v *  l0x  -  1o0! .  Turn  and se t
rhe luftet io rh€ same marki.s
as lhal on rhe obje.rlve beinq

lDF l  l .d icares  the  pos i r lon  o t
dark l ied  r inswh ic l r  n  common
ry  lsed  ro r  l0 :  !  40 :  ob jec

[0 ]  i id ] .a ies  rheempiy  hoe lo r
briqhtf leld mic.oscopy.

Aperture d;aphrasm knob

Forcha.qj.s over rhe co.de.ser
an.!lar diaphraqm accordi.s io
ihe mas.ltVinq power .f obj€c

Aiier cenrerinq the phase
contrasi annular diaph6sm,
clamp €ch screw oi the

For adjusr.q ihe op€. ns ol

Centering Telescope
Holdinq the ni led rins, rorate
ns eyepiece to locus o. the
phase parc i. rhe objecllve. ing f i l ter

Frq .  I



II. ASSEMBLY
For ass€mbling the Phase Contrast Equipment
"Ph" to the Nlkon Bio los lca l  lMicroscope
OPTIPHOT or LABOPHOT, refer ako to the
lnstruclion manual suppll€d for each micro-

f ind ing out thelarget  on the specimen.
Se €ct suitable objectives from among
the Nikon Phase Contrast Objectiv€s

1. Attaching the Objectives
1) Remove the ordinary brishtfield objectiv€s,

if attached, from the revolving nosepiece.
2) Attach the phase contrast objectives to the

revolving noseplece ln such posltions that,
when th€ nosepiece is revolved clockwise
viewed from above, the Ph number ad-
vances.  {F is .2)

lNote! The darkfie d ring to be used common
ly for the lOX - 40X objectives is
incorporaled ln  the posl t ion IDF]  on

l f  the ord inary br iqht f ie  d object ive
10X, 20X or 40X is attached 10 the
nos€piec€, this objective wil facilitate

IDL 1oox)

IDL 40x )
Fig. 2

2. Centering the Light Source
It is imporiant to perform €xact centering of
the light source for phase contrasr microscopy,
because this method is liable to yied darker
imag€s on accounl of srronger absorption of
i luminat ing l ight ,  compared wi th in  case of

Table 1. Phase Contrast Obiectivet

o.25 5.6 16.6 DL phas c.nriai for g€nera lse
oL  20x 2.23 4.3 0 . 1 7 DL phaF contrast for qene.alus

D L 0.65 0 5 3 DL phaeco.tian lor generalue
Prov ded with elety devi€

o i l 1 A DL phase conlrdt for gen€ral use
Prov ded wiih saJ€iy devi@

0.25
DL ph6s.onirast lor sercraluse
a.d BM lor reverealcontrast
Commonly usd lor !llra wid€

oL 20 !
BM 2OX

DL phaF coniran ror ge.eral us
and BM lor rewna contast
CommonlV ued for ultra wid€
vlewfied

o . 1 1

OL phase coniast for sen€ral ue
DM for ow phase diffe.ence and
BM lor reveralcontast
Prov ded wilh safery devi@
Commonly used for Lhrawide

oil
BM 100x

0.20

DL pha€ conrasl lorqenera use
DM for low phae diflerenceand
BM lor reversa contrasl
Provided with eferv d€vice
Commonlv !sed lor!lrra wid€



brght f  e ld mlcroscopy.

. Forthe OPTIPHOT microscope
l)  Connect  the power so!rce cord to the

2)  Put  the ND2 aid ND16 f  l ters inro the
f i l t€r  receptac e.

3)  Turn the br ightness contro l  d la l  to  swl tch
ON and adjust tlre voltage to 6 on the

4)  Plac€ th€ specimen on the stage,  and focus
9r l!"_l!!!]Iq !!4s r"
th s case, open the condenser aperture and
f ie ld d iaphragms to the argest  extent .

F i g . 4
8) Belease the socket sieeve c amp screw (Fis.

5) .  T! rn ing the amp lat€ra center ingscrew
and ver i  ca l  center ing r ing,  br inq the
t i  ament  image as shown n F g.  6.5)

ii)

Bough y center  the condenser ens us ng
lOXobjectve,  fo  owin!  the procedures
sivei  on P.  I  2) .
PLr t  the amp center  ns tool  on the f ied
ens and onto t l re  too p ace a ND f l  te f

taken out  ot  the t i ter  recepl i :c le  (F g.  3)

F i s . 3

7)  Stop down the_.condenser aper ture d la
phrasm, reeas t l re  amp housng c lanrp
screw, and move the amp hols inq back
and lor th (F i !  4) ,  r . t i  a  sharp imase of
the lamp f l larent  appea6 on the apenure
diaphragm sur face,  which can be seen by
the re i  ect ion i rom the ND f i  ter

NoG: Wlre i  us ing the ;chromat/ap anat  con
denser,  a i  ament  image 1re{ ld ish
vio let )  by the refecton f rorn the lens
s!r face s sorner  rnes taken lor  a f  a
ment  lmase (bush whi te)  appeared
on the .pedure d iaphragnr sur face.  In
ths case,  s lop down the f ied d!
phragm, and the reddish v io lercoofed
l i lament  imrge wi  d sappear and the
bush whi te.co ored mase s e l rsy 1 l r

,  F ig.  6

9)  As shown n Fis  7,  put  the d i f fuser ,  wi th
its matte surface faced toward the micro-
scope stand,  in to the f i l ter  receptac ewhich
is  thec osest  to  the microscope stand.

Lamp housing clamp screw

rtg, r



The above centering procedure should be
carr ied out ,when feplac ing the lamp bulb.

. For ihe LABOPHOT microscope
It is not necessary for the LABOPHOT micro'
scope to do c€ntering of the lamp, because in
this model of microscope a precentered lamp is

Attaching the Tur€t Condenser
Manipulating th€ condenser focus knob,
move the condenser carrief to th€ low€st
l imi t ,  to  remove th€ ord in. ry  br ight f ie ld
condenser, b€f orehand.
Holding horizontal the tufret condenser. as
shown in Fig. 8, push it into the condens€r
carrier, fitting the pin on the condenser
into the groove- Fasten the condenser
firmly with the clamp screw so .s not to
be slack€ned, when th€ tu(et is revolved.

I II. PREPARATION

F i s . 9

1. Fi l ter
. Forrhe OPTIPHOT micbscope
1) Inser t  the NCB 1o f i l ter  in to the f i l t€r

r€ceptacle the same as in the case of
making ordinary brlghtfield obseruation.

(F t s .9 )

3 .
1 )

2l

3) Then. rolating the condenser
move th€ turret condenser to
l imi t .

. For the LABOPHOT microscops
When using this model. place the daylight filter,
gre€n inteference filter and h€at absorbing
filt€r without theframe on the field lens on th€

For monochromallc obsenr'alion, lnsert
the green int€rlerence fil1er (wlth the outer
diameter 45mrn) into the filler lrame, and
place this into the filter receptac e on the

ln order to .vold transformalion or tran
substantiation of the specimens or death of
living organisms as far as possib e, insen a
heat absorbing fllter with th€ outer dla-
meter  45mm in lo the f rame, and p lace th ls
into the filter receptac e on ihe mlcroscope

Centering the Turret Condenser
Turn the br ightness contro l  d ia { inc luding
pow€r s{itch) to ON to light the iamp-
Set the voltaqe to 7 on the indicator for
rhe OPTIPHOT microscope and 5 for the
LABOPHOT microscope.
P ace the specimen on the stage.
Fevolve the condenser turret to the posl
t ion [0]  and the object ive Ph 1 (10X) in to
the opi ica l  path.

Manipulate the f ie ld d iaphragm contro l
ring on the microscope base to close down
the d laph€gm to i ts  smal lest  l imi t .

2l

3)

F i g . 8

the high€st

2 .
1 )

2t
3)

4 l
5)



6)

1 J

8 )

the d iaphragm to i ts  smal lest  iml t .
Rotate 'the condenser focus knob to move
the condenser vertlca ly so that a sharp
image of  the f  e ld d japhragm ls  formed on
the specrm€n suriace.
Br ing the f ie ld d iaphr :gm image to the
center  of  the f ie ld o lv lew bY means ot  the
condens€f  center ins screws.  (F ig.  10 t l l )
Chang€ over to the objective Ph 3 (40X),
and adjust  the f ie ld d iaphragm so that  lhe
image of  the d iaphragm is  about  the same
as rhat  of  the f le ld of  v iew,  as shown in
Fi9.  10-  A .  l f  fo t  centered,  lse the
condenser cenlerLng screws agarn.

ie lescop€,  ro tate i ts  eyepiece (F ig.  11)  to
br ing the mage of  the phase p late n the
object ive in to sharp focus.  (The image of
the condenser annular  d laphragnr wi l  €lso

5)  l f  the mage of  the condenser annular
d iaphralm ls  not  tound colnc ided to that
of rhe phase p ate in the obtect ve, make
adjustment ,  unscrewing each camp screw
of  th€ center ing knobs and manipulat ing
the center ing knobs to move the condenser
t ! r ret  as a whole,  as shown in F ig.  12.
Tighren the c lamp screws.

1 0Fis.

i . -
Fig.12

S!ch coinc idence is  to  be exact ly  at la ined,
oth€ lse a remarkab y ow lmage contrast
of  p l rase d i f ference wo!  d res!  t  (F is  13)

l )  Chanse over  to the objec lve Ph 1 (10X.
Set the cofdenser rurr€r ro the posirion
I P h  1 1 .

2) Manlpulate the srage travet knobs, mov€
the g lass s l ide to the posi t lon,  where ro
object is seen and yet covered by the cover
glass.

3) Draw ou1 the eyep ece from rhe
t !be,  and in  i ts  p ace insen the

4)  Hodi fg the mi led parr  of  the

Centering the Phase Contrast An-
nular Diaphragm

Fig.  13

Al  the annular  d iaphragms in th ls
condeiser rutret are adj!sted before
hand tak ng the annular  d iaphragm
lPh 1 l  as the standard.  Therefore,
i t  the cenler ing of  the d iaphraqm
lPh I  I  and the phase p late has been
doie, it is not necessary 10 make
.enterlng at other magf iicallons ln

For s t r ic t  mlcroscopv or  photo
micrography, however, check the
centering at -each magniiiiation. By
sl ight  y  decenter inq the d laphragm
and the phase p la1e,  the image shows
rellel w th the shadowinq effect.

io z\((o)
\=,i

tNotel

- ;  t
l

F ig.  l l
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IV. MICROSCOPY
1, Phase Contrast Microscopy

. For the OPTIPHOT microscope
(1) Turn the brightness control dial

( including power switch) to ON and
adjust the voltage to 7 on the in-
otcaror.

(2) Remove the lamp centering target
and place the filters to be used.

(3) Place the specimen on the stage and
swing in rhe 10 {Ph 1) obiecrive
into posit ion. Focus on specimen.

{4) Adjust the interpupil lary distance
and diopter.

(5) l \4ake certain of correct i l lumination
(6) Carry out the centering procedure

lor the condenser.
(7) lv]ake certain of the cenrering of the

annular diaphragm.
(8) Swing in the phase conlrast obiective

(Ph 1, Ph 2, Ph 3 or Ph 4) to be used
(9) Rotate the condenser turret to the

posit ion indicating the Ph number of
the objective being used.
For strict microscopy, check the c€nterlng
o rh"  d1r  dt" r  d idp5."9m " .d Ltp phd""
p ate at  €ach magnl f icat  on.

(10) Brightness is adjusted by selecting
ND fi l ters or by changing the lamp
vo l tage to6 -12 .

(11) Adjusr the f ield diaphragm.

. For the LABOPHOT microscope
{1}Turn the brightness control dial

( including power switch) to ON and
set the scale on the dial to 4.

(21 Remove the dust cup and place the
daylight f i l ter onto the f ield lens.

(3) Place the specimen on the stage and
swing the 10x (Ph 1) objective into
posit ion. Focus on specimen.

(4) Adjust the interpupillary distance
and diopter.

(5) Carry out the centering procedure
for the condenser.

(6) Make certain of the centering of the
annular diaphragm.

(7) Swing in the phase contrast objective
(Ph 1, Ph 2, Ph 3 or Ph 4) to be used.

(8) Rotate the condenser turret to the
posit ion indicating the Ph number of
the objective being used.
For strid mlcroscopv, check th€ cent€ring
of  the annular  d iaphragm and the phase
plate at each magn fication.

Now, all the preparalions have been 'nade tor
the phase contrast nrlcroscopy. S nce a dlffeF
ent seeing wi r€sult depending Lrpon the type
of  the phase contras l  oblectve and specimen,
it is necessary to select a type of objective well
matching with the phase difference of th€
specimen, referrinq to th€ descript on on the
capaclty of phase contrast objectives (see P. 12)

1 0



2) Cautions to be taken in phase contr63t

The phase contfast image belnq I abLe to change
its appearance according to nol only th€ forrn,
phase d ffererce, elc. of th€ speclm€n, but a so
the adjustment  of  the annular  d laphragm, the
capacity of the objective, take the fo lowing

(1)  Specimen wh ch scat ter  lsh l  or  have a
lenticular or prlsmatlc effeci ln thems€ ves
may cause lmage deceniering to the an.
nLrar  d iaphragm, thus impair ing the image

Especraly  when observ inq a iv ing,  th ick
specimen or coarse strlrcture oblecl, or
wh€n uslnq a microplate, be careful of ts
pr ismat ic  or  lent icu lar  ef fect .
Displacenrent of the object image caused
by d i f f ract ion,  however,  wi l l  not  have any

12) l i  dark contrast ,  check the phase d i f feF
ence lat  t !de of  the oblect lve for  wel l
matchlnq wi th the phase d l f ference of  the

When preparlng a phase contrast spec men,
t is possib e to adjust its phase difference
by changinq the thickness, and the reirac-
t ive index of  the mount lng medlunr  or
cu tivation agent. Of course, us€ the DM
obj€c1ive,  for  example,  when the speci rnen
has too weak conl rast  for lhe DL object  ve

(3) Spec 'nens slained too deep or oversrained,
or  wi th a s t rong br ight-and-dark contrast ,
are not favorable ior phas€ contrast micro

Those fa int ly  s ta in€d or  decolor lzed,  or
ultra thii sections slch as prepared for
e ectron m croscopy, etc are quite su tab e.

(4)  Center ing of  the annular  d iaphragm is

In the phae contrast  microscopy,  t  is
essential above all to bfing the lmage oi the
annular  d iaphrasm n the condenser in to
exact co ncldence wlth the phase p ate in
the objective, for achi€v ng the desired
phase contrast €ffecl. Beforehand, check
s!ch coinc idence carefu y.

Darklield lt4icroscopy
Set the cond€nser turret to the posltion
t D F ] .
Swinq in  the objectve (10x -  40X) to be

The darkfield mlcroscopy prepared in this
way wi l  be ut l  ized as a f lnder  for  f ind lns
out easlly th€ target on the specimen. A so,
it will be serviceable for comparison with
the br ight f ie ld m croscopy.
l f  a  th ick g lass s l id€ is  10 be !sed,  move the
condenser 10 the h lghesi  l iml t  to  increase
the darkfield effect, manipu ating th€
condenser focls knob.

Brightlield IVI icroscopy
Set the condenser turret  to  the posl ion
t0l
Swing in the ordinary objective to be used.

The br iqht f ie ld mlcroscopy prepar€d ln lh  s
wav wi  be ut l l ized as a f inder  for  f  nd lng
o|]t €aslly the target on the specimen.
Fur thermore,  cosing down th€ aper t ! re
diaphragm at  th  s  t lme is  fecommended for

r )

2)

r l

2J

3
Y
I

I

t 1



Y. CHARACTERISTICS AND PRINCIPLE
1. Capacity of Phase Contrast Obiec.

tives
The phase contrast type microscope, unlike the
ofdhary. brightfie d type, offers a different
appearance ot  imaqe dependinq upon fot  only
the capacity of the phase contrast objecrive,
but a so the phase diff€rence of specimen, and
i ts  d is t r ibut ion there ln.
li the characterlstic of the phase p ate buih in
the objeclive we matches with rhat of rhe
specimen, th€ best image w ll be obtatned; tf ir
does not, rather a worse seeing wi I resLri rhan
by the o.dinary brighrfield microscope so that
the phase contrast merhod may caus€ disap
pointment to the observer.
We, therefore, wili grade the objeds with
respect thelr phase differefces, for convenience
in discriminat ng the capacities of phase con-
trast oblectves as shown in Tab e 2.
It can be sald that the phas contrasr micro
scopy is excellent in detecrins so minute phase
difference as rafslns from tr/]00 to l/2, reach-
lng 2' ^, 3" in terms of phase angle. On rh€
contraryi by a larger phase diff€r€nce, the phase
contrast microscopy would impair the opttcal
cond l ons required for the melhod, giving rtse
to in fer ior  resul ts  compared wth the ord inary
br lght f  ie ld microscopy.
The Nikon Phase Contrast Obleclives of rwo
types,  dark (posi tve)  and br ighr  (negar ve)
phase contrast, are availab e.
With the dark contrast type objecrtves, generaf
y an object of larqer phase difference appears

darker  in  the re lat ive y brghr  background,  the
same as w th the ordinary brightfie d objecrive.

of these dark contrast objectives, two types
DL d1d DIV drp dr . ,  1sL . . .o  a .ord. rq fo ,h,
degree of absorption of their built-ln phase

On the other hand, the brlght contrast type
oblect ive,  s imi lar ly  to  the generat  br ight f ie tc
obiF ' ive,  o{ lp ,s  a Droh i .dopo .1eobl"L o,
arger phas€ dlfference tn the retat ve y dark

One type of BM is avai ab e.
With the dark conrrast objectives DL and DM,
the darkness of lmaqe wilt increase, as the phase
difference of specimen enhances, but beyond a
cer ta in l iml t ,  conversety,  the br ighrness of
mage begrns ro Increase,  and f inat  y ,  a i  a  pojnr

ihe brightness reaches rhe same degree as ofihe
backsround Therefore,  i r  may not  be s impty
said that the arger the phase difference, the
darker  the image is  produc€d.  Wi th in th is  pro,
pononat  range,  the image i tset f  wi t  be sen
sharp, but if the range is overrun, rhe image
wi l l  begin to l ight  up more than the back
groLr .d,enabl ing us ro observe no more image.
n this way, the dark coftrast objective suffeB

a quant tatrve restrictlon in iis observing capac_
ity of phase difference. This discefnib e phase
di{f€rence al owed for the objective ls known as

Thus, the larger the latitude, the more sLritable
the objectlve is for phase contrast observatlon,
the DL obiective belonging to this cat€gory.
This obj€ctive, however, provid-"s insufficient
contrast for specimens o+ less phase dlfference.
For this reason, in this case, it is adequare to
use the D[,4 objeciive with harder tone contrasl,
having ? narow latitud€.

Table 2. Grades of Phase Difference ofobiect

A"Sl" -w*t""srh
Phase difterence berreen obiectand

E^amote I molnr nq medium
Appearanceor jmaqe bv bnqh ied

B oo'r.trFrr 6 E.remety smal difrFrence
,  

P a , d l .  , ,  i o t " b .  o , , o .  r : t o _ " . . o d

E tood .o , ! ! sLes  Sm: l d ' t ' f e re . . e
' n q r ' d i 4

I Fa rly trqed'rferen.e
n phvsio osi.al V6ibrc wdh aperrure. oed io a114x-1/2^

L , l l ed rDoso f  F -pmr rab t y ta rqed f t { e r ce
I  v  r  b  e  qu  re  d t r r . . r  w i r h  l  i qh r t y
I crosd apedu.e

1 2



On Lhe orher hand, the brigh conLrast ooiectivE
cd1 be ca d o bp used edsi ty  ow;nq ro r tswioe,
latitude, but it. offering a darkfield like tmage,
wil be suitabl€ rather for observation and
detection of the form of granuies and partictes,
tor example, bacteria, etc_ and coLrnring ih€
number of particles or parts.
Tabe 3 summarizes the usage of rhe above
mentioned types of phase contrast objectives.
It is a rul€ for specimens of smatter phase differ-
ence, to use the objecrive DM of sironger
absorption, and for those of lafger phase differ-
ence. the objective DL ofweaker absorprion.
lf the phase plate is not suited forrhe specimen
type, a remarkable halo may corne in siqht
around the objed image (see beow), and parr
of  the object  wi l l  l iqht  up,  showing no contour .
In this cas€, th€ use o{ an objective of tower
alrsorption is advantageous. tf onty a faint
image of low contrast resutts, it wit b€ n€ces-
sary 10 resort to an objecrive of higher absorp-

By changing over frorn the dark to bright
contrast type, the contrast wi| be expected 1o
be reversed, in either care, how€ver, any brisht
pan can be judged ihicker and with higher

2, Characteristics of Phase Contrast
lmage

1) Halo
n the phase contrast merhod, as it uses . phase

plate,  a pecul iar  phenomenon such as hato wi t l
be added around th€ phase difference imag€ as
a brlght or dark ring according to the use ofth€
dark or bright conirast objediv€, respectively,
caused by diffraction of the phase ptate.
As a result, mlnute structures in the hato witl

In  general  the halo surrounding a minute
subject shows up to lesser degree, and the DL
objective produc€s not so r€markabte hato
compared wfth the DM objective.
2) Resolvins power

The reso ution of the phase contrast tmage can
generally be considered the same as thar of the
ordjnary brishtfield image, and the repro
ducibility of fine structures is not redlrced,
although rather rough strLrctures may not be

Table 3. Usase of Phase Contract Obiectives

D L

DM

BM

Suiled tor deiedion of fo.ms
or hinule pa.lic16. fibe6,
sr6nul€s and calcularior:
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3. Principle of Phase Contrast Micro-
scopy

Objects chafacterized by varlations in thick
ness or refractive lndex trom polnt to po nt are
ca led "phase objects". such objects, if trans
par€nt  throughout ,  wl  not  be d iscern ib le
under th€ ordinary brightfle d microscope.
Suppose a small parl of thickness e and refrac
t ive index n,  as shown in F iq.  14,  is  conta ined
in a p ane-paral el glass of medlunr M with a
di l fereni  ref ract ive index n ,  and the l ight  ray
(1)  passes throLrqh the par t  A afd that  (2) ,
throush an adjacent  par t  M.  Then,  the opt ica
path difference 6 ther€b€tween wll be given
by 6 = (n n') e. The part A is a phase object
d is t lnguished only by sLch an opt ica l  path
dlfference of 6 We assume that 5 and the phase
dl f ference 9,  obviously  obla jned asV=2f l6, ! ,
are slight, ). being ihe wave ength of the llghi

obj€cts, because it can convert the dlfference
of phase to that of amp itude, as fo lows:
Suppose a transparent object of medllm N,4 is
l l luminated,  as shown in F ig.  15,  by the para l  e l
rays comlng {rorn the point lighl source S
p aced on the focal  polnt  of thecondenrer  lens
C- The l lsht  rays (2)  passing the medlum M wi l l
be col ected by the objectiv€ ens O onto the
{ocal  polnt  S ' (on the focal  p lane F) ,  tha l  is ,
th€ image of the liqht source S, and then reach
M',  the image p lane of  M.
Thk l lqht  is  ca l  ed "d l rectwaveJ '
On the o lherhand, the rays ( l )passingthro!gh
th€ object A and caLrsing the phase di{ference
9,wl  I  be d i f f racted in  a d i rect lons,  and con-
verged by the objectlve o, so as to form the

This ighl is called "dillraded wave(' The
imaqe A' in this way derlves from the dlrect and
difiracted ight waves, nterfered with each
other. Let us expre$ the above phenomenon by
the Fresnel 's  d iasram (Fls  16)
Take the or  g inal  point  as O- Draw a vector  ON
havlnq a l€nqth proport ona to the amp itude
of ight wave at the assumed point of rhe ob

The phase difference I at the same polnt s
lndicated by the angle p to the X-axs Since
the object  is  t ransparent ,  N ex ls ts  on the uni t
c l rce wi th i ts  center  at  O Only the phase 9
changes f rom poin l  to  point .
lf a the rays diffracted by A are collected by
the object ive O,  the amp t lde at  M'wi l l  resu t
the same as at M. Fiq 16 shows the amp ltude

Now, we wi lL  descr ibe that
microscope permi ts  us to

Pract ica l lv  S and S'are made r ins shaped (annular) .

F i s . l 5

Fis.  14

1 4



><

rlg ro

and phase of the imag€ at t\,4' sirnultan€ously.
Let us divide the vector ON into two, OH and
HN. . 'ossrng edcl  o.her  at  r iq l - r  rngrs,  as I  :
assJred 5ndl . dno H i a,r bp cons de eo d poir I
o 1  J  e  X - a r i s  r  r e r s . . r i ' r g , h e r i . r l e .  l l - e v b . a -
tion of light at one point on [,4' is represented
bv rhF .p.L .1.  obra i led by lhe doo .on o l
the vibrations in the directlons OH and HN-
The amp itude OH being that of the area with
no phase shift {p=0) of the object, it corre-
sponds to the one, if no object were pres€nt,
Le. that of the direci light. The amptitude HN
represents thar of the light diffracted at A in
Fis.  15.
l f  there were no object  (p=0) ,  the ampl i tud€
HN would be z€ro, and the int€nsity I of light
a t  t h€ i m a g e  A ' b e  I = O N ' = O H ' + N N 2 ,
which is th€ sarne as at other points of view'
field, causinq no appearance of the object
image. Place a small tfanspar€nt plate O on S'

{F i s .  1s )
Then, since the direct lighr passes O, bur th€
diffracted lighi spreads ov€r a wid€ extent at
this position, it can be considered that th€ plate
O gives actual y no effect ro the diffracred
l ight .
Let us furnish the plate Q with such an optica
thickness as will be mentioned beow, so ihar
the vibration of direct light passing O suff€rs a
retardation of l/4 wavelength with referenc€ 10
the vibration of diffracted light not passing O.
Such retardation in the Fresnel's drawing (Fi9.

' 17) corresponds to th€ rotatlon 90' (1/4wave)
of OH around H. whereby the orlgina point O
is t ransferred to the posi t ion Or.  In  th iscondi
t ion,  the ampl i tude at  the imageA'wi l lbe OrN

F i 9 . 1 7

r H N =  I  r y .  a r d  r h e  l i q l - r  i r t e n s i  v  t r  . I  r -
2e, ,f being neglected. Oulside the imase A',
,p  -  0 ,  therefore.  rhe i l  ensi tv  l )  -  L
As a resul t ,  the imag€ A 'wi l  be seen wi th th€

I ,  - I ,
2 , b  . . .  .  . . . . . . . .  . l 1 l

t,

As above considered,whentheobject A caus€s €
retardation of I to the phase of the dir€ct light,
in other words, a corresponding elongation of
the opt ica l  path,  th€ l ight  in tensi ry  at  A 'wi l l  b€
larger as compared with that on th€ other parts
of vi€wfied; the phase contrast is a "bright
(neqative) contrast".
On the contrary,  p lace at  S ' the p late O which
caL'ses an advance of phase as far as l/4 wave
length to the direct light, inst€ad of givlng rise
to retardation. Th€n, th€ original point wi I be
moved to Or and 11 = 1 - 2'p
In this case. the contrast will be 2y again, bur,
since th€ qiffracted lisht comins from A sufferc
a retardation. of 9, compared with the direcl
l lght ,  the in tensi ty  at  A 'wi l l  be less than that
at the other points of viewfie d; the phase con,
trast is a "dark (positive) contrast".
The plate O. which, as mentloned h€retofore,
enables bringing about an advance or retarda
tion between the phas€s of direct and diffracted
light is ca led a "phase plate".
The minimum discernible contrast for the eye
is 0.02. The distincily recosnizable limit of
phase difference ls giv€n by 2p = 0.02, corre
sponding to an optical path diiference of about
10 A. Furthefmofe, by converting the phase
pate inio an abso.ptive one, the detecting



sersitivlty of this method wll be more ralsed
on the basis  of  the calculat ion as io l lows:
l f  rhe absorpt ion factor  ot  th€ phas p late ls
expresed by D,  the i f tensi ly  of  the d i rect
lisht wi be 1/D; this is represented n the
Fresne t  d iagram {Fiq l7)  by the or ig inal  point
t ranstered 1 l ]  or"  apointwhich should fu f  I  s
the condi t ion as b€low:

/ H O , \ '
\  co, , /

Then,  the in tensl ty  at  the lmage A wl  I  be as

1 1  +  2 , p  t E  ) ,

whereas at the other pans of viewf eld,9 = 0
anJ \  = 1 lD.
Now, lhe lmage contrast  ' r  wl l  be

" t = z ' p . / D  . . .  . .  ( 2 )

Thus,  lhe prev lo!s  contrast  belns increased /D

Thefefore,  in  pr inc lp le,  f  D = 2500,  for  ex.m
ple, r wi I be possib e to observe an opt cal
path d iJ ference of  about  1A wth € contrast
eql iva enr  ro 0 1.  r  wi l l  be sa d rhar  rhe phase
cortran microscopy has qu te a high delecling

2) [/]. Frangon

Prosress ln t\,4icroscopy
(Persamon, 1961)
Dit fraci ion Coherence
ln Optics
(Persamon, 1966)

l ,  =  ( ]+  o t ' :  -L' .,/D D

l



VI. PHOTOMICROGRAPHY
The procedure to be taken for photomicrography of phas€ contrast
images h a most the same as of ordinary brightfie d images, bu1 it is to
be noted that the im4e obtained will be darker under the same

Refer to the instruction manual for Using the Nikon OPT PHOT or
LABOPHOT Microscope-

To Faise the Contrast, Use the Green Lnterf€rence Fi ter.

For the Selectlon of Voltage and Flller, Fefer to Table 4.
i _

2.

. For the OPTIPHOT microscope Table 4

Dirt on the Coverg ass, Objectv-6, Eyepiece May Give Fls€ to

Bemove l t  thoroughly.  Clos ing down the f ie  d d laphragm to l imi t
the illuminated tield to the photographinq area will be effectlve

9

8

. For the LABOPHOT microscloe

5_5
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YII. SPECIFICATIONS
1. Turret Condenser

.  NLrmer ica l  apenure :

. Turret provided with

Centering Telescope
. MaSnl t ica l ion :  5X- l2X
. nse(ed ln the observarlon rube

N  A  1 . 2 5
6 hol€s:  1empty holewi th aper ture d iaphragm forbr ight f ie  d nr icro

'4 phase contrast  annular  d iaphfagms for  Ph 1,  Ph 2,  Ph 3 and
Ph 4,  each (Annular  d laphrasms ro be cenrered by moving
the lurret)

. I  dark l le  d annuar r ing commonly Lrsed for  10X -  40X
ootecI|ves

J. F rers
.  Green inter ference f i l ter  (0 = 45)
.  Heat  absorb ns f i ter  1d = 45)

4. Phase Contrast Objectives
Table 5. Phase Contrasr Objectives

D L o25 5 6 16.6 DL prraseco.rran for qenera use
DL  2O i 2.23 a.a DL phase cani.asi for seneral us

C F D L DL phase conran lor s,"neraruse
Provided wirh sfety dev ce

1.24 DL phase corian lorsen€ra lse
Provded w rh saleiy devtce

0 2 5
DL Phase conira$ forqenera use
and BL4 lor reveEdl contrast
Comm..ly used for u rra wide

DL phas€conran l.r senera lse
and BM for rcveEa conran
Common y Ls€d for ! r. wide

0 .65

DL phase contran for qeierat us€
DM 1or ow ph3e dilference and
BM lor reveBalcontran
Prov ded wiih safery dev ce
Common ly  us€d  l o r  u l kaw{ i e

o i l 1 . 2 5 o 2 0 4 . 1 1

DL prrase conirasr for seieE use
DM tor low phase differeic€ and
BM lor reveGalcontas
Prov ded wirh 3rlerv d€vice
CommonlV Lsed tor ultrawide

1A



YIII. TROUBLE SHOOTING TABLE

I Irte r*rp th? n4h, to nol" ru,h ol,"ration' in JaiCn
at we ha! .onsi.lq necestur! in the light oJ e\penena"
tot thi{ tpalon. pat.i,ula^ aad illu:oanoat ik thlf
haFdbook m! aot ronton k et"ty.letul to 8odpk i4

Annular aper . Not co(ect vertlcal posltion - Move the condense. vertically lo the
ture tzr<es cotrecr Fios r on
incoftect . Dirt, oil, water, I nqernr.rks, + Cleanins wifi absoLute a coho .
form or does etc. o. rhe slrtace ol cover For cleaning the obje.llve use o. y
noi appear I ass, ! ass s lde, objective,I ass, ! ass s lde, obtective, xylene

.  Ho le  n  the  gasss  lde  s  v€s  +  Usea fe ! !  a rg  asss  idewi lh  a  hoe
a e.rlcular eflect digged throlqh a.d a coverg ass

arrach€d on rhe botlom s!rface

t*J,*" T. a*t"-, -",-a.l ,atr*" oi + Do .ot use cllture bottles of f at
o r p x d c t c o i r .  I  o  o " n . -  \ , . p o  h i  L  q " \ .

Low conrrast . Inslfflclent co nc dence of --- '._ + Llse the center ng iel€scope ior
maqe resu l rs  !n . !  a ,  d iaph aqm.nn! : rd iaphragm recenter ing

. Too arse phase dlf{erence ' Make the speclnien rhi.ner or use a
ol speclme. mo!.t ng med um ol relractive lndex

nearer  ro rne specrmen

I 9
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